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Prostate cancer is the first ranked cancer in men in Europe. Despite the 
10-year overall survival improvement provided by the ERSPC, there is no 
European mass screening as for breast or colon and rectum cancers, but early 
diagnosis is possible among men aged 50–75 years managed by general prac-
titioners and/or urologists provided an informed consent is obtained, taking 
into account age, family history of cancer, co-morbidity, baseline PSA, pros-
tate volume, PSA density and velocity, as well as information about biopsy 
modalities and potential side effects. Random biopsies become more precise 
thanks to the matching of magnetic resonance imaging and ultrasound acqui-
sitions to guide them on the index lesion. Once clinical workup is done, TNM 
and d’Amico classifications are established, the medical charts of the patients 
are discussed in tumour board and individualized treatments are proposed 
according to national and/or EAU guidelines to be explained later on to the 
patients. Phase III randomized trials have contributed to set up a multidis-
ciplinary approach between pathologists, urologists, radiation oncologists 
and medical oncologists. The pathologist has a key role in helping to define 
risk factors on the surgical specimen – tumour volume, tumour stage and 
Gleason grade and particularly margin status – to decide about the indication 
for immediate post-operative or deferred salvage radiotherapy. Urologists 
are the first experts to announce the diagnosis and discuss the therapeutic 
options: the patients with a poor IPSS and/or uroflowmetry data are candi-
dates to surgery as well as those who prefer to quickly eradicate the cancer 
or who need to know the precise analysis of the extension. The patients who 
cannot be operated on for technical or medical reasons or who are worried 
about the potential risk of incontinence or impotence can prefer radiotherapy 
and will discuss with the radiation oncologist the action of radiotherapy, its 
modalities – brachytherapy, high dose high precision external irradiation – 
the potential acute and late toxicity, the modalities of surveillance and the 
possibilities of treatment after relapse. The more we know the less aggres-
sive we are, and patients with very low risk will be allowed to choose active 
surveillance to be treated later on at pre-defined triggers. Others can be ori-
ented towards deferred treatment in case of less aggressive tumours, due to 
limited life expectancy or older age. In daily practice, open or laparoscopic 
(robot-assisted) radical prostatectomy and intensity-modulated radiotherapy 
remain the gold standard knowing that surgical and/or radiation innovations 
need feasibility, quality assurance, human resources and evaluation of local 
control and health-related quality of life. The indication and the duration of 
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androgen deprivation therapy combined with radiotherapy are based on clini-
cal stage, prognostic factors, WHO performance status, co-morbidity and 
sexual health: to mitigate side effects, modalities and chronology of the fol-
low-up must be organized and shared harmoniously between specialists, and 
practitioners, cardiologists and endocrinologists concerned with the patients. 
The risk of relapse after local treatment must be explained as well as the avail-
able salvage modalities. PSA thresholds are well defined to declare biochemi-
cal relapse after surgery or radiotherapy and multi-parametric MRI and PET 
choline are very useful to authenticate the site of the relapse. Indeed salvage 
radiotherapy is possible in case of biochemical relapse after surgery, while 
salvage radical prostatectomy, high intensity focused ultrasound, brachy-
therapy or cryosurgery can be done after radiotherapy, radical prostatectomy 
remaining the reference. When a distant relapse arises, LHRH agonists or 
antagonists are the standard of care, given continuously or intermittently 
in case of metastatic disease. Maximal androgen blockade will benefit to a 
selected group of advanced prostate cancer patients. Since the publication of 
recent works, chemotherapy with docetaxel added to the primary hormonal 
manipulation benefits significantly to the survival in newly diagnosed meta-
static prostate cancer patients, and this benefit is more pronounced in patients 
with a high metastatic burden. The landscape of patients resistant to chemical 
castration has changed and medical oncologists have an enriched pharmaco-
poeia with docetaxel and cabazitaxel in symptomatic patients, and CYP 17 
inhibitors like abiraterone acetate or more potent antiandrogens like enzalu-
tamide for others, while vaccines may be reserved to some kind of biochemi-
cal relapse. This new edition benefits from the more recent breakthroughs 
and offers an updated overview from epidemiology to therapeutic algorithms 
with new insights concerning genomics, radiologic investigations, nuclear 
medicine and medical treatments. Physicians must keep in mind that more 
science requires more consciousness and ethics to maintain a good relation 
with the patients to give them more therapeutic education to anticipate the 
near future. While the cure rate is increasing the patients have an important 
role to play, to participate in clinical research, a kind of joint venture which 
may be beneficial for them today or for others tomorrow. Patients who are not 
cured may have an extended survival, new therapeutic approaches giving the 
illness the appearance of a chronic disease, and the challenge is therefore to 
give duration and quality to the prolonged life.

Grenoble, France� Michel Bolla
Leuven, Belgium� Hendrik Van Poppel
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Epidemiology of Prostate Cancer 
in Europe: Patterns, Trends 
and Determinants

Freddie Bray and Lambertus A. Kiemeney

1	 �Introduction

Malignant neoplasms of the prostate, hereafter 
referred to as prostate cancer (ICD-10 C61), usu-
ally originate in the glandular tissue. While these 
cancers, mainly adenocarcinomas, are often indo-
lent, there is a subset of men who are diagnosed 
with highly malignant prostate cancers associated 
with poor prognosis. The disease poses a substan-
tial public health burden worldwide and in 
Europe: it is the second most frequently diag-
nosed cancer and the fifth leading cause of cancer 
death among men globally, with an estimated 1.1 
million new cases diagnosed and 307,000 deaths 
from the disease in 2012 [16]. Among European 
men, it is the most common neoplasm and third-
ranked cause of cancer death, with almost 400,000 
cases and over 92,000 deaths

Incidence rates of prostate cancer are heavily 
influenced by the diagnosis of latent cancers by 
serum prostate-specific antigen (PSA) testing of 
asymptomatic individuals, and by the detection 

of latent cancer in tissue removed during prosta-
tectomy operations, or at autopsy. When PSA 
became commercially available in the mid-1980s 
in the USA and the late 1980s in Europe, the 
intensive use of the test by general practitioners 
and urologists as an early detection and diagnos-
tic tool led to inflated incidence rates first in the 
USA [21] and within a few years in Greater 
Europe, notably in several Nordic countries [26].

During the early to mid-1990s, the detection of 
a substantial number of early-stage prostate can-
cers brought about rapid increases in population-
level incidence rates across the higher-income 
countries of Northern, Western and Southern 
Europe. The extent to which prostate cancer inci-
dence is now (as estimated in 2012) the leading 
form of cancer occurrence in men in these regions 
can be visibly grasped in Fig.  1. An East–west 
divide can be seen in Europe that combines differ-
ences in diagnostic intensity and the prominent 
cause of cancer in the region: in Central and Eastern 
Europe, PSA testing has been historically lower but 
male tobacco consumption higher and declining 
later, relative to elsewhere in Europe. Indeed, lung 
cancer remains the leading cancer in the eastern 
areas of Europe, prostate cancer in the west. In con-
trast, only in Sweden is prostate cancer the leading 
cause of cancer death, a country in which the male 
population did not take up the smoking habit like 
neighbouring countries; lung cancer ranks as the 
most important form of cancer death in men in all 
of the 39 remaining countries in Europe.
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Trends in incidence and mortality are not 
static, however, and prostate cancer incidence 
rates are to a great extent dependent on GP and 
urologist practices with respect to PSA testing. 
Conversely, prostate cancer mortality rates tend 
to be a better marker of extended disease and case 
fatality than of early diagnosis of asymptomatic 
cancers. Moderate declines in mortality rates 
have provided critical evidence of the favourable 
effect of increased curative treatment, particu-
larly of early-diagnosed prostate cancer, within 
the last two decades.

1.1	 �Aims of Chapter

The aims of this chapter are threefold: (i) to 
describe the current profile of prostate cancer in 
Europe, (ii) to compare and contrast how recent 
trends in incidence and mortality are changing and 
(iii) to assess the factors that contribute to this 
evolving landscape, with a focus on the 
epidemiology of prostate cancer, the underlying 
risk factors and prospects of prevention. This chap-
ter begins with a brief exploration of the global sta-
tistics of prostate cancer, followed by a more 

Data source: GLOBOCAN 2012
Map production: IARC
World Health Organization © WHO 2015. All rights reserved

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines
for which there may not yet be full agreement.

No data

Colorectum (1)

Prostate (24)
Lung (15)

Fig. 1  Most common type of cancer in 40 European countries, based on the frequency of new cases as estimated in 
2012 (Source: GLOBOCAN (http://globocan.iarc.fr))

F. Bray and L.A. Kiemeney
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thorough comparison of the incidence and mortal-
ity burden and rates across European countries by 
region, and within these populations over time.

1.2	 �Data Sources and Methods

In presenting recent geographic variations, 
national incidence and mortality estimates of 
prostate cancer were available by country, sex and 
age and extracted from GLOBOCAN database 
for the year 2012 (http://globocan.iarc.fr). 
Temporal comparisons make use of recorded inci-
dence of the disease in 1975–2014 from national 
and regional population-based cancer registries of 
high quality complied in successive volumes of 
Cancer Incidence in Five Continents (http://ci5.
iarc.fr) and in corresponding recorded mortality 
available nationally from the WHO mortality 
databank (http://www-dep.iarc.fr/WHOdb/
WHOdb.htm); we obtained more recent data from 
published or online sources for a number of 
European populations, including the Nordic coun-
tries (http://ancr.nu) and the Netherlands (http://
www.cijfersoverkanker.nl/). To enable compari-
son adjusted for the effects of differing age com-
position and population ageing over time, all 
incidence and mortality rates presented in this 
chapter are age-standardised to the world standard 
population [14], and are denoted ASR. In deci-
phering incidence and mortality trends over time, 
joinpoint regression models [25] were fitted to 
identify sudden linear changes in annual rates and 
to estimate the direction and magnitude of the 
slope within these distinct periods of time.

2	 �Prostate Cancer Incidence 
and Mortality

2.1	 �Global Patterns and Trends

By 2012, prostate cancer became the fourth most 
common cancer in the world, ranking third in 
importance in men, and the most frequent male 
cancer in 91 countries worldwide. While the esti-
mated total annual number of 1.1 million cases 
represents about 15 % of all male cancers, it is a 

less prominent cause of cancer mortality, with 
just over 300,000 deaths estimated annually, or 
almost 7 % of male cancer deaths. The relatively 
low case fatality signifies many men are alive 
years after their initial diagnosis of prostate can-
cer – an estimated 3.9 million at 5 years in 2012 – 
making this by far the most prevalent form of 
cancer in men. Prostate cancer is also a cancer of 
the elderly, with three-quarters of a million cases 
diagnosed (68 %) in men aged 65 years or more.

Worldwide, recorded incidence is very high 
where health-seeking behaviour and health-care 
systems are advanced, and estimates of national 
incidence rates vary at least 25-fold (Fig. 2a). As 
a result of a substantial diagnosis of latent can-
cers through PSA testing of asymptomatic indi-
viduals, rates are often elevated in the high-income 
countries within Oceania, Northern America, and 
Western and Northern Europe, and low in many 
Asian populations, particularly in Southern Asia. 
Incidence rates are intermediate to high in many 
regions and countries in economic transition, 
where PSA testing is not likely to be highly prev-
alent, including the Caribbean, South America 
and Sub-Saharan Africa. A combination of 
genetic (ethnic) risk differences and environmen-
tal, dietary and lifestyle factors are at play, 
although the specific risk components are largely 
unknown. Clearly, rates are higher in populations 
where men of African-Caribbean origin is a key 
risk factor; in the USA, rates among blacks 
remain 35 % higher than those in whites.

With almost 60,000 new cases estimated in 
2012, cancer of the prostate is the most frequently 
diagnosed cancer in Sub-Saharan African men, 
with the risk of developing prostate cancer before 
age 75 of 3.4 % (i.e. affecting almost 1 in 30 men) 
equivalent to the lifetime risks of breast (3.5 %) 
and cervical cancer (3.8 %) among women in the 
region [31]. While the disease is the most fre-
quent neoplasm among men, there is a tenfold 
variation in prostate cancer incidence rates in 
Sub-Saharan countries with a cumulative risk 
ranging from 0.8 % in Ethiopia to greater than 
8 % in the Republic of South Africa in 2012. 
Even in the latter country, rates are modest com-
pared with those in men of African descent in the 
USA and Caribbean [16] [], although the 

Epidemiology of Prostate Cancer in Europe: Patterns, Trends and Determinants
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incidence is markedly increasing in a number of 
African populations, for example, in Kampala 
[35] and in the black population of Harare [10].

Mortality rates are less affected by early diag-
nosis of asymptomatic disease, and although a 
better marker of underlying risk of extended 
prostate cancer, they are also heavily dependent 
on the treatment options available in a given 
country (Fig.  2b). Mortality rates are high in 
North America, Northern and Western Europe, 

Australia/New Zealand, but also in parts of Latin 
America (Brazil) and the Caribbean, and in much 
of Sub-Saharan Africa. Indeed of the 42 coun-
tries where prostate cancer is the leading cause of 
cancer death among men, 19 are in Sub-Saharan 
Africa, 13  in Central and South America and 9 
are in the Caribbean. Mortality rates are low in 
most Asian populations and in North Africa.

Using data from population-based cancer reg-
istries, five distinct time trend patterns have been 

Fig. 2  (a) Global map of prostate cancer incidence in 184 
countries, based on age-standardised rates (World). 
Source: GLOBOCAN (http://globocan.iarc.fr). (b) Global 

map of prostate cancer mortality in 184 countries, based 
on age-standardised rates (World) (Source: GLOBOCAN 
(http://globocan.iarc.fr))

Data source: GLOBOCAN 2012
Map production: IARC
World Health Organization

© WHO 2016. All rights reserved

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines
for which there may not yet be full agreement.

No data
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a
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Data source: GLOBOCAN 2012
Map production: IARC
World Health Organization

© WHO 2016. All rights reserved

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines
for which there may not yet be full agreement.
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demonstrated in prostate cancer incidence glob-
ally according to age [38]. Notably, incidence 
rates have been observed to peak among men 
aged over 75 years in most high-income popula-
tions, reflecting declining PSA screening at older 
ages and diagnosis at younger ages. In contrast, 
rates for men aged 45–54 years have not clearly 
stabilised or declined in most populations, and 
PSA testing is not likely to fully explain the rap-
idly rising rates of early-onset prostate cancer. In 
fact, decreasing overall prostate cancer mortality 
rates during the last decade has been reported 
mainly for North America, Oceania, Western 
Europe and parts of Northern Europe, where PSA 
testing has been more intensively implemented. 
This contrasts with the rising prostate cancer 
mortality rates observed in Central and Eastern 
Europe, and in parts of Asia and Africa [9]. The 
declining mortality rates may suggest that treat-
ment and possibly earlier diagnosis have had an 
impact, whereas the rising rates could reflect an 
increasing diagnosis of prostate cancer; in both 
instances, the contribution of a changing preva-
lence and distribution of the underlying risk fac-
tors cannot be discounted.

2.2	 �Current Patterns in Europe

As with a global exposition of prostate cancer, 
the interpretation of observed variations in inci-
dence in Europe – including any elucidation of 
potential risk determinants  – is hampered by 
likely differences in the prevalence of PSA test-
ing. Understanding the equivalent rates of mor-
tality is also difficult given multiple contributory 
factors: the advent of curative treatment at about 
the same time as the increasing utilisation of the 
PSA test, and underlying this, the changing prev-
alence of one more (largely unknown) determi-
nants of the disease. Each of these may have 
contributed to the levels of prostate cancer mor-
tality in a given European population.

Geographic Variations in Incidence and 
Mortality
With over 400,000 new cases of prostate can-
cer, the disease is the leading cause of cancer 

in men, ahead of lung and colorectal cancer in 
second and third place, respectively. The dis-
ease is responsible for 22 % of the 1.8 million 
cancer cases among European men in 2012 and 
ranks fourth most frequent cancer in both 
sexes. Figure 3a, b, respectively, map the pros-
tate cancer incidence and mortality rates in 
2012  in 40 European countries, while Fig.  4 
compares the ranking of mortality versus inci-
dence. Rates of incidence vary tenfold in 
Europe, with the highest rates (125–160 per 
100,000) in Lithuania, France, each of the 
Nordic countries as well as Switzerland and 
Ireland. Rates are intermediate (100–125) in 
Austria, Germany, Italy and England and 
Wales, and low (<50) in the Eastern European 
countries of Poland, Belarus, the Russian 
Federation and Bulgaria.

Approximately 92,000 deaths from prostate 
cancer were estimated to have occurred in 2012 in 
Europe, and thus the third-ranked cause of cancer 
death among men, after lung and colorectal can-
cer. In contrast to incidence, mortality rates vary 
only by a factor of 3, with some geographic dif-
ferences observed. As with incidence, the highest 
mortality rates are seen in Lithuania, with their 
Baltic neighbours, Latvia and Estonia, ranked in 
second and third position. Rates are also rela-
tively high (>25 per 100,000) in several Nordic 
countries (Denmark, Norway and Sweden), and 
in several Southern European countries (Slovenia, 
Croatia and Portugal) but moderate in several 
others (Spain, Italy and Greece); as with inci-
dence, many of the lowest rates are seen in 
Central and Eastern European countries. The 
lowest rate is in Belarus, among the countries 
compared.

Clearly, there is little correlation in the pres-
ent rates of prostate cancer incidence and mor-
tality in Europe (Fig. 5). There is considerably 
more variability in incidence, and while the 
lowest and highest rates of both measures are, 
respectively, seen in Lithuania and Belarus, 
there are instances where incidence in a given 
country is relatively low and mortality rela-
tively high (Latvia, Croatia), and vice versa 
(France). Figure 5 portrays the incidence rates 
in 3–5  year-periods (1983–87, 1993–97 and 

Epidemiology of Prostate Cancer in Europe: Patterns, Trends and Determinants
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Fig. 3  (a) European map of prostate cancer incidence in 
40 countries, based on age-standardised rates (World) 
(Source: GLOBOCAN (http://globocan.iarc.fr)). (b) 

European map of prostate cancer mortality in 40 coun-
tries, based on age-standardised rates (World) (Source: 
GLOBOCAN (http://globocan.iarc.fr))

Data source: GLOBOCAN 2012
Map production: IARC
World Health Organization © WHO 2016. All rights reserved

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines
for which there may not yet be full agreement.

< 29.6
29.6 - 50.5
50.5 - 73.8
73.8 - 91.9
> 91.9

a

F. Bray and L.A. Kiemeney

http://globocan.iarc.fr/
http://globocan.iarc.fr/


7

2000–04) against mortality rates 5–10  years 
later (circa 1993, 2003, 2010). The correlation 
is reasonably strong between the two measures 
in the 1980s diagnostic era, with the mortality 
rates directly related to the prior level of inci-
dence in a given population. That correlation 
appears to weaken over time, however, as one 
enters the era of PSA availability and its 
expanded use as a test in Europe, during the 
1990s and early 2000s.

2.3	 �Comparative Trends 
by European Region

The incidence has increased rapidly over the 
past two decades, and rates are influenced by 
early diagnosis among asymptomatic individu-
als, and prior to the PSA testing era, detection of 
latent cancer in tissue removed during prostate 
surgery. Examining trends in prostate cancer 
incidence and mortality in 32 countries, the 

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines
for which there may not yet be full agreement.

Data source: GLOBOCAN 2012
Map production: IARC
World Health Organization © WHO 2016. All rights reserved

< 10
10 - 10.6
10.6 - 12.8

12.8 - 14.8

> 14.8

b

Fig. 3  (continued)
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trends are presented for various years spanning 
1975–2014 for 17 Northern and Western coun-
tries (Fig.  6a) and 15 Southern and European 
countries (Fig.  6b); the estimated annual per-
centage change is given.

Increasing trends in the incidence of pros-
tate cancer have been observed in all countries 
from the mid-1970s through to the early 2000s, 
and for the period 1990–2004, the rate of 
increase ranged from 6 to 10 % on average 
per  annum in France, Spain, Ireland, Italy, 
Slovenia, the Russian Federation and the 
Baltic countries (Estonia, Latvia, Lithuania) to 
3–5 % in the remaining countries shown in 
Fig.  7. Notable are the uniform declines in 
prostate cancer incidence seen from the mid-
2000s in almost all Northern and Western 
European countries, with the possible excep-

tion of countries in the Baltic region and the 
UK (Fig.  6a and Table  1). These recent 
decreases are not seen in any country within 
Southern or Eastern Europe, except in Italy 
(Fig. 6b, Table 1).

There appears to be little relation between the 
extent of the increases in prostate cancer inci-
dence (as estimated from 1990) and the subse-
quent mortality declines (as estimated from 1996, 
Tables  1 and 2). National mortality declines in 
prostate cancer mortality were observed from 
1996 in 19 of the 27 countries where both inci-
dence and mortality measures are available 
(Fig. 7); these ranged from 2 to 3 % declines in 
Austria, France, Switzerland, Germany, the 
Netherlands, Finland, Spain and Norway to less 
than 1 % declines in Denmark and Slovakia. In 
contrast, increases in mortality of 0.5 % (Poland) 

Age standardised (Europe) rate per 100000

MortalityIncidence

200 150 100 50 0 50

Lithuania
Latvia
Estonia
Denmark
Norway
Slovenia
Sweden
Croatia
Portugal
Switzerland
Ireland
UK, Scotland
Iceland
UK, Northern Ierland
Finland
UK, England and Wales
Netherlands
Slovakia
Czech Republic
Hungary
Poland
Germany
Austria
France
Italy
Russian Federation
Bulgaria
Spain
Malta
Romania
Greece
Belarus

Fig. 4  Bar chart of 
prostate cancer incidence 
versus mortality in 32 
countries, based on 
age-standardised rates 
(Europe), sorted by 
mortality in descending 
order (Source: Cancer 
Incidence in Five 
Continents (http://ci5.iarc.
fr), WHO mortality 
database (http://www-dep.
iarc.fr/WHOdb/WHOdb.
htm))

F. Bray and L.A. Kiemeney

http://ci5.iarc.fr/
http://ci5.iarc.fr/
http://www-dep.iarc.fr/WHOdb/WHOdb.htm
http://www-dep.iarc.fr/WHOdb/WHOdb.htm
http://www-dep.iarc.fr/WHOdb/WHOdb.htm


9

through to 4 % (Lithuania) are seen in the remain-
ing eight countries in the Baltic region, Southern 
or Eastern Europe. Below is a more detailed 
exposition of the trends by region.

Northern Europe
In the five Nordic countries, rates have been uni-
formly increasing during the 1990s (Fig. 6a and 

Table 1). Notable are the very recent declines in 
rates seen during period 2004–8, although inci-
dence rates in Finland subsequently increased in 
2008 following a short-term decline from 2005. 
Significant mortality declines of 2–3 % 
per annum are observed in all Nordic countries 
(Table 2), with the declines beginning in 1992 in 
Iceland, through to 1998  in Sweden (Table  3). 

ASR (Europe) per 100000, Mortality
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Incidence 1993-1997, Mortality 2003, Spearman's ρ=0.31

Incidence 2000-2004, Mortality 2010, Spearman's ρ=0.25

Fig. 5  Scatterplot of prostate cancer incidence versus mortality rates for three recent periods (Source: Cancer Incidence 
in Five Continents (http://ci5.iarc.fr), WHO mortality database (http://www-dep.iarc.fr/WHOdb/WHOdb.htm))

Epidemiology of Prostate Cancer in Europe: Patterns, Trends and Determinants
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Fig. 6  (a) Line graphs of prostate cancer incidence versus 
mortality rates 1975–2014  in Northern and Western 
Europe. Circles: observed rates; Solid lines: trends based 
on Joinpoint regression (Source: Cancer Incidence in Five 
Continents (http://ci5.iarc.fr), WHO mortality database 
(http://www-dep.iarc.fr/WHOdb/WHOdb.htm)). (b) Line 

graphs of prostate cancer incidence versus mortality rates 
1975–2014  in Southern and Eastern Europe. Circles: 
observed rates; Solid lines: trends based on Joinpoint 
regression (Source: Cancer Incidence in Five Continents 
(http://ci5.iarc.fr), WHO mortality database (http://www-
dep.iarc.fr/WHOdb/WHOdb.htm))
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The incidence has also been increasing in the 
UK and Ireland but unlike their Nordic counter-
parts, no recent incidence declines are seen. 
Significant annual declines in mortality of 
slightly over 1 % were observed in the constitu-
ent countries of the UK.  – as early as 1992  in 
England and Wales (Table  3)  – with mean 
declines of 2.1 % observed in Ireland (since 
1997). The Baltic countries have a very different 
prostate cancer profile, with significantly 
increasing rates of both incidence and mortality 
observed in the last decades; these correspond to 
3 % in Estonia and 4 % in Lithuania (Fig. 6b and 
Table 2). A suggestion of a stabilisation of mor-
tality rates can be observed in Latvia from 2004.

Western Europe
Increasing incidence rates are observed in all 
five countries since the mid-1980s, ranging 
from around 3 % per  annum for the period 
1990–2004 (Switzerland, the Netherlands) to 
almost 7 % (France). As seen in the Nordic 
countries, incidence rates have uniformly 
declined in Western Europe, with the decrease 
beginning during the period 2002–4 (Fig.  6a 
and Table 1). Some of the largest decreases in 
prostate cancer mortality in European men are 
seen in the region (Fig. 7), notably the close to 
4 % rate declines in Austria and France, begin-
ning in 2000 and 2003, respectively (Fig.  6b 
and Table 2).
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Southern Europe
Incidence trends in the four Southern European 
countries are increasing rapidly, particularly in 
Italy, Slovenia and Spain where the mean annual 
increases are 6–7 % per  annum from 1990 to 
2004 (Fig. 6b and Table 1). The mortality trends 
showed more variability across the six countries 
examined, although decreasing rates are seen in 
all countries except Slovenia. Among the most 
impressive declines are the 3.4 % and 3.9 % 
per  annum reductions in Spain 1998–2009 and 
Malta 1994–2011, respectively (Fig.  6b and 
Table 2).

Eastern Europe
Some of the largest rate increases in prostate cancer 
incidence are observed in the five Eastern European 
countries, including the Czech Republic and Russia, 
where the rates rose 9–10 % per year during the 
2000s, although the increases have attenuated sub-
sequently in very recent years (Fig. 6b and Table 1). 
In terms of mortality, there is greater variability; the 
long-term increases in the Russian Federation and 
Bulgaria of 2–3 % per annum contrast with the rapid 
declines of the same order of magnitude in Hungary 
(since 1996) and more recently in the Czech 
Republic and Slovakia (Fig. 6b and Table 2).

4 2 0 2 4 6 8 10
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Slovakia
Denmark

UK, Scotland
Italy

UK, Northern Ireland
UK, England and Wales

Sweden
CzechRepublic

Ireland
Iceland
Norway

Spain
Finland

Germany
Switzerland

France
Austria

Malta
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Average annual percentage change

Mortality(1996-...)Incidence(1990-2004)

Fig. 7  Average annual percentage changes in prostate 
cancer incidence (1990–2004) and mortality trends 
(1996-) based on the joinpoint regression, sorted in 
ascending order of mortality trends (Source: Cancer 

Incidence in Five Continents (http://ci5.iarc.fr), WHO 
mortality database (http://www-dep.iarc.fr/WHOdb/
WHOdb.htm))

F. Bray and L.A. Kiemeney
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Country Year decline identified EAPC CI (95 %)

Northern Europe

Denmark 2001 −1.2a (−1.7; −0.6)
Finland 1998 −2.7a(−3.2; −2.3)
Iceland 1992 −1.8a (−3.3; 0.3)
Ireland 1997 −2.1a (−2.9; −1.3)
Norway 1997 −2.3a (−2.6; −1.9)
Sweden 1999 −2.0a (−2.4; −1.6)
UK, England and Wales 1992 −1.3a (−1.5; −1.1)
UK, Northern Ireland 1997 −1.4a (−2.5; −0.3)
UK, Scotland 1994 −1.1a (−1.4; −0.7)
Western Europe

Austria 1992 −0.6 (−2.0; 0.7)
France 1990 −1.8a (−2.1; −1.6)
Germany 1995 −2.9a (−3.2; −2.6)
Netherlands 1995 −2.4a (−2.6; −2.3)
Switzerland 1990 −2.8a (−3.2; −2.4)
Southern Europe

Croatia 2005 −0.4 (−1.8; 0.9)
Greece 2007 −4.6a (−7.2; −2.0)
Italy 1993 −1.1a (−1.6; −0.7)
Malta 1994 −3.9a (−5.5; −2.3)
Portugal 1998 −2.2a (−4.1; −0.2)
Spain 1998 −3.4a (−3.8; −3.0)
Eastern Europe

Czech Republic 2004 −8.0a (−14.0; −1.7)
Hungary 1996 −2.9a (−3.3; −2.5)
Poland 2001 −0.8a (−1.5; −0.2)
Slovakia 1998 −1.4a (−2.1; −0.6)

CI confidence interval
aStatistically significant

Table 3  Summary of 
recent declines in national 
prostate mortality in 
Europe: year which the 
downturn was first 
observed and the estimated 
annual per cent change 
(EAPC)

Lastly, Table 3 indicates the 24 countries where prostate cancer mortality rates have declined, the 
year the downturn began and the extent of the decrease per annum. The first declines in prostate can-
cer mortality rates were seen in France and Switzerland in 1990, while the latest are observed in 
Greece in 2007, but in most countries rates began to fall during the mid- to late-1990s. There was 
considerable variability in the timing and order of magnitude of the year-on-year decreases, varying 
from approximately 0.6 % in Austria (from 1992) to 4–8 % for the quite recent declines observed in 
the Czech Republic and Greece.

2.4	 �Key Determinants of the Cancer Burden

Towards one-quarter (22 %) of all cancers diagnosed in men in Europe today are cancers of the 
prostate, compared with 11 % estimated in 1995  [5]. While the true impact of prostate cancer 
screening can be only evaluated indirectly, incidence rates are clearly heavily influenced by the 
radical changes in diagnostic capabilities and practice over the last decades. The increasing rates 

Epidemiology of Prostate Cancer in Europe: Patterns, Trends and Determinants
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in European men can be partly attributed to 
TURP in the 1970s and 1980s, while the more 
marked upsurge in incidence over the last 
15–20 years (as identified in many countries via 
the joinpoint analyses) can be largely attributed 
to the greater use of PSA testing and subse-
quent biopsy. The initial rise in PSA testing in 
the late 1980s, closely followed by increasing 
prostate cancer incidence rates, has been clearly 
demonstrated in the Nordic countries [24]; 
given the consistent observation of increases in 
incidence in European countries – ranging from 
3 to 10 % per  annum from the early to mid-
1900s – it is likely that such practices have pre-
vailed in all regions of Europe. Of note are the 
recent accelerations in the historically lower 
rates observed in Southern and Eastern Europe, 
including Croatia, Slovenia, the Czech Republic 
and Slovakia.

There is little correlation between incidence 
and mortality rates in different European popula-
tions, nor in the evolution in trends in the last 
15 years. Where observable, the slow and steady 
increases in prostate cancer mortality in the 
1970s and 1980s have been replaced uniformly 
by declining mortality rates that are now apparent 
in 24 countries in Europe, with only the Baltic 
countries, where mortality rates are stable or 
rising, the clear exception. The underlying rea-
sons for the fall in mortality across Europe are 
likely to imitate those conjectured in the USA, at 
least in part; Brawley [5] has noted possible 
explanations for the rate declines since 1991  in 
the USA that include an effect of screening and 
treatment, changes in the attribution of cause of 
death, or improved treatment resulting in a genu-
ine postponement of death for some men with 
metastatic disease. Ecologic studies have revealed 
that declines in prostate cancer mortality rates are 
seen too early to be solely attributed to PSA test-
ing; some have postulated they may be the result 
of improving treatment of both localised and 
high-risk disease [18]. The extent to which under-
lying changes in the prevalence and distribution 
of risk factors contribute to these trends remains 
largely unexplored and unknown.

Still, incidence varies tenfold and detectable 
falls in incidence have occurred recently in many 

higher-income countries, particularly in Northern 
and Western Europe. The changing but persistent 
influence of PSA on incidence relates to the per-
ceptions and practices of health-care profession-
als regarding its utility as a prognostic test as well 
as public awareness of the controversy surround-
ing prostate cancer screening; in France, public 
perceptions of screening have been observed to 
vary by age and socioeconomic status [20]. The 
evidence of the benefits and harms of screening 
have become increasingly evident, as has the 
question of whether PSA can reduce prostate 
cancer mortality via the European Randomised 
Study of Screening for Prostate Cancer (ERSPC) 
trial. Schroder et al. [32] have reported a 22 and 
21 % risk reduction from PSA screening at 11 or 
13 years of follow-up, respectively, although in 
absolute terms, one death from prostate cancer 
was prevented for every 781 men invited for 
screening at 13 years follow-up. With three-fifths 
of screen-detected cancers in the ERSPC trial 
classified as low risk, experts have stressed that 
decision-making must be informed by tools that 
are able to stratify risk of low or high grade can-
cers on biopsy; the extent to which the trial find-
ings will influence PSA testing practices and 
PSA screening awareness in Europe will reveal 
itself in the temporal patterns of prostate cancer 
incidence in due course.

2.5	 �Caveats in Interpretation

There are several points of caution we should 
note in the above analysis linked to the availabil-
ity and quality of the data sources and the meth-
ods applied. GLOBOCAN was utilised to present 
cancer incidence and mortality maps for 2012 
worldwide and for Europe. These are estimates 
that rely upon the best available data on cancer 
incidence and mortality in a given country. In 
Europe, the methods used to estimate national 
rates involve projections of recent trends, where 
annual data are available prior to 2012 [17]. 
Incidence data derive from population-based 
cancer registries which may cover national popu-
lations or subnational areas; estimates in France, 
Spain and Italy are all based on national estimates 
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based on regional rather than national coverage, 
for example. An aggregation of regional registry 
datasets was required, assuming that the pertain-
ing cancer registries collectively represented 
national patterns and trends. Where no recorded 
incidence data were available or when they were 
considered to be lacking sufficient quality, as was 
the case in nine countries in Europe including 
Greece, Hungary and Romania, modelled esti-
mates were derived by applying available national 
mortality to regional data from other countries. In 
Europe, almost all countries have national mor-
tality data through death registration systems 
compiled in the WHO mortality database, the 
exceptions being Bosnia Herzegovina and 
Montenegro.

To further compare patterns and trends in 
prostate cancer in Europe, we focussed on 32 
countries, predominantly with high quality inci-
dence and mortality, the former measure based 
mainly on registries included in the recent vol-
umes of the Cancer Incidence in Five Continents 
(CI5) series. Those compiled in these volumes 
have been assessed as having high quality inci-
dence data following a peer-reviewed assessment 
of their comparability, completeness and accu-
racy; yet for a number of countries – including 
Germany, Italy and Spain – regional registries are 
used to convey national profiles. These regional 
proxies may be more or less representative in cer-
tain countries than others. Given the difficulties 
in interpreting contemporary rates of prostate 
cancer incidence and mortality in Europe, com-
parative data on PSA use, treatment modalities 
and stage information may have provided insight, 
but were not available.

One methodological shortcoming is the use 
of joinpoint regression [23]. Quantification of 
the trends within linear segments can be unduly 
influenced by the last data points, while join-
points and arbitrary slopes are sometimes iden-
tified by the regression where the underlying 
data are subject to substantial random varia-
tion. The technique is, however, particularly 
suitable for prostate cancer, permitting, in this 
chapter, quantification of the rather abrupt lin-
ear trends in incidence and mortality in Europe 
over time.

3	 �Epidemiology 
and the Prospects 
for Prevention

This chapter closes with a review of the epidemi-
ology of prostate cancer and by extension, the 
potential to reduce the burden via removal or 
reduction of the causes of the disease through pri-
mary prevention strategies. The first thing to note 
is that, for a disease as prevalent and incident as 
prostate cancer, relatively little is known about its 
exact aetiology. Convincing evidence has been 
produced for only a few risk factors: ageing, 
genetic predisposition, ethnicity and body fat-
ness. Numerous scientific papers have suggested 
a long list of other risk factors, of which those 
most intensely investigated will be reported in 
this section. Results of these studies are quite 
inconsistent which makes any definitive 
conclusions difficult. Apart from the general 
problems in observational studies on risk factors 
for disease, in prostate cancer the definition of 
the disease is arbitrary. Because of the large 
impact of PSA testing on prostate cancer inci-
dence and the differences between indolent and 
potentially lethal prostate cancers, epidemiologi-
cal studies should preferably study the latter sub-
group of tumours in order to validly identify risk 
factors for the disease [21].

Ageing
The most well-known risk factor for prostate can-
cer is ageing, as evidenced by the age-specific 
incidence rates in the previous paragraphs. 
Prostate cancer is rarely diagnosed before the age 
of 45. In most western communities the peak in 
the incidence rates lies between 65 and 75 years 
of age. In a recent review of postmortem studies, 
the estimated mean cancer prevalence in men 
who died from other causes increased in a nonlin-
ear fashion from 5 % (95 % CI: 3–8 %) at age 
<30  years to 59 % (95 % CI: 48–71 %) by age 
>79 years [3]. This underlines one of the greatest 
dilemmas in prostate cancer diagnostics nowa-
days: most men who have prostate cancer will die 
with the disease, not from the disease. The piv-
otal issue of research in prostate cancer is the 
identification of discriminative tests that can 
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accurately predict invalidating and lethal prostate 
cancer.

Family History and Genetics
Besides age, a positive family history of prostate 
cancer is the most well-established risk factor for 
prostate cancer. First-degree relatives of affected 
men carry a two- to threefold increased risk of 
being diagnosed with the disease themselves. It is 
estimated that 5–10 % of prostate cancers have a 
true genetic cause. But the identification of the 
genes underlying these Mendelian forms of pros-
tate cancer has appeared to be much more prob-
lematic than in, for example, breast cancer. 
Apparently, familial prostate cancer is a far more 
heterogeneous disease with contributions from 
many more genetic loci than familial breast can-
cer [28]. Mutations in the few high-penetrance 
genes are so rare that testing in families with 
hereditary prostate cancer, that is, families with 
three or more first-degree relatives (or 2 first-
degree relatives of young age) with prostate can-
cer [8] is not useful, possibly with the exception 
of two genes: BRCA2 and HOXB13. Male carri-
ers of a BRCA2 mutation have a two- to sixfold 
increased risk of prostate cancer, occurring ear-
lier in life and with a more aggressive phenotype. 
The G84E (rs138213197) mutation in HOXB13 
is something like a middle-penetrance mutation 
with a quite high population frequency of about 
0.1–1.3 % and a fairly high risk ratio of 3.5–7 for 
prostate cancer [21, 25]. More and more clinical 
genetics centres around the world are starting to 
test for these genes in men at increased prostate 
cancer risk.

In addition to the handful of high-penetrance 
genes, since 2007, genome-wide association 
studies have identified approximately 100 low-
penetrance genetic polymorphisms (single 
nucleotide polymorphisms  – SNPs) that are 
associated with an increased risk of prostate 
cancer [28]. Some of these SNPs are in or near 
genes, for example, the HNF1B gene, the KLK3 
gene (PSA) and the MSMB gene, but many if not 
most are in intergenic regions with unknown 
functions. The 8q24 region is a good example of 
the latter type, containing multiple SNPs that 

are significantly associated with prostate cancer 
and other cancer types. Because of the design of 
the GWAS studies, the prevalence of these SNPs 
in the population is high. The direct conse-
quence, however, is that their effect is weak: 
typically, odds ratios of 1.1–1.3 are found. 
Using combinations of SNPs, polygenic risk 
scores are being developed to aid in predicting 
the individual risk of prostate cancer. With such 
scores, it is possible to discriminate men with a 
very high or a very low risk Table  4 [1]. The 
problem, however, is that the proportion of men 
with a clinically relevant increased risk is still 
quite small while all men have to be genotyped 
to identify this small group. The challenge is 
how to counsel the men who are not in the high-
est risk category. Nevertheless, at some point in 
the near future, such polygenic risk scores will 
probably be used to individualise population 
screening programmes for prostate cancer.

Recently, it has been shown that the preva-
lence of low-penetrance SNPs is about the same, 
or a little bit higher, in patients from hereditary 
prostate cancer families as in patients from the 
general population [13]. This may be interpreted 
as evidence that the clustering of such SNPs 
rather than high-penetrance genes may cause a 
clustering of patients in families. The alternative 
explanation is, however, that so-called hereditary 
prostate cancer families are not strongly geneti-
cally determined but merely the result of 
increased awareness and PSA testing of men in 
such families. The finding that prostate cancer 
patients in these families have a better prognosis 
than patients from the general population sup-
ports this alternative explanation [12]. This 
emphasises the importance of considering the 
aggressiveness and method of diagnosis of pros-
tate cancers in families before deciding that unaf-
fected men in these families should be tested in 
order to avoid overdiagnosis.

Ethnicity
As shown in the previous section on incidence, 
enormous differences in prostate cancer incidence 
exist between ethnic populations. The lowest inci-
dence is found in men of Asian descent, whereas 
men who live in North America and Northern 
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Europe have a very high prostate cancer risk. 
Particularly men of African-American heritage 
have a very high risk of prostate cancer. Ethnic 
differences are most probably caused by a combi-
nation of genetic factors, exposure to environmen-
tal risk factors and factors related to health-seeking 
behaviour. This is illustrated most clearly by the 
results of migration studies, which looked at pros-
tate cancer incidence trends in Asian men (low 
incidence) who migrated to the USA (high inci-
dence); prostate cancer incidence in these men 
increased markedly and significantly, but to a level 
that was intermediate between the incidence in the 
Japanese and the original American population 
[11]. A similar phenomenon was found for 
Japanese men who emigrated to Brazil [20].

Diet
It has long been thought that diet is an important 
factor in the development and progression of pros-
tate cancer. And it probably is, considering the 
observation that second and following generation 
migrants adopt the risks of their new countries, 
combined with the fact that there are no other life-
style factors that can easily explain this observa-
tion. The paradox here is that the strongest 
evidence for the role of diet comes from the weak-
est study designs, such as migrant studies. Designs 
that are supposedly stronger such as prospective 
cohort studies and randomised trials have yielded 
inconsistent results. A clear example of this is the 
SELECT trial (Selenium and Vitamin E Cancer 

Prevention Trial) [25]. This large prospective trial, 
in which 31,000 men were included, studied the 
effect of vitamin E, selenium, and the combination 
of both vs. placebo. No effect on prostate cancer 
incidence was found for administering selenium, 
either alone or in combination. This refuted the 
result found in the Nutrition Prevention of Cancer 
(NPS) trial [15], which observed a 50 % reduction 
in prostate cancer incidence in men randomised to 
selenium supplements. The Continuous Update 
Program of the World Cancer Research Fund 
brings expert nutritional epidemiologists together 
from around the globe and continuously reviews 
the literature on diet and cancer in a meticulous 
way. It concluded in 2014 that there is no diet or 
nutritional factor that is convincingly or probably 
associated with prostate cancer [36] (http://www.
wcrf.org/int/research-we-fund/continuous-update-
project-findings-reports/prostate-cancer). On the 
contrary, the CUP project concludes that there is 
strong evidence that beta-carotene, either through 
food or supplements, is unlikely to have a substan-
tial risk on the risk of prostate cancer. So, the 
numerous studies on dietary fats, red and pro-
cessed meat, vitamin E, selenium, lycopene, cru-
ciferous vegetables, green tea, tomato products 
and many other nutritional factors have not 
resulted in any clarity about the role of diet in 
prostate cancer. The recent report [36] specifically 
concludes that:

•	 The evidence that a higher consumption of 
dairy products increases the risk of prostate 
cancer is limited.

•	 The evidence that diets high in calcium 
increase the risk of prostate cancer is limited.

•	 The evidence that low plasma alpha-
tocopherol concentration (vitamin E) increases 
the risk of prostate cancer is limited.

•	 The evidence that low plasma (blood) sele-
nium concentrations increases risk of prostate 
cancer is limited.

One has to question, however, whether the 
best designs to study aetiology are really the best 
designs in the field of nutritional epidemiology. 
For example, most randomised trials on supple-
ments and cohort studies on nutritional factors 

Table 4  Estimation of a Polygenic Risk Score (PRS) 
using 100 prostate cancer risk variants and comparison of 
risk by PRS percentiles (iCOGS data)

Percentiles 
(%) OR (using PRS)

OR (using 
iCOGS)

<1 1 (baseline) 0.19 (0.13–0.27)
1–10 1.68 (1.13–2.50) 0.31 (0.28–0.35)
10–25 2.78 (1.88–4.10) 0.52 (0.48–0.55)
25–75 5.39 (3.67–7.92) 1 (baseline)
75–90 9.57 (6.50–14.09) 1.78 (1.68–1.88)
90–99 15.78 

(10.71–23.26)
2.93 (2.75–3.12)

≥99 30.47 
(20.14–46.09)

5.65 (4.83–6.62)

Reprinted by permission from Macmillan Publishers Ltd: 
[Nature Genetics] (From Al Olama [1]), copyright (2016)
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start with study populations over 50 years of age. 
If diet has its most important effect in puberty or 
even earlier in childhood or pre-conception, these 
designs will not be able to validly assess any 
effect. Other problems have to do with misclas-
sification of food intake over the years, variable 
within-person eating habits, arbitrary dosages of 
interventions in trials and so forth. Possibly, the 
weakest study designs (ecological migrant stud-
ies) are the best when it comes to nutritional epi-
demiology. Unfortunately, these designs cannot 
come up with any specific conclusion beyond 
typical diets in certain parts of the world.

Body Fatness
In its 2014 report on prostate cancer, the World 
Cancer Research Fund concludes that greater body 
fatness (marked by BMI, waist circumference and 
waist-hip ratio) is probably a cause of advanced 
prostate cancer. In a meta-analysis of 23 studies 
(N = 11,149) on advanced prostate cancer, a statisti-
cally significant 8 % increased risk was found per 
5 kg/m2 increase in body mass index (BMI) [36]. 
A meta-analysis of four studies on waist circumfer-
ence (N = 1,781) showed a statistically significant 
12 % increased risk per 10 cm and a meta-analysis 
of 4 studies on waist-hip ratio resulted in a signifi-
cant 15 % higher risk per 0.1 unit increase. It is not 
entirely clear what the mechanism is behind this 
association. Obesity influences the levels of quite a 
few hormones and growth factors such as insulin 
and leptin, which can promote the growth of cancer 
cells. In men, obesity is associated with lower tes-
tosterone levels, although the importance of this is 
not really clear. Serum testosterone levels do not 
seem to have a strong effect on prostate cancer risk 
but because it is essential for differentiation of 
prostate epithelium, decreased levels may facilitate 
the growth of a less differentiated, aggressive pros-
tate cancer phenotype. Obesity is also associated 
with a low-grade chronic inflammatory state which 
can promote cancer development. Obese adipose 
tissue is characterised by macrophage infiltration, 
an important source of inflammation. Fat cells pro-
duce pro-inflammatory factors, leading to elevated 
concentrations of circulating TNF-alpha, IL-6 and 
CRP.

Adult Attained Height
In a meta-analysis of 34 studies (N = 79,387), the 
WCRF report found a statistically significant 4 % 
increased risk per 5  cm taller height: RR 1.04 
(95 % CI 1.03–1.05). Adult height is related to the 
rate of growth during foetal life and childhood. 
Health and nutrition status in the neonatal period 
and childhood may impact on the age of sexual 
maturity. Resulting effects on circulating levels of 
growth factors, insulin, and other endocrine or tis-
sue specific mediators may influence cancer risk.

Diabetes
Most data on the association between diabetes and 
prostate cancer come from studies on diabetes type 
2. The results from epidemiological studies are 
somewhat inconsistent but, overall, there seems to 
be a reduced risk [30]. This contradicts the finding 
that body fatness is a risk factor for prostate cancer. 
Because the link between diabetes type 2 and pros-
tate cancer is mainly observed in studies from the 
PSA era, diabetes is known to decrease the serum 
PSA value, and the association is stronger for low-
grade than for high-grade prostate cancer; it is pos-
sible that the association is caused by detection 
bias. In addition, it is extremely difficult to disen-
tangle the effects of diabetes and its treatment.

In a recent cohort study using five nationwide 
registers of persons with type 1 diabetes 
(Australia, Denmark, Finland, Scotland and 
Sweden), 553 prostate cancers were diagnosed 
among 2 million male person-years of follow-up. 
A reduced risk of prostate cancer was found 
(HR = 0.56; 95 % CI 0.51–0.61) [7].

Androgens
Because the function of the prostate is so depen-
dent on androgens and because hormonal treatment 
is used in metastasised prostate cancer, it has long 
been believed that having higher levels of testoster-
one in the blood may increase the risk of prostate 
cancer. And indeed, clinical trials with 5-alpha 
reductase inhibitors (5-ARIs), the Prostate Cancer 
Prevention Trial (PCPT), in which men were 
treated with finasteride 5 mg daily or placebo for 
7 years, and the REduction by DUtasteride of pros-
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tate Cancer Events (REDUCE) trial, in which 
patients were treated with dutasteride 0.5 mg daily 
or placebo for 4 years [2, 34] suggested a decrease 
in risk (see Chapter 2 by Bertrand Tombal). 
However, the results of these trials may have been 
influenced by several factors such as end-of-study 
biopsies. In the non-trial situation, a link between 
androgens and prostate cancer development is not 
clear [31]. Recently, a large prospective study from 
Finland, Sweden and Norway confirmed the 
absence of an association between prediagnostic 
serum testosterone levels and prostate cancer 
development [27]. More research is needed to clar-
ify the link between diabetes and prostate cancer.

Vasectomy
Several recent meta-analyses of the association 
between vasectomy and prostate cancer have con-
cluded that there is no link between the two (e.g. 
[37]). US-based studies found a positive associa-
tion (RR = 1.54) but non-USA studies did not 
(RR = 0.74). Probably, some studies that did find a 
positive association have suffered from bias due 
to differences in health-seeking behaviour by 
vasectomised and non-vasectomised men.

Aspirin
There is some evidence in the literature that aspi-
rin and other NSAIDS slightly reduce the risk of 
prostate cancer. However, a recent analysis of the 
Health Professionals Follow-up Study among 
48,000 men did not find any effect of regular 
aspirin use on prostate cancer risk [6].

Physical Activity
It is not clear whether being more physically active 
reduces the risk of prostate cancer. A review and 
meta-analysis of 43 studies did report a decreased 
risk (pooled RR = 0.90; 95 % CI 0.84–0.95) but 
because many low-quality studies were included, a 
definitive conclusion is impossible [26].

Prostatitis
Despite the fact that a definitive causative infec-
tious agent or agents has yet to be identified, 
accumulating evidence both in human studies 
and in animal models indicate that infections 

may contribute to potentially tumour-promoting 
chronic prostatic inflammation [33].

In conclusion, because ageing, genetic predis-
position and ethnicity are not modifiable, until 
harder evidence becomes available on other sus-
pected risk factors, maintaining a healthy weight 
is the only lifestyle factor that can lower the risk 
of prostate cancer.

Acknowledgements  We thank Mathieu Laversanne for 
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chapter.
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1	 �Introduction

There is strong interest in prostate cancer (PCa) 
in the field of cancer chemoprevention because of 
its slow development which can be used to strat-
ify the disease at different steps of carcinogene-
sis, offering different targets for chemoprevention. 
Although the clinical presentation of PCa is het-
erogeneous, a considerable number of tumors 
remain indolent [1]. Even clinically significant 

prostate tumors progress slowly compared to 
other types of cancer (such as pancreatic cancer 
or small-cell lung carcinoma) [3]. Thus, the EAU 
Prostate Cancer Guidelines recommend that 
curative therapy should only be offered when a 
patient is expected to live more than 10 years [2]. 
The ideal preventive therapy would prevent can-
cer development or slow progression in such a 
way that active therapy would no longer be nec-
essary. There are geographical differences in PCa 
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incidence and mortality, with a higher risk in 
Western countries (e.g., North America) when 
compared to Eastern countries (e.g., Japan). 
However, when a Japanese man moves to the 
USA and adopts a Western lifestyle, his PCa phe-
notype reflects that of an American man. This has 
led to the hypothesis that not only genetic back-
ground but also environment can influence pros-
tate carcinogenesis. The air that we breathe, the 
work that we do, and the food that we choose to 
eat everyday could all potentially play roles in 
prostate carcinogenesis. Although no definitive 
proof is currently available regarding the protec-
tive effect of any specific dietary factors, investi-
gating the use of dietary supplements remains an 
attractive option. Currently no dietary or lifestyle 
elements are known to influence the risk of devel-
oping PCa. Another strategy in preventive medi-
cine is to target the prostate on a molecular level. 
Prostate development and carcinogenesis are 
both driven by androgens activating the androgen 
receptor, causing it to be the most studied target 
for prevention. Chronic inflammation, which is 
an immune response to perturbed tissue homeo-
stasis, seems to also play an important role in 
general carcinogenesis. Thus, aspirin and other 
anti-oxidizing agents have been investigated as 
promising candidates for chemoprevention. In 
this chapter we will discuss the development and 
preventive effects of natural elements, drugs, and 
dietary lifestyle. Unfortunately, data are often 
inconclusive or conflicting. Nevertheless, evi-
dence shows that chemoprevention is a possible 
concept.

2	 �What We Learned 
from the SELECT (Table 1)

Selenium is a nutritionally essential mineral that 
enters the food from the soil. Therefore, selenium 
concentrations can vary based on the selenium 
content of the soil. The richest sources are nuts, 
eggs, fish, cereals, and cruciferous vegetables. 
The recommended dietary allowance (RDA) for 
selenium is 55 μg/day [4].

Vitamin E is a group of elements that includes 
tocopherols, with α-tocopherol being the most 
biologically active form in this group. The 

recommended daily intake is 15  mg/day for 
adults. Vitamin E is found in different types of 
oils (sunflower, almond, wheat germ, palm, and 
olive), vegetables (spinach, beet greens, avoca-
dos, broccoli), and butter.

The Selenium and Vitamin E Cancer 
Prevention Trial (SELECT) represents one of the 
largest cancer chemoprevention trials conducted 
to date [5]. The SELECT was based on the results 
of two previous trials (Nutritional Prevention of 
Cancer (NPC) [6] and Alpha-Tocopherol, Beta-
Carotene Cancer Prevention (ATBC) [7]) report-
ing a reduction in PCa with the use of vitamin E 
(α-tocopherol) and selenium.

The SELECT was a phase 3, four-arm, ran-
domized, placebo-controlled trial comparing 
selenium (200 μg/day), vitamin E (400  IU/day), 
selenium + vitamin E, and placebo to determinate 
whether one or both of these substances can help 
prevent PCa when taken as dietary supplements. 
Patient inclusion started in July 2001, enroll-
ing 35,533 men from 427 different centers, with 
a follow-up until October 2008, which was later 
extended to 2011. The inclusion criteria were ≥50 
years of age for African Americans and >55 years 
of age for all other men, no previous diagnosis 
of PCa, prostate-specific antigen (PSA) baseline 
≤4  ng/mL, and a normal digital rectal examina-
tion (DRE). The trial had a first median overall 
follow-up of 5.46 years and 5.1 % loss to follow-
up. The primary end point was the incidence of 
PCa. The trial found no evidence of a benefit of 
using selenium or vitamin E at the testes with 
doses and formulations among the four groups 
with a significant rate. The hazard ratio was 1.13 
(99 % confident interval (CI), 0.95–1.35) in the 
vitamin E group, 1.04 (99 % CI, 0.87–1.24) in the 
selenium group, and 1.05 (99 % CI, 0.88–1.25) in 
the selenium + vitamin E group, compared to pla-
cebo. These results seemed to be in conflict with 
the results of the ATBC, a trial of the effect of 
vitamin E and beta-carotene in lung cancer pre-
vention, in which one of the secondary findings 
was a reduction in the incidence of PCa. The main 
difference between the SELECT and ATBC trial 
is that the ATBC trial was not designed to deter-
minate PCa incidence, so this finding could have 
been introduced by selection bias. Furthermore, 
the vitamin E dose used in the SELECT was much 

A. Battaglia et al.



31

higher (400  IU/day) than the dose used in the 
ATBC trial (50 IU/day). This could be explained 
by a possible U-shaped response curve with mod-
erate vitamin E levels being protective, but doses 
at both ends of the spectrum (very high/very low) 
being deleterious. An update in 2011 [8] extended 
the analysis of the long-term effect of vitamin E 
and selenium concluding that the risk of PCa at 
7 years is 17 % at a dose of 400 IU/day vitamin 
E, warning against unregulated consumption of 
easily available products containing a high con-
centration of multivitamins and supplements in 
the absence of strong evidence of a demonstrated 
clinical benefit. After the results of the SELECT 
became available, several studies were designed to 
try to explain the failure of the preventive role of 
selenium and vitamin E in PCa prevention. One 
such study conducted in 2015  in North Carolina 
and Louisiana (North Carolina-Louisiana Prostate 
Cancer Project (PCaP) [9]) tried to show the action 
of vitamin E at different doses in people diagnosed 
with PCa, taking into account the ethnic differ-
ences between African Americans and European 
American. Dietary vitamin E was estimated from 
a food frequency questionnaire, supplement use 
from questionnaire/inventory, and the concentra-
tion of vitamin E from abdominal adipose samples. 
The chosen doses of vitamin E were 30, 100, 200, 
400, 600, or 800 IU/day. The results of this study 
showed that the intake of vitamin E is inversely 
associated with PCa aggressiveness in European 
American men, but this was not significant in 
African American men too. A Cochrane review 
published in 2014 [10], including 55 prospective 
observational studies (including approximately 
one million participants) and eight randomized 
controlled trials (RCTs) with a total of 44,000 par-
ticipants, concluded that there was no evidence 
suggesting that selenium supplements prevent 

cancer in humans, although an inverse associa-
tion was found in some observational studies. The 
optimal dose for both supplements has not yet 
been defined, necessitating better clarification 
of the pathogenic mechanism of selenium and 
α-tocopherol in prostate cells. Furthermore, which 
subpopulation may actually benefit from this pre-
ventive therapy should be determined.

3	 �The Role of Vitamin D 
and IGF-1

In 1990, Schwartz and Hulka [11] described an 
association between PCa risk and vitamin D defi-
ciency that correlates with age, race, and lati-
tudes. In vitro analyses have shown that vitamin 
D metabolites 25(OH)D and 1,25(OH)2D may 
have a chemopreventive effect. Serum vitamin D 
was examined from the PCPT (Prostate Cancer 
Prevention Trial) and SELECT.  The SELECT 
[12], a randomized placebo-controlled trial of 
selenium and vitamin E on PCa risk, showed a 
linear decrease in the risk of high-grade PCa in 
African Americans and U-shaped curves in other 
men. In contrast, PCPT, a double-blind placebo-
controlled trial of finasteride for the primary pre-
vention of PCa, showed a linear decrease in the 
risk of detecting high-grade PCa. Different stud-
ies have been conducted, none with a clear scien-
tific relevance on the others. What ultimately 
emerges is that supplementation with vitamin D 
must be assessed only if the patient exhibits a 
deficiency and must be dispensed with attention.

The insulin-like growth factor (IGF) pathway 
has been shown to play an important role in PCa 
growth [13]. Increased serum IGF-1 levels are 
positively associated with an increased risk of 
PCa. The activation of IGF-1 receptor (IGF-1R) 

Table 1  Role of Selenium and Vitamin E

Principal sources Daily recommended intake Conclusion

Selenium Nuts, eggs, fish, cereals 55 μg/day No evidence suggests a 
chemoprevention role

Vitamin E 
(α-tocopherol)

Sunflowers, almond, 
spinach

15 mg/day Probable role in reducing 
aggressiveness of PCa
Selective role in chemoprevention 
in smokers (see below)

PCa prostate cancer

Chemoprevention
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is mandatory for prostate cell proliferation; and 
inhibitors of this receptor may have therapeutic 
value with regard to chemoprevention. Metformin 
(1,1-dimethylbiguanide hydrochloride) is a bigu-
anide drug widely used for the treatment of type 
2 diabetes and represents one of the most com-
monly prescribed oral hypoglycemic agents 
worldwide [14, 15]. The antitumor mechanism of 
metformin includes activation of the AMPK/
mTOR pathway and direct inhibition of 
IGF.  Because of these possible antitumoral 
effects, different studies have proposed a role for 
metformin in the chemoprevention of PCa. One 
of the first studies to try to establish a role of met-
formin in the prevention of PCa was the Reduction 
by Dutasteride of Prostate Cancer Events 
(REDUCE) study, designed as a randomized 
clinical trial to compare the effect of dutasteride 
on PCa diagnosis among men with a negative 
biopsy. Diabetic patients that did not receive 
treatment were compared to diabetic patients 
treated with metformin or another antidiabetic 
drug. However, no significant association was 
found between the use of metformin or non-
metformin antidiabetic medication and PCa risk 
[16]. In a meta-analysis conducted by Wu et al. in 
August 2015 [17] that included six cohort studies 
and four case-controls studies involving a total of 
863,769 patients showed a significant reduction 
in PCa risk in the cohort studies, but no associa-
tion in the case-control studies. In population-
based studies, metformin seems to be associated 
with a dose-dependent reduction in PCa risk [18]. 
More high-quality studies are needed to confirm 
the role of metformin in PCa chemoprevention.

4	 �The Unusual Role 
of the Smoking

Smoking cigarettes is a well-established risk fac-
tor for several cancers, even urological cancers 
such as bladder cancer; but the correlation with 
PCa is still unclear. The European Prospective 
Investigation into Cancer and Nutrition (EPIC) 
study is a large prospective cohort study of 
145,112 European men included during 1992–
2000 and analyzed during 2004–2008 with a 
median follow-up of 11.9 years [19]. At the 

inclusion visit data on smoking status (current, 
past, or never smoker), a number of cigarettes 
and average were gathered, as well as informa-
tion on other diet and lifestyle factors. The results 
of this study showed that active smokers have 
a significantly lower risk of PCa than men who 
have never smoked with a relative risk of 0.90 
(95 % CI, 0.83–0.97). This association was shown 
for localized and low-grade PCa, but not for 
advanced and high-grade disease. Former smok-
ers (with an exposure of more than 40 years) have 
an increased risk of advanced PCa compared to 
men who have never smoked. Furthermore, active 
smokers have a nonsignificant increased risk of 
PCa mortality compared to men who have never 
smoked. Heavy smokers (defined as more than 
25 cigarettes/day) have an increased risk of lethal 
PCa and higher risk of dying from the disease. 
A potential correlation between supplement use 
by smokers and the probability of PCa has also 
been investigated [20]. The Third National Health 
and Nutrition Examination Survey (NHANES III) 
was a cross-sectional study performed from 1988 
to 1994 that enrolled 33,944 men representing the 
US population. From this cohort, 1457 men were 
selected to measure serum levels of sex steroid 
hormones and α-tocopherol. The authors found an 
inverse correlation between serum α-tocopherol 
and circulating sexual hormones such as testoster-
one, estradiol, and sex hormone-binding globulin 
(SHBG) in men exposed to cigarettes. Thus, vita-
min E may influence sexual hormone production 
which can provide support for the hypothesis that 
vitamin E can be a selectively chemopreventive 
agent for the incidence of PCa in smokers.

5	 �Natural Compounds: 
Lycopene, Polyphenols, 
Sulforaphane, and (Iso)
Flavonoids (Table 2)

Prostate cancer presents high rates of morbidity 
and mortality especially in Western countries. A 
lower incidence is observed Eastern countries, 
such as China and Japan. Migrants from the East 
have a risk of developing cancer equal to those of 
Western countries. Thus environmental influ-
ences, including diet, may play a role in prostate 
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carcinogenesis. Therefore, many scientists are 
trying to identify dietary components that could 
exert an anticarcinogenic effect in PCa.

The flavonoids [21] are one of the most repre-
sentative elements of polyphenolic compounds. 
The name is derived from Latin flavus, meaning 
yellow. According to the International Union of 
Pure and Applied Chemistry (IUPAC) nomen-
clature, they can be classified into flavonols, 
isoflavonoids, and neoflavonoids. Of particular 
interest for chemoprevention are the subcatego-
ries of flavonols (quercetin, kaempferol, myric-
etin, and fisentin) and isoflavonoids (genistein 
and daidzein). The flavonols can be found in 
olives, onions, romaine lettuce, and cranberries. 
Their ability to act on PCa by inhibiting tumor 
growth, invasion, and metastatic potential has 
been demonstrated both in  vitro and in  vivo 
[22]. The chemical structures are reminiscent 
of estrogens, leading to the hypothesis that fla-
vonoids could exert their effect by interacting 
with the androgen receptor (AR). How they 
might affect AR activity is still unclear, though 
it has been hypothesized that it might be by act-
ing on 5- α-dihydrotestosterone. The efficacy of 
flavonols has already been shown in many other 
types of cancers such as colon and lung cancer, 
but this effect is not dependent on AR activity. 
This class of flavonoids may also act as epigen-
etic modulators. Several observational studies 
correlating isoflavonoid intake with PCa risk 
have been performed in the Far East because of 
the high consumption of isoflavonoids. The first 
large study to investigate the correlation between 
isoflavones and PCa was performed by the Japan 
Public Health Center (JPHC) and showed that 
high plasma genistein levels are associated with 

a dose-dependent decrease in localized PCa inci-
dence [23]. There was no significant correlation 
with the risk of advanced PCa. Kurahashi et al. 
performed a prospective study including 307 
men with newly diagnosed PCa to investigate the 
correlation between isoflavone intake and risk of 
PCa. Men with high isoflavone intake exhibited 
a dose-dependent decrease in the risk of local-
ized PCa [24]. Notably, infant exposure to iso-
flavones may lead to carcinogenesis and several 
anomalies of the reproductive system because of 
its estrogenic activity disrupting the endocrine 
system [25]. Therefore, careful precautions must 
be considered when isoflavones are used as che-
moprevention for PCa.

Polyphenols owe their name to the presence of 
multiple phenol structural units. Polyphenols can 
be found in many kinds of fruits and vegetables, 
green and black tea, red wine, chocolate, and cof-
fee. The mode of action of polyphenols has not 
yet been fully determined [26]. In 2006 a ran-
domized, double-blind, placebo-controlled study 
reported a 90 % reduction in progression from 
high-grade prostatic intraepithelial neoplasia 
(HG-PIN) to PCa [27, 28]. The possible protec-
tive effect was also investigated in another study 
of 272 patients with HG-PIN in which polyphenol 
intake significantly reduce serum PSA levels 
[29]. Although the results seem to be encourag-
ing, larger clinical trials of the protective effect in 
men at risk of PCa or with low-grade disease are 
needed. One of the most studied sources of poly-
phenols is green tea. Green tea has been sug-
gested to act on different pathways related to 
carcinogenesis: anti-oxidative actions, inhibition 
of inflammation, and inhibition of topoisomer-
ase. The Japan Public Health Center completed a 

Table 2  Role of Flavonoids, Polyphenols, Lycopene and Sulforaphane

Food Conclusion

Flavonoids Olives, onion, romaine lettuce Attention to infant exposure
Dose-dependent role in localized PCa

Polyphenols Green tea, red wine, chocolate, 
coffee

Chemoprotective role, not clear on 
localized or advanced PCa

Lycopene Tomatoes, carrots Contrasting evidence if protective on 
advanced or localized PCa

Sulforaphane Broccoli, brussels sprouts, and 
cauliflowers

Promising results in vitro

PCa prostate cancer

Chemoprevention
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study of 49,920 men that included 404 cases of 
newly diagnosed of PCa. The consumption of 
green tea was dose-dependent associated with the 
rate of PCa risk, with high levels of consumption 
being associated with a decrease in the risk of 
advanced PCa. In conclusion, green tea con-
sumption seems to reduce the risk of PCa diagno-
ses, but not the risk of advanced PCa [30].

Lycopene is a carotene and carotenoid pig-
ment responsible for the bright red color of fruits 
and vegetables such as tomatoes, carrots, and 
watermelons. Like all carotenoids, lycopene is a 
polyunsaturated hydrocarbon. Although not an 
essential nutrient for humans, it is commonly 
found in most diets. Due to its color, it is often 
used as a food additive (E160d). Due to its strong 
antioxidant properties, it is postulated as a candi-
date chemopreventive agent. A Cochrane review 
performed in 2011 [31] showed an inverse corre-
lation between lycopene intake and PCa. Three 
RCTs were included with a total of 154 partici-
pants. However, there is still insufficient evidence 
to support or refute the use of lycopene for the 
prevention of PCa. Analysis by experts of the 
World Cancer Research Fund concluded that 
there is sufficient evidence for the protective 
effect of lycopene on PCa. However, some stud-
ies do not support this conclusion, maybe because 
its chemopreventive effect is more evident in the 
early stages of PCa. Whether lycopene may or 
may not protect against PCa is still open for 
debate. Notably, two important studies published 
both in 2015 came to different conclusions. Chen 
et al. [32] performed a systematic review and the 
first dose-response meta-analysis describing a 
significant reduction of PCa incidence with a lin-
ear correlation between lycopene intake and PCa 
reduction, with doses ranging between 9 and 
21  mg/day. For plasma concentrations of lyco-
pene ranging between 2.17 and 85 μg/dL, there 
was a nonlinear dose-response correlation with 
PCa reduction and no association for plasma val-
ues >85 μg/dL. In contrast, Key et al. [33] con-
ducted a pooled analysis determining at possible 
association of carotenoids, retinol, and vitamin E 
with the risk of PCa. Their analysis included 
11,239 cases and 18,541 controls from 15 differ-
ent studies. In this study, neither lycopene nor 

any of the carotenoids was associated with a 
reduction in PCa risk. Stratifying for clinical dis-
ease, lycopene varies significantly by stage and 
aggressiveness and is associated with a reduction 
in the overall risk of PCa, but only before 1990 
(before the PSA era). Retinols do not change for 
stage and aggressiveness of PCa and are posi-
tively associated in men >70 years of age but not 
those who are younger. Vitamin E is associated 
with a decrease risk of advanced and aggressive 
PCa, but not localized or advanced. An inverse 
correlation of PCa risk has been found in current 
and past smokers, but not in never smokers, and it 
is not statistically relevant. Therefore, this pooled 
study showed an association between lycopene 
intake and a reduction of developing advanced 
PCa, but not overall PCa risk. In regard to vita-
min E, there is no association with the overall 
risk of PCa. However, retinols are significantly 
associated with PCa, with a 13 % higher risk in 
men with high retinol concentrations. In sum-
mary lycopene and vitamin E are inversely asso-
ciated with the risk of aggressive PCa; retinol is 
positively associated with overall PCa risk.

Sulforaphane [34] is an organosulfur com-
pound obtained from cruciferous vegetables such 
as broccoli, brussels sprouts, and cauliflowers. 
Different anticarcinogenic effects are attributed 
to sulforaphane, including enhance protection 
against oxidative stress, apoptosis induction, sup-
pressed progression, and inhibited angiogenesis. 
In vitro and animal experiments have shown that 
sulforaphane has an excellent protective effect, 
but this has not yet been confirmed in humans. 
Cohort studies have concluded there is little or no 
association with the risk of developing PCa. 
However, in the last few decades, some studies 
have found that people who eat a large quantity 
of cruciferous vegetables have a lower risk of 
PCa.

6	 �Medical Drugs: 5-α-RIs 
and NSAIDs (Table 3)

Drugs like finasteride and dutasteride alter andro-
gen level by inhibiting 5-α-reductase, which con-
verts testosterone into 5- α-dihydrotestosterone, 
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the strongest endogenous ligand of AR. Therefore, 
these compounds influence prostatic prolifera-
tion and could potentially control tumor growth. 
Different studies have looked for a correlation 
between 5-α-reductase inhibitors (5-α-RIs) and 
PCa, some as the primary end point (Prostate 
Cancer Prevention Trial, PCPT [35], and 
REDUCE [36]) and others for effects on benign 
prostatic hyperplasia (BPH) (Combination of 
Avodart and Tamsulosin (CombAT) [37, 38]). 
Yet others studies have explained the reading of 
PSA in 5-α-RIs treatments (Proscar Long-Term 
Efficacy and Safety Study (PLESS) [39]). The 
two main questions these trials have tried to 
answer are whether 5-α-RIs can reduce the inci-
dence of PCa or high-grade PCa. In the REDUCE 
study, a reduction in the overall incidence of PCa 
was observed in the group treated with dutasteride 

compared to placebo. Increased diagnosis of 
high-grade PCa with Gleason score ≥8 was sig-
nificant in the dutasteride group after the 3rd and 
the 4th year of treatment. This finding was attrib-
uted to the reduction in prostate volume, result-
ing in a greater chance of finding biopsy cores 
positive for high-grade PCa. After adjusting for 
possible confounding variables, no significant 
increase in dutasteride was observed over the 4 
years of treatment. The PCPT showed a differ-
ence in the rate of high-grade disease already in 
the first year of the study. Histologic changes are 
induced by finasteride, but it is possible that it 
also results in a relatively higher incidence of 
high-grade tumors by selectively inhibiting low-
grade tumors. Notably, biopsy at inclusion was 
not mandatory in the PCPT, and the real cancer 
status was not clear before the study. Despite this 

Table 3  Clinical trials on 5 Alpha-reductase inhibitors

Primary end 
point Study population Study design Follow-up Conclusion

REDUCE
(Reduction by 
Dutasteride of 
Prostate Cancer 
Events)

Dutasteride and 
PCa (detected on 
biopsy at 2 and 4 
years)

6729 participants
50–75 years
PSA: 2.5–10 ng/mL
Biopsy negative 
within 6 months

Multicentric
Randomized
Double-blind
Placebo-
controlled parallel 
group

4 years Dutasteride reduces 
incidence of PCa 
detected on biopsy 
(mainly GS 5–6), 
between 3rd and 4th 
year; upgrading in 
PCa in dutasteride 
group (GS 8–10) 
may be due to 
reduction in prostate 
volume

PCPT
(Prostate Cancer 
Prevention Trial)

Finastride and 
PCa

18,882 participants
>55 years
DRE not suspected
PSA <3 ng/mL

NA 7 years Finasteride prevents 
or delays PCa
Increased risk of 
high-grade PCa
Sexual side effects

CombAT (The 
Combination of 
Avodart and 
Tamsulosin)

Combination 
therapy with 
dutasteride and 
tamsulosin in 
BPH

4844 participants
≥50 years
PSA: 1.5–10 ng/mL

Multicentric
Randomized
Double-blind
Parallel group

4 years Dutasteride alone or 
with
tamsulosin reduces 
the risk of
PCa in men with 
BPH
undergoing annual 
DRE and PSA

PLESS (Proscar 
Long-Term 
Efficacy and 
Safety Study)

Finasteride, PCa 
and PSA

3040 participants
45–78 years
PSA <10 ng/mL
Pre-randomization 
biopsy

Double-blind
Placebo controlled

4 years Multiplying PSA by 
2 and using normal 
ranges, the PSA for 
PCa screening is 
preserved

PCa prostate cancer, DRE digital rectal examination, NA not available, GS Gleason score, BPH benign prostatic 
hyperplasia
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limitation, in both studies a higher incidence of 
poorly differentiated PCa was observed in the 
treatment group compared to the placebo group, 
but these findings were not confirmed in latter 
studies [40, 41].

The various studies were analyzed in a 
Cochrane review [42] in order to assess in abso-
lute terms the correlation between 5-α-RIs and 
PCa. The results and clinical interpretations dem-
onstrate some limitations. First, the above studies 
include patients who undergo regular screening 
with PSA and DRE lacking the impact on the 
population that is not actively screened. No data 
are available regarding at what age and for how 
long chemoprevention is needed. In conclusion 
5-α-RIs can reduce PCa in men who receive reg-
ular screening with PSA and DRE (eventually 
biopsies) but not in absolute terms depending on 
different factors such as race, family history, age, 
and baseline PSA.

Aspirin and other NSAIDs act on cyclo-
oxygenase-2 (COX-2), an inducible enzyme 
overexpressed in PCa tissues. These drugs may 
also inhibit angiogenesis, promote invasion, 
and induce apoptosis. Because of these poten-
tial antitumoral mechanisms, several studies 
have assessed their effect on PCa prevention. 
Mahmud et  al. [43] conducted a systematic 
review and meta-analysis to assess the strength 
and consistency of the relationship between 
NSAIDs and cancer incidence. One major 
limitation is that the optimal dose, time, and 
duration of these compounds in the preventive 
setting have not been analyzed. With a reduced 
risk of PCa (OR 0.85 for prospective studies 
95 % CI 0.77–0.94 and OR 1.01 for retrospec-
tive studies 95 % CI 0.86–1.18), the authors 
concluded that aspirin does reduce the risk of 
developing PCa, and the protective effects seem 
to be stronger with advanced stages than for 
total incidence. In the Finnish Prostate Cancer 
Screening Trial (FinPCST) [44] (median fol-
low-up of 7.5 years), 6535 patients with newly 
diagnosed PCa between 1996 and 2009 received 
a prescription for NSAIDs (aspirin, coxibs, acet-
aminophen) and the amount and dose recorded. 
Post-diagnostic NSAID use was associated with 
worse PCa-specific survival. However, when 

analyzing the use at the last 3 years before the 
end of follow-up, NSAID groups had a lower 
risk of PCa death. Aspirin was also not signifi-
cantly associated with PCa survival, except in 
the last 3 years. Pre-diagnostic use of NSAIDs 
is associated with worse survival in high-grade 
PCa, but this was not confirmed in men with 
low-grade PCa. Therefore, a decrease in spe-
cific PCa survival is concluded in men receiv-
ing NSAIDs, which is controversial but can 
explained by the different indication of the use 
of NSAIDs with respect to other studies. In 
this study the prescription is for the relief of 
symptoms in advanced PCa, such as bone pain 
and secondary metastatic disease. The protec-
tive effect of aspirin is detected with its use in 
the years preceding diagnosis. Data from the 
REDUCE study [45] correlate NSAID use and 
PCa incidence. Remembering the inclusion cri-
teria of a baseline biopsy and PSA 2.5–10 ng/
mL, the use of NSAIDs was recorded without 
information on dose and frequency. The authors 
found a reduction in total and high-grade PCa in 
NSAID users. Liu et al. [46] performed a meta-
analysis in 2014 that included 39 observational 
studies showing a 14 % decrease in PCa-specific 
mortality in aspirin users. Unfortunately, most 
studies do not provide the dose, frequency, and 
duration of aspirin use. RCTs could give us 
conclusive data on the actual protective effect 
of aspirin, including the required dose and 
frequency.

7	 �Can Diet Prevent Prostate 
Cancer? (Table 4)

Although different studies have investigated the 
correlation between diet and PCa incidence, a 
common consensus is lacking. The consumption 
of meat, particularly well-cooked and processed 
red meat, has been investigated as a potential 
risk factor [47]. The generation of heterocy-
clic amines is thought to be the cause of carci-
nogenesis [48, 49]. The European Prospective 
Investigation into Cancer and Nutrition (EPIC), 
including a total of 11,928 men demonstrated 
no association between heterocyclic amines and 
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PCa. Bylsma and Alexander [50] conducted the 
most recent review and meta-analysis in terms 
of the association between meat and PCa. More 
than 700,000 male participants were included 
from 26 prospective studies, with an average 
of follow-up of 6–22 years. For fresh red meat, 
including fresh or unprocessed beef, lamb, and 
pork, no significant associations were observed 
for White, Black, or Asian men, even after strati-
fying for dose. For processed meat such as ham, 
hot dogs, sausage, and bacon, the results showed 
a minor but significantly elevated risk of PCa for 
the whole population, but lost its significance 
when stratified for race.

Even milk and dairy products are being investi-
gated for any possible effects on PCa risk [51]. An 
effect may be due to a combination of fat intake 
and subsequent suppression of circulating vitamin 
D. Some studies have found almond milk to have 
a suppressive effect on cancer cell growth. Song 
et al. [52] confirmed the effect of milk in a pro-
spective cohort study. Higher intake of skim and 
low-fat milk is associated with increased PCa risk. 
The Health Professionals Study demonstrated a 
strong association between calcium intake and 
PCa risk. Dairy proteins are a significant dietary 
source of calcium. A 35 g/day increase in the con-
sumption of diary protein was demonstrated to be 
associated with a 32 % increased risk of develop-
ing PCa. Importantly, only calcium from diary 
proteins is positively associated with PCa risk. Is 
there a molecular answer? The mammalian target 
of rapamycin complex (mTORC) signaling path-
way is being studied to answer this question. 
mTORC links amino acid, growth factor, and 
energy availability to prostate epithelial cell 
growth and carcinogenesis. There are two types of 
mTORC, but only type 1 acts as a special protago-
nist in cellular nutrition and energy. mTORC1 is 
an energy-dependent regulator of AMPK, an 

energy sensor target of metformin. One of the 
most important amino acids that acts on mTORC1 
is leucine, and insulin is not able to activate 
mTORC1 if cells are deprived of amino acids. 
Evidence suggests that only milk proteins have the 
unique ability to increase both insulin/IGF-1 and 
leucine signaling. mTORC1 is upregulated in 
nearly 100 % of advanced PCa. Metformin inhibits 
insulin, which on its own, acts on mTORC1 path-
ways, together with leucine signaling. In conclu-
sion, cow’s milk signals via insulin/IGF-1 and 
leucine inducing early promotion of mTORC1. 
We should not forget the demonstrated role of cru-
ciferous vegetables in decreased PCa. Broccoli, 
brussels sprouts, and cauliflowers inhibit mTORC1 
attenuating its activation due to the high consump-
tion of leucine. In vitro studies suggest that green 
tea affects mTORC1. Thus, if there is a correlation 
between food and prostate carcinogenesis, it can 
be explained by the role of mTORC1 in prostate 
cells. More in vitro and in vivo studies are needed 
to better specify the pathways induced by food, 
particularly the damage of milk proteins and the 
protective role of metformin and vegetables such 
as cruciferous and green tea.

In the past fish and fish oil have been demon-
strated to be protective for chronic inflammatory 
diseases [53]. As chronic inflammation is one of 
the mechanisms underlying carcinogenesis, fish 
and fish oil have been proposed as possible che-
mopreventive agents. In light of this, Lovegrove 
et  al. performed a systematic review in 2015 
investigating the association of fish and fish oil 
with PCa risk. Thirty-seven articles were included 
with a total of 495,321 participants. No signifi-
cant protective effect of a fish-rich diet on PCa 
risk of PCa aggressiveness was found.

8	 �Chemoprevention 
in Precancerous Prostatic 
Lesion

Clinical trials enriched for patients at the high-
est risk of developing PCa provide a way to 
rapidly evaluate the possible chemopreventive 
effect of a drug, and men with HG-PIN repre-
sent such a population. Patients at high risk of 

Table 4  Role of meat, milk and fish

Meat Processed 
meat

Weak significant risk of total 
prostate cancer

Milk Cow’s milk Strong evidence of a risk of 
prostate cancer

Fish Fish and fish 
oil

Nonstatistical influence on the 
risk of prostate cancer

Chemoprevention
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developing PCa, such as patients with HG-PIN, 
are an attractive target that could benefit from 
chemoprevention. Several chemoprevention trials 
of nutritional supplements and other compounds 
have been conducted in men with HG-PIN.

The first single-arm study investigating this 
population was conducted in 2007 by Joniau 
et  al. [54], enrolling 100 men with isolated 
HG-PIN in at least one biopsy core. This sub-
group received Prevalon® (selenium 
100  μg + vitamin E 30  mg + isoflavonoids 
50  mg) twice a day. In a large number of 
patients, the level of PSA remained stable or 
decreased from baseline, and in this subgroup 
the overall risk of PCa development was lower 
than in patients with rising PSA levels. As dis-
cussed above, high doses of supplements are 
correlated with an increased risk of PCa. The 
results of later randomized placebo-controlled 
studies with various agents in the HG-PIN pop-
ulation were mostly negative. Taneja et al. [55] 
included 1590 men with HG-PIN to investigate 
a possible effect of 20 mg toremifene on PCa 
prevention. Estrogen receptor-α acts as a medi-
ator of growth-stimulating signal transduction 
through the initiation of a stromal paracrine 
effect on PCa epithelium, and low concentra-
tions of toremifene inhibit the α-receptor. 
Despite promising results in a phase II study, 
after 3 years using annual re-biopsies, no dif-
ference in the PCa detection rate was found for 
toremifene vs. placebo (32.3 % vs. 34.7 %, 
respectively) [56]. The SWOG S9917 study 
reported no PCa-preventive effect of selenium 
in patients with HG-PIN over a 3-year period 
[57]. Fleshner et  al. [58] from the Canadian 
Clinical Trials Group presented similar data for 
the preventive effects of vitamin E, selenium, 
and soy protein on the progression of HG-PIN 
to PCa. In 2014 Gontero et al. [59] conducted a 
double-blind RCT in men diagnosed with atyp-
ical small acinar proliferation (ASAP) or multi-
focal high-grade prostatic intraepithelial 
neoplasia (mHG-PIN). The subjects received 
high nontoxic doses of lycopene (35 mg), sele-
nium (55 μg), and green tea catechins (600 mg). 
After 37 months of follow-up, the high doses of 
supplementation resulted in a threefold increase 

in PCa risk. Thus, this study confirms the need 
for well-designed dose-response trials, which 
seem to be crucial for any dietary supplements 
before proceeding to trails investigating 
chemoprevention.

�Conclusion

Different inconsistencies have been shown, 
and no one can conclude definitively a pre-
dominant role among chemopreventive agents 
due to differences in study design, sample size, 
administered dose, and plasma concentrations. 
As shown in this chapter, several agents are 
being investigated. There are no conclusive 
studies or trials that may or may not confirm 
the effectiveness of a substance in reducing 
PCa. Conclusions often conflict or overlap 
even with the same agents. Reviews and meta-
analysis have been conducted but are not con-
clusive. Certainly some points remain. First, 
in nature there are available elements that can 
play a chemopreventive role in PCa which can 
lead to thinking that, with an adjusted diet, we 
can prevent or at least reduce the incidence 
and eventual aggressiveness of PCa. “We are 
what we eat,” meaning we can control the 
incidence and aggressiveness of PCa through 
the food that we choose to eat each day, as it 
becomes part of our cellular and molecular 
mechanisms. Supplements like vitamins or 
concentrated natural extracts can help in this 
way, but an excessive amount may lead to 
the opposite desired effect. Do not forget the 
role of some widely used medications such as 
metformin for diabetes or aspirin. Using these 
drugs to care for other pathologies, we can 
determinate a role in the chemoprevention of 
PCa. The enthusiastic beginning of 5-α RI was 
dampened by conflicting conclusions, and the 
Food and Drug Administration (FDA) does 
not recommend using it for chemoprevention. 
The role of mTORC1 in prostate cells seems 
to be promising. A unique molecular pathway 
may be found for mTORC1  in which differ-
ent environmental and diet factors overlap: 
metformin, cruciferous vegetables, and green 
tea inhibit its activation leading a protective 
role in the chemoprevention of PCa, compared 
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to a diet rich of leucine like cow’s milk and 
cheese which can promote PCa risk. Much 
remains to be done in this sense, especially 
by applying studies, ecological or prospective, 
confirming the role of mTORC1 in the patho-
genesis of PCa. At the present time, there are 
no substances, drugs, or food that can reas-
sure the chemoprevention of prostate cancer. 
What emerges is that much is being done in 
this field using known data from literature and 
designing new in vitro and in vivo studies that 
can help increase understanding. Much has 
been done in the past and there is still much to 
do. Chemoprevention remains a topic of great 
interest, especially because of the hope of 
preventing rather than curing cancer with the 
support of molecular data and laboratory tests. 
In particular, due to the slow molecular carci-
nogenesis and development of PCa, we could 
modulate its aggressiveness through the appli-
cation of supplements, natural substances, and 
dietary factors. The road is still long, but much 
of it has already been traveled.
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1	 �Introduction

Prostate cancer (PCa) is the second most fre-
quently diagnosed cancer and fifth common 
cause of cancer death among men in the world 
[1]. In Europe, there were 416,732 new PCa 
patients diagnosed, and 92,247 men died from 
their disease in 2012 [2]. In the United States, the 
lifetime risk of being diagnosed with PCa is 
approximately 1 in 7, which is the highest among 
all male cancers [3]. Even in Asian countries 
where the incidence and mortality of PCa are the 
lowest, a rapid increase in the incidence and mor-
tality rates has been noted over the past two 
decades (Table 1), mainly due to the introduction 
of prostate-specific antigen (PSA) testing [4, 5]. 
Although high-quality, population-based PCa 
data are limited, current studies point toward a 
significant increasing trend of PCa incidence in 
several African countries, such as Uganda, 
Zimbabwe, and Mali [6, 7]. These figures indi-
cate that PCa is an important public health issue 
worldwide.

The PSA test is a simple and effective tool, 
which is widely used for the early diagnosis of 
PCa with the rationale that early detection might 

avoid suffering from metastases and lower 
disease-specific mortality. Several PSA-based 
screening trials with the aim to evaluate the effect 
of PSA-based population screening have been 
completed or are ongoing. The two largest ran-
domized trials are the prostate arm of the Prostate, 
Lung, Colorectal, and Ovarian Cancer Screening 
Trial (PLCO) and the ongoing European 
Randomized Study of Screening for Prostate 
Cancer (ERSPC) study (Table 2). After 13 years 
of follow-up, the PLCO trial reported no differ-
ence in PCa mortality between the screening and 
control arm [9], while the ERSPC study reported 
a significant PCa mortality reduction (21 %) in 
favor of the screening arm [8].

Although the results on mortality are contra-
dictory, both trials have one thing in common: 
PSA-based screening leads to large numbers of 
unnecessary biopsies and detection of potentially 
indolent PCa. This so-called overdiagnosis often 
coincides with overtreatment [10]. As many as 
75 % of men with a raised PSA (≥3 ng/ml) have 
a benign biopsy result [11], and the rate of over-
diagnosis within the ERSPC trial is estimated to 
be approximately 50 % [12], which leads many 
patients to needless curative treatment with the 
consequences of high costs and side effects.

In this chapter, first PSA and other conven-
tional screening instruments like digital rectal 
examination (DRE) and transrectal ultrasound 
(TRUS) will be discussed. Then some new 
emerging tools, like proPSA, Prostate Health 
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Index (PHI), multiparametric MRI (mpMRI), 
and multivariate risk prediction tools, will be dis-
cussed – all having the potential to reduce unnec-
essary biopsies and potential overdiagnosis. 
Finally, conclusions will be drawn and future 
directions sketched.

2	 �Conventional Screening 
Instruments

2.1	 �PSA

PSA is a kallikrein-like serine protease. This 
enzyme is almost exclusively produced by the 
epithelial cells of the prostate, making it an 
organ-specific marker. In 1987, PSA was intro-
duced in the USA to evaluate treatment response 
after intended curative therapy. Soon after, PSA 
was widely used for opportunistic screening. 

PSA, however, is not cancer-specific. Prostatitis, 
benign prostatic hyperplasia (BPH), and urethral 
or prostatic trauma can also increase the serum 
PSA.  Furthermore, (clinically significant) PCa 
can be present in men without elevated PSA lev-
els [13].

Besides PSA not being PCa-specific, serum 
levels are subject to variability as well. First of 
all, the serum PSA test is available through sev-
eral companies with different test properties lead-
ing to different test results if compared directly 
[14]. To overcome this issue, the World Health 
Organization (WHO) developed the standard 
assay of PSA in 1999 which has been introduced 
by most clinics nowadays [15]. Second, PSA lev-
els vary from day to day. To assess variability of 
PSA levels, a total of 1686 men with serum PSA 
levels between 3 and 10 ng/ml in the STHLM3 
trial underwent a second PSA test within eight 
weeks of the first PSA test and before biopsy. 
Results showed that PSA levels decreased with 
more than 20 % among 19 % of men and increased 
more than 20 % among 15 % of men. Up to 17 % 
of men had repeated PSA levels ≤3 ng/ml, which 
meant those men might not have an indication for 
biopsy. This study suggested that a repeated PSA 
value could serve as a decision aid for the deci-
sion to undergo a biopsy [16].

The continuum of PCa risk for different PSA 
ranges is presented on the basis of data coming 
from the Prostate Cancer Prevention Trial (PCPT) 
and the ERSPC study [17, 18]. These studies 
showed that the sensitivity decreased with 
increasing PSA levels, while the specificity 
increased with increasing PSA levels. Lowering 
PSA cutoff levels consequently led to a higher 
PCa detection rate, but also resulted in an increase 
of unnecessary biopsies and of the overdiagnosis 
of potentially indolent cancers [19]. In the case 
that a physician would like to have 80 % confi-
dence not missing a PCa, he/she should apply a 
PSA cutoff value of 1.1 ng/ml as indication for 
biopsy. This would however result in 60 % of the 
biopsy being negative [20].

The assessment of PSA kinetics, PSAV (PSA 
velocity, the increase of the absolute level of PSA 
during one year) and PSADT (PSA doubling 
time), has been used to assess both overall PCa 

Table 1  Trends in prostate cancer incidence in Asian 
countries and regions

Country Period
Average annual 
percent change

China (2 registries) 1993–2002 12.1
Japan (4 registries) 1993–2002 7.2
Philippines (2 
registries)

1993–2002 3.1

Republic of Korea 1999–2007 13.8
Singapore 1993–2002 4.6
Thailand (2 
registries)

1993–2002 3.1

India, Chennai 1996–2005 −0.5

Adapted from Center et al. [4]

Table 2  Comparison of the ERSPC and the PLCO study

Feature ERSPC [8] PLCO [9]

Country 8 European 
countries

The United States

Period 1993- 1993-2001, 
screening 
completed in 2006

Centers involved 9 10
No. participants 162,338 76,693
Age group (years) 55–69 55–74
Randomized Yes Yes
PCa mortality 
reduction

21 % No

K. Zhang et al.
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risk and risk of aggressive PCa. PSAV is primar-
ily used at the time of diagnosis, whereas PSADT 
is primarily used in the posttreatment setting as a 
surrogate marker of disease progression [21]. 
The ERSPC and PCPT study, taking into account 
only men actually biopsied, demonstrated that 
PSAV added very little predictive value to the 
decision whether or not to take a prostate biopsy, 
i.e. PSAV was of no added value in a PCa screen-
ing setting [22, 23]. However, for men with a sud-
den unexpected rise in their PSA level, when 
evidence of prostatitis is absent, a prostate biopsy 
might be indicated [24].

Increasing age is associated with an increase 
of the serum PSA level. As a reference, age-
specific median PSA values are 0.7, 0.9, 1.2, and 
1.5 ng/ml for men in their 40s, 50s, 60s, and 70s, 
respectively [25]. However, applying these cut-
offs for further assessment (biopsy) may increase 
the risk of a delayed diagnosis of high-grade PCa 
despite the benefit of fewer biopsies [26].

PSA is also strongly related to total prostate or 
transition zone volume, as more PSA leaks into 
the serum possibly due to the fact that in large 
glands the prostate capsule is more disrupted. 
PSAD (PSA density, PSA/gland volume) 
improves PSA sensitivity and specificity, and 
knowing the size of the prostate is often the basis 
for the number of biopsies [27].

On the basis of the data above, we have to con-
clude that there is no optimal absolute PSA cutoff 
value to recommend prostate biopsy. Hence, the 
decision to perform biopsy should not only be 
based on PSA but should also take into account 
other relevant factors, such as age, DRE result, 
family history, prostate volume, having had a pre-
vious negative biopsy, and additional predictive 
markers that maintain sensitivity but increase 
specificity.

2.2	 �DRE

DRE is an integral component of the assessment 
of the prostate gland and is the classical method 
for the detection of PCa. A recently published 
study in Ireland shows that DRE alone had a 
sensitivity and specificity of 81 % and 40 %, 

respectively, in diagnosing PCa, with a positive 
predictive value of 42 % [28]. However, in men 
with low PSA levels, DRE has a low sensitivity 
and predictive value and tends to diagnose the 
tumors when they are already pathologically 
advanced and potentially beyond cure [29–31]. 
Therefore, DRE is not an optimal tool for the 
early detection of PCa. A DRE can, however, 
provide information on the size of the prostate. 
This information can be used to correct for the 
rise in PSA level caused by the presence of BPH 
[32], i.e., PSAD.  It is important to note that 
DRE holds a more subjective character than 
PSA and that DRE results differ among physi-
cians. The inter-observer variation, for estimat-
ing prostate size, noted as the Kappa score, has 
shown to be 0.532 between urologists and gen-
eral practitioners [33].

2.3	 �TRUS

The transrectal ultrasound (TRUS) is used since 
the early 1980s and is the standard tool for guid-
ing systematic diagnostic prostate biopsy. Lesions 
suspicious for the presence of PCa on TRUS usu-
ally appear as a hypoechoic focal lesion in the 
peripheral zone. However, these lesions have a 
variable appearance which considerably overlaps 
with benign lesions. Therefore, the sensitivity and 
specificity of grayscale TRUS in the detection of 
PCa is low. Inspection of the gland should focus 
on identifying asymmetry, areas of increased vas-
cularity, hypoechogenicity, and the presence of 
focal bulges, irregularity, or breaches of the cap-
sule. These features are associated with the pres-
ence of cancer and should be documented, but are 
not sufficiently reliable to make a diagnosis with-
out obtaining a biopsy [34].

TRUS, like DRE, is also a highly subjective 
examination. When five well-trained physicians 
were given 18 records of TRUS videotape to 
decide whether or not to perform prostate biopsy, 
a Kappa value of 0.2 was found, indicating that 
the agreement between physicians is very poor 
[35]. TRUS does, however, has the advantage of 
facilitating a more precise measurement of pros-
tate size as compared to DRE [34].

Individual and Population-Based Screening



46

2.4	 �TRUS-Guided Biopsy

TRUS-guided biopsy plays a crucial role in the 
diagnosis of PCa, but more as a guidance tool 
for systematic prostate biopsy [36]. The ran-
dom TRUS-guided biopsy technique has its 
flaws and over the past decade there has been a 
trend to sample more biopsy cores to increase 
the sensitivity [34]. The current standard, as 
recommended by the European Association of 
Urology, is a 10–12 core biopsy scheme 
because it has been shown that taking more 
than 12 cores is not significantly more conclu-
sive [37].

Recently, new emerging technologies in 
TRUS-guided biopsy have been introduced and 
showed potential in the diagnosis of PCa. 
Ultrasound contrast agent studies provide infor-
mation regarding vascularity of the lesion. 
Molecular imaging for targeting specific bio-
markers could be applied for detecting PCa 
angiogenesis and surface biomarkers [36]. 
Elastography is an ultrasound technique that 
provides information regarding tissue elasticity 
and stiffness [36]. A prospective study of 353 
patients has shown that elastography-guided 
biopsy can improve PCa detection compared to 
grayscale ultrasound guidance (51.1 % vs. 
39.4 %), but cannot replace the systematic 
biopsy due to the low sensitivity (60.8 %) [38]. 
Up to now, there are no large, multicenter stud-
ies with standardization of technique nor high-
quality prospective trials to clarify the role of 
these techniques. A crucial disadvantage of the 
ultrasound-based techniques is that the sam-
pling approach of biopsy is essentially “blind” 
to any local tissue characteristics. The advent 
of MRI-guided prostate biopsy has solved this 
problem with direct visualization of suspicious 
lesions and is being increasingly used world-
wide [39]. It is therefore questionable whether 
these ultrasound techniques will become widely 
used while it must be noted that TRUS-guided 
biopsy has the advantage of being simple and 
inexpensive.

Whatever guidance is used, a prostate biopsy 
is not without risks. Common side effects 

include hematospermia, hematuria, pain, infec-
tion, and urine retention [40] (Table  3). A 
recently published Cochrane review of random-
ized trials on antibiotic prophylaxis for TRUS-
guided biopsy shows that antibiotic prophylaxis 
is effective in preventing infectious complica-
tions following prostate biopsy. The study 
showed that long-term (3 days) antibiotic treat-
ment is not superior to short-term (1 day), and 
multiple-dose therapy is not better than single-
dose [41].

In this context, it is important to realize the 
increase of antibiotic resistance. In a 10-year 
population-based cohort study, a rapid increase 
was seen in ciprofloxacin-resistant bacterial 
blood stream infection after prostate biopsy, 
from 0 % in 2003 to 19 % in 2012. The same 
pattern has been observed for some other anti-
biotics, i.e., extended spectrum b-lactamase 
(ESBL), trimethoprim–sulfametoxazole, and 
cefotaxime [42]. This situation prompts urolo-
gists to find more optimal tools and strategies 
to reduce unnecessary prostate biopsies.

Table 3  The rates of main complications after 5676 pros-
tate biopsy procedures, Rotterdam section of the ERSPC 
study

Complication Rate, %

Minor complicationsa

 � Hematospermia 50.4
 � Hematuria >3 days 22.6
 � Rectal bleeding 1.3
 � Voiding problems 0.8
Major complicationsb

 � Pain after biopsy 7.5
 � Fever 3.5
 � Use of antibiotics 3.3
 � Hospitalization 0.5
 � Urinary retention 0.4
 � Nausea/sickness 0.3
 � Use of analgesics 0.3
 � Allergic reaction to antibiotic prophylaxis 0.1

Adapted from Penzkofer et al. [39]
aMinor complications: expected side effects causing mini-
mal or no discomfort, and requiring no additional 
treatment
bMajor complications: adverse effects causing significant 
discomfort, disability, or requiring additional treatment

K. Zhang et al.
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3	 �New Predictive Makers 
and mpMRI

3.1	 �PSA Subforms

PSA is present in the serum in two forms, the 
complex and the free form (free PSA, fPSA). The 
fPSA molecular subform proPSA contains a 
seven amino acid proleader peptide. Different 
truncated forms of proPSA have been identified 
and all of them are enzymatically inactive. Three 
forms of proPSA in serum ([−2], [−4], and 
[−5/−7] proPSA) are known where [2] proPSA 
(p2PSA) is the most stable form [43, 44].

PHI was developed by Beckman Coulter, Inc. 
in partnership with the NCI Early Detection 
Research Network and was approved by the FDA 
in 2012. This new blood test is actually a mathe-
matical formula of three PSA-based biomark-
ers  – (p2PSA/fPSA) × PSA½ [45] and has the 
advantage that the outcome is, just like the PSA 
test, one number which can be used as a cutoff for 
further assessment.

A European two-center study included 756 
patients to investigate the performance of p2PSA 
and PHI in PCa detection [46]. It showed that 
between men with and without PCa, the p2PSA 
and PHI levels were significantly different [46]. 
PHI achieved the highest PCa predictive value in 
both centers with areas under the curve (AUC) of 
0.750 and 0.709, compared to tPSA (AUC: 0.585 
and 0.534) and %fPSA (fPSA/tPSA, AUC: 0.675 
and 0.576). Also, %p2PSA (p2PSA/fPSA) 
showed significantly higher AUCs compared to 
tPSA and %fPSA (AUC: 0.716 and 0.695, 
respectively).

In another observational prospective study, 
646 patients from five European urologic centers 
with a tPSA range of 2–10 ng/ml underwent ini-
tial prostate biopsy [47]. It was shown that 
p2PSA, %p2PSA, and PHI significantly improved 
the predictive accuracy of PCa with a Gleason 
score ≥7 by 6.4 %, 5.6 %, and 6.4 %, respectively 
(all p < 0.001). If a PHI cutoff of 27.6 was applied, 
15.5 % of biopsies could have been avoided [47]. 
An American study also concluded that com-
pared to tPSA, PHI had significantly higher pre-

dictive value for detection of Gleason 7 or greater 
PCa (AUC: 0.707 vs. 0.551 for tPSA) and clini-
cally significant PCa (Gleason 7 or greater, 3 or 
more positive cores, and more than 50 % involve-
ment of any core, AUC 0.698 vs. 0.549 for tPSA) 
[48]. Moreover, at a 90 % sensitivity cutoff point 
for PHI, 30.1 % of patients could have been pre-
vented from unnecessary biopsies. Similar results 
were found in some Asian trials [49–51], which 
further confirms the clinical validity and utility of 
p2PSA and PHI.

Also based on PSA isoforms, the so-called 
four-kallikrein panel (4 K panel) has shown to be 
of added value in predicting the presence of a 
biopsy-detectable (significant) PCa. The com-
mercially available 4 K score test, based on tPSA, 
free PSA, intact PSA, and kallikrein-related pep-
tidase 2 (hK2), gives a probability that a man will 
have a significant PCa detected at prostate biopsy 
[52]. A recent study compared the 4 K panel with 
PHI for the predictive value for PCa in a group of 
531 men. It was shown that the 4  K panel and 
PHI had similar performance in predicting PCa 
(AUC: 0.690 vs. 0.704) and high-grade PCa 
(AUC: 0.718 vs. 0.711) [53].

To date, p2PSA and PHI are not widely avail-
able, most likely due to financial reasons. 
Especially in some developing countries where 
population-based PSA screening is not common 
practice yet, these new markers could be of ben-
efit despite the higher costs. It is in these coun-
tries where the consequences of PSA-based 
testing, unnecessary testing and overdiagnosis 
could still be avoided and as such make the new 
test although more expensive, cost-effective. An 
American study hypothesized a health plan with 
100,000 male members aged 50–75 years old, 
tested with PSA and applying a PSA 4 ng/ml as 
cutoff for prostate biopsy, would be cost-effective 
even with adding p2PSA to PSA and %fPSA. The 
costs would increase with $13,611 (1-year costs). 
These additional costs would be neutralized by 
the savings on the costs of potentially unneces-
sary biopsies (−$98,650), office visits (−$8664), 
and laboratory tests (−$516) [54].

To summarize, compared to the currently used 
tPSA and fPSA levels, p2PSA and PHI test 
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results are more accurate, most likely 
cost-effective, and as such improve the process of 
early detection of PCa.

3.2	 �Genetic Markers

Progress in gene research made it possible to 
develop genetic marker tests such as the prostate 
cancer gene 3 (PCA3) and the transmembrane pro-
tease, serine 2 (TMPRSS2): v-ets erythroblastosis 
virus E26 oncogene homolog (ERG) tests. Both of 
them can be tested in human urine, which is nonin-
vasive, simple, and convenient for patients [55].

PCA3 is a noncoding RNA and is only 
expressed in human prostate tissue [55]. In 1999, 
PCA3 was found highly overexpressed in PCa 
tissue compared to normal prostate tissue [56], 
which would make it an appropriate indicator for 
the presence of PCa. PCA3 has been approved by 
the US Food and Drug Administration (FDA) for 
estimating PCa risk following a negative biopsy 
in 2012.

In a study of 809 men at initial or repeat pros-
tate biopsy in Europe and North America, PCA3 
showed higher predictive value than PSA for PCa 
detection (AUC: 0.679 vs. 0.527) [57]. However, 
in another study of 721 prescreened men within 
the Dutch part of the ERSPC study, ROC analy-
ses showed an AUC of 0.635, a limited improve-
ment as compared to the AUC of tPSA (AUC: 
0.581, p = 0.143) [58].

TMPRSS2: ERG is a fusion gene and can be 
found in approximately 50 % of PCa patients 
[54]. In a study including 78 men with PCa-
positive biopsies and 30 men with PCa-negative 
biopsies, the TMPRSS2: ERG showed a rather 
low sensitivity of 37 %, however, a high specific-
ity of 93 %, and a positive predictive value of 
94 % [59]. However, in the largest study of 1180 
PCa patients with a median follow-up of 
12.6  years after radical prostatectomy, it was 
shown that TMPRSS2: ERG overexpression was 
only associated with tumor stage, but not with 
Gleason score, metastases, biochemical recur-
rence, and cancer-related and overall mortality, 
suggesting that TMPRSS2: ERG might not be a 
strong predictive marker in PCa patients [60].

The combination of several markers is likely 
to improve test performance. In a recent large-
sample study, urine samples were collected from 
1244 men [61]. It demonstrated that for predict-
ing PCa, the AUCs of PSA, PSA plus TMPRSS2: 
ERG, and PSA plus PCA3 were 0.585, 0.693, 
and 0.726, respectively; for predicting high-
grade PCa (Gleason score >6), the AUCs of 
PSA, PSA plus TMPRSS2: ERG, PSA plus 
PCA3, and PSA plus T2: ERG plus PCA3 were 
0.651, 0.729, 0.747, and 0.772, respectively. 
These data show that if more relevant informa-
tion is added to multivariate prediction models, 
their predictive capability increases. However, 
clinical usefulness and cost-effectiveness should 
never be overlooked.

In terms of genetic risk factors, genome-wide 
association studies (GWAS) have identified over 
1000 single nucleotide polymorphisms (SNPs) 
associated with PCa risk [62]. In a recent study, a 
prediction model for PCa was built with 65 estab-
lished risk SNPs and 68 novel SNPs [63], show-
ing that the 65 established SNPs provided AUC 
between 0.64 and 0.69 for different populations. 
When adding an additional 68 novel SNPs, the 
AUC increased from 0.67 to 0.68 (p = 0.0012) 
[63]. In the recent STHLM study, however, the 
added value of SNPS in a multivariate model 
with clinical parameters and serum-based bio-
markers (subforms of PSA) seemed rather low 
[64]. Although many new markers have proven 
better predictive ability than tPSA, the latter is 
still the most widely and frequently used marker 
worldwide, most likely since we lack long-term 
data of the effect on disease-specific mortality 
when some clinically significant PCa cases are 
being missed when avoiding diagnoses at the cost 
of saving unnecessary biopsies and potential 
overdiagnosis. It is exactly here where informed- 
and shared decision making come in and every 
man must balance his potential benefit and harm.

3.3	 �MRI-Guided Biopsy

Magnetic resonance imaging (MRI) has been 
used in prostate imaging since the 1980s. Initially, 
only T1-weighted (T1W) and T2-weighted 
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(T2W) pulse sequences were used for 
morphologic assessment on prostate MRI which 
had limited capability to distinguish benign node 
and clinically insignificant PCa from significant 
cancer [65]. mpMRI is a new technology were 
anatomic T@W imaging is combined with 
diffusion-weigthed imaging (DWI), apparent-
diffusion coefficient (ADC) maps and dynamic 
contrast-enhanced (DCE) MRI [65].

Apart from the tumor microenvironment 
information, mpMRI can also offer anatomic 
insight and possibly qualitative, semi-
quantitative, and fully quantitative imaging bio-
markers, which might reflect the underlying 
tumor histopathology and biological behavior, 
making that mpMRI has better performance on 
PCa detection [66]. There are several different 
scoring systems classifying suspicious lesions on 
prostate mpMRI, such as a three-point scale (low, 
moderate, high suspicion), or a five-point scale 
ranging from 1 (no suspicion) to 5 (high suspi-
cion), which is known as The Prostate Imaging-
Reporting and Data System (PI-RADS) [67, 68]. 
After the process of fusion with real-time ultraso-
nographic maps, mpMRI can be used as guidance 
at prostate biopsy [67].

A recent US-based prospective study reported 
the results of 1003 men undergoing both mpMRI-
guided and standard TRUS-guided random 
biopsy from 2007 to 2014. The study showed that 
mpMRI-guided biopsy improved the detection 
rate of high-risk PCa by 30 % and reduced the 
detection of low-risk PCa by 17 % compared to 
standard biopsy (both P < .001) [69]. Moreover, 
in the subgroup including 170 patients with path-
ological results after radical prostatectomy, 
mpMRI-guided biopsy had a greater predictive 
value for distinguishing low-risk PCa from mod-
erate- and high-risk PCa than standard biopsy or 
combined biopsy.

In a systematic review, a total of 1926 patients 
from 16 studies with a positive MRI were evalu-
ated [70]. The PCa prevalence in the whole group 
was 59 %. It demonstrated that MRI-guided 
biopsy did not outperform TRUS-guided biopsy 
in overall PCa detection. MRI-guided biopsy did 
show a greater detection rate for significant PCa 
compared to TRUS-guided biopsy (individual 

sensitivity of 0.91 vs. 0.76), as well as a lower 
detection rate for insignificant PCa (individual 
sensitivity of 0.44 vs. 0.83). In the subgroup anal-
ysis for men with an initial biopsy, MRI- and 
TRUS-guided biopsy showed similar results for 
overall PCa detection, and a small difference in 
significant PCa detection, but for men with a pre-
vious negative biopsy, MRI-guided biopsy had 
remarkable better performance on overall PCa 
detection (relative sensitivity 1.62) [70].

An important concern regarding the use of 
mpMRI in the detection of PCa is the learning 
curve. A current study showed that the mpMRI-
PCa detection rate by two radiologists nearly 
doubled (42–81 %) in 2-year study period [71], 
suggesting that some PCa, even clinically signifi-
cant PCa, might be missed in the early stage of 
the application of mpMRI. Therefore, it is rec-
ommended that mpMRI imaging for PCa detec-
tion should be analyzed by radiologists with 
sufficient expertise.

It is clear that mpMRI significantly improves 
the diagnostic accuracy for significant PCa. 
According to the currently available evidence, 
there is still place for the standard systematic 
TRUS-guided biopsy but in men with a previous 
negative random biopsy, mpMRI-guided biopsy 
has proven to be of clear added value.

4	 �Individual Screening

4.1	 �PCa Risk Calculators

As already pointed out earlier on in this chapter, 
PCa screening is associated with a reduction of 
metastatic disease and disease-specific mortality 
but also with unnecessary biopsies, overdiagno-
sis, and overtreatment. The balance between ben-
efits and harms is still not well established. 
Hence, we urgently need an approach to detect 
potential aggressive PCa early enough to prevent 
those progressing to an advanced stage beyond 
cure. It is therefore recommended switching from 
screening every man within a certain age range to 
screening a certain population at a relative higher 
risk of PCa. With this in mind, PCa risk calcula-
tors are being developed using relevant prebiopsy 
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information to identify those men who are at risk 
of a potential aggressive PCa and as such may 
actually benefit from early detection.

The two most frequently used PCa risk cal-
culators are the PCPT and ERSPC risk calcula-
tors [72, 73]. The PCPT risk calculator is 
designed using data from 5519 men of the pla-
cebo group of the PCPT who underwent pros-
tate biopsy [73]. This risk calculator is based on 
PSA value, family history, outcome of DRE, 
and prior biopsy. The PCPT risk calculator 
development study showed a predictive value 
(expressed as AUC) of 0.702, which was only 
slightly higher than the AUC of PSA alone 
(0.678) in this dataset. Most likely, the absence 
of prostate volume may explain this. The PCPT 
risk calculator has been externally validated in 
American and European populations, with 
AUC’s ranging from 0.57 to 0.74 [74]. When 
applying the PCPT risk calculator to an Asian 
population, an AUC of 0.783 was found [75]. 
The PCPT risk calculator is available on the 
Internet (http://deb.uthscsa.edu/URORiskCalc/
Pages/uroriskcalc.jsp).

The ERSPC risk calculator is developed in a 
European (Dutch) population and includes six 
steps based on different predictive models, 
including age, PSA value, DRE result, outcome 
of TRUS, family history, prostate volume, and 
previous biopsy status [76]. This calculator is 
easily accessible through the Internet (www.
prostatecancer-riskcalculator.com) for both phy-
sician and patient or through a smartphone-app 
for the physician (App: Rotterdam Prostate 
Cancer Risk Calculator). The development study 
indicated that the AUC for the ERSPC risk calcu-
lator step 3 model (for men screened for the first 
time, including information on TRUS and pros-
tate volume) reached 0 .77 compared to an AUC 
of 0.64 by PSA alone [73]. External validation 
studies conducted in Northern American and 
European populations reported AUCs between 
0.71 and 0.80 [77–79], and calibration slopes 
between 0.61 and 0.83 [77, 78]. Similar results 
were found when ERSPC risk calculators (model 
3 and 4 for patients undergoing initial biopsies 

and repeat biopsies) were validated in an Asian 
population, showing AUCs between 0.77 and 
0.88 [75, 79, 80] and a calibration slope of 0.873 
[75]. While discrimination of the ERSPC risk 
calculators in Asian populations is acceptable, 
calibration is not optimal. Most likely differences 
in prevalence and the percentage of significant 
PCa cases detected at prostate biopsy are the 
main reasons [79, 80]. The fact that the relation-
ship between PSA levels and risk of a positive 
prostate biopsy varies is confirmed by an analysis 
of the so-called Prostate biopsy collaborative 
group. These differences are challenging when 
developing PSA-driven algorithms to determine 
whether biopsy is indicated [81].

Both risk calculators have been compared 
directly [82]. The results of a study comprising 
525 European men showed that the AUC of the 
ERSPC calculator was significantly higher than 
the AUC of the PCPT calculator and PSA alone 
(0.801, 0.744, and 0.643, respectively). 
Furthermore, the ERSPC calculator showed bet-
ter calibration than the PCPT calculator. As a 
result, higher net benefit was shown for the 
ERSPC calculator by decision curve analysis, 
suggesting that 9 % and 23 % of unnecessary 
biopsies could have been avoided if a risk thresh-
old of 20 % and 30 % was applied, respectively. 
In contrast, the PCPT model showed limited net 
benefit. In other head-to-head comparisons, the 
ERSPC risk calculator showed superiority over 
the PCPT model [75, 77, 80, 83].

In addition to the classical risk factors, some 
of the new markers such as PHI have the potential 
to improve the predictive capability of a risk cal-
culator. When a total of 2001 patients from 6 
Irish centers were analyzed using the PCPT and 
ERSPC risk calculator formulae, it was found 
that PHI can increase the AUC of the ERSPC 
model (model 3 + DRE for patients at initial 
biopsy and model 4 + DRE for patients at repeat 
biopsy) from 0.72 to 0.76 for PCa prediction in a 
subgroup of 222 patients for whom the PHI score 
was available. The recently developed ERSPC-
PHI risk calculator showed better calibration and 
higher net benefit than the ERSPC model [83]. In 
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another study, PCA3 was proven to add some 
predictive value to the so-called DRE-based 
ERSPC risk calculator (including a DRE-based 
estimate of prostate volume) which was reflected 
by an increase from AUC of 0.70 to 0.73 for 
detecting PCa in prescreened men [84].

In summary, risk calculators combining mul-
tiple risk factors show a higher predictive ability 
than PSA alone in PCa detection. The ERSPC 
risk calculator seems to outperform the PCPT 
risk calculator, but head-to-head comparisons, 
including more available risk calculators, are rec-
ommended where besides discrimination calibra-
tion should also be assessed. Hopefully, these 
types of analyses and subsequent local adapta-
tions will encourage physicians to use these tools 
more often in their daily clinical practice.

4.2	 �Risk-Based Strategy

This brings us to the concept of risk stratification 
which implies using a certain PCa risk as a 
threshold for biopsy, with the aim to improve the 
efficiency of early PCa detection and to reduce its 
harms.

At the first screening round of the Dutch part 
of ERSPC, it has retrospectively been shown that 
with applying an additional risk threshold of 
12.5 % in addition to the used PSA cutoff value 
of 3.0 g/ml to trigger biopsy could have avoided 
33 % of biopsies [76]. With this approach, 
although 14 % of PCa cases would have been 
missed, up to 70 % of them could be considered 
as potentially indolent, and 17 of the 18 up to 
then deadly PCa cases would have been detected. 
Moreover, at repeat screening 4 years later, a sim-
ilar strategy would result in 37 % fewer biopsies. 
Although 16 % of PCa would be missed, 81 % 
could be classified as likely indolent. By contrast, 
when PSA ≥ 4.0 ng/ml cutoff value would have 
been applied, similar numbers of unnecessary 
biopsies could have been saved, but the number 
of (significant) PC cases missed would be consid-
erably higher (25 % at initial screening, 43 % at 
repeat screening).

Whether or not to perform a prostate biopsy is 
often a difficult decision in clinical practice. Both 
physician and patient need to balance the benefit 
of avoiding unnecessary biopsies against the 
harm of missing life-threatening PCa. With a 
risk-based strategy, used in addition to their clini-
cal expertise physicians can more accurately dis-
tinguish between a possible diagnosis of low-risk 
(potentially indolent) or high-risk (potentially 
significant) PCa and, after discussion with the 
(potential) patient act accordingly.

A still unresolved issue is the age to start 
screening and start risk calculation, i.e., should 
men start PSA testing at a younger age like in 
their early 40s? In a Swedish study, PSA val-
ues were tested in archived blood plasma from 
1312 participants later diagnosed with PCa and 
from 3728 matched controls. Blood samples 
were collected from 1974 to 1986 when men 
were aged 33–50 years. After a median follow-
up of 23 years, the analyses showed that the 
PSA value at or before 50 was highly associ-
ated with subsequent diagnosis of PCa and 
advanced PCa (AUC: 0.719 and 0.751, respec-
tively) [85]. This would imply that early risk 
stratification would allow large numbers of 
men to be screened less frequently and further 
testing will be focused on those men with a 
potential high risk of dying from PCa. However, 
it must be noted that when looking at these 
data more carefully, in men above the proposed 
cutoff of ≥1.6  ng/ml (only 10 % of the study 
population), only 44 % of all PCa deaths 
occurred. One can expect that such a strategy 
where further testing is to be delayed with at 
least 10 years in 90 % of the population but 
where 56 % of PCa deaths occurred will not be 
followed. What will be the result of starting 
testing at early age remains to be seen but it is 
likely that it will result in again unnecessary 
biopsies and treatment harm, exactly that what 
we want to avoid. In Germany, the so-called 
PROBASE study has been initiated that com-
pares the effect of screening starting at age 45 
or 50. Hopefully, this trial will provide more 
insight into this dilemma [86].
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5	 �Conclusions and Way to Go

Obviously, PSA-based population screening for 
PCa should at the moment and it its current form 
not be recommended due to the high proportion 
of unnecessary biopsies, overdiagnosis, and over-
treatment. However, it is still essential to detect 
those life-threatening PCa at a time when treat-
ment is still possible. Therefore, we need an 
approach with which we can distinguish low-risk 
from high-risk disease and with which we can 
selectively identify men that can actually benefit 
from PCa screening.

PCa risk calculators, which are developed and 
derived from population-based studies, have 
proven to be of aid in considering further assess-
ment. Their implementation into patient counsel-
ing and clinical decision making can help to 
avoid unnecessary biopsies. Whether or not to 
start screening or to perform a biopsy should be 
decided based on an individual multivariate risk 
assessment in combination with balanced infor-
mation and shared decision making.

Once the decision to biopsy is made, the next 
question will be how to detect significant PCa 
more accurately. MpMRI-guided biopsy has the 
potential to replace conventional systematic 
TRUS-guided biopsy owing to its higher diag-
nostic accuracy for significant PCa, especially for 
men with a previous negative biopsy.

Finally, an interesting and controversial topic 
is whether population-based PCa screening pro-
grams are still needed. Currently, the use of the 
PSA test and subsequent biopsy is an integrated 
part of daily clinical practice. However, it has 
been shown that despite having guidelines on the 
early detection of PCa there are numerous exam-
ples of misuse of the PSA test in daily clinical 
practice [87–90]. Men are being tested who are 
very unlikely to benefit (i.e., men with very lim-
ited life expectancy) while others that should be 
referred for further testing are not. It is therefore 
time that we either adapt clinical practice, start 
following guidelines, and start implementing 
new techniques, or stop PSA screening in the 
clinical setting and introduce specialized screen-
ing units where, only after a diagnosis has been 
made, patients enter clinical practice.
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Anatomo-pathology

S. Prendeville and T.H. Van der Kwast

1	 �Gross Anatomy 
of the Prostate: Clinical 
Importance

Accurate localization of prostate cancer(s) 
within the gland may have implications for both 
diagnosis and treatment, including the potential 
for focal therapies which have been developed 
in recent years. Detailed anatomic knowledge 
forms the basis of different approaches to surgi-
cal dissection (interfascial, intrafascial, extra-
fascial). In addition, knowledge of the 
boundaries of the prostate and the fascial anat-
omy is also essential for accurate pathological 
staging of prostatectomy specimens. The offi-
cial anatomic terminology of the prostate and 
its contiguous structures has been revised sev-
eral times in the past and current recommenda-
tions try to accommodate clinical concepts 
within an updated terminology [52] as high-
lighted in an authoritative and well-illustrated 
review of the topic [79], which was recently 
updated [80]. It is worth noting, however, that 
certain aspects of the anatomy of the prostate 
remain controversial with variable terminology 
used in the published literature.

1.1	 �The Boundaries 
of the Prostate

The prostate gland lies posterior to the pubic 
symphysis and anterior to the rectum and it 
merges proximally with the bladder neck and dis-
tally (at its apex) with the external urethral 
sphincter. The prostate gland is not surrounded 
by a true capsule but rather a “pseudocapsule” 
comprising a condensation of fibromuscular 
stroma at the outer edge of the prostate which has 
a variable appearance [80]. Surrounding this are 
the periprostatic fascial layers and the neurovas-
cular bundles. Anteriorly, the prostate is also cov-
ered by smooth muscle bundles arising from the 
outer longitudinal detrusor muscle of the bladder 
(detrusor apron) and by the dorsal vascular com-
plex (Figs. 1 and 2).

1.1.1	 �Periprostatic Fascia
The anterior surface of the prostate, detrusor 
apron, and dorsal vascular complex are covered 
by a layer of visceral endopelvic fascia, which is 
fused in the midline with the anterior fibromus-
cular stroma of the prostate. Laterally, the pros-
tate is covered by a layer of fascia termed the 
prostatic fascia and, external to this, the levator 
ani fascia.

The posterior surface of the prostate and semi-
nal vesicles are closely covered by Denonvilliers’ 
fascia, or the posterior prostatic and seminal vesi-
cle fascia [79]. Denonvilliers’ fascia consists of a 
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Fig. 1  Wholemount 
section of radical 
prostatectomy specimen, 
with multifocal prostate 
cancer (marked by 
dotted line). DA detrusor 
apron, PC posterior 
commissure, PZ 
peripheral zone, TZ 
transition zone, U 
urethra. The index tumor 
is located in the 
posterior peripheral 
zone, and one small 
cancer is located in the 
transition zone of the 
anterior prostate
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Fig. 2  Schematic illustration of midprostate (axial sec-
tion) and surrounding structures. 1 visceral endopelvic 
fascia, 2 prostatic pseudocapsule, 3 prostate fascia, 4 leva-
tor ani fascia, 5 ejaculatory duct, 6 Denonvilliers’ fascia, 7 

neurovascular bundle, 8 dorsal vascular complex, 9 detru-
sor apron, AFMS anterior fibromuscular stroma, CZ cen-
tral zone, LA levator ani muscle, PB pubic bone, PZ 
peripheral zone, R rectum, TZ transition zone, U urethra
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single layer of loose connective tissue and inter-
lacing leaves of elastic tissue or smooth muscle 
and is adherent to the prostate at the base near the 
seminal vesicles [51] (Fig. 3). The neurovascular 
bundles are generally located posterolaterally in 
the region medial to the levator ani fascia and ante-
rior to Denonvilliers’ fascia. However, this is sub-
ject to interindividual variation and remains 
controversial, with recent evidence for a more 
complex nerve distribution [57]. At prostatectomy, 
increasing amounts of periprostatic tissue will be 
resected with intra-, inter-, and extrafascial 
approaches, respectively. Extrafascial dissection is 
carried out lateral to the levator ani fascia and pos-
terior to Denonvilliers’ fascia. While this is the 
most oncologically safe dissection, it includes 
complete resection of the neurovascular bundle 
[80]. Conversely, an intrafascial approach allows 
preservation of the neurovascular bundle but car-
ries an increased risk of prostatic incision [79].

1.1.2	 �The Superior and Inferior 
Boundaries of the Prostate

At the superior boundary of the prostate, the 
bladder neck is formed from prostatic tissue, the 
vesical sphincter, and detrusor muscle of urinary 
bladder origin [80]. The prostate apex (inferior 
boundary) represents the site where the interme-
diate or membranous part of the urethra exits the 

prostate. This part of the urethra is surrounded by 
the external urethral sphincter, which is a distinct 
muscular structure, separated from the pelvic 
floor musculature by a thin fibrous layer [67]. 
The sphincter is composed of two layers: an outer 
horseshoe-shaped layer of striated muscle and an 
inner circumferential smooth muscle layer [80].

1.1.3	 �Anatomical Implications 
for Tumor Staging 
at Prostatectomy

The anatomy of the prostate can pose challenges 
for accurate pathological staging in relation to 
extraprostatic extension [26]. This is particularly 
true at the anterior border, apex and bladder neck, 
where prostatic stroma may blend with smooth 
muscle of the detrusor apron, skeletal muscle of 
the urinary sphincter and smooth muscle of the 
urinary bladder detrusor muscle, respectively 
(see Sect. 4.4).

1.2	 �Prostate Lobes

Clinically, during digital rectal examination, a 
lobulation of the prostate may be noted, which can 
be due to the indentation of the rectal surface or a 
preferential growth of the transition zone in elder 
men, commonly referred to as benign prostatic 

Fig. 3  Section of posterior 
margin of the prostate, 
displaying Denonvilliers’ 
fascia (DF) with small 
bundles of smooth muscle 
(arrows) embedded in 
fibrous tissue of low 
cellularity. Here 
Denonvilliers’ fascia is 
separated from the outer 
prostate by a thin layer of 
loose connective tissue
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hyperplasia (BPH) [52]. In the midposterior ure-
thral position, BPH may result in median lobe 
hyperplasia, also known as Home’s lobe, which 
protrudes as a ball valve into the bladder lumen 
just inferior to the trigone. Although the vast 
majority of contemporary carcinomas do not 
present as a nodule, prostate cancers identified by 
positive digital rectal examination are pathologi-
cally advanced in over 50 % of men [27].

1.3	 �McNeal’s Four Prostate 
Regions

In 1988, McNeal proposed a model of zonal anat-
omy of the prostate gland, abolishing the previ-
ous concept of a lobular organization of the gland 
structure [43]. In his model, the prostate is 
divided into four regions: (1) the anterior fibro-
muscular stroma, (2) the central zone, (3) the 
transition zone, and (4) the peripheral zone 
(Figs.  1 and 2). These four regions can be 
identified by T2-weighted magnetic resonance 
imaging (MRI).

1.3.1	 �The Anterior Fibromuscular 
Stroma

The anterior fibromuscular stroma extends along 
the anteromedial aspect of the prostate and 
merges with the striated muscle of the external 
sphincter at the apex and the vesical sphincter of 
the bladder neck. The distal (apical) portion of 
the anterior fibromuscular stroma is rich in stri-
ated muscle and is important in voluntary sphinc-
ter function, whereas at its proximal end smooth 
muscle becomes a dominant feature with an 
important role in involuntary sphincter function 
[30]. The anterior fibromuscular stroma contains 
few if any prostatic glands.

1.3.2	 �The Central Zone
The central zone is a cone-shaped area between 
the ejaculatory ducts and the bladder neck, situ-
ated posterior to the ascending prostatic urethra, 
and occupies about 30 % of the prostatic glandu-
lar mass. Histologically, the prostatic glands in 
the central zone have a distinct and more com-
plex architecture often with cribriform and 

papillary features as compared to those in the 
other zones. For pathologists, it is important to 
recognize central zone glands, because their 
nuclear features may resemble high-grade pros-
tatic intraepithelial neoplasia (H-PIN), a precur-
sor lesion of prostate cancer [7] (see Sect. 3).

1.3.3	 �The Transition Zone 
and Peripheral Zone

The transition zone is mainly located lateral and 
anterior to the urethra (Figs. 1 and 2) and may be 
separated from the peripheral zone by a band of 
denser fibromuscular stroma that is the posterior 
commissure [52]. The transition zone normally 
comprises only about 5 % of prostatic glandular 
tissue. The peripheral zone comprises about 65 % 
of the prostatic glandular tissue with the majority 
occupying the inferior (apical) and posterior part 
of the prostate, although it also extends anteriorly 
as the lateral horn of the peripheral zone. Thus, 
the anterior prostate comprises both peripheral 
zone (lateral) and transition zone (mediolateral) 
components as well as the midline anterior fibro-
muscular stroma [25].

1.4	 �Prostate Zones and Cancer

About 70 % of prostate cancers originate in the 
peripheral zone, most of them at a posterior or 
posterolateral localization [43]. This coincides 
with the frequent occurrence of the cancer 
precursor high-grade prostatic intraepithelial 
neoplasia (H-PIN) in the peripheral zone and its 
much rarer occurrence in the transition zone [7]. 
In several patient series, it was shown that in spite 
of significantly higher PSA levels as well as 
greater tumor volume when compared with those 
of peripheral zone cancers, tumors from the tran-
sition zone showed similar biochemical cure 
rates following radical prostatectomy [76]. This 
would suggest a less aggressive phenotype for 
transition zone cancers when compared to tumors 
from the peripheral zone. However, contradictory 
findings have also been reported, e.g., Augustin 
et al. [4] found that the zonal location was not an 
independent prognostic factor on multivariate 
analysis.
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The determination of the zonal origin of pros-
tate carcinoma by the pathologist is more chal-
lenging on standard quadrant sections of 
prostatectomy specimens when compared to 
wholemount sections [25]. Often a prostate can-
cer involves both the peripheral and transition 
zone and anterior transition zone carcinomas 
may extend into the midline anterior fibromuscu-
lar stroma.

2	 �Microscopic Anatomy 
of the Prostate

Histologically, the prostate is composed of acini 
and ducts, both of which are lined by a dual cell 
population that is an inner layer of luminal or 
secretory cells and an outer rim of basal cells. 
Each of the three anatomically distinct zones of 
the prostate has its own set of periurethral main 
prostatic ducts. The lining of the latter structures 
often displays a hyperplasia of basal cells and 
here the luminal cells may have a columnar 
(ductal) appearance [58]. The periurethral ducts 
give off branches, with tributaries adopting the 
more rounded architecture with cuboidal luminal 
cell morphology of prostatic acini as they prog-
ress upstream from the urethra, until eventually 

ducts and acini are no longer distinguishable. 
Interspersed within the glandular lining of the 
ducts and acini are the neuroendocrine cells 
which secrete regulatory neuropeptides. Only 
the luminal cells express prostate-specific anti-
gen, which is under androgen regulation. 
Androgen receptors can be found in the nuclei of 
luminal cells and most of the fibromuscular stro-
mal cells (Fig.  4), whereas the neuroendocrine 
cells and most of the basal cells lack androgen 
receptors [37].

2.1	 �Age-Related Microscopic 
Changes

In aging men, hyperplasia of both the glandular 
and/or fibromuscular components (BPH) occurs 
almost uniquely in the transition zone. By con-
trast, the peripheral zone is more often subject to 
glandular atrophy. Histologically, usual type atro-
phy is characterized by a flattening of the luminal 
cells resting on a single conspicuous layer of 
cuboidal basal cells, while the glands lose their 
infoldings to a straighter outline. However, vari-
ous different morphological forms of atrophy 
exist (and often coexist), including partial atro-
phy, cystic atrophy (Fig. 5), sclerotic atrophy, and 

Fig. 4  Microscopic 
image of prostate tissue 
immunostained for PSA 
(red) and androgen 
receptor (brown). Blue 
nuclei are unstained. 
Both stromal cells 
(arrows) and PSA-
positive luminal cells are 
positive for androgen 
receptor, while basal 
cells are negative for 
androgen receptor
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hyperplastic atrophy/postatrophic hyperplasia. 
Recent studies suggested that the presence of 
atrophy [48] and a greater extent of acute and 
chronic inflammation [49] in a negative prostate 
biopsy is associated with a lower risk of subse-
quent carcinoma. Thus, although it is not current 
standard practice to specifically report on these 
parameters in negative biopsies, they may poten-
tially provide useful information in the future.

2.2	 �Androgen Deprivation-
Induced Changes

It is well established that long-term use of 
aromatase inhibitors, such as Dutasteride leads 
to an average reduction in prostate gland volume 
by 17.5 % after 2 years, mainly attributed to its 
effect on BPH [3]. Microscopic changes of the 
normal tissues during long-term administration 
of aromatase inhibitors have not been described. 
This is in contrast to the pronounced effects of 
antiandrogens and lutein hormone releasing hor-
mone agonists. After androgen deprivation to 
castration levels, the entire prostate will shrink 
to about 80 % of its original size within 3 months 
of treatment. This reduction in volume is 

associated with a profound remodeling of the 
prostate tissue [73], which is different for the 
peripheral and transition zone of the normal 
prostate. In the peripheral zone, a general atro-
phy of prostatic glands is noted while the transi-
tion zone glands display more prominent basal 
cell hyperplasia and the glands become smaller 
and more rounded.

3	 �Precursor Lesions of Prostate 
Cancer (H-PIN)

High-grade prostatic intraepithelial neoplasia 
(H-PIN) is widely accepted as the main precur-
sor lesion for prostate cancer. However, there is 
also recent evidence that some cases of H-PIN 
may actually represent intra-acinar spread of 
invasive carcinoma rather than a true precursor, 
and this is an area of ongoing research [15]. In 
addition, other glandular proliferations have 
been proposed as potential precursor lesions, 
e.g., adenosis (atypical adenomatous hyperpla-
sia) has been put forward as a potential precursor 
to carcinomas arising in the transition zone 
([15]). Intraductal carcinoma (IDC-P) is dis-
cussed in Sect. 4.3.

Fig. 5  Microscopic 
image of prostate glands 
showing cystic atrophy, 
adjacent to normal 
prostate glands at the 
right
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3.1	 �High-Grade Prostatic 
Intraepithelial Neoplasia 
(H-PIN)

H-PIN is characterized by the presence of dys-
plastic features in the luminal cells lining pros-
tatic glands or ducts, while retaining the 
antecedent architecture of benign glands (Fig. 6). 
The morphologic hallmark of H-PIN is the pres-
ence of prominent nucleoli in cells lining pros-
tatic glands or ducts with a luminal (but not 
basal) cell morphology and location [7]. 
Montironi et  al. [47] reported that H-PIN was 
found in association with invasive carcinoma in 
70 % of cystoprostatectomy specimens with an 
incidental prostate cancer and in 50 % of speci-
mens without prostate cancer. Because of this 
association of H-PIN with carcinoma, their simi-
larity in cytonuclear features, their close spatial 
association in the prostate, and shared specific 
genetic changes, H-PIN is considered a precur-
sor for prostate cancer [18]. It remains unclear, 
however, which proportion of H-PIN actually 
progresses over time to invasive prostate cancer. 
Accordingly, most guidelines do not recommend 
repeat biopsy for isolated H-PIN; however, mul-

tifocal H-PIN (>1 core involved) has been shown 
to be associated with a higher risk of subsequent 
carcinoma [45].

4	 �Prostate Cancer

Prostate cancer is a very common finding in elder 
men, and its clinical course is highly variable. 
The histopathological features of prostate cancer 
and its spatial extension have been shown to be 
the strongest predictors of their behavior.

4.1	 �Types and Variants 
of Adenocarcinoma

Conventional acinar adenocarcinoma accounts 
for the vast majority of cases; however, other 
types of prostate cancer may also be encoun-
tered. Some of the latter constitute histological 
variants of acinar adenocarcinoma, while oth-
ers represent distinct tumor entities, as out-
lined out in the World Health Organization 
(WHO) classification of tumors of the urinary 
system and male genital tract [46]. Some of 

Fig. 6  Micrograph 
showing H-PIN (arrows) 
with admixed benign 
glands (*). Inset: high 
power view 
demonstrating 
prominent nucleoli 
which are the hallmark 
of H-PIN
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these variants and tumor types may have prog-
nostic implications, or they may occur in cer-
tain clinical situations, e.g., following prior 
non-surgical treatment including radiation and 
hormonal manipulation. Examples of the latter 
include small and large cell neuroendocrine 
carcinoma and the very rare adenosquamous 
carcinoma.

4.1.1	 �Conventional Acinar 
Adenocarcinomas and Its 
Variants

Conventional acinar adenocarcinoma is the most 
common type of prostate cancer, representing 
over 95 % of cases. This type of adenocarcinoma 
displays a remarkable morphologic heterogene-
ity, which may coexist within the same tumor 
focus. Most common is the formation of small- to 
medium-sized glands, but these glands may fuse, 
or form cribriform or ragged sheets of cells and 
these architectural patterns are reflected in the 
histopathological grading of adenocarcinoma 
(see Sect. 4.2.2). A number of histopathological 
variants exist, some of which are of significance 
as they may cause diagnostic difficulty for 
pathologists, including the pseudohyperplastic, 
foamy gland, atrophic, and microcystic variants. 
Other variants confer a worse prognosis com-
pared with conventional acinar adenocarcinoma 
[32], including the signet ring cell like, pleomor-
phic giant cell, and sarcomatoid variants. 
Mucinous (colloid) carcinoma is diagnosed at 
prostatectomy when >25 % of the tumor contains 
extracellular mucin pools. This very rare variant 
comprises 0.2 % of prostate cancers [28] and was 
initially thought to be more aggressive than con-
ventional acinar adenocarcinoma, although more 
recent studies have suggested that it may in fact 
have a better prognosis [56].

4.1.2	 �Ductal Adenocarcinoma
Although in the current WHO classification of 
prostate cancer [46] ductal adenocarcinoma is 
coined as a distinct type of prostate adenocar-
cinoma, some would consider it a variant of 
conventional adenocarcinoma. Ductal adeno-
carcinoma as a dominant pattern accounts for a 

mere 0.2–0.8 % of all prostate cancers (IARC 
2016), but it is more frequently seen as a 
smaller component of conventional acinar ade-
nocarcinoma. These tumors involve the large 
periurethral ducts and may become clinically 
manifest as an exophytic papillary mass in the 
prostatic urethra. Consistent with the features 
of large periurethral duct epithelium (see 
Sect. 2), the columnar neoplastic cells form a 
pseudostratified layer, often lining papillary 
structures with true fibrovascular cores, and 
their nuclei are mostly elongated or oval often 
with a single macronucleolus. Recognizing 
ductal adenocarcinoma is important, as it is 
more aggressive than conventional acinar ade-
nocarcinoma [63]. In terms of grading, ductal 
adenocarcinoma is assigned Gleason pattern 4, 
or Gleason pattern 5 if comedo necrosis is 
present (IARC 2016). An uncommon variant 
termed prostatic intraepithelial neoplasia-like 
ductal adenocarcinoma exists which behaves 
similar to Gleason score 6 adenocarcinoma 
[72] and is therefore important to recognize 
and grade accordingly.

4.1.3	 �Neuroendocrine Carcinoma
The presence of scattered neuroendocrine cells, 
as identified by immunohistochemical staining, 
is a relatively common finding in otherwise con-
ventional acinar adenocarcinoma. The clinical 
significance of this type of neuroendocrine dif-
ferentiation is controversial; however, it is gen-
erally regarded as not being prognostically 
significant [19, 34]. Poorly differentiated neuro-
endocrine carcinomas of the prostate include 
small cell carcinoma and large cell neuroendo-
crine carcinoma. Small cell carcinoma appears 
morphologically similar to its counterpart at 
other sites, being composed of sheets of cells 
with a high nuclear:cytoplasmic ratio, nuclear 
molding and frequent mitoses, apoptosis, and 
necrosis. There is a history of conventional aci-
nar adenocarcinoma in 40–50 % of cases [19], 
and in many cases, small cell carcinoma emerges 
following androgen deprivation treatment [53]. 
Immunohistochemistry is helpful to demonstrate 
neuroendocrine differentiation, using antibodies 
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against synaptophysin, chromogranin A, and 
CD56, while the tumors generally lack expres-
sion of androgen receptors and PSA. When the 
tumor occurs in its pure form, a metastasis from 
another primary site should be excluded clini-
cally. This distinction cannot be readily made on 
the basis of morphological or immunohisto-
chemical features and it is worth noting that the 
lung/thyroid cancer marker TTF-1 is commonly 
positive in small cell carcinomas of primary 
prostatic origin. Fluorescence in situ hybridiza-
tion (FISH) or reverse transcriptase polymerase 
chain reaction (RT-PCR) to detect TM-PRSS2-
ERG gene fusion may be helpful to confirm a 
primary prostatic origin [62], while it is worth 
noting that ERG immunohistochemistry is not 
reliable in this setting [19, 62]. Large cell neuro-
endocrine carcinomas of the prostate are excep-
tionally rare, especially in their pure form, with 
limited published data available [24]. They are 
composed of large nests of cells with peripheral 
palisading, necrosis, and immunohistochemical 
evidence of neuroendocrine differentiation. 
These tumors show cytological features that are 
distinct from those of small cell carcinoma, 
including prominent nucleoli, clumped chroma-
tin and abundant cytoplasm [19]. Both small and 
large cell neuoroendocrine carcinomas show an 
aggressive behavior similar to poorly differenti-
ated neuroendocrine carcinoma at other body 
sites. Finally, adenocarcinoma with Paneth cell-
like neuroendocrine differentiation is important 
for pathologists to recognize as Paneth cell-like 
areas may show high-grade architectural fea-
tures (Gleason pattern 5), even though these 
tumors generally have a favorable prognosis 
[70]. As a result, grading may not be applicable 
in these areas [19, 70].

4.1.4	 �Other Rare Prostate Cancer 
Types

Other types of prostate cancer that may rarely be 
encountered include basal cell carcinoma, squa-
mous cell carcinoma, and adenosquamous carci-
noma. The latter two entities may develop in the 
setting of androgen deprivation therapy and/or 
radiotherapy for prostate cancer.

4.2	 �Grading of Prostate Cancer

The Gleason grading system was first developed 
in the 1960s with modifications in 2005 and 
2014. This system originally accounted for the 
heterogeneity of prostate cancer by identifying 5 
grades on the basis of tumor architecture, rang-
ing from 1 (most differentiated) to 5 (least dif-
ferentiated). By adding the primary and 
secondary architectural growth patterns, a nine-
tiered total score of ascending aggressiveness 
from 2 to 10 is obtained. In biopsy specimens, 
this score is calculated by adding the most domi-
nant pattern and the worst/highest of the remain-
ing patterns, while in prostatectomy specimens, 
the score is based on the most dominant and sec-
ond most dominant patterns. In contemporary 
practice, Gleason scores 1 and 2 are virtually 
never reported such that prostate specimens are 
generally assigned a Gleason score ranging from 
6 to 10. In prostatectomy cases with more than 
two architectural patterns, a tertiary grade may 
be reported. When a small volume of a high 
grade pattern (4 or 5) is present, it is usually 
assigned as a minor or tertiary pattern if it com-
prises <5 % of the tumor volume. A meta-analy-
sis by [31] has shown convincingly that the 
presence of a tertiary grade 5 component has an 
unfavorable prognostic impact. On the other 
hand, most studies have shown that a < 5 % grade 
4 component in an otherwise Gleason score 6 
(3 + 3) carcinoma hardly affects the prognosis.

4.2.1	 �ISUP 2014 Grade Groups
Recently, a new grading system comprising 5 
“Grade Groups,” which are based on the modi-
fied Gleason grading patterns, was adopted by 
the International Society of Urological 
Pathology (ISUP) [21] and incorporated into the 
current WHO classification [46]. This five-tiered 
system (see Table 1) provides a simpler grading 
model for patients and clinicians [23] and also 
allows more accurate tumor stratification, par-
ticularly with regard to Gleason score 3 + 4 vs. 
4 + 3 cancers, which have significantly different 
prognoses [12, 85]. In addition, given that 
Gleason score 6 cancers have an insignificant 
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risk of metastasis [60], labeling these tumors as 
grade 1, the lowest possible grade in the new 
system, provides a more logical terminology to 
help patients better understand the favorable 
prognosis of their disease and avoid overtreat-
ment in these cases. In current practice, the con-
vention is to report both the Gleason score and 
the corresponding ISUP 2014 Grade Group in 
parallel [50].

4.2.2	 �Quantification of High-Grade 
Carcinoma

One of the limitations of grading is interob-
server variability, in particular with regard to 
the diagnosis of “poorly formed glands” as 
Gleason pattern 4, where the differential diag-
nosis includes tangentially sectioned pattern 3 
glands [86]. Quantification of the percentage of 
high-grade cancer (pattern 4 or 5) on biopsy 
and prostatectomy specimens has been 
proposed to help further refine grading and pro-
vide additional prognostic information to aid 
decision making. A recent study, which 
included a large number of cases, has shown a 
continuous increase in the risk of PSA recur-
rence with increasing percentage of Gleason 
pattern 4 identified [61], while previous studies 
also found the amount of high-grade cancer to 
be an independent prognostic factor [78]. These 
findings suggest that additional clinically rele-
vant information can be derived from morpho-
logic grading as a continuum as compared with 
categorical grading. This is of particular rele-
vance in the scenario of active surveillance of 
patients with low risk cancer. In many centers, 
active surveillance is only considered for cases 
with Gleason 3 + 3 disease; however, cases with 
a low volume (e.g., <5 %) of Gleason pattern 4 
may also be deemed suitable. These issues are 

the subject of many ongoing studies which seek 
to further refine and standardize the clinically 
relevant information that prostate cancer grad-
ing provides.

4.2.3	 �Gleason Grade 4 Subpatterns
Of the Gleason architectural patterns, Gleason 4 
is the most heterogeneous as it can comprise a 
variety of different patterns including cribriform 
structures, glomeruloid structures, fused glands, 
and poorly formed glands (Fig. 8). This heteroge-
neity translates into clinical behavior, in particu-
lar with regard to cribriform growth which has 
been shown to be a strong independent predictor 
for distant metastasis and disease-specific death 
in Gleason score 7 cancer at prostatectomy [39]. 
Invasive cribriform carcinoma often shows mor-
phologic overlap with intraductal carcinoma 
(IDC-P) and immunohistochemical staining for 
basal cells may be required to differentiate the 
two entities. This distinction is necessary when 
there is potentially isolated IDC-P on a prostate 
core biopsy or when any associated carcinoma is 
low grade (e.g., Gleason 3 + 3, Grade Group 1), 
as IDC-P is not included when grading invasive 
carcinoma [19]. Given that any amount of IDC-P 
or cribriform carcinoma has an important prog-
nostic implication ([38, 74] no longer in press), it 
is now recommended that their presence should 
be routinely reported in all diagnostic specimens 
[50].

4.3	 �Intraductal Carcinoma

Intraductal carcinoma of the prostate (IDC-P) is 
characterized histologically by an expansile, 
lumen-spanning proliferation of malignant epi-
thelial cells within large ducts which retain an 
intact basal cell layer (Fig. 7). IDC-P is distin-
guished from H-PIN on the basis of a greater 
degree of architectural and/or cytological atypia 
[29]. This distinction is critical as IDC-P is often 
associated with high-grade invasive carcinoma 
[59] and is an adverse prognostic marker in 
biopsy and prostatectomy specimens [54, 75, 80, 
86]. It is postulated that IDC-P represents intra-
ductal propagation of an aggressive carcinoma 

Table 1  Grade groups and corresponding Gleason score

Grade Group Gleason score

1 3 + 3 = 6 or less
2 3 + 4 = 7
3 4 + 3 + 7
4 4 + 4 = 8; 3 + 5 + 8; 5 + 3 = 8
5 4 + 5 = 9; 5 + 4 = 9, 5 + 5 = 10
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Fig. 7  Low power micrograph of an extensive intraductal 
carcinoma of the prostate immunostained for alpha-
methyl coenzyme A (red) racemase and the basal cell 

marker high molecular weight keratin (brown). Glands 
and ducts are distended by a large mass of neoplastic cells 
(red), but remain lined by basal cells (brown)

a b

c d

Fig. 8  The heterogeneity of Gleason grade 4 prostate can-
cer is displayed in these four micrographs. (a) Ill-formed 
malignant glands without lumina (black arrow). Some 

well-formed malignant glands with lumina (white arrow) 
and benign glands (*) are also present. (b) Fused glands. 
(c) Glomeruloid structures. (d) Cribriform architecture
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[36, 44]; however, it may also represent a precur-
sor lesion distinct from H-PIN. The latter theory 
is supported by the occasional finding of IDC-P 
without an associated invasive carcinoma at pros-
tatectomy [59]. A  finding of isolated IDC-P on 
biopsy, without an associated invasive carcinoma, 
should prompt either immediate rebiopsy or 
definitive treatment.

4.4	 �Staging of Prostatectomy 
Specimens

The objective of staging is to (1) group malignan-
cies which have an apparently similar prognosis 
so as to inform a uniform therapeutic approach, 
(2) assist clinical trials and research studies by 
defining homogeneous patient populations, and 
(3) promote the comparability of clinicopatho-
logic data from multiple hospitals and research 
groups. In general, pathologic substaging of 
tumors should maintain symmetry with clinical 
substaging, thus allowing direct comparison of 
cases. The 2009 TNM system [64] distinguishes 
organ confined (pT2) and nonorgan confined 
prostate cancers (pT3a,b/pT4) to describe the 
extent of cancer in a radical prostatectomy 
specimen.

4.4.1	 �Stage pT2 Prostate Cancer
Organ confined or localized prostate cancers are 
stage pT2, which means they are within the con-
fines of the prostate, including its outer fibromus-
cular border. Pathological substaging of T2 
cancers is optional, given its lack of clinical and 
academic value [76]. Although clinical substag-
ing of T2 prostate cancer is of value, the clinical 
substages do not correspond with the pathologi-
cal substages.

4.4.2	 �Stage pT3a Prostate Cancer
Extraprostatic extension (EPE) is defined as 
tumor extension beyond the confines of the 
prostate. Although the definition is simple, 
diagnosing EPE is not always straightforward 
due to the absence of a true histological capsule 
[5]. Unequivocal EPE can be diagnosed when 

tumor is identified in contact with adipose tis-
sue (Fig.  10), as intraprostatic fat is rarely if 
ever encountered [68]. In the posterolateral 
aspects of the gland, EPE can also be diagnosed 
when tumor is identified within loose connec-
tive tissue or perineural spaces of the 
neurovascular bundles, or as a distinct tumor 
nodule within desmoplastic stroma which 
bulges beyond the normal contour of the gland 
[42]. At the anterior fibromuscular stroma, 
diagnosing EPE may be more difficult as the 
prostate stroma may blend imperceptibly with 
extraprostatic muscle. At this site, clear tumor 
extension beyond the prostate contour or into 
the adipose tissue at the sides [9] should help 
determine the presence of EPE (Fig. 9). In the 
apex, benign glands are frequently admixed 
with striated muscle, and as a consequence, the 
finding of malignant glands within striated 
muscle does not represent extraprostatic 
extension [42]. Bladder neck invasion is diag-
nosed when malignant glands are identified 
within smooth muscle bundles of the bladder 
neck, beyond the plane of any benign prostate 
glands.

Since in contemporary series at least 50 % of 
patients with extraprostatic extension at radical 
prostatectomy do not show tumor progression 
over a 10-year follow-up period, methods to 
improve the prognostication of EPE have been 
examined [42]. In general, EPE is subclassified 
as focal/minimal or nonfocal/established and 
different methods exist to make this distinction 
based on the number of glands [20], the number 
of high power fields [81] or radial extent of 
EPE [69]. While there is no clear consensus on 
which method to use, each categorization sys-
tem has been shown to have prognostic 
significance.

4.4.3	 �Stage pT3b Prostate Cancer
Seminal vesicle invasion as defined by the 
invasion of the muscular wall of the extrapros-
tatic seminal vesicles (stage pT3b) conveys a 
highly unfavorable prognosis. The carcinoma 
can invade the seminal vesicles by (1) spread-
ing along the ejaculatory duct and/or (2) by 
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direct invasion at the base of the prostate and/
or (3) by extending first into periseminal  
vesicle soft tissue and then subsequently into 
the wall of the seminal vesicle. Rarely, discon-
tinuous metastases in blood vessels in the sem-
inal vesicle are present as an isolated finding 
[6]. As for the latter, there is no consensus 
whether this should be considered stage pT3b 
or not. Irrespective of staging, the presence of 
any lymphovascular space invasion should be 
routinely reported [42].

4.4.4	 �Stage pT4 Prostate Cancer
The designation of stage pT4 in a prostatectomy 
is highly restricted now: pT4 urinary bladder 
neck involvement by prostatic carcinoma 
includes only prostate cancer with gross or radio-
graphic extension into the bladder neck. It is 
allowable to assign a pT4 stage associated with 

radical prostatectomy if an associated biopsy of 
urinary bladder, rectum, or pelvic side wall is 
positive for prostatic carcinoma that is directly 
invading these structures, as assessed clinically 
or radiologically [42]. A positive surgical margin 
at the bladder neck does not constitute stage pT4 
cancer but is reported as pT3a margin positive 
cancer [10].

4.5	 �Surgical Margins

Approximately 10–35 % of radical prostatec-
tomy specimens are reported to have positive 
surgical margins on pathologic evaluation. 
Biochemical progression-free survival for men 
with surgical margin positivity on radical pros-
tatectomy is about 60 % as compared to 80 % in 
patients with negative surgical margins [13, 

Fig. 9  Upper right 
quadrant section of 
prostatectomy specimen 
with a larger anterior 
cancer (T) of the 
transition zone (TZ), 
penetrating the anterior 
surgical margin (short 
arrow). The long arrow 
indicates the plane 
separating the prostate 
from the anterior 
extraprostatic tissue. 
The tumor is adjacent to 
and infiltrates the 
anterior fibromuscular 
stroma (AFMS)
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55]. Most but not all investigators have been 
able to confirm the independent prognostic 
impact of this parameter in multivariable analy-
ses [71].

4.5.1	 �Definition of Positive Margins
The outer surface of the prostate, representing 
the specimen margin, is inked during macro-
scopic evaluation of prostatectomy specimens. 
The margin is considered positive when tumor 
cells are microscopically identified directly in 
contact with this inked surface. Lacerations in 
the outer margin may cause tracking of ink and 
this can be a cause of a false-positive margin 
[14] (Fig.  11). In addition, the presence of 
tumor cells at the outer surface of a section 
which is not covered by ink should be regarded 
as a negative margin. In the case of a negative 
surgical margin, there is conflicting evidence as 
to whether the tumor distance to the margin has 
prognostic significance. Initial studies found no 
association between margin distance and dis-
ease recurrence rate [16, 17, 22]. As a result, 
the margin is interpreted as negative even when 
tumor is microscopically very close, e.g., 
<0.1 mm, and a measurement of tumor distance 
to the margin is not routinely reported [71]. 
However, recent large studies which have 
reported a significant association between close 
margins (<0.1 mm) and biochemical recurrence 

suggest that a close margin may be prognosti-
cally significant [33, 41].

4.5.2	 �Location, Extent, and Grade 
of Positive Surgical Margin

Published reports on the impact of the location of 
positive surgical margins on outcome have been 
conflicting [71]. Several studies have shown that 
the extent of tumor at the surgical margin corre-
lates with postoperative disease recurrence, but a 
large study by [66] demonstrated that neither 
location nor extent of positive margin improved 
the predictive accuracy of a nomogram compared 
to one in which surgical margin status was mod-
eled as positive vs. negative. Recent studies have 
also suggested that the Gleason grade of the 
tumor at the positive margin has prognostic sig-
nificance [11, 35, 77] as a lower grade tumor at 
the margin is associated with more favorable 
pathologic features and a decreased risk of early 
biochemical recurrence [35].

4.6	 �Anterior Prostate Cancers

Transition zone cancers, particularly when in an 
anterior location, tend to be detected late, since 
they are generally not targeted by the standard 
biopsy scheme which focuses mainly on cancers in 
the posterior location [8]. Often they have reached 

Fig. 10  A few tumor 
glands (arrows) are 
found at the level of fat 
cells (FC), indicating 
focal extraprostatic 
extension
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a large size and/or transformed into an aggressive 
higher grade cancer before their detection, and 
under these circumstances there is a greater risk of 
a positive margin and biochemical failure when 
prostatectomy is performed (Fig. 9). Anterior pros-
tate cancers are not uncommon, with about 35 % of 
the anterior prostate cancers originating from the 
anterior horn of the peripheral zone, thus represent-
ing peripheral zone carcinomas [1].

The acronym PEATS (i.e., prostatic evasive 
anterior tumor syndrome) alludes to the phenom-
enon of anterior cancers detected at a stage too 
advanced to be cured [40]. It is obvious that in 
patients enrolled in an active surveillance pro-
gram it remains a challenge to identify the pres-
ence of these hidden aggressive anterior tumors. 
Magnetic resonance imaging-guided biopsies tar-
geting anterior zone abnormalities play an 
increasing role in this clinical setting.

4.7	 �Multifocality and Index Tumor

Multifocality of prostate cancer (Fig. 1) is very 
common, with 2–5 tumors of variable size found 
in 80 % of prostatectomy specimens [82]. The 
concept of an index or dominant tumor was 
derived from the Stanford group who measured 

the volume of the largest tumor nodule in whol-
emount sections and demonstrated its indepen-
dent clinical significance [65]. The advancement 
of focal therapy for the treatment of prostate can-
cer has made this concept more relevant, but it 
has been challenged in the past on two grounds. 
Firstly, several subsequent studies have failed to 
demonstrate the independent prognostic signifi-
cance of tumor volume [83], and secondly, the 
dominant nodule does not always represent the 
component of tumor having the highest Gleason 
score or the most advanced pathological stage 
[2]. In particular, pT stage and Gleason grade/
score may need to be included in the defining 
characteristics such that, in the case of a multifo-
cal cancer, the index tumor would represent the 
tumor with the worst prognostic features.

5	 �Concluding Remarks

As reflected in this chapter, the approach to the 
diagnosis and management of prostate cancer is 
underpinned by an understanding of the ana-
tomic and histopathological features of the dis-
ease. New insights into diagnostic and prognostic 
histopathological parameters, including a new 
approach to cancer grading, help to risk stratify 

Fig. 11  A laceration 
into the prostatic tissue. 
Although tumor cells are 
here in contact with the 
ink, this should not be 
considered as a true 
positive margin
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tumors and guide therapeutic decision making. 
With advances in technology, there is an expand-
ing role for imaging studies in the diagnosis and 
management of prostate cancer, in particular 
with regard to the diagnosis of anteriorly located 
tumors and the use of focal therapies. Ultimately, 
an awareness of the potential for overtreatment 
of indolent prostate cancers continues to drive 
the search for improved pathological, molecular-
genetic, and imaging parameters that can accu-
rately predict behavior and prognosis.
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Biomarkers for Prostate Cancer

S. Dijkstra, R.J. Hendriks, G.H.J.M. Leyten, 
P.F.A. Mulders, and J.A. Schalken

1	 �Introduction

Traditionally, clinical diagnosis and management 
of the individual patient are based on clinical 
cohort-based studies. The heterogeneity within 
‘risk cohorts’ can still be considerable which 
impairs decision-making for an individual 
patient. Therefore, we urgently need improved 
methods to accurately predict the biological 
behaviour, and therapy response for well-
stratified/homogeneous groups of patients. In the 
last decade, revolutionary advancements in 
molecular profiling technologies have been made 
resulting in new diagnostic algorithms. It is note-
worthy that it is just 60 years ago that the double-
helix model for the structure of DNA was first 
described. Molecular biology developed quickly 
and with nucleic acid amplification technologies 
whole genome gene and expression profiling 
became feasible. The field expanded beyond the 
traditional/core genes that follow Francis Crick’s 
dogma (gene < − > RNA > protein) by the discov-
ery of non coding RNAs, including microRNAs 
(miRNAs). This enables us to identify the indi-
vidual in a different way from the way we did 
before. These advances have marked the begin-
ning of a new era for modern medicine: individu-

alized medicine. This is an approach that strives 
for a ‘customized’ healthcare; a patient-specific 
strategie instead of the standard ‘one-size-fits-all’ 
approach.

Biomarkers are important tools in individual-
ized medicine. A biomarker can be defined as a 
characteristic that is objectively measured and 
evaluated as an indicator of normal biological 
processes, pathogenic processes or pharmaco-
logic responses to a therapeutic intervention [18]. 
This includes physiological measurements and 
clinical imaging, but also specific cells, mole-
cules, genes, gene products, enzymes or 
hormones.

Biomarkers in cancer (can) have several valu-
able applications:

•	 Improve diagnosis
•	 Improve staging
•	 Indicate disease prognosis (e.g., indolent vs. 

clinical significant prostate cancer)
•	 Monitor response to treatment
•	 Select patients for different treatment options
•	 Surrogate endpoint in trials
•	 Therapeutic target

In prostate cancer, prostatic acid phosphatase 
(PAP) is considered the first known biomarker. 
This enzyme was discovered to be increased in 
men with metastasized prostate cancer in 1938 
[71]. The use of PAP was not useful for diagno-
sis, and was only used to monitor prostate cancer 
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patients after diagnosis. In the 1980s, prostate-
specific antigen (PSA) was introduced into clini-
cal practice. This is to date the only widely used 
biomarker in prostate cancer. The introduction of 
PSA has resulted in earlier detection of the dis-
ease, although it also has important limitations. 
Its use in screening and prognosis remains con-
troversial due to the fact that it is an organ-
specific marker and not a cancer-specific marker. 
Novel, prostate cancer–specific biomarkers are 
needed to differentiate indolent from aggressive 
disease to minimize overtreatment of clinically 
insignificant prostate cancer.

The ideal characteristics of a biomarker for 
prostate cancer are as follows:

•	 Only produced by tumour tissue
•	 Non-invasive test, easy to manage
•	 As inexpensive as possible
•	 Ability to detect prostate cancer at an early 

stage
•	 Differentiate between indolent and clinically 

significant tumours
•	 High sensitivity and specificity

Prostate cancers are usually heterogeneous, 
and recognition and identification of the most 
significant focus are important to predict disease 
progression. Combination of biomarkers with 
clinical risk factors will be also important to opti-
mize predictive value. Prostate cancer biomark-
ers can be detected in different diagnostic 
substrates, each aiding different clinical deci-
sions (Table 1).

Novel biomarkers can be identified through 
genetic epidemiological studies (evaluating 
inherited genetic predispositions in large cohorts, 
genome-wide association studies, GWAS) or 
molecular profiling studies, evaluating the molec-
ular profile of the tumour. Around 20 GWAS 
studies have revealed a total of 77 single nucleo-
tide polymorphisms (SNPs) that are associated 
with an increased chance to develop prostate can-
cer [56]. The observed relative risks are insuffi-
cient to individualize diagnosis [82], yet may be 
of use for pre-selection. This chapter will focus 
on established biomarkers and promising novel 
biomarkers identified by molecular profiling 

studies, arranged by tissue markers, blood mark-
ers and urine markers.

2	 �Tissue Markers

Once tissue is available, important decisions have 
already been made, either a biopsy has been 
taken or the prostatic gland was surgically 
removed. Thus, the main clinical need is to accu-
rately predict the biological behaviour of the 
malignant process. In case the pathologist is not 
sure about the diagnosis of invasive prostate can-
cer, immunohistochemistry using antibodies 
against the basal cell–specific high molecular 
weight keratins (34β E12) and AMACR has 
proven to be helpful [88]. In recent years, various 
genetic tests have become commercially avail-
able that use gene expression panels to predict 
tumour characteristics and the need of adjuvant 
treatment. Since better treatment modalities 
become available, adjuvant strategies are likely 
to be considered again and biomarkers indicative 
for biological behaviour can be helpful. In this 
part, we will focus on high potential biomarkers 
for which standardized methods are or can be 
developed and we will describe the current 
already commercially available tissue-based 
genetic tests.

2.1	 �Gene Fusions: TMPRSS2-ERG

The classic example of a gene fusion implicated 
in cancer development is the BCR:ABL fusion in 
patients with chronic myelogenous leukaemia. 
This fusion results from a reciprocal translocation 

Table 1  Different diagnostic substrates for prostate can-
cer biomarkers

Diagnostic substrates Invasive
Clinical 
decision

Urine − Biopsy
Blood − Biopsy, 

treatment
Biopsy specimen + Treatment
Prostatectomy specimen 
(Gleason score + pTNM)

++ Adjuvant 
treatment
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T(9;22), first recognized as the Philadelphia 
chromosome. This discovery has been revolu-
tionary as it has led to the development of ima-
tinib which is an inhibitor of the BCR:ABL gene 
fusion product which transformed the previously 
fatal leukaemia into a manageable chronic dis-
ease for many patients [51].

In prostate cancer, recurrent gene rearrange-
ments were discovered in 2005: a fusion of the 
5’ untranslated region of TMPRSS2 (androgen-
regulated trans-membrane protease, serine 2) to 
Ets family genes (oncogenic transcription fac-
tors) [148]. Oncogene ERG (v-ets erythroblas-
tosis virus E26 oncogene homologue (avian)) is 
the most commonly involved Ets family mem-
ber in gene fusions. TMPRSS2-ERG has been 
detected in approximately 50 % of Caucasian 
prostate cancer patients. This gene fusion is 
less frequently seen in men from other eth-
nic background. Magi-Gazulli et  al. reported 
fusion-positive prostate cancers in 31 % of 
African-American men and only in 16 % of 
Japanese men [104]. Rearrangements with other 
Ets transcription factors have been identified in 
approximately 5–10 % of PSA-screened prostate 
cancers: ETV1 (ETS variant 1 gene), ETV4 and 
ETV5 [8, 74, 147]. In addition to TMPRSS2, 
other fusion partners involved in ETS fusions 
have been identified. Their possible clinical rel-
evance is not clear.

As a result of the gene fusion with TMPRSS2, 
the expression of ERG becomes androgen regu-
lated and thus overexpressed. ERG expression 
can be detected in prostate cancer patients by 
immunohistochemistry with a high specificity of 
>95 % and is not seen in benign prostate epithe-
lium [113, 122]. This suggests that ERG immu-
nostaining could be a solid diagnostic biomarker, 
albeit in approximately half of the prostate can-
cer patients. The clinical implications for patients 
with an Ets gene fusion-positive tumour are cur-
rently still under investigation. Results on a 
potential prognostic value are conflicting.

A recent study described that ERG overex-
pression was associated with Gleason score (≥8) 
and stage (T3-T4 tumours) [62]. This worse 
prognosis of fusion-positive cancers has been 
reported earlier by several other studies [52, 117, 

162]. On the contrary, various studies found that 
TMPRSS2-ERG fusion did not predict reduced 
prostate cancer survival nor was it associated 
with biochemical recurrence, metastasis or over-
all survival [61, 67].

The largest study so far assessed the predictive 
value of ERG overexpression in a cohort includ-
ing1180 men treated with radical prostatectomy. 
Overexpression was found in 49 % of the cases 
and correlated with a higher tumour stage. No 
association was found with Gleason score, metas-
tases to distant organs and bones, biochemical 
recurrence after radical prostatectomy and pros-
tate cancer–related death or all-cause mortality 
[124]. In a meta-analysis by the same authors, 
including 48 studies, TMPRSS2-ERG fusion was 
associated with advanced stage tumours at diag-
nosis, but not with biochemical recurrence or 
lethal disease. These results suggest that 
TMPRSS2-ERG is not a very strong prognostic 
marker for men treated with radical prostatec-
tomy, although fusion presence might be associ-
ated with tumour stage [124].

2.2	 �Ki-67/MIB1-Labelling Index

Expression of the Ki-67 protein is strictly asso-
ciated with cell proliferation. Ki-67 has there-
fore been extensively studied for its potential 
use as a proliferation marker in different types 
of cancer, including prostate cancer. Its name is 
derived from the city of origin (Kiel) and the 
number of the original clone in the 96-well plate 
[134]. Ki-67 can be determined by immunohis-
tochemistry using the monoclonal antibody 
MIB-1 [36]. The proportion of tumour cells 
staining positive for Ki-67 is known as the Ki-67 
labelling index. This proved to be an indepen-
dent and significant prognostic biomarker for 
prostate cancer–specific survival [1, 22]. 
Furthermore, the Ki-67 labelling index has 
repeatedly shown to be a predictive marker for 
disease recurrence and progression after radical 
prostatectomy and radiotherapy [17, 28, 132]. 
Although its usefulness has been well estab-
lished, the Ki-67 labelling index is currently not 
used in daily practice.
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2.3	 �PTEN

PTEN (Phosphatase and TENsin homologue) is 
a tumour-suppressor gene, located on chromo-
some 10q23 [92]. This gene plays a key role in 
carcinogenesis. PTEN antagonizes the PI-3 K/
Akt pathway and thereby modulating cell 
growth/survival and cell migration/adhesion 
[153]. In prostate cancer, PTEN loss has been 
associated with proliferation and survival of 
cancer cells, resistance to castration [137], che-
motherapy [80, 126] and radiotherapy [3], bone 
metastasis [166] and recurrence after radical 
prostatectomy [15]. Ferraldeschi et  al. studied 
the predictive value of PTEN expression in a 
post-docetaxel abiraterone treatment setting and 
demonstrated that loss of PTEN expression was 
associated with worse survival and shorter time 
on abiraterone treatment [60]. Thus, PTEN is 
assumed to be a potent prognostic and predic-
tive marker and a clear target for novel (gene) 
therapies. However, this requires further 
research.

2.4	 �E-Cadherin

Cadherins are a family of epithelial cell-cell 
adhesion molecules that play a key role in pre-
serving epithelial integrity [141]. Their func-
tion is dependent on calcium, hence their name 
(‘calcium-dependent adhesion’). E-cadherin is 
the most extensively studied member of the 
cadherin family. During cancer progression to 
an invasive state, intercellular adhesions 
between tumour cells are disrupted. Thus, 
aggressive tumour cells were hypothesized to 
have loss of E-cadherin. And indeed, decreased 
E-cadherin expression has repeatedly been 
shown to correlate with a loss of tumour differ-
entiation and a poor prognosis [19, 151, 152]. 
This correlation has been shown for several 
tumour types, including prostate cancer. 
However, large prospective studies will have to 
define its potential clinical relevance in prostate 
cancer, as a prognostic biomarker or as a molec-
ular target for therapy.

2.5	 �EZH2

The EZH2 gene (enhancer of zeste homologue 
2), encoding a Polycomb-group (PcG) protein, is 
responsible for maintaining the silent state of 
genes. EZH2 mediates trimethylation of histone 
H3 lysine 27 (H3K27), leading to repression of 
transcription and thereby silencing of gene 
expression [38, 87]. EZH2 is upregulated in vari-
ous aggressive tumours, including prostate can-
cer [27, 85, 151]. Furthermore, it mediates 
transcriptional silencing of the tumour-suppressor 
gene E-cadherin [31]. This demonstrates an 
inverse correlation between dysregulation of 
EZH2 and repression of E-cadherin during can-
cer progression. In a large prostate cancer speci-
men, study high EZH2 expression was strongly 
associated with Gleason grade, advanced patho-
logical tumour stage, positive nodal status and 
early PSA recurrence [108].

In conclusion, EZH2 upregulation might play 
a key role in oncogenesis and progression of can-
cer. This makes it a promising biomarker of dis-
ease progression and a viable target for 
therapeutic interventions in aggressive cancers.

2.6	 �The Neuroendocrine 
Phenotype

The expression of a ‘pure’ neuroendocrine (NE) 
phenotype in small cell prostate cancer is a rare 
entity (<1 % of all prostate cancers); however, 
there is a rationale that the relative fraction of 
cells with an NE phenotype increases in advanced 
prostate cancer, especially in the setting of andro-
gen receptor targeting resistance. Moreover, clin-
ically, NE prostate cancers are often manifested 
by the presence of visceral or large soft tissue 
metastatic disease, a disproportionately low 
serum PSA relative to the overall burden of the 
disease and a limited response to targeting of the 
androgen signalling axis [2]. The biology of the 
disease is markedly different from adenocarci-
noma of the prostate, and, therefore, treatment of 
this type of prostate cancer is different and prog-
nosis is worse. Preclinical studies are beginning 
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to shine more light on this high-risk subset of 
disease, although novel therapies are still needed 
to improve survival.

2.7	 �ConfirmMDx

The ConfirmMDx assay (MDxHealth, Inc.) is an 
epigenome-based marker test to detect hypermeth-
ylation of three genes (GSTP1, APC and RASSF1) 
in histopathologically normal prostate biopsy tis-
sue. This assay is based on finding field effect 
changes, caused by epigenetic, cytomorphologi-
cal, genetic or gene/protein expression alterations 
in tissues that are contiguous with cancerous tis-
sue. It therefore complements routine histopathol-
ogy and increases the sensitivity of cancer 
diagnosis in non-cancerous biopsy tissue. With a 
sensitivity of 68 % and a specificity of 64 %, it con-
tributes to reducing false-negative results, and 
thereby the number of repeat biopsies can be 
decreased [139]. With an odds ratio of 3.17, this 
test was an independent, significant risk factor for 
prostate cancer detection up to 30 months after ini-
tial biopsy. These results were validated in cancer 
negative prostate biopsy core tissue samples of 
350 subjects, finding a NPV of 88 % with an odds 
ratio of 2.69 as most significant independent pre-
dictor of biopsy outcome after 24 months [123]. 
This test is commercially available in the USA.

2.8	 �Decipher

This genomic classifier (GenomeDX Biosciences) 
was established out of 545 radical prostatectomy 
samples with median clinical data follow-up of 
16.9 years. The test was developed consisting of 
22 markers to predict early clinical metastasis 
following biochemical recurrence (a rising PSA) 
and achieved an area under the receiver operating 
characteristic curve of 0.75 (0.67–0.83) in the 
validation cohort, outperforming clinical vari-
ables. It was the only significant prognostic fac-
tor in multivariable analyses [58]. This test may 
enable clinicians to better select the best candi-
dates for intensive multimodal therapy and spare 

those who can be closely monitored without ini-
tiating aggressive adjuvant treatment.

2.9	 �Oncotype DX

The commercially available Oncotype DX 
Genomic Prostate Score (GPS; Genomic 
Health, Inc.) is a molecular assay on prostate 
tissue (biopsy) samples and is based on a 
17-gene expression panel to predict presence 
or absence of adverse pathology and may aid 
man with prostate cancer make more informed 
decisions between active surveillance and 
immediate treatment. This panel was con-
structed in a 3-phase study, consisting of a dis-
covery prostatectomy study (n = 441), a biopsy 
study (n = 167) and subsequently validated in a 
cohort of 395 prostatectomy patients. The GPS 
is an independent predictor of adverse pathol-
ogy in potential candidates for active surveil-
lance when added to individual clinical 
parameters (age, PSA, clinical stage and biopsy 
Gleason score) [86].

The most recent study on the GPS included 
431 men treated for very low-, low- and 
intermediate-risk prostate cancer. GPS was 
strongly associated with adverse pathology and 
predicted time to biochemical recurrence and 
time to metastases [45].

2.10	 �Prolaris

Another prognostic tool to aid in clinical 
decision-making is the commercially available 
cell cycle progression (CCP) test (Prolaris, 
Myriad Genetics, Inc.) which uses a 46-gene 
expression panel, consisting of 31 cell-cycle pro-
gression genes and 15 housekeeping genes. In a 
systematic review, including 16 relevant studies, 
the CCP score was associated with a risk of bio-
chemical recurrence and disease-specific mortal-
ity for clinically localized prostate cancer 
patients [138]. Cuzick et al. validated this test in 
combination with standard clinical variables 
(clinical cell-cycle risk [CCR] score) as a strong 
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independent predictor of prostate cancer death 
outcome for conservatively managed patients 
[46]. Therefore, this test can be useful for deter-
mining which patients can be safely managed 
conservatively.

In summary, we can conclude that a robust set 
of candidate prognostic biomarkers is available 
that can be measured by immunohistochemistry 
and/or molecular genetic tests. Stratification of 
patients based on these markers is well within 
reach, provided the methods and scoring systems 
are standardized.

3	 �Blood Markers

3.1	 �Kallikreins

3.1.1	 �Total PSA
In 1986, PSA was approved by the Food and 
Drug Administration (FDA) as a marker to moni-
tor treatment in patients with prostate cancer, and 
in 1994 as a diagnostic marker. It is currently still 
the most widely used marker for prostate cancer.

PSA, also known as kallikrein 3 or hK3, is a 
serine protease that is a member of the family of 
glandular kallikrein-related peptidases. The 
genes for the glandular kallikreins are clustered 
at chromosome 19q133-4 and transcription of 
PSA is regulated by androgens [103]. The func-
tion of PSA is to liquefy seminal fluid through its 
action on the gel-forming proteins semenogelin 
and fibronectin [93].

PSA is not a cancer-specific marker, as it is 
produced by both benign and malignant prostate 
epithelial cells. Normally, PSA blood levels are 
low. A healthy prostate is surrounded by a con-
tinuous layer of basal cells and a basement mem-
brane which prevent the high concentrations of 
PSA in the prostate to leak into blood. High PSA 
blood levels can be caused by an elevated synthe-
sis or an increased release of PSA into blood. An 
elevated PSA synthesis can be a result of benign 
prostatic hypertrophy (BPH) and prostate manip-
ulation [76, 98]. PSA expression, ergo PSA syn-
thesis, is slightly decreased in the development 
and progression of prostate cancer [127]. 
Therefore, as is seen in prostatitis, the increased 

PSA blood levels in prostate cancer are assumed 
to be a result of an increased release of PSA into 
blood through the disrupted architecture of the 
prostate. With advancing stage of prostate cancer 
PSA levels can increase, but for the individual 
patient PSA levels do not correlate directly with 
clinical and pathological tumour stage.

Despite extensive research, difficulty persists 
in defining the optimal cut-off value for 
PSA. Traditionally, it was set at 4.0 ng/ml. Using 
this PSA cut-off provides a sensitive test, with a 
positive predictive value of 37 % and a negative 
predictive value of 91 % [25]. In other words, 
75 % of men with PSA 4.0–10.0  ng/ml who 
undergo biopsy do not have cancer [11]. In addi-
tion, several studies showed a substantial proba-
bility of prostate cancer within the PSA interval 
0–4.0 ng/ml [57, 144, 145]. The Prostate Cancer 
Prevention Trial (PCPT), for example, reported 
that 27 % of men with normal digital rectal exam-
ination (DRE) and a serum total PSA between 
3.1 and 4.0 ng/ml have prostate cancer [145]. On 
the other hand, it has never been demonstrated 
that lowering the PSA cut-off affects the long-
term survival in men with prostate cancer. 
Furthermore, this will most likely lead to a higher 
number of unnecessary biopsies and an increased 
detection of clinical insignificant prostate cancer. 
Other factors of influence on PSA blood level is 
ethnic background and the use of medication. 
Men from African descent have higher PSA lev-
els than Caucasian men, even after adjusting for 
prostate volume [64, 114]. And men using 
5α-reductase inhibitors for treatment of BPH 
(such as dutasteride and finasteride) will have 
lower PSA levels by an average of 50 % after 6 
months of treatment [47, 105].

Currently, screening for prostate cancer with 
PSA is one of the most controversial topics in the 
urological literature [90]. In the Cochrane review 
published in 2013, screening was associated with 
an increased diagnosis of prostate cancer, more 
localized disease and less advanced prostate can-
cer [78]. Five randomized controlled trials, 
including more than 341,000 men, showed no 
prostate cancer-specific survival benefit as a result 
of screening. Although demonstrating a prostate 
cancer-specific survival benefit was the main 
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objective of all these five large trials, the ERSPC 
was the only study that reported a significant 
reduction in prostate-cancer-specific mortality, in 
a pre-specified subgroup of men aged 55–69 years 
of age [135]. Moreover, screening was associated 
with minor and major harms such as over diagno-
sis and overtreatment and the impact on patients’ 
overall quality of life is still unclear. This has led 
to a strong advice against population-based sys-
tematic screening.

Several studies report that PSA measured 
before age 50 might be indicative for the risk of 
developing prostate cancer years, or even decades 
later [94, 102]. It is also suggested that total PSA 
level at age 44–50 might also predict the likeli-
hood of developing advanced prostate cancer, 
defined as clinical T3 or higher or metastatic dis-
ease at the time of diagnosis [150]. This, how-
ever, needs further validation before possible 
implementation into clinical practice.

3.1.2	 �Risk Calculators
To predict the potential risk of prostate cancer of 
an individual patient, risk calculators might be 
useful. Risk calculators including several predic-
tive factors to stratify patients for prostate biopsy 
have been developed. Two well-known calcula-
tors that are available online are the PCPTRC 2.0 
and the ERSPC risk calculator [143, 154]. The 
first includes serum PSA, DRE results, age, fam-
ily history of prostate cancer, ethnicity and prior 
biopsy. The latter includes serum PSA, DRE 
results, TRUS findings, prior biopsy and prostate 
volume. The use of risk calculators allows a more 
individual assessment of prostate cancer risk and 
provides a better predictive accuracy compared 
to PSA alone [136]. Since none of the calculators 
have clearly shown superiority relative to each 
other, there is no recommendation in the prostate 
cancer guidelines and it remains a personal deci-
sion to use one.

3.1.3	 �PSA Derivatives
PSA derivates have been evaluated in the attempt 
to enhance the diagnostic accuracy of total PSA: 
age-specific total PSA cut-offs, total PSA density, 
total PSA velocity and total PSA-doubling time. 
Age-specific PSA cut-off values were suggested 

to enhance the predictive value of PSA. The sug-
gested cut-off values were: 40–49 years old: 
2.5  ng/ml, 50–59: 3.5  ng/ml, 60–69: 4.5  ng/ml 
and 70–79: 6.5 ng/ml. However, the use of an age-
specific total PSA cut-off is not validated and 
criticized for missing clinically significant can-
cers in older men [21].

PSA density is defined as the total serum PSA 
level divided by the volume of the prostate (in 
grams). The higher the PSA density, the higher 
the likelihood of harbouring clinically significant 
prostate cancer. A PSA density of 0.15 ng/nl/g or 
higher has been considered abnormal and suspi-
cious for cancer. However, the value of this test 
remains controversial [95]. PSA density corre-
lated with biopsy outcome, tumour aggressive-
ness and unfavourable pathological features in 
several studies [16, 84, 131]. However, other 
studies could not validate these results [26, 119]. 
In addition, PSA density requires transrectal 
ultrasound, which is time-consuming, expensive 
and causes patient discomfort. All together, PSA 
density is not widely used in clinical practice.

PSA kinetics has been extensively studied for 
their assumed predictive value to discriminate 
between benign and malignant conditions of the 
prostate. This includes PSA velocity, the change 
in PSA over time (absolute annual increase in 
serum PSA (ng/mL/year)), and PSA doubling 
time, the number of months for a certain level of 
PSA to increase by a factor of 2 (the exponential 
increase in serum PSA over time). PSA velocity 
and PSA doubling time may have a prognostic 
role in treated prostate cancer [7]. However, there 
is no sufficient evidence that PSA velocity or 
PSA doubling time has additional diagnostic 
value beyond the use of total PSA.  Especially, 
because of background noise (prostate volume, 
and benign prostate hyperplasia), different inter-
vals between PSA determinations and increase/
decrease over time. Thus, there is no justification 
for the use of PSA kinetics in clinical decision-
making before treatment in early-stage prostate 
cancer [160]. Recurrence after radical prostatec-
tomy can be monitored with high sensitivity 
using PSA doubling time. Although currently 
widely used, PSA response to chemotherapy in 
castrate-resistant prostate cancer (CRPC) patients 
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does not predict long-term benefit adequately. A 
recently published paper, however, demonstrated 
that a PSA decline of 30 % after 4 weeks of abi-
raterone treatment might be predictive for overall 
survival outcome [129].

3.1.4	 �PSA Molecular Forms
In the last decades, novel tests using molecular 
isoforms of PSA have been developed. PSA cir-
culates in blood either in a stable complexed 
form or in an unbound ‘free’ form. Complexed 
PSA is bound to proteins: α1-antichymotrypsin 
(ACT), α2-macroglobulin (A2M) and α1-protease 
inhibitor (API). The unbound form is called 
freePSA (fPSA) and the free-to-total PSA ratio 
significantly improves differentiation between 
prostate cancer and benign conditions. A lower 
per cent free PSA (free PSA/total PSAx100) is 
correlated with a higher probability of finding 
prostate cancer on biopsy [35, 165]. The use of 
per cent free PSA has been approved as a diag-
nostic marker by the Food and Drug 
Administration in men with PSA levels 4.0–
10.0 ng/ml. A cut-off value of 25 % is generally 
used. Note that free PSA is less stable than com-
plexed PSA, causing greater analytic variability. 
Suboptimal blood sample handling can consider-
ably influence free PSA levels [149].

Free PSA exists in different molecular iso-
forms, including pro-PSA, BPH-associated 
BPSA and intact free PSA [97, 110]. Several 
studies report significantly higher levels of pro-
PSA in patients with prostate cancer, and 
decreased levels of BPSA and intact free PSA 
[33, 109, 111]. Especially [−2]proPSA (p2PSA) 
is associated with prostate cancer and has been 
demonstrated to significantly outperform the use 
of total PSA and per cent of fPSA alone. 
Moreover, p2PSA seemed to be related to the risk 
of aggressive disease [34, 69].

Human kallikrein 2 (hK2) and urokinase plas-
minogen activation (uPA) are potential future 
prostate cancer biomarkers that are thus far not 
validated. hK2 is from the same gene family as 
PSA but differs in its enzymatic activity [167]. 
Several studies have shown that the use of a com-
bination of hK2 with free and total PSA might 
improve the predictive value for prostate cancer 

[14, 116]. hK2 might also have prognostic value 
[73, 128]. The serum protease uPA might be 
involved in tumour development and progression 
through degradation of the extracellular matrix 
[55]. The potential role of uPA as a biomarker of 
metastatic prostate cancer needs to be validated 
in large multicentre studies.

3.1.5	 �Prostate Health Index (PHI)
The Prostate Health Index (PHI) test is a recently 
approved diagnostic blood test, combining free 
and total PSA and the (−2) pro PSA isoform 
(p2PSA), and is calculated using the following 
formula: ([−2]proPSA/free PSA) × √PSA.  In 
other words, men are more at risk of having sig-
nificant PCa when they have a higher total PSA 
and p2 PSA and a lower fPSA [101]. PHI is now 
commercially available and has been approved 
by the US Food and Drug Administration for use 
in the 4.0–10  ng/ml PSA range to reduce the 
number of unnecessary prostate biopsies in PSA-
tested men [34]. The PHI test may also have a 
role in monitoring men under active surveillance 
[99]. Its clinical impact is, as yet undetermined, 
given the slight net benefit for clinical decision-
making [63].

3.1.6	 �The 4K Score
The 4 and K score test (OPKO Health, Inc.) com-
bines the measurement of four prostate-specific 
kallikreins in blood with clinical information in 
an algorithm that calculates the probability of 
significant (Gleason score ≥7) prostate cancer 
before biopsy. This panel of four kallikrein pro-
teins, including human kallikrein-related pepti-
dase 2 (hK2), and total, free and intact PSA, has 
been studied in blood samples of pre-biopsy 
patients in multiple cohorts. The four-kallikrein 
model was able to predict the biopsy outcome 
more accurately than total PSA and age alone 
[159]. Parekh et al. showed in a cohort of 1012 
men scheduled for prostate biopsy a good 
diagnostic performance (AUC: 0.82) in detecting 
significant prostate cancer [121]. A direct head-
to-head comparison between the 4 and K score 
and phi demonstrated similarly improved dis-
crimination when predicting prostate cancer and 
high-grade prostate cancer [118].
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3.2	 �MicroRNAs

The discovery of microRNAs (miRNA) in 2004 
was a revolutionary step in understanding the 
mechanisms regulating gene expression and func-
tion [37, 75]. Subsequently, it was reported that 
miRNAs play an important role in cancer by initi-
ating carcinogenesis and driving progression [44].

miRNAs are small endogenous non-coding 
RNAs, up to 22 nucleotides long, which regulate 
gene expression post-transcriptionally. miRNAs 
bind to complementary sequences within mes-
senger RNAs (mRNA) to alter their translation 
by inhibiting their translation or inducing the 
cleavage of specific target mRNAs [12]. In most 
cases, miRNAs ‘fine-tune’ protein expression 
(only a modest reduction of the target mRNA 
concentration) [13]. Occasionally, it causes 
upregulation or complete destruction of the target 
mRNA [13, 30, 70].

miRNAs are known to regulate common cel-
lular targeted pathways (intracellular signalling, 
DNA repair and cellular adhesion/migration) [20, 
65, 83], androgen signalling [96, 130, 161] and 
apoptosis avoidance [120, 140]. Substantial clini-
cal research has been done into the possible use 
of miRNAs as diagnostic, prognostic and predic-
tive markers for prostate cancer; however, results 
are somehow controversial [59]. Yet, miRNAs 
are promising potential biomarkers and novel 
therapeutic targets for prostate cancer; however, 
further studies to translate and validate the role of 
miRNAs in clinical prostate cancer management 
are needed.

3.3	 �Circulating Tumour Cells

The importance of circulating tumour cells 
(CTCs) was already acknowledged in 1869 by 
Thomas Ashworth, an Australian physician who 
observed CTCs microscopically [112]. Only 
recent advances in technology facilitate a reliable 
method for the detection of CTC in blood. The 
presence of CTCs in blood proved to be associ-
ated with overall survival in patients with meta-
static breast [42, 43], colorectal [40, 41] and 
prostate cancer [49, 133].

In castration resistant prostate cancer (CRPC), 
the number of CTCs before and after treatment is 
an independent predictor of survival. This is a 
strong predictor both as a continuous variable as 
when using discrete cut-off values (≥5 
CTC/7.5 ml of blood vs. <5 CTC) [48, 49, 133]. 
Post-treatment CTC number showed to be a 
stronger prognostic factor for survival than a 
50 % decline in PSA (AUC: 0.87 vs. 0.62). CTCs 
(CellSearch) are approved by the Food and Drug 
Administration as a prognostic biomarker to 
monitor disease status in patients with metastatic 
breast, colorectal and prostate cancer. Currently, 
CTCs have been incorporated as an exploratory 
end point in several phase II and III trials [4]. In a 
phase III trial of docetaxel with or without 
atrasentan for CRPC patients, baseline CTC 
count (<5 CTCs or ≥5 CTCs) proved to be sig-
nificantly associated with overall survival [66]. 
Future studies should provide more evidence at 
this point before CTCs can be implemented as a 
tool to redirect and optimize patient therapy.

A recent development in CTCs molecular pro-
filing is the detection of androgen-receptor splice 
variant 7 messenger RNA (AR-V7) in CTCs of 
CRPC patients as a potential predictive bio-
marker. Antonarakis et  al. were able to detect 
AR-V7  in CTCs in 39 % and 19 % of patients 
treated with enzalutamide and abiraterone, 
respectively. AR-V7-positive patients had lower 
PSA response rates, shorter PSA progression-
free survival, clinical or radiographic progression-
free survival and overall survival compared to 
AR-V7-negative patients [6]. The detection of 
AR-V7  in CTCs may therefore be associated 
with resistance to enzalutamide and abiraterone; 
however, clinical validation in large prospective 
studies is required.

4	 �Urine Markers

4.1	 �PCA3

In 1999, Bussemakers et  al. first identified and 
characterized the differential display clone 3 
(DD3, later called PCA3) gene, to date one of the 
most prostate cancer–specific genes [29]. PCA3 
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is non-coding RNA and located on chromosome 
9q21-22. Its function is unknown. PCA3 is highly 
overexpressed in prostate tumours compared to 
adjacent benign prostate tissues, on average 
between 70- and 80-fold. An upregulation is seen 
in 95 % of the primary prostate tumours and no 
PCA3 expression is found in non-prostate tissue 
(i.e., benign and malignant tissues from breast, 
cervix, endometrium, ovary and testis; cell lines 
originating from bladder, kidney and ovarian 
cancer) [29].

In the initial PCA3 studies, a real-time 
RT-PCR analysis was used for the quantification 
of PCA3 messenger RNA (mRNA) in prostate 
tissue. Later, Hessels et al. developed a dual-time 
resolved fluorescence (TRF)-based RT-PCR 
assay to detect PCA3 mRNA in urinary sedi-
ments after digital rectal examination (DRE) 
[77]. A urine test provides a non-invasive method 
to obtain prostate (cancer) cells, which makes it 
suitable for clinical purposes. A DRE is per-
formed to mobilize prostatic cells towards the 
prostatic urethra, which are flushed out with the 
first voided urine. A prostate massage is obsolete 
and causes needless patient discomfort, as a regu-
lar DRE sheds enough cells into urine for analy-
sis. In 2006, the Progensa PCA3 test was 
introduced, a transcription-mediated amplifica-
tion (TMA) assay [68]. This assay is also per-
formed on first voided urine samples after DRE, 
but it is a simpler, faster and sensitive enough 
method compared to the initial RT-PCR-based 
assay, therefore, more viable for widespread clin-
ical implementation. The PCA3 score is the ratio 
of PCA3:PSA mRNAs multiplied by 1000. The 
Progensa PCA3 test is commercially available 
and Conformité Européenne (CE)-approved 
since November 2006 to aid in the decision to 
take initial or repeat biopsies and it gained US 
Food and Drug Administration (FDA) approval 
in 2012 as an aid tool for decision-making in the 
repeat biopsy setting, with a cut-off value of 25.

The clinical utility of PCA3 and its additional 
predictive value beyond PSA has been extensively 
studied. PCA3 has been validated as a reliable 
predictor of prostate cancer at initial or repeat 
biopsy [50, 53, 72, 77, 106]. Currently, a cut-off 

value of 35 is used, resulting in a sensitivity of 
47–68 % and a specificity of 56–80 % in the 
Western population [54]. However, the optimal 
cut-off value is subject to debate. Several studies 
indicate that a cut-off value of 20 or 25 might be 
preferable, missing less prostate cancers and still 
preventing a considerable amount of prostate 
biopsies [50]. Several studies demonstrated 
improved predictive accuracy integrating PCA3 
into a multivariate model consisting of established 
prostate cancer risk factors (age, PSA, DRE, pros-
tate volume and biopsy history) [5, 39]. The use 
of this PCA3-based nomogram has been vali-
dated, providing a novel tool for clinical decision-
making [10]. Wei et al. incorporated PCA3 into 
the PCPT Risk Calculator (age, race, PSA, DRE, 
prior biopsy and family history) in a cohort con-
sisting of 859 men and they found an increased 
accuracy of predicting high-grade prostate cancer 
(Gleason ≥ 7) from 0.74 for the PCPT alone to 
0.78 for PCPT plus PCA3 in the initial biopsy set-
ting [163]. A direct comparison of PCA3 with 
PHI and the 4 and K score added to a base model 
with clinical parameters showed no statistically 
significant differences in predictive accuracy 
[142, 158]. Another recent study comparing 
PCA3 and PHI found that the addition of PCA3 
and PHI to the Epstein or PRIAS models improved 
their prognostic performance for insignificant 
prostate cancer [31].

It was hypothesized that PCA3 might be asso-
ciated with more aggressive cancer. This was 
based on the theory that aggressive prostate can-
cer cells are more invasive and would therefore 
more easily shed into the prostatic ductal system 
after DRE [155]. However, to date, the prognostic 
value of PCA3 is considered to be limited. Some 
studies found a correlation of PCA3 with Gleason 
score [50, 72, 115], but this is contradicted by a 
range of other studies that show no (additional) 
predictive value for Gleason score [9, 79, 125, 
155]. As concluded by Auprich et al., the clinical 
value of PCA3 to predict aggressive prostate can-
cer at radical prostatectomy seems to be marginal 
at best [9]. PCA3 has been shown, however, as a 
valuable predictor of tumour volume and insig-
nificance of prostate cancer [9, 72, 125]. Data on 
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predictive value for extracapsular extension are 
conflicting [9, 72, 164] and PCA3 currently has 
no role in risk assessment during active surveil-
lance protocols [100].

4.2	 �TMPRSS2-ERG

For a complete description of the gene fusion 
TMPRSS2-ERG, see Sect.  2.1. In summary, 
TMPRSS2-ERG is a fusion of TMPRSS2 (the 
androgen-regulated trans-membrane protease, 
serine 2) to Ets family genes (oncogenic tran-
scription factors). Oncogene ERG is the most 
commonly involved Ets family member in gene 
fusion. It occurs in approximately half of 
Caucasian prostate cancer patients.

A publication in 2006 showed the feasibility 
to detect TMPRSS2-ERG fusion transcripts non-
invasively in urinary sediments obtained after 
DRE using an RT-PCR-based research assay 
[89]. Since then, extensive research has been per-
formed on the clinical applicability of this urine 
test. A sensitivity of 37 % and specificity of 93 % 
to predict prostate cancer was reported, resulting 
in a positive predictive value of 94 % [78].

4.3	 �PCA3 and TMPRSS2-ERG 
Marker Panel

Given the tumour heterogeneity in prostate can-
cer, the use of a panel of biomarkers may provide 
the best diagnostic accuracy. Hessels et al. evalu-
ated the combination of PCA3 with TMPRSS2-
ERG fusion transcripts detected in the urine, 
showing an improved sensitivity of 73 %, com-
pared to 62 % for PCA3 alone, without compro-
mising the specificity for detecting prostate 
cancer [78]. Two recent studies demonstrated the 
enhanced predictive value of PCA3 combined 
with TMPRSS2-ERG and respectively the 
ERSPC and PCPT risk calculator, which may 
result in a reduction in the number of unneces-
sary prostate biopsies [87, 140]. Tomlins et  al. 
incorporated both prostate cancer-specific urine 
markers in a multivariate risk calculator with 

PSA to improve the predictive accuracy of pros-
tate cancer and high-grade prostate cancer upon 
biopsy. A combined test, the Mi-Prostate Score 
(University of Michigan Health System) is cur-
rently available to provide individualized risk 
estimates [146].

4.4	 �SelectMDx

The most recent development in urinary prostate 
cancer biomarkers is the development of the 
SelectMDx test (MDx Health, Inc.). In 2015 
Leyten et  al. described the identification of a 
novel urinary gene panel for the early diagnosis 
of prostate cancer [91]. The combination of the 
genes HOXC6, TDRD1 and DLX1 had the high-
est accuracy to predict high-grade prostate cancer 
(Gleason ≥ 7) in biopsies, outperforming PCA3 
and PSA with an AUC of 0.77 versus 0.68 and 
0.72, respectively. This gene panel (without 
TDRD1) was validated in a large cohort study 
and demonstrated an AUC of 0.90 in combination 
with the PCPT risk calculator [156]. Based on 
these data, the SelectMDx test has been devel-
oped as a commercially available test to be used 
as a risk score to identify men at risk for harbour-
ing high-grade prostate cancer

5	 �Future Perspectives

In the worldwide search for novel diagnostic and 
prognostic biomarkers for prostate cancer, many 
tumour markers have been proposed. The num-
ber of articles published on this subject has 
increased substantially in the last decade. 
Although various novel markers have been 
implemented in daily practice (SelectMDx, PHI, 
4 and K score, PCA3, TMPRSS2-ERG, MiPS, 
ConfirmMDx, Decipher, Oncotype DX, Prolaris 
and CTCs), PSA currently remains the mostly 
used biomarker in both diagnostics and follow-
up of prostate cancer. Many published results on 
novel prostate cancer biomarkers appear not 
reproducible in subsequent studies and thus will 
never attain the FDA-approved status (Table 2). 
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Where a double-blind randomized placebo con-
trolled trial is the gold standard for therapeutic 
studies, biomarker studies are not regulated by 
clear guidelines. These studies often suffer poor 
study design, lack methodological quality and 
standardized assays, and information on key ele-
ments of design and analysis are often not 
reported. To improve the quality of diagnostic 
studies, the STARD (STAndards for Reporting of 
Diagnostic accuracy) statement was developed 
by a group of scientists and editors in 2003 and 
updated in 2015 [23, 24]. It consists of a check-
list of 30 items and a flow diagram that authors 
can use to ensure that all relevant information is 
present. In addition, the REMARK guidelines 
(Reporting Recommendations for Tumor Marker 
Prognostic Studies) were published in 2005 
[107]. These are guidelines for transparent and 
complete reporting of studies, so that poor stud-
ies can be better identified. These initiatives are 
important steps forward in improving the quality 
of tumour marker studies, but further improve-
ment of future studies is warranted.

Other future improvement includes the use of 
a secured database with audit trail, so that results 
cannot be manipulated after analysis. Validation 
of a potential novel biomarker should only be 
approved after multiple prospective studies with 
an ‘intended-use’ cohort. Furthermore, it should 
be kept in mind that it is not sufficient to show 

that a potential novel biomarker is statistically 
significant in multivariate analysis; it should 
improve the predictive accuracy of the multivari-
ate model. In conclusion, future biomarker stud-
ies should meet the STARD criteria and should 
be reported in compliance with the REMARK 
guidelines.

So, many new biomarkers are ready for 
‘prime time’, yet it needs carefully designed 
studies to test the exact clinical positioning. 
Clinical implementation of biomarkers in pros-
tate cancer can be divided into three stages. The 
first stage focuses on the prediction of biopsy 
outcome and patient selection before biopsy. 
Once the decision to take a biopsy has been 
taken, the man becomes a patient, with or with-
out prostate cancer. This is a tough challenge 
since the man with indolent cancer should not be 
bothered with a biopsy, yet the ones in the low 
PSA ranges with aggressive disease should be 
identified. Once prostate cancer is diagnosed, we 
should better predict the prognosis and therapy 
need/response. Therefore, various tissue-based 
biomarker tests are available to aid in decision-
making (stage 2). At the time a patient develops 
recurrent disease after treatment with curative 
intent or a patient is diagnosed with metastatic 
disease, biomarkers can be helpful to predict 
treatment response and biomarkers can serve as 
a surrogate marker for overall survival (stage 3). 
Commercially available tests in these three 
stages are illustrated in Fig. 1.

The major challenge in prostate cancer bio-
markers is to implement those markers which 
make a significant contribution to clinical 
decision-making. Since prostate cancer is a het-
erogeneous disease, focus should be on a panel of 
biomarkers. Moreover, to establish an individual-
ized and personalized approach for the diagnosis 
and treatment of prostate cancer, biomarker pan-
els should be incorporated with relevant clinical 
parameters and other valuable modalities (i.e., 
imaging) into a personal risk stratification. Novel 
markers for decision-making in therapy response 
are promising; however, they are still in an early 
stage of validation.

Table 2  Different stadia of biomarker research

Stadia of biomarker 
research

Examples of markers in 
prostate cancer

1. Exploratory, no 
intended-use cohort

microRNA, uPA, EPCA-1, 
EPCA-2, etc.

2. Research use-only 
assay, evaluated 
retrospectively

hK2, PTEN, Ki-67, EZH2,
E-Cadherin

3. Research use-only 
assay, evaluated 
prospectively

TMPRSS2-ERG, AR-V7

4. Commercially 
available tests

PSA, phi, 4 and K score, 
PCA3, MiPS, SelectMDx, 
ConfirmMDx, Decipher, 
Oncotype Dx, Prolaris, 
Circulating tumour cells
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The Clinical Genomics of Prostate 
Cancer
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1	 �Key Genetic Changes 
in the Development 
of Prostate Cancer

Several recent reports have evaluated the 
mutational landscape of localized primary 
prostate cancer and have identified recurrent 
molecular features that typify this disease cohort. 
The primary characteristic of most localized PCa 
is a relative paucity of driver single nucleotide 
variants (SNVs or mutations) relative to other 
tumor types. This is to be contrasted with an 
increased occurrence of somatic genomic rear-
rangements, including: gene copy number 

aberrations (CNAs), small insertions/deletions 
(InDels), translocations, and gene fusions (see 
Fig. 1).

Recent whole-genome and whole-exome 
sequencing studies have identified recurrent 
somatic mutations in SPOP, which encodes the 
Speckle Type BTB/POZ Protein [1–4]. SPOP is 
the most commonly mutated gene in  localized 
disease with ~10 % of cases harboring such 
alterations. Mutation of SPOP has been impli-
cated in dysregulation of several proteins impli-
cated in tumorigenesis and epithelial cell 
invasion and genomic instability [5, 6]. Other 
recurrently mutated genes include TP53, 
FOXA1, MED12, and ATM, although the recur-
rence rate remains very low (i.e., <5 % of cases 
overall).

In contrast, several genomic rearrangements 
are highly recurrent in  localized PCa. 
Approximately 50 % of PCa harbor a fusion 
between the 5’ region of the androgen-respon-
sive TMPRSS2 gene and the coding region of 
the ERG oncogene [7] (see Fig. 2). This fusion 
results either from an intergenic deletion on 
chromosome 21 between the TMPRSS2 and 
ERG loci (termed “Edel”), in which the 5’ 
region of the ERG gene is deleted, or, less com-
monly, from the translocation of the 5’ ERG 
region elsewhere in the nucleus (termed 
“Esplit”). Fusion of other ETS-family onco-
genes (e.g., ETV1, ETV4, ETV5, ELK4) to 
both TMPRSS2 and other androgen-responsive 
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5’ fusion partners (SLC45A3, KLK2, and oth-
ers) is observed in a further ~20 of localized 
PCa, such that ~70 % of all PCa harbor an ETS 
fusion gene product. Clonal analyses have 
determined that TMPRSS2: ERG fusion is a 
very early event in prostate tumorigenesis, 
although its precise prognostic value remains 
unclear [8].

Recurrent gene copy number aberrations 
(CNAs) are also frequently observed in PCa. 
Frequent amplifications (2p, 8q, 15p, and chr7) 
and deletions (10q, 8p, 16q, 17p) are highly 
recurrent, and are associated with gain or loss of 

established oncogenes and tumor suppressors 
including MYC, TP53, CHD1, CDH1, NKX3-1, 
RB1, BRCA2, RET, and others. Several individ-
ual CNAs have been shown to be negative prog-
nostic factors for early biochemical (i.e., PSA) 
and metastatic relapse for localized PCa [9–13], 
and CNA-based multigene signatures are even 
more prognostic for early biochemical relapse 
following either radiotherapy or radical prosta-
tectomy [14].

PCa is also associated with several types 
of  localized hypermutation, including chro-
mothripsis, kataegis, and chromoplexy. Kataegis 

Fig. 1  The Genomics of Localized Prostate Cancer: 
Shown are plots of single nucleotide variants (SNVs; also 
called tumor mutations), gene rearrangements (GR) and 
copy number alteration (CNA) for localized prostate can-

cer with Gleason score 6 (3 + 3) or 7 (3 + 4 versus 4 + 3). 
All three indices (SNV, GR, CNA) vary within, and 
between, patients with different Gleason scores (Boutros, 
Bristow and Fraser; unpublished)

M. Fraser et al.



99

is defined by the presence of regional substitu-
tion mutation clusters, typically C > T transi-
tions, which was originally characterized in a 
panel of 21 breast cancers [15]. Kataegis occurs 
in one fifth of localized Gleason 6/7 PCa, and is 
associated with elevated Gleason grade and 
overall genomic instability. Chromoplexy is a 
unique form of hypermutation in which multiple 
genomic rearrangements occur in two or more 
chromosomes, creating a set of tandem rear-
rangements that disrupt multiple cancer genes 
simultaneously, representing a form of “punctu-
ated evolution” for PCa genomes [3]. This pat-
tern leads to catastrophic and random 
fragmentation [16]. While the precise mecha-
nism underlying chromothripsis is unknown, 
the process is associated with particular molec-
ular hallmarks, including TP53 tumor suppres-
sor gene mutations and the presence of highly 
localized structural rearrangements (i.e., few 
chromosomes and specific chromosomal 
regions, therein). Approximately 20 % of local-
ized Gleason 6/7 PCa show strong evidence of 
having undergone chromothripsis which is asso-
ciated with deletion of a variety of tumor sup-
pressor genes.

2	 �Genetic Heterogeneity 
and Prostate Cancer

Tumor heterogeneity can exist in many forms in 
prostate cancer and each may have unique genetic 
elements associated with it (see Fig.  3). 
Furthermore, these cancers emerge from an 
ongoing evolutionary process in which clonal 
adaption and selection can take place within a 
heterogeneous tumor microenvironment. This 
can lead to both multifocality and multiclonality 
and drive the potential for metastases and pros-
tate cancer cancer-related death. Prostate cancers 
are therefore multifocal cancers that can contain 
clonal subpopulations and genomic abnormali-
ties that link carcinogenesis to tumor progres-
sion. As such, there exists both intra- and 
interpatient genetic heterogeneity, within and 
between patients, even when such patients have 
similar clinical characteristics (e.g., PSA, 
Gleason score, TNM staging).

It is important to note that major differences in 
genomics are present across multiple foci within 
a prostate gland that are not accounted for by dif-
ferential pathology alone (see Fig.  4). Indeed, 
multifocal tumors can be heterogeneous for 
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Fig. 2  Genetic Pathways of Progression in Prostate Cancer
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SNVs (tumor mutations), CNAs (gains or losses 
of gene alleles) and GRs. Furthermore, using 
multiple samples from areas of both cancer and 
morphologically normal tissue within the same 
prostate, it has been observed that mutations can 
already be present in morphologically normal tis-
sue reflecting the earliest signs of clonal expan-
sion. This supports the hypothesis that abnormal 
mutational and genomic processes occurring 
within the gland act as “field effects” and form 
the basis for prostate carcinogenesis and tumor 
progression [17, 18].

The TMPRSS2: ERG fusion, which drives 
ERG overexpression, is generally considered a 
very early event in prostate carcinogenesis and is 
already present in a proportion of the high-grade 
prostatic intraepithelial neoplasia (an established 
precursor lesion of CaP) [19]. This explains why 
most CaP foci show a homogeneous expression of 
ERG consistent with their independent clonal ori-
gin, whereas the fusion can vary between foci, 
even within a single prostate (Fig. 4). By contrast, 
PTEN deletions are considered a later step in CaP 

progression associated with greater heterogeneity 
in individual CaP foci (Figs. 3, 4, and 5) [20].

Another type of genetic heterogeneity exists 
between the primary tumor and associated metas-
tases. Specific genomic changes can be shared 
between primary and metastatic disease [19]. 
Using patient-matched primary/metastatic tumors, 
several studies have shown that anatomically dis-
tinct tumor metastases can be derived from a sin-
gle progenitor clone [20–22]. Furthermore, 
metastasis-to-metastasis spread can be common 
through monoclonal or multiclonal seeding 
between metastatic sites[23]. This is accompanied 
by inaction of tumor suppressor genes (e.g., p53, 
PTEN) and mutations in androgen receptor signal-
ing genes. Although distant bone metastasis is the 
most common pattern of prostate cancer spread, a 
subset of tumors gain the ability to spread to soft 
tissues; the differential genomics between these 
two states is poorly understood.

Taken together, the aforementioned data begin 
to help explain the relatively large disparity in 
clinical outcomes for patients with clinically 

Fig. 3  Sources of heterogeneity in prostate cancer. 
Interpatient heterogeneity exists throughout the progres-
sion from localized, potentially curable disease to incur-

able, castration-resistant disease and may be related to 
both interfocal and intrafocal factors (Reproduced from 
Fraser et al. Urol Oncol. 2015 Feb;33(2):85–94)
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identical stage of disease. This has recently been 
underscored in other cancer types (e.g., renal 
cancer), in which single-needle biopsies did not 
adequately account for the uneven distribution of 
alterations throughout the genetically heteroge-
neous tumor [24]. Finally, a contribution to het-
erogeneity and genomic instability by 
tumor-adjacent prostate stroma [25] is unclear.

3	 �Localized vs. Metastatic 
Castration-Resistant 
Prostate Cancer (mCRPC)

Despite the use of the clinical prognostic factors 
of Gleason score, pretreatment PSA, and TNM 
staging, a substantial fraction of men with 

localized prostate cancer will fail primary cura-
tive treatment. This leads to the development of 
local and/or distant metastases and necessitates 
systemic treatment with androgen deprivation 
therapies (ADT; such as LHRH agonists or anti-
androgens). While patients generally respond to 
ADT, this response is temporary, and incurable 
androgen-independent disease eventually devel-
ops. Whole genome and whole exome sequenc-
ing studies have characterized the common 
molecular aberrations associated with prostate 
cancer. These studies have confirmed that the 
development of castration resistance following 
androgen deprivation therapy (ADT) for recur-
rent or primary metastatic disease is associated 
with clonal selection and adaption; this alters the 
molecular landscape of these tumors. As such, 

H&E H&EERG ERG

Fig. 4  Intraglandular heterogeneity of ERG fusions. 
Overexpression of ERG (as a consequence of androgen-
driven ERG fusions) can be detected by immunohisto-
chemical staining, and ERG fusions are believed to be 
early events in prostate tumorigenesis. However, ERG 
fusion status displays spatial heterogeneity. A single 

disease focus (see blowout of H&E and ERG IHC; left 
panels) may display heterogeneous ERG staining, which 
may (or may not) be related to the status of a distinct 
tumor focus within the same prostate. H&E hematoxylin 
and eosin, IHC immunohistochemistry (Reproduced from 
Fraser et al. Urol Oncol. 2015 Feb;33(2):85–94)

The Clinical Genomics of Prostate Cancer



102

metastatic, castration-resistant prostate cancer 
(mCRPC) represents a unique molecular and 
genetic disease relative to primary, hormone-
naive CaP (see Figs. 1 and 2).

A major defining molecular characteristic of 
most localized CaP is the relative paucity of sin-
gle nucleotide variants (SNVs). Observed 
genome-wide somatic SNV (mutation) rates vary 
from 0.5 to 1.0/Mb within localized, low-/inter-
mediate risk disease CaP [1–3]. In contrast, 
mCRPC shows a substantially elevated median 
exomic SNV rate, relative to localized CaP (4.4/
Mb) [26], with some tumors showing nearly 50 
SNVs/Mb. This likely results from clonal selec-
tion and adaption during ADT, as well as from 
mutation of genes such as MLH1 and MSH2, 
resulting in defective mismatch repair and the 
acquisition of a mutator phenotype. Other muta-
tions in DNA repair are also acquired during 
mCRPC including the BRCA1, BRCA2, and 

ATM genes. This can in turn confer a “Brca-
ness” in 20–30 % of mCRPC tumors which are 
deficient in the homologous recombination (HR) 
pathway: a pathway normally involved in the 
DNA strand break repair [26]. However, mCRPC 
tumors with these unique repair defects may be 
particularly sensitive to drugs such as PARP 
inhibitors, which preferentially kill HR-defective 
cells through synthetic lethality [27].

Similarly, localized CaP is associated with 
very few recurrent driver SNVs in coding regions 
of the genome. In a meta-analysis of 458 local-
ized Gleason score 6 and 7 CaP, the most 
frequently mutated gene was SPOP, with an 
overall SNV rate of ~8.3 %. Other recurrent 
SNVs include TP53, FOXA1, MED12, MUC16, 
and ATM. In a broader (but overlapping) clinical 
cohort of 333 patients with localized disease, 
additional significantly mutated genes included 
CDKN1B, BRAF, HRAS, AKT1, CTNNB1, and 

Fig. 5  Intraprostatic Heterogeneity in Mutations (SNVs) 
and Copy Number Alterations (CNA). Shown is a single 
prostate from which foci of Gleason score 7 and varying 
ERG status were analyzed for SNVs and CNAs. For each 

unique focus (based on prostatic locale and ERG status), 
mutational spectra and alterations in tumor suppressor 
genes can vary greatly (Reproduced from Boutros et al. 
Nat Genet. 2015 Jul;47(7):736–45)
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ZMYM3 [1]. While the overall recurrence of these 
SNVs was statistically significant, only one gene 
(SPOP) was mutated in >10 % of cases. This con-
trasts markedly with mCRPC, in which recurrent 
driver SNVs, while still rare relative to many 
solid tumor types, are far more prevalent than 
in  localized disease. Several established driver 
genes, in addition to those identified in localized 
disease, harbor SNVs at >10 % frequency (e.g., 
TP53 – 38 %, AR – 18 %, FOXA1 – 11 %) [26].

Similarly, there are striking differences in 
gene rearrangements and fusions between local-
ized CaP and mCRPC, the most notable of which 
is the occurrence of amplification of the andro-
gen receptor (AR) gene. In localized CaP, AR 
amplification is rare with less than 1 % of patients 
showing AR amplification or mutation [1]. In 
contrast, AR is amplified in >50 % of mCRPC 
[26], underlying the androgen-independent 
growth of these tumors. Similarly, PTEN and 
RB1 gene deletions are enriched in mCRPC at 
greater than 25 % when compared to localized 
disease.

In contrast, many driver CNA and gene rear-
rangements, such as MYC amplification, NKX3-1 
deletions, and ETS family gene fusions such as 
TMPRSS2: ERG are frequently observed in both 
localized CaP and mCRPC.  This suggests that 
these events are early truncal events, occurring 
primarily during prostate tumorigenesis rather 
than during ADT-driven selection.

This hypothesis is supported by recent work 
by Gundem and colleagues, who systematically 
assessed the relative genomics of 51 tumor foci 
from 10 mCRPC, including the primary tumor 
and multiple metastases per patient. This work 
provides important insights into the evolution of 
metastatic prostate cancer, and demonstrates that 
metastases can be either monoclonal or poly-
clonal (i.e., “metastases of metastases”). 
Importantly, Gundem and colleagues showed that 
TMPRSS2: ERG fusions are present in the pri-
mary tumor of 6/6 fusion-positive mCRPC 
patients [23], consistent with previous work 
showing that TMPRSS2: ERG fusion is an early 
event in tumorigenesis. Similarly, MYC amplifi-
cation occurred in the primary tumor in all 3 
patients harboring this CNA.  In contrast, AR 

amplification was observed in 8/10 mCRPC 
patients, with 7/8 of these events observed in one 
or more metastatic foci but not in the primary 
tumor.

4	 �Tumor and Blood Genetic 
Biomarkers and Predicting 
Patient Outcome

There is a need to develop biomarkers of clinical 
outcome based on intrinsic PCa tumor biology in 
order to inform precision medicine-based treat-
ments. Several groups have identified RNA-based 
prognostic signatures for various cohorts of men 
with CaP (see Table  1). Klein and colleagues 
identified a 17 gene RNA expression signature 
from prostate biopsies that was prognostic of high 
grade disease in prostatectomy specimens [28], 
which was also prognostic of biochemical (PSA) 
recurrence (BCR) across National Comprehensive 
Cancer Network (NCCN)/D’Amico risk groups. 
Similarly, Cuzick and colleagues defined a 31 
gene RNA expression signature of cell cycle-
related genes (CCP) that was prognostic of BCR 
following radical prostatectomy and of prostate 
cancer-specific mortality (PCSM) in a separate 
validation cohort of conservatively managed 
localized CaP [29, 30]. This signature was subse-
quently validated in patients who underwent 
external beam radiotherapy (EBRT), in which the 
CCP score was prognostic for BCR and for PCSM 
at 10 years posttreatment [31]. Other RNA signa-
tures have been shown to be prognostic for BCR, 
metastatic failure, PCSM, and/or overall survival 
[32–36].

On the contrary, very few DNA-based prog-
nostic signatures have been identified in 
CaP.  Taylor and colleagues identified six DNA 
CNA-based disease clusters in  localized CaP, 
which were prognostic for BCR in a cohort of 
168 men treated with radical prostatectomy [19]. 
The same group subsequently showed that CNA 
burden (i.e., percentage genome alteration; PGA) 
was prognostic for both biochemical and meta-
static failure after radical prostatectomy in both 
the initial 168 men as well as a separate 
104-patient cohort [37]. This was independent of 
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the clinical prognostic variables of Gleason 
score, TNM stage, and serum PSA. Importantly, 
PGA was also prognostic of BCR in patients with 
Gleason 7 disease, a cohort of patients with 
highly heterogeneous clinical outcomes in which 
improved risk stratification is urgently required.

A similar CNA-based approach yielded 
unique clusters prognostic for BCR in men fol-
lowing either radical prostatectomy or EBRT for 
low/intermediate risk CaP [14], and validated 
PGA as a prognostic factor in three independent 
cohorts (EBRT and radical prostatectomy 
cohorts). Using a random forest model trained on 
our EBRT patient cohort, we identified a 100-
locus genomic signature that was strongly prog-
nostic of 5-year biochemical and metastatic 
failure across NCCN risk groups. Furthermore, 
this signature was prognostic of early biochemi-
cal failure (i.e., <18  months posttreatment), 
which is a surrogate for PCSM [38]. Furthermore, 
the prognostic utility of the signature was 
increased when another prognostic factor, that of 
intraglandular tumor hypoxia, was integrated into 
the analysis. Patients with both genetic instability 
and intratumoral hypoxia had only a 50 % chance 
of up-front biochemical control following sur-
gery or radiotherapy (see Fig. 5). Other studies 

have suggested that certain DNA repair gene 
alterations, such as gains in the nibrin (NBN) 
gene, may be selectively predictive for radiother-
apy outcome (versus no effect in surgical patients) 
and if validated could help decision making for 
the use of one local therapy versus another [9]. 
Newer signatures will no doubt be multimodal. 
They will use multiple DNA, RNA, and methyla-
tion indices to improve the precision of individ-
ual prognostication and treatment (Fig. 6).

Other genetic bioassays interrogate circulating 
tumor cells (CTCs), exosomes, or circulating tumor 
DNA (ctDNA). Pretreatment detection of androgen 
receptor splice variant-7 (AR-V7) in CTCs or 
ctDNA from men with mCRPC is a biomarker that 
may be associated with resistance to abiraterone 
and enzalutamide, but not to docetaxol [39, 40]. 
Other ctDNA changes that may be predictive of 
enzalutamide resistance include loss of the RB and 
DNA repair function or mutations in the PI3K 
pathway [41]. Finally, targeted proteomics with 
computational biology can be used to derive signa-
tures that predict extraprostatic extension from 
expressed prostatic secretions in urine [42]. It may 
be that adding computationally guided proteomics 
to blood-borne genomic tests will discover highly 
accurate and relatively noninvasive biomarkers.

Table 1  Genomic prognostic biomarkers based on RNA expression or alterations in DNA (copy number alterations)

Signature Details

Signature 
development 
cohort

Outcomes 
predicted

Validation in 
separate 
cohorts (yes/
no)

Evaluated in other 
treatment modality 
cohorts

GenomeDx A 22-gene RNA 
expression 
signature

Postsurgery 
recurrence

M, PCSS, 
and OS

Yes (2 
cohorts)

No

Cell cycle 
progression (CCP)

A 31 -gene 
RNA expression 
signature

Postsurgery 
recurrence

BCR and 
PCSS

Yes (3 
cohorts)

Yes (conservatively 
managed and 
radiotherapy)Post-TURP 

recurrence
Taylor et al. A 6 CNV-based 

clusters
Postsurgery 
recurrence

BCR No No

Ding et al. A 4-gene 
signature

Postsurgery 
recurrence

BCR and LM Yes (1 cohort) No

Massachusetts 
General Hospital

A 32-gene RNA 
expression 
signature

Postsurgery 
recurrence

BCR and M Yes (1 cohort) No

Reproduced from Fraser et al. Urol Oncol. 2015 Feb;33(2):85–94
TURP transurethral resection of the prostate, BCR biochemical recurrence, M metastases, LM lethal metastases, PCSS 
prostate cancer-specific survival, OS overall survival
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5	 �Key Outstanding Issues

Although the clinical prognostic factors of T cat-
egory, serum PSA, and GS can accurately stratify 
populations of men with CaP into broad groups 
with respect to risk of disease progression, it is 
clear that a more robust understanding of genom-
ics and tumor heterogeneity is required to accu-
rately assess the development of aggressive 
localized disease and mCRPC. Such approaches 
are required to facilitate personalized medicine 
for CaP. For example, although the use of active 
surveillance protocols has drastically reduced the 
number of low-risk patients who are treated 
unnecessarily, up to one-third of these men will 
ultimately transit into higher-risk disease. 

Genomic biomarkers are being developed to 
increase precision for the triaging of patients to 
active surveillance.

Similarly, 30–40 % of men who present with 
potentially curable intermediate-risk disease will 
recur, despite radical local therapy. In both of 
these scenarios, it is currently not possible to 
accurately determine which men have more 
aggressive disease than suggested by the current 
clinical parameters. Likewise, the finding of 
mutations that lead to potential use of targeted 
therapeutic agents depends not only on the pres-
ence of “actionable” mutations but also on 
whether these mutations are present in the disease 
focus that is destined to metastasize in order that 
such treatments affect outcome. As such, genomic 
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Fig. 6  Kaplan-Meier Plots for Biochemical Relapse in 
Localized Prostate Cancer Based on Percent Genomic 
Instability (PGA) and/or Intratumoral Hypoxia. 
Patients with both increased genetic instability (e.g., 
high PGA) and high levels of tumor hypoxia (based on 

an RNA signature of hypoxia-related genes) fare the 
worse after radical prostatectomy with close to 50 % of 
men relapsing at 5 years (Reproduced from Lalonde 
et al. Lancet Oncol. 2014 Dec;15(13):1521–32)
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signatures have the potential to pull patients out 
of otherwise clinically-homogeneous cohorts and 
offer intensification or de-intensification strate-
gies (see Fig. 7).

The recent development of whole-genome 
sequencing technologies using submicrogram 
quantities of DNA has opened up new avenues 
of research. Genomic assessments are now able 
to sample the in situ heterogeneity within diag-
nostic biopsies or within multiple foci at final 
pathology following prostatectomy. It remains 
to be proven whether blood-based (DNA, RNA, 
or protein) assays can be used as a less invasive 
test to conclusively capture information on the 
most aggressive clones within the prostate to 
drive treatment. This could also help with the 
problem whereby sampling of the prostate 
gland at initial biopsy leads to inaccurate inap-
propriate clinical staging, as evidenced by the 
relatively high frequency of pathological 

“upstaging” in radical prostatectomy speci-
mens. Such tests will be judged by their relative 
clinical utility and cost against current prognos-
tic factors.
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Prostate Cancer Imaging: 
An Ongoing Change of Paradigm

Olivier Rouvière and Jean Champagnac

For decades, accurate detection of prostate cancer 
foci within the gland has been considered impos-
sible. As a result, protocols of systematically dis-
tributed prostate biopsies have been used to 
investigate patients with clinical suspicion of 
prostate cancer, and radiologic investigations 
have been limited to the evaluation of the extrag-
landular extension of the cancer. Since the end of 
the 2000s, a new paradigm is emerging. With the 
advent of new functional pulse sequences, mag-
netic resonance imaging (MRI) has been shown 
to accurately detect prostate cancer foci within 
the gland and to provide information on their 

individual aggressiveness. These new imaging 
possibilities have coincided with new clinical 
needs of tumor detection related, for example, to 
the advent of active surveillance protocols or sal-
vage therapies for local recurrences. The imaging 
landscape of prostate cancer is thus rapidly 
changing. If imaging is still used as a staging 
method, it is increasingly used to detect the can-
cer foci before biopsy and help evaluate their 
aggressiveness.

1	 �Local Staging

Curative treatment is most likely when the tumor is 
confined within the gland (stage ≤T2c). Accurate 
assessment of extracapsular extension (ECE, stage 
pT3a) or seminal vesicle invasion (SVI, stage 
pT3b) is therefore of utmost importance for patient 
management. Although digital rectal examination 
(DRE), the number and sites of positive biopsy, 
the tumor grade, and the prostate-specific antigen 
(PSA) level may give information on the tumor 
stage, there is a need for an imaging method that 
could directly show the tumor extension beyond 
the capsule or into the seminal vesicles.

1.1	 �Transrectal Ultrasound

Despite its good specificity in assessing ECE and 
SVI, transrectal ultrasound (TRUS) is limited by 
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its poor sensitivity (4–68 %) and its tendency to 
understage prostate cancer [1–3]. It may even not 
be superior to that of DRE [4]. Even if 3D-TRUS, 
color Doppler, and contrast agents may help 
in  local staging [5, 6], all TRUS techniques are 
largely operator-dependent and cannot differenti-
ate between T2 and T3 tumors with sufficient 
accuracy to be recommended for routine 
staging.

1.2	 �Magnetic Resonance Imaging

A large number of studies have evaluated MRI 
accuracy in prostate cancer local staging. Most 
of them used an endorectal coil and 1.5 T scan-
ners. Although diagnostic criteria varied from 
one author to another, MRI sensitivity was found 
to be moderate, for EEC (22–82 %) as for SVI 
(0–71 %). Its specificity seemed better and fell in 
the 60–100 % range. A recent meta-analysis 
pooling the data of 75 studies (9796 patients) 
reported a sensitivity and a specificity of, respec-
tively, 0.57 (95 % confidence interval (CI): 0.49–
0.64) and 0.91 (95 % CI: 0.88–0.93) for ECE (45 
studies, 5681 patients), 0.58 (95 % CI: 0.47–
0.68) and 0.96 (95 % CI: 0.95–0.97) for SVI (34 
studies, 5677 patients), and 0.61 (95 % CI: 0.54–
0.67) and 0.88 (95 % CI: 0.85–0.91) for overall 
stage T3 detection (38 studies, 4001 patients) 
[7]. Another one focused on studies reporting 
results obtained at 1.5 T with an endorectal coil 
and published after 2008. Seven series were 
included (603 patients). Median sensitivity and 
specificity were, respectively, 0.49 and 0.82 for 
ECE, 0.45 and 0.96 for SVI and 0.6 and 0.58 for 
T3 detection [8].

Several factors influence MRI performances. 
The most important one is probably the degree of 
extracapsular invasion. MRI sensitivity is poor 
for detecting microscopic invasion. It improves 
as the radial length of extension increases. In one 
series, the EEC detection rate was 14 % when the 
radial length of extension was <1 mm and 100 % 
when it was >3 mm [9]. In another study using 
the Epstein classification for capsular penetration 
[10], MR sensitivity, specificity and accuracy for 
detecting pT3 stages were, respectively, 40 %, 

95 %, and 76 % for focal (i.e. microscopic) inva-
sions and 62 %, 95 %, and 88 % for extended 
invasions [11].

The use of the endorectal coil improves stag-
ing accuracy at 1.5 T, as shown by two studies 
that found accuracies of 77–83 % for combined 
endorectal and external coils versus 59–68 % for 
external coils alone [12, 13].

The diagnosis of EEC and SVI is mostly 
made on T2-weighted images. Dynamic 
contrast-enhanced imaging used in combination 
with T2-weighted imaging may improve local 
staging, at least for less-experienced readers 
[14, 15]. High-field strength allows high-
resolution T2-weighted imaging [16] and results 
obtained at 3 T seem better than those obtained 
at 1.5 T [17, 18]

Even if MRI performances in local staging are 
not perfect, it may improve the prediction of the 
pathological stage when combined to clinical 
data [19, 20].

Given its low sensitivity to microscopic inva-
sion, MRI is not recommended in the local stag-
ing of low-risk patients but may be useful in 
selected patients with intermediate to high risk 
cancers [21].

2	 �Evaluation of Nodal Invasion 
and Distant Metastases

2.1	 �Lymph Node Metastases

Prostate cancer drainage patterns are complex, 
and the sentinel node concept barely applicable. 
Pelvic lymph node dissection (PLND) misses up 
to 40 % of positive lymph nodes (LN) that are 
located outside the routine surgical template. 
Even extended PLND has not a perfect sensitiv-
ity and is associated to substantial morbidity. An 
imaging method that could accurately spot posi-
tive LN is therefore needed [22].

CT and conventional MRI are widely used for 
detection of LN invasion, and yet their accuracy 
is poor. They rely only on morphologic criteria 
(size, shape, internal architecture) the sensitivity 
of which is suboptimal. The size range of normal 
LN varies within different anatomical regions. 
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Although there is no clear consensus, it is usually 
recommended to use a 6–8 mm threshold for LN 
short-axis in the pelvis. Unfortunately, up to 68 % 
of invaded LN have a short-axis diameter smaller 
than 5 mm [22, 23]. As a result, up to 70 % of 
positive LN may be missed by conventional CT 
or MRI. Because some inflammatory benign LN 
may be enlarged, the specificity of CT and MRI 
is also suboptimal.

Diffusion-weighted imaging (DWI) may 
improve morphologic assessment of LN.  In a 
prospective study of 120 patients with normal-
sized LN evaluated by three readers, Thoeny 
et al. found a per-patient sensitivity and specific-
ity of 64–79 % and 79–85 %, respectively [24]. 
However, when expressed on a LN region basis, 
sensitivity of detection with DWI remains low 
(18.8–56 %) and not superior to 11C-Choline 
PET/CT or even to CT [25, 26].

Ultrasmall superparamagnetic particles of iron 
oxide (USPIO) can be used as lymphotropic con-
trast agent. They have been reported to improve 
sensitivity of detection of malignant pelvic LN 
from 35.4 % with conventional MRI to 90.5 % 
[27]. However, PLND was limited in this study, 
and the false negative rate may have been under-
estimated. In a more recent prospective multicen-
tric study of 375 patients, MR lymphography 
(MRL) using USPIO had a sensitivity and speci-
ficity of 82 % and 93 %, respectively, as compared 
to PLND. In the same study, CT had a sensitivity 
and specificity of 34 % and 97 %, respectively 
[28]. Despite these good results, MRL is limited 
by the lack of availability of USPIO.

One group recently combined DWI and MRL 
in 75 patients who underwent extended 
PLND.  Twenty percent of the patients had LN 
invasion at pathology. Combined MRI was inter-
preted by 3 readers. On a per-patient basis, sensi-
tivity and specificity were 65–75 % and 93–96 %, 
respectively. Yet, 25–35 % of patients with posi-
tive LN were still incorrectly diagnosed as nega-
tive [29].

Thus, despite recent improvements due to 
DWI and the use of USPIO, detection of LN 
invasion remains limited, and negative imaging 
studies cannot completely rule out LN 
metastases.

2.2	 �Bone Metastases

Classically, bone metastases are detected by 
99mTc-bone scan (BS), and plain radiographs and 
CT are used to investigate equivocal bone scan 
findings.

MRI has an enhanced sensitivity for the early 
detection of neoplastic invasion of the bone mar-
row. It may combine conventional anatomic (usu-
ally T1-weighted images) and diffusion-weighted 
images. It may cover the whole skeleton (so-
called whole-body MRI) or be limited to the axial 
skeleton (i.e., the spine and the pelvis) to shorten 
the examination time, because most metastases 
involve the axial skeleton [30]. Both whole-body 
and axial MRI have been proven to be more sen-
sitive that bone scan and targeted radiographs 
[31–33] and equally effective than 11C-Choline 
PET/CT [34] in detecting bone metastases in 
patients with high-risk prostate cancer. Whole-
body MRI may be more sensitive and more spe-
cific than combined bone scan, targeted 
radiographs and abdomino-pelvic CT [35].

2.3	 �Towards Earlier Detection 
of Metastases and Better 
Assessment of Treatment 
Response ?

PET/CT- and MR-based techniques are more 
sensitive than standard work-up (BS and 
abdomino-pelvic CT) to detect bone metastases 
and, to a lesser extent, LN metastases (Fig.  1). 
The availability of these techniques raises the 
question whether earlier detection of metastases 
could lead to better patient outcome.

This is clearly the case in patients with local 
recurrence and fit enough to undergo a local sal-
vage treatment. Salvage treatments are indeed 
associated with substantial morbidity [36]. Better 
discrimination of infraclinic metastases could 
obviate M1 patients being exposed to the useless 
morbidity of salvage treatments.

The benefit of earlier detection of metastases 
in asymptomatic high-risk patients or patients 
with castrate-resistant prostate cancer is less 
clear, but warrants careful assessment in the 

Prostate Cancer Imaging: An Ongoing Change of Paradigm



114

current context of apparition of numerous new 
systemic treatments [30].

The apparition of new lesions on BS remains 
the only recognized criteria for bone lesion 
response evaluation. However, the availability of 
new imaging biomarkers derived from MRI (as 
for example the apparent diffusion coefficient of 
metastases) or PET/CT [37] will probably change 
patient management in the near future and new 
imaging modalities will probably be extensively 
used to assess response to new systemic 
treatments.

3	 �Pretherapeutic Tumor 
Mapping: A New Paradigm

Usually, the diagnosis of prostate cancer is sug-
gested by abnormal or rising PSA level, or by an 
abnormal digital rectal examination, which trig-
gers further evaluation, typically with TRUS-
guided sextant biopsies. Prostate biopsy findings 
are also widely used to estimate the tumor vol-
ume (number of positive samples and length of 
tumor invasion in each positive core) and aggres-
siveness (Gleason score of the tumor detected at 
biopsy).

However, this approach has some limitations. 
First, using PSA as a screening tool leads to a 

substantial number of unnecessary biopsies in 
patients with no cancer or with indolent cancer 
that do not need immediate treatment. Currently, 
overdetection rates are estimated to be between 
27 and 56 % [38]. Second, a negative set of biop-
sies does not rule out the presence of cancer. 
Among the patients with negative 10–12-core 
biopsy schemes, 17–21 % have cancer at repeat 
biopsy [39, 40]. Thus, urologists with patients 
with persistent abnormal PSA level and negative 
biopsies face a dilemma: when to repeat biopsy 
and when to stop biopsying? Third, although 
PSA level and biopsy findings correlate posi-
tively with clinical stage, tumor volume, and 
histologic grade, they are of limited value in pre-
dicting tumor burden and aggressiveness in indi-
vidual patients [38].

To overcome these difficulties, some authors 
proposed to further increase the number of 
samples taken either transrectally or using a 
perineal template to improve 3D registration of 
the cores location (so-called saturation biop-
sies). This approach can rule out prostate can-
cer and offers a better estimation of the tumor 
volume and Gleason score [41]. However, it is 
associated with increased cost and morbidity 
and increased risk of overdiagnosing micro-
scopic tumor foci that do not need treatment 
[42, 43].

a b c d

Fig. 1  Images obtained in a patient with history of radio-
therapy for prostate cancer and apparition of recent back 
pain. Computed tomography showed no metastases (a). 
MRI of the spine showed multiple focal lesions appear-

ing hypointense on T1-weighted images (b), hyperin-
tense on T2-weighted images (c), with enhancement after 
injection of gadolinium chelates (d). Intervertebral discs 
are spared
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Another option would be to develop an imag-
ing method that could accurately distinguish 
prostate cancer from normal glands.

3.1	 �Multiparametric MRI

As a stand-alone, T2-weighted imaging has shown 
disappointing results in tumor detection, with 
moderate sensitivity (25–60 %) and many causes 
of false positives (prostatitis, glandular atrophy, 
fibrosis, etc.) [9, 44–46]. New imaging modalities 
such as MR spectroscopy (MRS), DWI, and 
dynamic contrast-enhanced (DCE) imaging have 
improved tumor diagnosis by allowing functional 
assessment [46–49]. Because they image different 
physiological process, they provide potentially 
independent information, and their combination 
can further improve cancer diagnosis [50, 51]. It is 
now recommended to perform a so-called multipa-
rametric MRI (mpMRI) of the prostate, combining 
T2-weighted imaging and at least two different 
functional modalities [52].

3.1.1	 �Comparison to Radical 
Prostatectomy Specimens

Comparisons to prostatectomy specimens have 
shown that mpMRI could detect aggressive 
(Gleason ≥7) cancer with excellent sensitivity. 
However, detection rates are much smaller for 

Gleason 6 cancers that tend to have a signal close 
to that of normal glands [53–55]. Another factor 
impacting tumor detection is the histological 
architecture, with dense tumors more easily 
detected than sparse tumors [53, 56].

At our institution, we started in 2008 a database 
collecting precise correlation between MR images 
and prostatectomy specimens. Patients were 
imaged either at 1.5 T (n = 71) or 3 T (n = 104). 
Images were reviewed by 2 independent radiolo-
gists and compared to histological findings. On a 
series of 175 consecutive patients, the detection 
rates for tumors of <0.5  cc, 0.5–2  cc and >2  cc 
were 21–29 %, 43–54 %, and 67–75 % for Gleason 
≤6 cancers, 63 %, 82–88 %, and 97 % for Gleason 
7 cancers and 80 %, 93 %, and 100 % for Gleason 
≥8 cancers, respectively. Results were not signifi-
cantly influenced by the field strength [53].

3.1.2	 �The Role of mpMRI 
Before Biopsy

Because mpMRI can detect aggressive cancer with 
high sensitivity and has a tendency to miss well-
differentiated tumor foci, one may argue that 
obtaining a prostate mpMRI before each biopsy 
procedure could altogether solve the issue of under-
diagnosis (by orienting biopsies towards areas with 
aggressive tumors) and overdiagnosis (by obviat-
ing unnecessary biopsies that may randomly detect 
quiescent cancer foci) (Figs. 2 and 3). This raises 

a b c

Fig. 2  Images obtained in a 67 year-old man with rising 
PSA (7.43 ng/ml) and systematic biopsy showing Gleason 
7 cancer in the right base and midgland (two positive 
cores out of 12). Multiparametric MRI showed a nodule 
of the right base and midgland appearing as hypointense 
on T2-weighted imaging (a, arrowhead) and on apparent 
diffusion coefficient map (b, arrowhead) and showing 

early enhancement on dynamic contrast-enhanced imag-
ing (c, arrowhead). The PIRADS score of the nodule was 
5/5. T2-weighted imaging showed a marked extracapsular 
extension (a, arrowhead). Also note another tumor 
(PIRADS score of 5/5) in the anterior horn of the left 
peripheral zone (a–c, arrow). The patient was treated with 
radiotherapy and hormonotherapy
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two different questions: the added value of targeted 
biopsies based on mpMRI findings (TBx) and the 
negative predictive value (NPV) of mpMRI for 
aggressive cancers. Unfortunately, the answers are 
not as simple as it appears. The diagnostic perfor-
mance of a given test is indeed highly influenced 
by the population in which it is tested, and particu-
larly by the prevalence of the disease in this 

population. Comparisons to prostatectomy speci-
mens are useful to assess the cancer foci that may 
be missed by mpMRI. However, they are insuffi-
cient to evaluate its added value or its NPV in other 
populations such as the population of candidates to 
prostate biopsy. It is therefore mandatory to evalu-
ate mpMRI in each specific population, before one 
can define its role in the future.

a b

c d

Fig. 3  Images obtained in a 67 year-old man with rising 
PSA (11.58 ng/ml). Systematic biopsies showed a Gleason 
6 cancer (one positive core out of 12, on 3  mm). 
Multiparametric MRI showed a typical anterior tumor 
(PIRADS score of 5/5) appearing as hypointense on 
T2-weighted imaging (a, arrowhead), with restriction of 

diffusion on native diffusion-weighted images (b, arrow-
head; b-value of 2000 s/mm2) and on apparent diffusion 
coefficient map (c, arrowhead), and showing early 
enhancement on dynamic contrast-enhanced imaging (d, 
arrowhead). Targeted biopsies showed a Gleason 7 
cancer
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The Added Value of TBx in Patients 
with No History of Prostate Cancer
In a recent meta-analysis [57], TBx had a higher 
detection rate of clinically significant prostate 
cancer compared to systematic biopsy (sensitiv-
ity of 0.91 [95 % confidence interval (CI), 0.87–
0.94] versus 0.76 [95 % CI, 0.64–0.84]) and a 
lower rate of detection of insignificant prostate 
cancer (sensitivity of 0.44 [95 % CI, 0.26–0.64] 
versus 0.83 [95 % CI, 0.77–0.87]). However, the 
added value of TBx in detecting clinically signifi-
cant prostate cancer was marked in the subgroup 
of patients with previous negative biopsies (rela-
tive sensitivity of 1.54 [95 % CI, 1.05–2.57]) but 
not in the subgroup of biopsy-naïve patients (rel-
ative sensitivity of 1.10 [95 % CI, 1.00–1.22]). 
There was a trend for TBx to detect less clinically 
insignificant cancers in both subgroups (relative 
sensitivity of 0.82 [95 % CI, 0.03–21.4] and 0.51 
[95 % CI, 0.25–1.04], respectively), but the dif-
ference was not significant. Another systematic 
review also concluded that Tbx improved detec-
tion rates in the repeat biopsy setting, but not at 
initial biopsy [58]. These results can be explained 
by the fact that the proportion of tumors in loca-
tions easily missed by systematic biopsies (e.g., 
anterior tumors) is higher in the repeat biopsy 
setting. The impact of prebiopsy mpMRI is there-
fore easier to demonstrate in this population.

Therefore, it seems clear that mpMRI findings 
can sensitize repeat biopsy and it is now recom-
mended by the European Association of Urology 
to obtain a prostate mpMRI before repeat biopsy 
[21]. The precise role of mpMRI in biopsy-naïve 
patients remains to be defined.

One recent meta-analysis studied the diagnostic 
yield of TBx using MR/US fusion software in a 
mixed population of biopsy-naïve patients and can-
didates to repeat biopsy. Tbx detected a median of 
9.1 % additional clinically significant cancers 
(range, 5–16.2 %) that were missed by standard 
biopsy alone. In contrast, standard biopsies detected 
a median of 2.1 % (range, 0–12.4 %) additional 
clinically significant cancers that were missed by 
MRI-TRUS fusion biopsies. However, if the study 
using transperineal mapping biopsies is removed, 
then the standard biopsy is only a TRUS biopsy 
approach, the range stood at 0–7 % [59].

Meta-analyses are limited by substantial het-
erogeneity among studies, particularly concern-
ing patient inclusion criteria, definition of 
clinically significant, and targeted and systematic 
biopsy protocols. Prospective controlled trials are 
needed to confirm meta-analyses’ findings. 
Prospective randomized trials in biopsy-naïve 
patients gave contradictory results [60–62]. 
Several other multicentric controlled studies are 
currently ongoing and should be published in the 
next 2 years.

The Negative Predictive Value of mpMRI 
in Patients with No History of Prostate 
Cancer
Whether the NPV of mpMRI is good enough to 
be used as a triage test to obviate unnecessary 
biopsy remains a difficult question. The NPV for 
exclusion of significant disease before prostate 
biopsy ranges from 63 to 98 % [63], but expert 
centers repeatedly reported values over 90 % [59, 
64, 65]. However, reported results are impaired 
by substantial differences in definition of clini-
cally significant cancer and negative mpMRI that 
preclude any definitive conclusion. It would also 
be interesting to evaluate if clinical (DRE) or bio-
chemical (PSA level kinetics, PSA density, etc.) 
data could be used to further rule out clinically 
significant cancer in addition to mpMRI results. 
Unfortunately, there are no clear data on this 
topic yet.

3.1.3	 �The Role of mpMRI in Active 
Surveillance

MpMRI can significantly predict the presence of 
aggressive cancers in patients suitable for active 
surveillance (AS) but treated by radical prosta-
tectomy (RP) [66]. At the start of AS, a positive 
mpMRI significantly predicts the presence of 
aggressive cancer at repeat biopsy [57]. However, 
there is a need for well-designed prospective 
multicentric studies to definitively assess the 
added value of TBx as compared to systematic 
biopsy at the start of AS. The role of mpMRI dur-
ing the follow-up period of AS remains unclear. 
There are currently no validated radiological cri-
teria of progression that could to trigger follow-
up biopsy.
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3.1.4	 �The Issue of the Scoring 
Systems and the Interreader 
Variability

MpMRI remains difficult to interpret. Between 
40 and 75 % of focal lesions visible at mpMRI 
are benign [53, 67]. Therefore, it is crucial that 
the radiologist assesses the risk of malignancy of 
all visible prostate lesions. However, besides typ-
ical cancers appearing as nodules with unambig-
uous, marked, signal abnormalities on all MR 
sequences, mpMRI often shows focal abnormali-
ties with various shapes, subtle signal changes, or 
discrepant results on the different MR sequences 
(e.g., marked signal abnormality on one sequence 
and normal appearance on another). The high 
number of possible combinations of shapes and 
signal abnormalities on the different MR 
sequences and the difficulty in interpreting them 
may discouraged some radiologists. 
Consequently, the good results reported in 
specialized centers are not always reproduced in 
daily routine.

Because it is impossible to definitively charac-
terize as malignant or benign all focal lesions in 
the prostate, some authors have recommended 
using a 5-level suspicion score (1: definitely 
benign; 2: probably benign; 3: equivocal; 4: prob-
ably malignant; and 5: definitely malignant) [68]. 
This so-called Likert score is subjective, and 
there are no objective criteria to assign a given 
score to a given lesion. Nonetheless, it summa-
rizes the doubts (or certainties) of the radiologist 
and many studies found that the Likert score was 
a highly significant predictor not only of the 
malignant nature of prostate lesions but also of 
their aggressiveness [53, 65, 69–71]. 
Unsurprisingly, the global interreader agreement 
of the Likert score is only moderate, even if it can 
be good among experienced readers [69, 71, 72].

To overcome this difficulty, several groups 
have proposed semiobjective scores, using better 
defined features to assign a given score to a given 
lesion [67, 73, 74]. In an effort to standardize 
prostate mpMRI interpretation, the European 
Society of Urogenital Radiology endorsed in 
2012 the Prostate Imaging Reporting and Data 
System (PIRADS) [52] that assigns a 5-level 
score to T2w, DWI and DCE images, rendering 

an overall sum ranging from 3 to 15. This so-
called PIRADS V1 score was a significant pre-
dictor of malignancy, but it failed to improve 
interreader agreement as compared to the Likert 
score [69, 71, 75]. The PIRADS V1 score was 
updated in 2015. The new PIRADS V2 score [76] 
was shown to be a significant predictor of malig-
nancy [77], but may not improve interreader 
agreement [78]. It is therefore likely that the 
PIRADS scoring system will be further amended 
in the future.

Another option to assist inexperienced radiol-
ogists would be to develop quantitative models 
that could predict the nature (or the aggressive-
ness) of focal lesions. Promising results have 
been obtained by computer-aided systems [79, 
80], but on a limited number of patients. 
Quantitative approaches in MR imaging are 
intrinsically limited by the large number of 
sources of variability in quantitative measure-
ments across imagers from different manufactur-
ers, making it difficult to define robust diagnostic 
thresholds. Nonetheless, recent works suggest 
that simple quantitative models may be robust 
enough to accurately characterize prostate lesions 
on images from different manufacturers [81, 82]. 
This may become a fruitful approach in the 
future.

3.1.5	 �Detection of Local Recurrences 
After Radiotherapy or Radical 
Prostatectomy

Local recurrences after radiotherapy (RT) can be 
treated by salvages procedures such as prostatec-
tomy, high-intensity focused ultrasound ablation, 
cryotherapy, or brachytherapy. Whenever possi-
ble focal therapy is recommended to decrease the 
morbidity of these salvage procedures [36, 83]. 
As a result, it becomes important to localize local 
recurrences as precisely as possible to select 
patients fit for salvage focal ablation. Several 
groups have found that mpMRI could detect and 
localize post-RT local recurrences with excellent 
accuracy [84–86], and mpMRI will probably be 
increasingly used in the future to guide biopsies 
in patients with biochemical failure.

Most patients with biochemical failure after 
RP undergo salvage RT without imaging, because 
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biopsies of the prostatectomy bed have a poor 
sensitivity, even with TRUS guidance. As a result, 
salvage RT delivers a uniform dose (classically 
66 Gy) to the prostatectomy bed. This “blind” RT 
is more efficient when performed at PSA levels 
<0.5–1  ng/mL.  Several studies reported that 
mpMRI could detect local recurrences in the pros-
tatectomy bed with sensitivities and specificities 
of 84–88 % and 89–100 %, respectively. However, 
the mean PSA level in these studies was 0.8–
1.9  ng/mL, which is higher than the 0.5  ng/mL 
threshold usually used for salvage RT [36]. 
Recently, two studies evaluated mpMRI in 
patients with PSA level <0.5 ng/mL. One found a 
sensitivity of only 13 % in men with PSA level 
<0.3 ng/mL [87], while the other reported a sensi-
tivity of 86 % in patients with PSA level <0.4 ng/
mL [88]. Therefore, it remains to be seen whether 
MRI is able to correctly detect local recurrences 
in patients with PSA level <0.5 ng/mL. If this is 
the case, a stereotaxic boost to the recurrence site 
could be applied during salvage RT.

3.2	 �Transrectal Ultrasound 
and Ultrasound-Based 
Methods

3.2.1	 �Gray-Scale Ultrasound 
and Doppler

Approximately 60 % of prostate cancers are 
hypoechoic, limiting gray-scale ultrasound 
(GSU) sensitivity. GSU is also limited by a high 
rate of false positive findings. Color or Power-
Doppler can show larger feeding vessels associ-
ated to tumors [89], but its additional value as 
compared to GSU remains unclear [90, 91].

3.2.2	 �Computerized Ultrasound
Computerized ultrasound (Histoscanning™) 
uses computer-aided analysis to quantify tissue 
disorganization induced by malignant processes. 
Despite promising initial results [92], it achieved 
poor prediction of positive biopsies on larger 
studies, and the combination of HistoScanning™ 
and conventional ultrasound achieved lower 
detection rates than systematic biopsy [93]. Its 
use is therefore not recommended.

3.2.3	 �Contrast-Enhanced Ultrasound
Contrast-enhanced ultrasound (CEUS) uses gas-
filled microbubbles administered intravenously 
during ultrasound imaging. Microbubbles act as 
additional reflectors into the bloodstream. 
Because their size is comparable to that of eryth-
rocytes, they pass the capillaries and can there-
fore show microvasculature, as opposed to color 
or power-Doppler that show only large feeding 
vessels. It is important to understand that micro-
bubbles stay within the vessels unlike gadolinium 
chelates that leak through tumor capillaries and 
accumulate within the interstitium. As a result, 
CEUS enhancement of prostate cancers is due to 
increased microvasculature, while enhancement 
at DCE MRI is due to increased permeability of 
tumor capillaries. Therefore, tissue enhancement 
observed at CEUS is different to that observed at 
DCE MRI and one must not think that CEUS is 
an ultrasound equivalent to DCE MRI [89, 94].

Several ultrasound contrast agents have been 
used, the main ones being Levovist™ (Schering, 
Berlin, Germany) and Sonovue™ (Bracco, 
Milan, Italy). At first, contrast agents were used 
in combination with Color or Power Doppler. 
However, Doppler imaging uses relatively high 
energy levels that may destroy a large proportion 
of the microbubbles before they reach the neo-
vasculature of the tumors. Recently contrast-
specific imaging modes became available. They 
use low-energy ultrasound pulses that prevent 
premature bursting of the microbubbles. They 
can also differentiate between the nonlinear sig-
nals reflected by the microbubbles and the linear 
signals from the tissue, allowing superior spatial 
and temporal resolution [89, 94].

Comparisons to RP specimens showed sensi-
tivities of 41–69 % and specificities of 33–95 % 
for CEUS [89, 95–97]. A recent meta-analysis 
combing results of 16 studies over a 13-year 
period (14 studies comparing CEUS to biopsy 
findings and 2 to RP findings) reported a sensitiv-
ity of 0.70 (95 % CI, 0.68–0.73), a specificity of 
0.74 (95 % CI, 0.72–0.75), a positive predictive 
value (PPV) of 0.59 (95 % CI, 0.56–0.61), a NPV 
of 0.82 (95 % CI, 0.81–0.84), respectively. 
However, there was significant between-study 
heterogeneity and the conclusion of the authors 
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was that biopsy based on CEUS findings could 
not replace systematic biopsy [98].

CEUS has two main limitations. First, the 
diagnostic criteria for cancer are not standard-
ized. Interpretation of images remains visual, 
features associated with malignancy being asym-
metrical enhancement, increased focal enhance-
ment or asymmetry of intraprostatic vessels. This 
may induce large interobserver variability [89]. 
Quantitative assessment is currently under devel-
opment and may improve accuracy of cancer 
detection and user dependency of the technique 
[99]. Second, recording inflow and outflow takes 
time (1–2 min) and only one plane can be evalu-
ated per intravenous bolus. An interval of 3–5 min 
is required to allow sufficient clearance of the 
bubbles. Ideally, endorectal probes allowing 3D 
repetitive imaging (so-called 4D probes) would 
be necessary to image the entire gland during the 
first-pass of a single bolus. These probes are not 
currently available. Until then, CEUS will be 
limited to academic and research centers.

3.2.4	 �Elastographic Techniques
It is well known that prostate cancer is harder 
than normal tissue. Thus, elastographic tech-
niques may be of interest to detect and localize 
prostate cancer foci. There are two main types of 
elastographic techniques: strain elastography 
(SE) and shear-wave elastography (SWE).

In SE, a quasi-static compression is applied to 
the prostate through the endorectal probe. Stiffer 
tissues are less affected than softer tissues and the 
amount of deformation (strain) is displayed in the 
form of a color overlay. Many studies have evalu-
ated SE findings to RP specimens. A recent meta-
analysis of 7 series (508 patients) reported a 
pooled sensitivity and specificity of 0.72 (95 % 
CI: 0.70–0.74) and 0.76 (95 % CI: 0.74–0.78), 
respectively [100]. Another meta-analysis comb-
ing the results of series comparing SE findings to 
targeted biopsies findings reported a pooled sen-
sitivity and specificity of 0.62 (95 % CI: 0.55–
0.68) and 0.79 (95 % CI: 0.74–0.84), suggesting 
that biopsies targeted to SE abnormalities could 
be a valuable addition to systematic biopsy [101]. 
However, SE has two limitations: first, the need 
for free-hand compression induces considerable 

user dependency. Second, color maps are auto-
matically scaled between the hardest and the 
softest tissue in the image field. As a result, this 
technique provides only data on the relative stiff-
ness of the points in the image field, but does not 
provide measurements of absolute stiffness [89].

In SWE, shear waves are induced in the pros-
tate using the acoustic radiation force produced 
by a focused ultrasound beam. Shear waves 
velocity is then measured. Since shear waves 
propagate faster in stiffer tissue, a quantitative 
assessment of tissue stiffness can be obtained by 
measuring the velocity of shear waves. Thus, 
SWE has, at least in theory, two main advantages 
over SE. It is a quantitative technique and it does 
not need free-hand compression and therefore 
may be less operator-dependent. Only a few stud-
ies have evaluated prostate SWE [102–106]. A 
recent study of 184 patients who underwent SWE 
before systematic biopsy reported that the opti-
mal stiffness threshold for differentiating malig-
nant from benign tissue in PZ was 35 kPa. Using 
this cutoff, SWE sensitivity and specificity in PZ 
at per-sextant analysis were, respectively, 0.96 
(95 CI: 0.95–0.97) and 0.85 (95 % CI: 0.83–0.87). 
These results are very promising (Fig. 4).

However, one must be aware of some limita-
tions of the technique. Even if SWE is probably 
less operator dependent than SE, prostate appar-
ent stiffness measured at SWE increases with the 
amount of pressure applied by the endorectal 
probe, especially in the PZ. This is particularly 
marked in the posteromedian part of PZ that is 
the closest to the endorectal probe. As a result 
benign PZ appears stiffer in the paramedian part 
of PZ than in its lateral part [104]. At our institu-
tion, we performed SWE in axial and sagittal 
planes before RP in 30 patients. At multivariate 
analysis, measured stiffness was significantly 
influenced by three factors: the nature of tissues 
(cancers were stiffer than benign tissue), the 
imaging plane (all tissue classes were stiffer on 
sagittal than on axial images), and the location 
within the gland (all tissue classes were stiffer in 
TZ than in PZ, and in median PZ than in lateral 
PZ). In routine, SWE may still need experience 
(not to apply too much pressure on the probe) and 
different stiffness thresholds to diagnose cancer 
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in TZ, median PZ and lateral PZ, and in axial and 
sagittal images (unpublished results).

3.2.5	 �Towards Multiparametric 
Ultrasound?

Because the previously discussed new ultrasound-
based techniques image different physiological 
processes, there results may not be correlated, 
and hence it may be possible to combine them to 
improve cancer detection at TRUS.  Little has 
been published so far on this so-called multipara-
metric ultrasound [89].

Several studies showed that combining several 
techniques could increase cancer detection sensi-
tivity [107–109]. For example, Xie et  al. com-
pared the results of a 10-biopsy scheme with 
GSU, power Doppler and CEUS. GSU was posi-
tive in 51 % of cancer sites, power Doppler in 
48 % and CEUS in 73 %, while the combination 
was positive in 82 % [109]. These results show 
that all cancer foci are not detected by the same 
modality. However, combining only positive 
modalities increases sensitivity and NPV at the 
expense of specificity and PPV.

Another strategy would be to choose one 
modality to detect abnormal areas and a second 
one to further characterize these areas. This will 
improve specificity and PPV at the expense of 
sensitivity and NPV.  In a study of 100 patients 
imaged with SE and CEUS before prostatectomy, 
SE was found to have a sensitivity and specificity 
of 0.49 and 0.74, respectively. If CEUS was used 
to characterize SE lesions, the PPV increased 
from 0.65 to 0.90 [110]. In our experience, using 
optimized stiffness thresholds for median and lat-
eral PZ, SWE could correctly diagnosed as 
benign 25–33 % of benign hypoechoic lesions 
(unpublished data).

Ultimately, a better balance between sensitiv-
ity and specificity could be obtained by introduc-
ing a Likert-type score, as for mpMRI [89]. To 
our knowledge, such a score has not been evalu-
ated yet.

�Conclusion

Little progress has been made over the last 10 
years in local staging of prostate cancer. MRI 
remains the best imaging technique, but 

a

b

Fig. 4  Axial shear-wave elastography (SWE; a) and cor-
responding gray scale image (b) obtained in a 55 year-old 
patient with rising PSA (8 ng/ml). SWE image showed an 

area with increased stiffness within the left base (a, 
arrow). Biopsy showed a Gleason 6 cancer
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because of its low sensitivity, its use is limited 
to moderate and high-risk patients.

If Choline PET/CT has dramatically 
improved the early detection of metastases, 
MR-derived techniques have also shown 
excellent accuracy in detection of bone metas-
tases and to a lesser extent of LN metastases. 
However, long acquisition times remain a lim-
itation for whole-body MRI.

Over the last years, mpMRI has made tre-
mendous progress in the detection and local-
ization of clinically significant prostate cancer. 
The challenges for the coming years will be to 
better define the populations in which mpMRI 
positive findings may help sensitize the detec-
tion of aggressive cancer at biopsy and, even 
more importantly, the populations in which a 
negative mpMRI (alone or in combination 
with biochemical and clinical data) may avoid 
unnecessary biopsy. There is also a need to 
improve interreader agreement that will prob-
ably be achieved through continuous refine-
ments of scoring systems and maybe through 
the development of quantitative models robust 
enough to provide accurate characterization of 
prostate lesion across MR scanners from dif-
ferent manufacturers.

To date, the ultrasound techniques cannot 
match the results of mpMRI in prostate cancer 
detection, at least as stand-alone. Combinations 
of new ultrasound techniques are currently 
assessed, but it is too soon to determine if a 
multiparametric ultrasound approach will 
challenge mpMRI.
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Nuclear Medicine (Bone Scan, 
Choline and PSMA PET/CT)

Karolien E. Goffin and Wouter Everaerts

1	 �Bone Scan

1.1	 �Role of Bone Scan 
in M-Staging of Prostate 
Cancer

Bone scan (BS) is the most widely used method for 
evaluating bone metastases of prostate cancer 
(PCa). Knowledge of the number and the pattern of 
bone metastases is essential to choose the correct 
therapy and allow proper evaluation of tumor 
response. The technique is based on the intravenous 
administration of bone seeking agents, such as 
Technetium-99m (99mTc)-labeled phosphonates  – 
for example, Tc-99m methylene diphosphonate 
(99mTc-MDP) – which accumulate in the skeleton 
relative to the amount of osteoblastic activity. The 
osteoblastic nature of bone metastases of PCa 
makes a BS a sensitive technique for M-staging 
with a mean sensitivity value for planar BS of 79 % 
[29], ranging from 51 to 97 % [24, 32, 37, 42, 61, 
67]. BS, however, suffer from a relatively low speci-
ficity (mean specificity of 59 % [29], ranging from 

39 to 82 % [24, 32, 37, 42, 61, 67]), since also a 
wide variety of benign lesions, such as fractures and 
degenerative bone and joint changes [32], will show 
increased tracer uptake. The low specificity of the 
BS can be, in a large part, overcome by the com-
bined acquisition of 3D functional information 
using single photon emission computed tomogra-
phy (SPECT) and anatomical information using 
computed tomography (CT). Palmedo and coau-
thors demonstrated that the specificity to detect 
bone metastases in a group of 116 patients with pri-
mary PCa increased significantly from 79 % using 
only planar BS to 94 % using SPECT/CT. The use 
of SPECT/CT also further increased sensitivity 
from 93 to 97 %. An example of the added value of 
SPECT/CT in the differential diagnosis of bone 
metastases is shown in Fig.  1. Furthermore, the 
authors report major impact on patient management 
with downstaging of metastatic disease in PCa 
group using SPECT/CT in 30 % of patients. Further 
diagnostic imaging procedures for unclear scinti-
graphic findings were necessary in only 2.5 % of 
patients [61]. Hybrid SPECT/CT systems have 
been implemented over the last years in most 
nuclear medicine and radiology departments, mak-
ing SPECT/CT imaging widely available and easily 
accessible for the large majority of patients.

The diagnostic yield of BS is significantly 
influenced by PSA level, clinical stage, and 
Gleason score (GS) [45, 51, 55, 57, 70, 85]. In 
patients with low risk PCa, the rate of a positive 
BS is below 1 % [51, 57, 85] and it increases to 
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7–38 % in patients with PSA levels of 20–50 ng/
ml [51, 57]. Likewise, higher detection rates were 
reported in patients with stage > T3 [12, 55] and 
GS > 8 [51, 55]. Briganti et al. showed in a large 
patient cohort of 853 patients with primary PCa 
that PSA at diagnosis, clinical stage (T2/3 vs 
T1c) and biopsy GS (8–10 vs. 5–6) were inde-
pendent predictors of the presence of bone metas-
tases in a multivariable logistic regression 
analysis [12]. Similarly, stratification of patients 
using the CART model into low-risk (biopsy 
GS ≤ 7, cT1–T3, PSA <10 ng/ml), intermediate-
risk (biopsy GS ≤ 7, cT2/T3, PSA >10  ng/ml), 
and high-risk (biopsy GS >7) groups gave opti-
mal accuracy for predicting the detection of bone 
metastases on BS [12].

Taken these data into account, the EAU guide-
lines for management of PCa state that a BS is 
required in patients with intermediate-risk PCa 
with predominantly Gleason pattern 4 and in 
patients with high-risk localized PCa or high-risk 
locally advanced PCa [55]. Bone scanning should 

also be performed in symptomatic patients, inde-
pendent of PSA level, GS or clinical stage [1].

Apart from 99mTc-MDP bone scans, bone 
metastases of PCa can also be visualized using 
18F-fluoride positron emission tomography (PET) 
or PET/CT. As phosphonates, fluoride is taken up 
by the bone relative to the rate of bone turnover. 
Compared to conventional BS, 18F-fluoride PET/
CT shows superior sensitivity [24, 32, 67]. 
Poulsen et al. report sensitivity values of 51 and 
93 % for BS and 18F-fluoride PET/CT, respec-
tively, in a prospective analysis of 50 men with 
primary PCa [67]. Uptake values of fluoride in 
metastatic lesions is significantly higher than in 
benign degenerative lesions, but values showed a 
wide variance and overlapping values, reducing 
the specificity of 18F-fluoride PET/CT [59]. 
Semiquantitative approaches using a cutoff 
SUVmax value to differentiate degenerative joint 
disease from bone metastases have shown poten-
tial to increase the specificity of 18F-fluoride PET/
CT [56]. The availability of 18F-fluoride PET/CT 

a b c

d e

Fig. 1  Imaging in a 61-year-old patient with PCa. (a) 
Wholebody SPECT MIP image shows highly suspicious 
findings in thoracic vertebra 4, lumbar vertebra 1, and 
lumbar vertebra 5 (arrows). (b–e) SPECT-CT (b, d) and 
CT (c, e) show metastatic disease in lumbar vertebra 1 
(b, c), and also confirmed metastatic disease in thoracic 
vertebra 4 (not shown). Note that metastatic disease in 
lumbar vertebra 1 can be precisely differentiated from 

the more ventrally located degenerative changes, as was 
also the case in thoracic vertebra 4. The lesions in lum-
bar vertebra 5 are seen as degenerative changes of the 
smaller intervertebral articulations (d, e). These images 
demonstrate that the extent of metastatic disease can be 
determined by SPECT/CT more exactly than by planar 
whole-body scintigraphy (Reprinted from Palmedo 
et al. [61])
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is however much less compared to conventional 
BS using SPECT/CT, especially in Europe. 
Moreover, the cost-effectiveness of PET/CT 
remains to be assessed. BS is therefore still pre-
ferred for primary M-staging of PCa on the basis 
of availability and cost [55].

1.2	 �Role of Bone Scan 
in Biochemical Recurrence

After treatment with curative intent (radical pros-
tatectomy (RP) or radiotherapy (RT)), between 
27 and 53 % of patients develop PSA-only or 
‘biochemical’ recurrence [55]. The standard 
workup to detect PCa metastases include BS and 
abdominopelvic CT.  The diagnostic yield of 
these imaging techniques is however very low in 
asymptomatic patients, likely due to a very small 
tumorburden. The probability of a positive BS 
was less than 5 % at PSA-values below 40 ng/ml 
[21]. At lower PSA values, PSA doubling time 
(DT) below 6 months was associated with a 
slightly higher rate of positive BS (26 % vs. 3 % 
with PSA DT greater than 6 months) [58]. Similar 
findings were reported by Gomez and co-authors 
who found a 33 % positivity rate of BS in patients 
with biochemical recurrence who had a mean 
PSA of 30.7 ng/ml [40]. The likelihood of a posi-
tive BS in patients with biochemical recurrence 
depends on PSA slope, PSA velocity, and trigger 
PSA, in a multivariate analysis: for trigger PSA 
levels of 10 ng/ml or less, BS was positive in only 
4 % of cases [10, 26].

As in primary staging of PCa, 18F-fluoride 
PET and PET/CT have a higher sensitivity than 
BS in detecting bone metastases in patients with 
biochemical recurrence [7]. An example of the 
improved sensitivity of 18F-fluoride PET/CT in 
comparison to the BS can be seen in Fig.  2. 
However, 18F-fluoride is limited by a relative lack 
of specificity and by the fact that it does not 
assess soft-tissue metastases [9]. 68Ga-PSMA 
PET/CT has shown great potential to visualize 
bone metastases as well as local recurrence, 
lymph node (LN), and soft tissue metastases in 
patients with biochemical recurrence, even at 
very low PSA values [2, 28, 48], but further 

studies are needed to evaluate this new imaging 
technique.

In patients with biochemical recurrence, bone 
scans should performed only in patients with a 
PSA level >10 ng/mL, or with high PSA kinetics 
(PSA DT <6 months or a PSA velocity >0.5 ng/
mL/month) or in patients with symptoms of bone 
disease [55].

1.3	 �Role of Bone Scan 
in Follow-Up

1.3.1	 �Follow-Up After Treatment 
with Curative Intent

Routine BS is not recommended in asymptom-
atic patients if there are no signs of biochemical 
relapse. In patients with bone pain or other symp-
toms of progression, restaging should be consid-
ered irrespective of serum PSA level [55].

1.3.2	 �Follow-Up During Systemic 
Treatment

The main objectives of imaging follow-up in 
patients undergoing systemic treatments are 
monitoring of response to treatment and guid-
ance of modalities of palliative symptomatic 
treatment at the time of castration-resistant PCa 
(CRPC) [55]. Asymptomatic patients with a sta-
ble PSA level should not undergo imaging at 
regular intervals [52]. In the case of bone symp-
toms or PSA progression under castration, a BS 
might be helpful, if a treatment modification is 
considered. The Prostate Cancer Clinical Trials 
Working Group 2 has clarified the definition of 
BS progression as the appearance of at least two 
new lesions, later confirmed [72].

Apart from the visual qualitative interpretation 
of BS in routine clinical practice as well as in the 
follow-up of novel therapeutic agents in clinical 
trials, a more quantitative approach can be used 
by calculation of the BS index (BSI) [43], which 
offers a reproducible expression of tumor burden 
seen on BS, expressing it as a percentage of the 
total skeletal mass. On-treatment changes in BSI 
are a response indicator, validating the further use 
of BS as an imaging biomarker in metastatic 
CRPC [25]. These BSI scores can be generated 
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fully automatically, reducing turnaround time and 
eliminating operator-dependent subjectivity. The 
technique however remains to be validated in rou-
tine clinical practice and clinical trials [79].

2	 �Choline PET/CT

18F-fluorodeoxyglucose (FDG) PET imaging is a 
well-established tool in diagnosis, staging and 
therapy monitoring in many tumor types. PCa 
however lacks FDG avidity, motivating the devel-
opment and implementation of alternative meta-
bolic tracers, such as choline-based PET tracers. 
Increased choline uptake in PCa cells may be 
explained by increased cell proliferation in tumors 
and by upregulation of choline kinase in cancer 
cells. The uptake of radiolabelled choline in PCa 
therefore represents the rate of tumor cell prolif-
eration [11]. Three choline-based PET tracers are 
being used, namely, carbon-11 (11C)-choline, 

18F-methylcholine, and 18F-ethylcholine. These 
three radiotracers exhibit a somewhat different 
biodistribution due to slight chemical differences. 
Their diagnostic performance is however overall 
similar [16, 82].

2.1	 �Role of Choline PET/CT 
in Primary Staging of PCa

The detection rate of choline PET/CT in primary 
staging of PCa ranges from 11 to 100 %, depend-
ing on the extent of image analysis [30]. When 
only intraprostatic primary cancer is being 
evaluated, detection rate varies between 31 and 
100 % [8, 83], while lower values are reported 
when looking at LN metastases (11–93 %) [15, 
23] or bone metastases (29 %) [31]. These differ-
ences may in part be explained by disease stage 
and GS. An example of a positive choline PET/
CT at primary LN staging is shown in Fig. 3.

a b c d

Fig. 2  Images of a patient with GS 7 (4 + 3) and PSA 
77  ng/ml. (a) Whole-body bone scintigraphy (WBS) 
images. (b) [18F]-sodium fluoride (NAF)-positron emis-
sion tomography (PET) images. WBS detects the major 
lesions; however, NAF-PET detects additional minor 
lesions both in the costae, spine, pelvis and extremities. 
(c) NAF PET/CT images. (d) [18F]-fluoromethylcholine 

(FCH)-PET/CT. The detection of bone lesions appear to 
be similar between the two PET/CT scans; however, when 
looking at the anterior part of third lumbar vertebra, we 
find a benign degeneration. On FCH-PET/CT the benign 
lesion does not appear as a hot spot, whereas it does on 
NAF-PET/CT (Reprinted from Poulsen et al. [67])
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Compared to histopathology, choline PET/CT 
has a pooled sensitivity of 62 % and specificity of 
92 % for detection of LN metastases [81], but 
these values range between 19 and 90 % for sen-
sitivity [15, 23, 41] and between 88and 98 % for 
specificity [23, 66]. This large variation is related 
to inhomogeneous populations included in the 
different studies, with variable numbers of 
patients with low-, intermediate-, and high-risk 
PCa as well as the size of metastatic LN (micro-/
macrometastases) and technical factors such as 
the type of PET camera that was used [30]. In a 
prospective trial of 75 patients at intermediate 
risk of nodal involvement, the sensitivity was 
only 8.2 % in a region-based and 18.9 % in a 
patient-based analysis [15]. These low sensitivity 
values were caused by micrometastatic disease 

that was present in the majority of patients, but 
could not be visualized using PET-imaging at 
that time.

Due to the large reported variability in detec-
tion rate, sensitivity, and specificity among dif-
ferent studies and the lack of accurate 
visualization of micrometastatic disease, choline 
PET/CT should not be used for up-front staging 
of PCa at present [55].

2.2	 �Role of Choline PET/CT 
in Biochemical Recurrence

As in the setting of primary staging, accuracy of 
choline PET/CT remains difficult to assess in 
patients with biochemical recurrence because 

a1 c1b1

a2 c2b2

a3 c3b3

Fig. 3  A 71-year-old patient with biopsy-proven PCa, 
initial PSA 193 ng/ml, referred for [18F] choline PET/CT 
for primary staging. [18F] choline PET/CT revealed 
advanced disease (primary PCa, iliacal and pararectal LN 

metastases) (a 1–3) CT scan, (b 1–3) PET scan, (c 1–3) 
PET/CT fused images (Reprinted from Schwarzenböck 
et al. [74])
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most studies are retrospective, evaluate heteroge-
neous populations, use nonstandardized defini-
tions of biochemical failure, and are limited by 
the lack of a reliable histological gold standard 
[55]. Furthermore, results may be reported on a 
per-patient or per-lesion basis and may combine 
detection of local recurrences and distant metas-
tases [13].

In a recent meta-analysis including over 2000 
patients, pooled detection rate of choline PET/CT 
was 62 % [33]. Pooled overall sensitivity and 
specificity could be calculated in over 1000 
patients and was 89 % and 89 %, respectively. 
Local relapse was detected in 27 % of patients 

with a pooled sensitivity of 61 % and pooled 
specificity of 97 %. Similar pooled detection 
rates were found for nodal disease (36 %) and 
bone metastases (25 %) [33]. An example of a 
positive choline PET/CT in a patient with bio-
chemical recurrence after RP is shown in Fig. 4. 
Compared to conventional BS, choline PET/CT 
is more sensitive and can detect multiple bone 
metastases in patients showing a single metasta-
sis on BS [36] and may be positive for bone 
metastases in up to 15 % of patients with bio-
chemical failure after RP and negative BS [35]. 
The specificity of choline PET/CT is also higher 
than that of BS with less false positive and 

a b

c d

Fig. 4  A 68-year-old patient with history of PCa 
(T3aN1Mx). Biochemical relapse 2 years after 
RP.  PSA = 1.3  ng/ml at the time of 11C-Choline PET/
CT. PSA DT = 3 months. 11C-Choline PET/CT detected 
a single positive LN in the left iliac chain. (a) CT 

images, a small sub-centimetric LN is evident in the 
left iliac chain; (b) focal increased uptake of 
11C-Choline in the left iliac chain; (c) fused images; (d) 
MIP (Reprinted from Picchio et al. [65])
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indeterminate findings [7, 9, 55]. An example of 
the improved sensitivity and specificity of cho-
line PET/CT to detect bone metastases compared 
to BS and 18F-fluoride PET/CT is shown in Fig. 2.

A number of studies have evaluated the role of 
choline PET/CT in LN staging in patients with 
biochemical failure after primary treatment, 
using LN dissection and histology as gold stan-
dard. Scattoni et  al. performed either bilateral 
pelvic or both pelvic and retroperitoneal LN dis-
section in 21 patients with biochemical recur-
rence (median PSA 1.98  ng/ml), based on 
evidence of LN metastases on a choline PET/CT 
scan. About 90 % of patients with positive cho-
line PET/CT had LN metastases at histologic 
evaluation. A lesion-based analysis showed that 
choline PET/CT had a sensitivity of 64 % and 
specificity of 90 %. Interestingly, the mean maxi-
mum diameter of true positive metastases was 
significantly larger than of false-negative ones 
(15.0 vs. 6.3 mm) [71]. The low sensitivity was 
mainly caused by the lack of detection of LN 
micro-metastases. Other authors, however, report 
much lower specificity values of below 30 % [60] 
with false-positive rates of 30–50 % [60, 68, 73].

It has been established extensively that the 
detection rate of choline PET/CT depends 
strongly on PSA value at the time of scanning as 
well as on PSA kinetics: detection rate is reported 
to be >50 % at a PSA level of 2 ng/ml, while it 
falls to <30 % at PSA levels <1  ng/ml [30]. 
Independent of PSA values, the detection rate of 
choline PET/CT is higher in case of high PSA 
velocity (>5 ng/ml/year) and short PSA DT (<2 
or 3 months) [30]. In a recent meta-analysis, the 
overall pooled choline PET/CT detection rate in 
restaging PCa was 58 %, which increased to 65 % 
when PSA DT was ≤6  months and to 71 and 
77 % when PSA velocity was >1 or >2  ng/
(ml  year), respectively. PSA DT of ≤6  months 
and PSA velocity >1 or >2 ng/(ml year) proved to 
be relevant factors in predicting the positive 
result of choline PET/CT [78]. Apart from PSA 
and PSA kinetics, also a high GS of the primary 
PCa (≥8) is an independent predictive variable 
for a positive PET/CT scan, even for low PSA 
levels (<1  ng/ml; detection rate: 47 %) [22]. 
Clinical stage at initial diagnosis of PCa [53] and 

ongoing androgen deprivation therapy (ADT) 
[18] are significant predictors of positive choline 
PET/CT. Due to its high cost, PET/CT cannot be 
recommended in all patients with PSA relapse. 
After RP, the optimal PSA cutoff level seems to 
be between 1 and 2 ng/ml [55]. After RT, the PSA 
cutoff level is unclear due to the lack of sufficient 
data and because the PSA level is more difficult 
to interpret due to the “physiological” amount of 
measurable PSA produced by the non-tumoral 
prostate [17, 55].

Despite these limitations, choline PET/CT has 
an important impact on medical management of 
patients with biochemical failure after primary 
treatment. In a retrospective analysis, 32 % of 
choline PET/CT scans were deemed clinically 
useful as defined by the ability to identify lesions 
not delineated using conventional imaging, 
thereby prompting changes in clinical manage-
ment [53]. Soyka and coauthors reported a 
change in treatment plan due to choline PET/CT 
in 48 % of patients (mainly a change from pallia-
tive treatment to treatment with curative intent) 
[76]. Another retrospective study in 150 patients 
with biochemical recurrence confirmed these 
findings: changes in therapy after choline PET/
CT were implemented in 47 % of patients, with 
major clinical impact in 39 % and minor clinical 
impact in 61 % [18]

2.3	 �Role of Choline PET/CT 
in Guiding Salvage Therapy

As choline PET/CT is able to detect metastatic 
disease quite accurately, it has been used to guide 
tailored therapies in selected patients, particu-
larly in those showing few metastatic sites 
detected by choline PET/CT, i.e., oligometastatic 
disease.

Salvage LN dissection is a possibly curative 
approach in patients with LN metastases only, 
as detected on imaging. Scattoni et al. reported 
nodal involvement at histological evaluation in 
90 % in patients with a positive choline PET/
CT. None of the patients with a negative preop-
erative choline PET/CT had nodal metastases at 
histology. Patient-based sensitivity, specificity, 
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positive predictive value (PPV), negative pre-
dictive value (NPV) and accuracy were there-
fore 64 %, 90 %, 86 %, 72 %, and 77 %, 
respectively [71]. Tilke et  al. performed a 
lesion- and site-based analysis in 56 patients 
with positive choline PET/CT findings that 
underwent salvage LN dissection. LN metasta-
ses were confirmed by histology in 86 % of 
patients. The lesion-based analysis yielded a 
sensitivity, specificity, PPV and NPV of 40 %, 
96 %, 76 % and 83 %, respectively. A site-based 
analysis yielded sensitivity, specificity, PPV and 
NPV of 68 %, 73 %, 81 % and 58 %, respec-
tively. These results show that a positive choline 
PET/CT correctly predicts the presence of LN 
metastases in the majority of PCa patients with 
biochemical failure after RP but does not allow 
for localization of all metastatic LN and there-
fore underestimates the extent of nodal recur-
rence in these patients [77]. Karnes et al. applied 
salvage LN dissection in patients with biochem-
ical recurrence and nodal disease detected by 
choline PET/CT and described good outcome 
results after 20 months: 58 % of patients had 
PSA remain less than 0.2 ng/ml, 75 % remained 
free of systemic progression and 96 % of the 
men were alive. Three-year biochemical recur-
rence-free, systemic progression-free, and can-
cer-specific survival were 46 %, 47 %, and 93 %, 
respectively [46]

Salvage RT of the prostatic fossa after RP has 
to be tailored to the patients recurrent disease: 
higher doses to the prostatic bed are given when 
local recurrence can be detected using imaging 
[4, 5, 75], likewise pelvic LN can be boosted to 
doses >60 Gy when they are suspect for malig-
nancy based on imaging [44, 64, 84]. Indeed, 
choline PET/CT was found to change the extent 
of planning target volume (PTV) in 37 patients: 
30 % of patients had a positive finding on choline 
PET/CT that was located outside of the prostatic 
fossa in 13 % of patients, causing an increase in 
PTV [75]. Very recently, Fodor and co-workers 
performed choline PET/CT-guided helical tomo-
therapy (HTT) of LN relapses in 81 patients with 
biochemical recurrence after surgery ± adjuvant/
salvage RT or radical RT. With a median follow-
up of 36 months, 91 % of patients presented a 

PSA reduction 3 months after HTT. The 3-year 
overall, local-relapse-free and clinical-relapse-
free survival were 80 %, 90 %, and 62 %, respec-
tively [34].

3	 �PSMA PET/CT

Prostate-specific membrane antigen (PSMA) is 
a transmembrane, 750 amino acid type II glyco-
protein which is primarily expressed in normal 
human prostate epithelium but is upregulated in 
PCa, including metastatic disease. Since PSMA 
is expressed by virtually all PCa and its expres-
sion is further increased in poorly differentiated, 
metastatic and hormone-refractory PCa [38, 
47], it is a very attractive target for diagnosis 
and staging and treatment of this disease. While 
malignant prostatic tissue exhibits high PSMA 
expression that is directly related to tumor 
aggressiveness [62], the presence of PSMA has 
also been detected in renal proximal tubules, in 
cells of the intestinal brush-border membrane, 
in rare cells in the colonic crypts, in brain, sali-
vary glands [47] and in the neovasculature of 
non-prostatic, solid carcinomas (e.g., renal cell, 
breast, colon, pancreas, melanoma, and lung 
carcinoma) [19]. Its expression level is however 
about 1000-fold higher in PCa compared to 
physiologic levels found in these other tissues 
[38]. Recently, new PSMA-targeted imaging 
agents, including both new antibodies with 
improved imaging characteristics and small-
molecule inhibitors of PSMA have been devel-
oped and extensively studied. Many of these 
agents are labeled with PET-radionuclides, such 
as fluorine-18 (18F) and gallium-68 (68Ga). The 
most frequently used PSMA-radiotracer is 
PSMA-HBED-CC (PSMA-11) that has been 
developed by the Heidelberg group [27]. Since 
its publication, 68Ga-PSMA PET imaging has 
been implemented very rapidly in many nuclear 
medicine departments, mainly in Europe, 
replacing choline PET/CT imaging in the set-
ting of biochemical recurrence. 68Ga is an attrac-
tive radionuclide for PET imaging since it is 
produced by a tabletop 68Ge/68Ga generator, not 
requiring a cyclotron. Very recently, also a 
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number of 18F-labeled agents have been devel-
oped, of which 18F-DCFPyL shows the best 
potential [20, 69].

3.1	 �PSMA PET/CT in Primary 
Lymph Node Staging

As described above, choline PET imaging for 
LN staging of patients with primary PCa is 
hampered by a moderate sensitivity and is 
therefore not recommended by current guide-
lines [55]. The use of PSMA PET imaging may 
overcome this limitation, although the findings 
of studies so far are somewhat contradictory. 
Two retrospective analyses reported sensitivi-
ties of 33 % and 66 %, and specificities of 100 % 
and 99 %, respectively, to detect LN metastases 
at patient level with histology as gold standard 
[14, 50]. The patients with tumor-positive LN 
that were missed by PSMA PET presented with 
PSMA-negative primary tumors or had micro-
metastases in single LN.  Very recently, van 
Leeuwen et  al. reported the first prospective 
results of primary LN staging in 30 patients 
with mainly high risk PCa and found a patient-
based sensitivity of 64 %, specificity of 95 %, 
PPV of 88 % and NPV of 82 %. In a region-
based analysis, sensitivity dropped to 56 %, 
while specificity remained high (98 %) [80]. 
Although these initial findings are promising, 
further research is needed before drawing 
robust conclusions. Also intraoperative guid-
ance with PSMA ligands could be an important 
application of these agents in primary disease 
staging.

3.2	 �PSMA PET/CT in Staging 
of Recurrence PCa

In 2015, 2 large retrospective studies were pub-
lished on the accuracy of PSMA PET/CT in 
restaging of patients with biochemical recur-
rence. Afshar-Oromieh et  al. analyzed 319 
patients and found at least one lesion sugges-
tive of PCa in 83 % of cases [2]. Eiber et  al. 
studied 248 patients after RP and report a detec-

tion rate of 90 % [28]. In both studies, detection 
rates were positively correlated to serum PSA 
levels: detection rates of ~50 and 58 % for PSA 
values <0.5 ng/ml and 58 and 73 % for PSA val-
ues from 0.5 to 1  ng/ml [2, 28]. Correlations 
between detection rate and other factors such as 
PSA DT, PSA velocity, initial GS and ongoing 
ADT are however not consistent between 
studies.

Morigi et  al. compared PSMA PET/CT to 
choline PET/CT in 38 patients with biochemical 
recurrence and report higher detection rates of 
PSMA than of choline PET/CT at all ranges of 
PSA (overall 66 % vs. 32 %), with the difference 
being the most pronounced at PSA values below 
0.5 ng/ml (50 % vs 12 %) [54]. Moreover, PSMA 
PET/CT had a higher overall impact on patient 
management. An example of the superior accu-
racy of PSMA PET/CT is shown in Fig.  5. 
Pfister et al. compared choline to PSMA PET in 
38 and 28 patients, respectively, prior to salvage 
pelvic and/or retroperitoneal lymphadenectomy. 
They demonstrated a higher positive predictive 
value of PSMA (82 %) compared to choline 
imaging (79 %) in a patient based analysis. Also 
on a node basis, PSMA performed better than 
choline with higher negative predictive value 
(97 % vs. 89 %) and accuracy (92 % vs 82 %) 
[63]. Also when compared to 3D volumetric CT, 
PSMA PET is clearly superior: two thirds of 
patients with LN identified by PET were nega-
tive on contrast enhanced CT [39]. Rowe et al. 
prospectively compared 18F-DCFPyL PET/CT 
to conventional imaging in 8 patients with evi-
dence of metastatic PCa on conventional imag-
ing, detecting 139 sites of PET positive 
18F-DCFPyL uptake suspect for metastatic dis-
ease, while conventional imaging only detected 
45 lesions, implying that PSMA PET imaging 
detects a large number of suspected sites of PCa 
that are occult on conventional imaging [69] 
(Fig. 6).

Although the results of these studies are prom-
ising, especially systematic histological confirma-
tion is still lacking. Nevertheless, rapid spread of 
this new technology has been observed in coun-
tries where application of PSMA-ligands for 
imaging is permitted, replacing choline imaging 
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in patients with biochemical recurrence. Currently, 
PSMA-based imaging is however not globally 
available, mainly owing to regulatory issues [49].

Novel application of PSMA PET imaging could 
be the identification of patients with oligometastatic 
disease that are suitable for PSMA-radioguided sur-
gery [49]. The high uptake of PSMA-inhibitors in 
CRPC means that these ligands are also good candi-
dates for facilitating guided endo-radiotherapy in 
patients with metastatic PCa, such as 177Lu-PSMA 
therapy [6]. Hereby, PSMA inhibitors could poten-
tially be used as theranostic agents in patients with 

metastasic PCa, to visualize and treat these lesions 
at the same time.

�Conclusions

Bone scan is still an important staging tool to 
detect bone metastases in patients with pri-
mary intermediate or high risk PCa, due to its 
high sensitivity, low price and wide availabil-
ity. The implementation of hybrid SPECT/CT 
systems improves the specificity of this tech-
nique and reduces the number of additional 
exams due to inconclusive bone scan findings. 

a b

c d

Fig. 5  Patient 1 (a, b) and patient 2 (c, d). Red arrows 
point to a nodular pelvic wall metastasis (a, b, histologi-
cally confirmed) and to small lymph nodes (c, d) which 
present with clearly pathological tracer uptake in 
68GaPSMA PET/CT (b, d) only. Yellow arrows point to 
both catheterized ureters (c, d). Patient 1 presented with a 

minimal PSA value (0.01  ng/ml) despite visible tumor 
lesions. The PSMA ligand is therefore able to detect low 
differentiated PC. (a, c) Fusion of 18F-fluoromethylcholine 
PET and CT, (b, d) fusion of 68Ga-PSMA PET and 
CT. Color scales as automatically produced by the PET/
CT machine (Reprinted from Afshar-Oromieh et al. [3])
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18F-fluoride PET is more sensitive, but also 
lacks specificity and is not as widely available. 
Choline PET/CT is not recommended for pri-
mary LN staging but is a very useful imaging 
technique in patients with biochemical recur-
rence, guiding salvage treatments. In this set-
ting, PSMA-based PET imaging has however 
shown clear superiority and a greater impact 
on patient management, but large homoge-
nous patient series with histological validation 
are still lacking. PSMA PET imaging may 
also proof useful in primary LN staging and to 
guide salvage treatment or radionuclide ther-
apy in patients with metastatic PCa.
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Diagnosis, Clinical Workup, 
and TNM Classification

Jean-Luc Descotes

1	 �Introduction

Prostate cancer is the second most common can-
cer in men worldwide. Most information con-
cerning clinical presentation are available with 
analysis of countries databases (SEER database 
for United states) [1]; SEER database points out 
sociodemographic differences in screening and 
treatments in the world and the lack on the risk 
profile of patients with localized prostate cancer 
in the United States which represents the current 
clinical presentation of patients in countries 
where PSA screening has been developed.

So, taking into account therapeutic decisions 
with our patients, description of contemporary 
tools used for diagnosis and classifications are a 
major issue for prostate cancer.

In 2016, prostate cancer diagnosis still remains 
on digital rectal examination (DRE), PSA blood 
test and prostate biopsies with description of the 
Gleason score (GS).

Improvements in prostate imaging, espe-
cially with multiparametric MRI (mp MRI), and 
recent marketed blood, urine, or tissue markers, 
will probably, in a short future, modify our 
approach of this cancer and optimize our clini-
cal workup.

Our goals for diagnosis and clinical workup 
are as follows:

•	 First to diagnose patients with “aggressive” 
cancers

•	 Second to better define and limit if possible 
unnecessary biopsies in patients with very low 
risk lesions

•	 Third to characterize the extend of the tumor, 
its aggressiveness, and the burden of disease 
in order to determine the appropriate treat-
ment for the good patient

The important literature with regard to over 
diagnosis that may result in over treatments, the 
heterogeneity of the disease, and the diversity of 
treatments highlight the fact that clinicians need to 
rely their decisions on competitive risk factors, 
analysis of comorbidities, and risk classifications.

2	 �Initial Diagnosis of Prostate 
Cancer

2.1	 �Digital Rectal Examination 
(DRE)

While rectal prostate palpation is carried out on a 
systematic way to evaluate benign prostate hyper-
plasia (BPH) and voiding dysfunction in male, its 
performance for the initial detection of cancer 
and local staging is limited.
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For initial detection, most of cancers detected 
when screening PSA program is used have normal 
DRE. However, palpation of irregularity or nodule 
during DRE still remains an indication for prostate 
biopsy regardless of the level of PSA. When DRE is 
suspect and PSA level ≤2 ng/ml, the positive pre-
dictive value for cancer varies from 5 to 30 % [2].

Subjectivity of DRE when assigning clinical 
abnormality and its drawback in staging led ini-
tially to extensive prescription of transrectal ultra-
sound evaluation of the prostate gland (TRUS).

Unfortunately, TRUS is not helpful to confirm 
that clinical abnormality is associated with pros-
tate cancer lesion; thus, TRUS should not be pre-
scribed to detect cancer.

Compared to ultrasound, other imaging 
modalities like multiparametric MRI (mp MRI) 
is a promising modality for the diagnosis of 
prostate cancer, more accurate, and fusion of 
these imaging modalities (TRUS/ mp MRI) will 
improve our performance for prostate cancer 
early detection.

2.2	 �Role of PSA in Diagnosis

In the evolving landscape of tumor markers, PSA 
remains the cornerstone of biological test for 
cancer detection. PSA level is associated with 
advanced pathology. Unfortunately, PSA is organ 
specific and not prostate cancer specific, and this 
explains the overlap in PSA levels between 
benign pathologies, BPH, prostatitis and prostate 
cancer [3]. Then, fluctuation may occur for 
patient on repeated dosage and PSA level is 
affected by 5α-reductase, statin medication, and 
should be evaluated in reference to man’s age and 
his general health.

Therefore, stratifying prostate cancer risk to 
indicate prostate biopsy with PSA level alone is 
difficult and the widespread adoption of PSA 
screening has resulted in a significant stage 
migration toward early disease when PSA level is 
below 10 ng/ml. Tacking account low specificity 
demonstrated for patients with PSA >4  ng and 
<10 ng/ml, many of these men have no evidence 
of cancer on biopsy.

However, the PCPT trial showed that 5–26 % 
of cancers have a PSA below 4 ng/ml (Table 1).

Considering the potential morbidity of biop-
sies which increases with the number of cores, 
and anticoagulant treatments, several utilization 
of PSA and PSA derivatives (PSA density, PSA 
velocity, PSA doubling time, free to total PSA 
ratio) have been widely used to improve the diag-
nosis performance of this blood test and clarify 
indications for biopsy [4].

•	 Free PSA is the noncomplexed form of PSA 
and has several molecular forms (nicked, 
intact, and pro PSA). In proportion to total 
PSA, free PSA is lower in men with prostate 
cancer and f PSA/t PSA ratio is suspicious 
for cancer when the report is <10–15 %, 
especially when the volume of the prostate is 
<30 ml; this ratio improves the specificity of 
t PSA between 4 and 10  ng/ml, but to our 
knowledge, no study justifies its prescription 
for a first round of screening.

•	 PSA density (PSA/prostate volume) is sug-
gestive of prostate cancer when the value is 
greater than 0.15 ng/ml, but errors in prostate 
volume measurement limit its utility for an 
individual patient.

•	 PSA velocity >2  ng/ml/year and PSA dou-
bling time (PSA DT) are associated with 
shorter time to death, high Gleason score, and 
an advanced pathology, but measurements do 
not provide a clear additional value for pros-
tate cancer detection [5].

As none of these tests are completely accurate, 
new biomarkers, more specific and sensitive for the 
detection of aggressive cancers are clearly needed.

Table 1  Risk of prostate cancer in relation to low PSA 
(PCPT study)

PSA level (ng/
ml)

Risk of 
cancer (%)

Risk of aggressive 
cancer ≥7 (%)

0–0.5 6.6 0.8
0.6–1 10.1 1.0
1.1–2 17 2.0
2.1–3 23.9 4.6
3.1–4 26.9 6.7
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2.3	 �Additional Markers

This subject is widely discussed by J. Schalken in 
this book.

Today, to improve prostate diagnosis, 2 blood 
tests (PHI and 4K score) and one urinary test 
(PCA3) are commercially available and have 
been evaluated.

2.3.1	 �Prostate Heath Index (PHI)
PHI is a mathematical formula combining PSA 
isoforms: (-2)pro PSA/fPSA × t PSA1/2.

This marker was FDA approved in 2012 after 
a multicenter study published by WJ Catalona 
showing that an increasing PHI level was associ-
ated with a 4.7-fold increased risk of prostate 
cancer and a 1.61 risk of aggressive disease on 
biopsy (GS ≥ 7) [6].

Several studies have evaluated the perfor-
mance of PHI for biopsy indication. Compared to 
t PSA, f PSA/t PSA [7], in a prospective multi-
center study of 658 patients enrolled with normal 
DRE and PSA between 2 and 10 ng/ml, reported 
a clinical impact of PHI.Compared to other mark-
ers, PHI had the highest AUC on receiver operat-
ing characteristic analysis (0.708) and a greater 
predictive accuracy for clinically significant 
prostate cancer, higher than its individual compo-
nent (PSA, f PSA/t PSA, and [-2]pro PSA).

Compared to PSA, [-2] pro PSA and free PSA, 
Loeb concluded that PHI improves detection of 
clinically significant cancer and claimed that, for 
men with PSA 2–10 ng/ml, at a 90 % sensitivity 
cutoff, using a score of 28.6, PHI will fail to 
detect 10.1 % of clinically significant cancer, 4, 
8 % cancers with GS 3 + 4 or greater and avoid 
approximately 30 % of biopsies in men with 
benign or insignificant disease. This conclusion 
was considered inaccurate by N Shah consider-
ing that significant cancer is based on prostatec-
tomy specimen rather than biopsy grade.

Other authors, after analysis of the 
PROMETHEUS database (PRO-PSA Multi 
European Study Group) recently confirmed that 
PHI may correlate with pathologic cancer feature 
and could discriminate indolent from cancer with 
GS ≥ 7, but the gain in accuracy promoted by PHI 

was low for the prediction of pT3 disease and 
moderate for Gleason score (3 % vs. 6 %) [8].

In a recent review [9], pointed out PHI score 
for predicting greater risk of clinically significant 
disease on biopsy and adverse prostatectomy out-
come; he suggested that this test could help mon-
itoring patients on active surveillance.

2.3.2	 �4K Score
4-Kallikrein (4K) panel (tPSA, % free PSA, 
intact free PSA, and hk2) is a new biomarker pro-
posed to improve detection of aggressive prostate 
cancers (GS ≥ 7) before a first set of biopsy or 
after a first negative biopsy evaluation.

This marker was first evaluated retrospectively 
on the screen population of the ERSPC study 
[10]. The review of different studies done on the 
ERSPC population showed that 4K increases 
detection of high grade cancer and the AUC 
between 0.03 and 0.11. According to the cohorts, 
2.5–12 % of high grade cancer were missed [11].
This test was then validated in a prospective multi-
institutional study conducted in United States on 
1370 men. 26 investigators compared the 4K score 
with the PCPT RC 2.0 risk calculator and showed 
that 4K was superior to predict Gleason 7 or more 
with an AUC of 0.82 versus 0.74 (p < 0.0001). With 
a cutoff of 9 %, this test could reduce the number of 
prostate biopsies performed for indolent cancer up 
to 41 % and delayed diagnosis of GS ≥ 7 for 24 
men (2.4 %) including 2 patients with Gleason 4 + 4 
or higher. With a cutoff of 15 %, this test could 
reduce the number of prostate biopsies performed 
for indolent cancer up to 58 % and delayed diagno-
sis of GS ≥ 7 for 48 men (4.7 %) [12].

Comparison between 4K and PHI was pub-
lished after a 531 population men study done in 
Stockholm country with PSA 3–15 ng/ml. Both 
of them reduced the number of unnecessary biop-
sies and improved discrimination when predict-
ing high grade cancer. Head-to-head evaluation 
of 4K score and PHI was similar in term of 
reduced number of biopsies and missed cancer 
and the authors could not explain the poorer 
results of 4K compared to previously reported 
results leading to questions about calibration of 
these biochemical analysis [13].

Diagnosis, Clinical Workup, and TNM Classification
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2.3.3	 �The Urine PCA3
Described by Bussemakers and colleagues in 
1999, a urinary biomarker, Differential Display 
Code 3 characterized as a noncoding RNA highly 
specific for prostate cancer detectable in urine 
sediments obtain after prostatic massage. 
Progensa PCA3 assay was developed and then 
use in clinical practice.

PCA3 assay should not be used for patients 
who are taking medication known to affect serum 
PSA levels such as finasteride, dutasteride, and 
leuprorelin. The effect of these medications on 
PCA3 gene expression has not yet been 
evaluated.

PCA3 was initially used after a first negative 
biopsy and studies have shown PCA3 to be inde-
pendent to age, prostate volume and to improve 
diagnosis compared to PSA, but the assessment of 
pathologically advanced or aggressive PCa was 
not improved using PCA3 [14]. International rec-
ommendations suggest performing this test to 
determine whether repeat biopsy is need after an 
initially negative biopsy and a score less than 20 
seem to rule out the risk of aggressive cancer on 
repeated biopsy but its “clinical effectiveness for 
this purpose is uncertain” (Guidelines EAU 2016).

2.4	 �Nomograms and Multivariable 
Prediction Models

Several risk calculators have been developed in 
order to guide the clinician for biopsy decision. 
Many of prostate risk calculators are accessible 
online [15]. However, most of nomograms are 
based on old cohorts of patients and do not take 
account new techniques of biopsy and recent 
pathologic grading pattern.

PCPT risk calculator was posted on line in 
2006 by Thompson to distinguish low grade ver-
sus high grade disease (GS > 7) and updated first 
in 2014 incorporating prostate volume, AUA 
symptom score and number of biopsy cores, but 
these modifications offered only modest improve-
ments to the standard PCPT risk calculators [16].

This recalibration of the PCPTRC based on an 
institution analysis was recently published [17] 
and is available on line at myprostatecancerrisk.

com. It accommodates missing values of DRE, 
family history or prior biopsy; the accuracy of 
PCPTRC tool seems better and despite of cost the 
authors suggest that this tool should allow institu-
tion to customize their practice.

Nevertheless, in clinical practice, nomogram 
utilization among urologists seems low despite 
their accessibility on line.

�To Sum Up
For early detection of prostate cancer, DRE and 
tPSA remain the goal standard; PSA density, 
free/t PSA ratio can help the clinician to inform 
his patient about prostate cancer risk and using 
nomograms can help these men after an inform 
consent, to decide whether or not to perform a 
prostate biopsy.

Today, three tests are commercially available 
to predict individual risk of cancer (PHI and 
PCA3) and high grade cancer on biopsy (4K). So 
far, none of the biomarkers can be used system-
atically to counsel an individual patient on the 
need to perform a prostate biopsy to rule out 
prostate cancer.

Tomorrow, with the rapidly evolving field of 
genomics and genetics, individual risk and per-
sonalized indications for prostate biopsy will cer-
tainly occur.

2.5	 �Radiological Initial Diagnosis 
with mp MRI

To optimize prostate detection of high risk pros-
tate cancer, clinician needs to improve sampling 
efficiency by targeting images specific of 
cancer.

These are the goals of mp MRI (cf Chap. 7, 
Pr O Rouvière in this book), and targeted biop-
sies with or without MRI/US fusion devices.

Today, mp MRI, which includes T2 weighted 
imaging, diffusion weighted imaging (DWI) 
with apparent diffusion coefficient (ADC), and 
dynamic intravenous contrast-enhanced imag-
ing (DCE), is the only radiologic tool per-
formed for the detection of suspicious lesions 
and local extension evaluation of prostate can-
cer (Fig. 1).
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Magnet machines allowing high “b value” and 
rapid scan times for dynamic sequences acquisi-
tion give optimal functional and anatomical 
information on prostate, and PI-RAD V2 assess-
ment (Prostate Imaging and Reporting and Data 
System) already describe in chapter is helpful to 
standardize interpretation of prostate MR imag-
ing and estimate the risk of significant cancer. 
An  online atlas of findings and cases is also 
being developed as a learning and reference tool 
(http://www.acr.org/Quality-Safety/Resources/
PIRADS).

PI-RAD V2 is described below intended to 
standardize reporting of MRI findings only and 
each lesion should be evaluated using a 

5  point  scale based on T2W, DCE, and DWI 
sequences [18].

•	 PI-RADS 1 – Very low (clinically significant 
cancer is highly unlikely to be present)

•	 PI-RADS 2 – Low (clinically significant can-
cer is unlikely to be present)

•	 PI-RADS 3  – Intermediate (the presence of 
clinically significant cancer is equivocal 
around 23 %)

•	 PI-RADS 4 – High (clinically significant can-
cer is likely to be present in 75 %)

•	 PI-RADS 5 – Very high (clinically significant 
cancer is highly likely to be present almost in 
100 %)

T2 sequence DW Sequence

DW I sequence

Fig. 1  Mp MRI and PI-RAD 5 anterolateral lesion on prostate (confirmed Gleason 8 on targeted biopsy) and PI-RAD 
4 posterior lesion
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Assessment of each lesion is described on 
MRI sequences and characterization differs 
between peripheral and transitional zone only for 
T2W images (Tables 2 and 3).

As shown in the Table 4, DCE plays a minor role 
in determining PI-RADS Assessment Category. 
The absence of early enhancement within a lesion 
usually adds little information, and diffuse enhance-
ment not localized to a specific T2W or DWI abnor-
mality can be seen in the setting of prostatitis. 
Moreover, DCE does not contribute to the overall 
assessment when the finding has a low (PI-RADS 1 
or 2) or high (PI-RADS 4 or 5) likelihood of clini-
cally significant cancer. However, when DWI is 
PI-RADS 3 in the PZ, a positive DCE may increase 
the likelihood that the finding corresponds to a clini-
cally significant cancer and may upgrade the 
Assessment Category to PI-RADS (Table 5).

Likewise when T2W is PI-RAD 3 in the tran-
sition zone, DWI may increase the likelihood that 
the findings corresponds to a clinically signifi-
cant cancer and may update the assessment to 
PI-RADS 4 (Table 6).

Indeed accuracy and performance of mp MRI 
depends on different factors, the volume and 
Gleason score of the lesion and the expertise of 
the radiologist. Basically, detection rate of lesions 
GS ≥ 7 is around 85 % when the volume of the 
lesion is >1 cm3 and PI-RAD > 3 and the ability of 
mp MRI to rule out nonsignificant prostate cancer 
has to be considered taking into account the 

negative predictive value of MRI that varies from 
63 to 98 % [19]. In a recent meta-analysis, PI-RAD 
V2 showed sensitivity of 0.78 (95 % confidence 
interval (CI) 0.70–0.84) and specificity of 0.79 
(95 % CI 0.68–0.86) for prostate detection, with 
negative predictive values ranging from 0.58 to 
0.95. Sensitivity analysis revealed pooled sensi-
tivity of 0.82 (95 % CI 0.72–0.89) and specificity 
of 0.82 (95 % CI 0.67–0.92) in studies with the 
correct use of score [20]. This variability point out 
the fact that the performance of mp MRI is clearly 
depending on methodology, expertise of the radi-
ologist and justify a close collaboration between 
urologist pathologist and radiologist. Indeed, vali-
dation studies are required to improve PI-RAD 
score and limit potential ambiguities. Furthermore, 
a lot of work is needed to compare the radiologic 
lesion to prostatectomy specimens in order to tar-
get and personalize treatments because MRI fre-
quently under estimates cancer volume.

2.6	 �Prostate Biopsies

2.6.1	 �Random Biopsy
Twelve random biopsies performed under TRUS 
remains the gold standard procedure for prostate 
cancer detection.

Attempts to reduce false-negative rate of 
TRUS-randomized biopsies by saturated biopsies 
with transperineal approach, or by adding anterior 

Table 2  Assessment for T2W is described below and differs between PZ and TZ

Score Peripheral zone (PZ) Transition zone (TZ)

1 Uniform hyperintense signal intensity 
(normal)

Homogeneous intermediate signal intensity 
(normal)

2 Linear or wedge-shaped hypointensity or 
diffuse mild hypointensity, usually 
indistinct margin

Circumscribed hypointense or 
heterogeneous encapsulated nodule(s) 
(BPH)

3 Heterogeneous signal intensity or 
noncircumscribed, rounded, moderate 
hypointensity
Includes others that do not qualify as 2, 4, 
or 5

Heterogeneous signal intensity with 
obscured margins
Includes others that do not qualify as 2, 4, 
or 5

4 Circumscribed, homogenous moderate 
hypointense focus/mass confined to prostate 
and <1.5 cm in greatest dimension

Lenticlularor noncircumscribed, 
homogeneous, moderately hypointense, and 
<1.5 cm in greatest dimension

5 Same as 4 but ≥1.5 cm in greatest 
dimension or definite extraprostatic 
extension/invasive behavior

Same as 4, but ≥ 1.5 cm in greatest 
dimension or definite extraprostatic 
extension/invasive behavior
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and apical sampling were not very conclusive. 
Today, the role of perineal biopsies is discussed 
controversially since there is no statistically evi-
dence of benefit compared to TRUS (guidelines 
EAU 2014). Transperineal approach is associated 
with a higher rate of acute urinary retention and it 
usually needs for general anesthesia. Detection 
rate is quite equivalent to transrectal approach, 
but the risk of sepsis is minimal, especially when 
saturated biopsies are performed [21]. Results of 
other clinical studies were marginally successful 
pointing out the interest of mp MRI and targeted 
biopsies on suspicious lesion defined on PI-RAD.

2.6.2	 �Targeted Biopsies
While MRI was initially applied to local staging 
after biopsy, literature is now gaining attention 
for the detection of suspicious lesions, leading to 
targeted biopsies. The advantage of targeted 
biopsies is clearly important for anterior lesions 
which represent up to 30 % of cancer because 
random TRUS biopsy performance is limited by 
little access to those lesions.

Prospective series have shown that mp MRI 
targeted biopsies can improve the detection of 
clinically significant tumors based on the per-
centage of positive core, and detection of more 
aggressive tumors on Gleason score (GS). 
Centers using targeted biopsy, either with cog-
nitive or fusion devices, report more accuracy 
with a 90 % NPV if biopsy targets PI-RAD > 3 
lesions [22].

A recent meta-analysis of MRI targeted biopsy 
confirms that this approach may enhance diag-
nostic of significant cancer compared to standard 
transrectal ultrasound guided biopsy Significant 
improvement was noted in a subgroup of men 
with negative first setting of biopsies and for 
anterior lesions or transition cancers which are 
more easily detected and sampled with targeted 
biopsies [23].

Repeat biopsy is then more efficient with an 
overall cancer detection rate between 38 and 
76 % according to PI-RAD 3, 4, or 5 with clearly 
a better detection of anterior lesions. Despite 
methodological flaws of targeted biopsy (physi-
cian may be influenced by mp MRI findings and 
look for hypo echogenic lesions during biopsies), 

Table 3  Assessment for DWI is identical for PZ and TZ

Score Peripheral zone (PZ) or transition zone (TZ)

1 No abnormality (i.e., normal) on ADC and high 
b-value DWI

2 Indistinct hypointense on ADC
3 Focal mildly/moderately hypointense on ADC 

and isointense/mildly hyperintense on high 
b-value DWI

4 Focal markedly hypontense on ADC and 
markedly hyperintense on high b-value DWI; 
<1.5 cm in greatest dimension

5 Same as 4 but ≥1.5 cm in greatest dimension or 
definite extraprostatic extension/invasive 
behavior

Table 4  Assessment for DCE is simplified

Score Peripheral zone (PZ) or transition zone (TZ)

(−) No early enhancement, or diffuse enhancement 
not corresponding to a focal finding on T2 and/
or DWI or focal enhancement corresponding to 
a lesion demonstrating features of BPH on 
T2WI

(+) Focal, and earlier than or contemporaneously 
with enhancement of adjacent normal prostatic 
tissues, and corresponds to suspicious finding 
on T2W and/or DWI

Table 5  PI-RADS assessment category for the peripheri-
cal zone

T2W DCE PIRAD

1 Any Any 1
2 Any Any 2
3 Any – 3

+ 4
4 Any Any 4
5 Any Any 5

Any indicates 1–5

Table 6  PI-RADS assessment category for transition 
zone

DWI T2W DCE PIRAD

Any 1 Any 1
Any 2 Any 2
≤4 3 Any 3
5 Any 4
Any 4 Any 4
Any 5 Any 5

Any indicates 1–5
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this report of 1926 men with positive MRI 
showed a prevalence of prostate cancer of 59 %. 
Targeted biopsies seem to improve significant 
cancer detection rate by 20 % compared to TRUS 
biopsies (sensitivity 0.91, vs. 0.76) and decrease 
detection rate of insignificant cancer (sensitivity 
0.56 vs. 0.83).

Therefore, for the EAU guidelines, mp MRI 
could be recommended after a first set of negative 
biopsies in patients with persistent elevated PSA 
or abnormal DRE with a level 1 A of evidence.

On the opposite, the role for mp MRI before a 
first set of biopsies in order to replace random by 
targeted biopsies raises economical questions 
and today is not recommended until further eval-
uation and clear results on prospective studies 
[24,25].

Literature also highlights the fact that TRUS 
biopsies in MRI-negative men indicated signifi-
cant cancer in 10–15 % of cases. Therefore, 
today, protocols including mp MRI before biopsy 
combine systematic randomized biopsies and 2 
or 3 sampling or MRI lesions PIRAD >3 or ≥3.

To conclude, clinical studies need also to inte-
grate additional value of biology and new bio-
markers with mp MRI, either to inform the 
patient to perform a mp MRI before a second set 
of biopsies, or to influence the decision for a sec-
ond set of biopsies if mp MRI is negative. 
Medicoeconomic studies have to be carried on to 
determine what guidance is cost-effective (cf 
Guidelines NICE 2015 http://www.nice.org.uk/
guidance/dg17).

3	 �Staging and Clinical Workup 
After Cancer Diagnosis

Primary treatment depends on age, local, and dis-
tant staging (lymph node metastasis evaluation), 
surgical risk and performance status. Clinical 
workup is performed to decide with the patient 
the best approach.

3.1	 �Local Staging

Local staging is essential to decide optimal treat-
ment according to cancer localization.

For example, during radical prostatectomy, 
the urologist has to choose before surgery the 
best plane for his dissection. Extrafascial 
approach and wide dissection of the prostate are 
associated with an increased risk of sexual and 
continence side effects, while intrafascial dissec-
tion exposes to positive surgical margins. Being 
able to accurately diagnose the extra prostatic 
extension and the limits of the tumor are essential 
to adapt surgical decisions.

Rectal Examination for Local Staging  
Literature has suggested that errors in clinical 
staging are common, and intra observer variabil-
ity of DRE may lead to misinterpretation of real 
staging but can detect more aggressive cancer 
more selectively [26].

Radiological Evaluation
Unfortunately, studies have not shown TRUS to 
be superior to DRE for local staging of prostate 
cancer and TRUS is unable to detect focal extra 
prostatic extension and mp MRI gives better 
results and is considered the gold standard.

For local staging, mp MRI is indicated at least 
6 weeks after biopsies to minimize artifacts 
induced by hemorrhages post punctures. A meta-
analysis reported by De Rooij analyzed the role 
of MRI for staging. For ECE (45 studies, 5681 
patients), SVI (34 studies, 5677 patients), and 
overall stage T3 detection (38 studies, 4001 
patients) showed sensitivity and specificity of 
0.57 (95 % confidence interval [CI] 0.49–0.64) 
and 0.91 (95 % CI 0.88–0.93), 0.58 (95 % CI 
0.47–0.68) and 0.96 (95 % CI 0.95–0.97), and 
0.61 (95 % CI 0.54–0.67) and 0.88 (95 % CI 
0.85–0.91), respectively [20]. Accuracy of mp 
MRI remains very poor for the detection of 
microscopic capsular extension. Sensitivity for 
ECE detection increases with the radius of exten-
sion and 3Tesla mp MRI could be added to 
nomograms to improve the prediction of 
pathological T3a disease, while for low risk 
patients, MRI is not very helpful (Fig. 2).

Consequently, given its low sensitivity for 
focal (microscopic) extraprostatic extension in 
the European Association of Urology guidelines 
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2016, mp MRI “is not recommended for local 
staging in low-risk patients.” However, mp MRI 
can still be useful for treatment planning in 
selected low-risk patients and in the NCCN 
guidelines 2016 mp MRI “can be used in the 
staging and characterization of prostate cancer.”

3.2	 �Lymph Node staging

Although nomograms can be helpful in predict-
ing lymph node metastasis risk, CT or MRI can 
be considered as standard imaging modalities for 
the assessment of lymph node extension for 
patients with intermediate or high risk prostate 
cancer or when nomogram indicate a probability 
of lymph node involvement ≥10 %. Number, 

shape, and size of lymph nodes (diameter 
8–12 mm in short axis) are analyzed, but the sen-
sitivity of these radiological investigation varies 
from 20 to 60 % according to the diameter thresh-
old and micrometastases are often undetected. 
Thus, extended lymphadenectomy according to 
initial risk factors and nomograms remains the 
standard of care for lymph node assessment.

More recently, choline PET/CT which com-
bine anatomical and functional imaging was 
introduced. 18F-choline and 11C-choline were 
evaluated via a meta-analysis for initial lymph 
node staging [27]. Many of the authors under-
lined a high false-negative rate in relation to the 
small dimension of a lymph node. However, 
some reported a similar PPV for 18  F-choline 
PET/CT in lymph nodes both <5 mm and >5 mm 

Fig. 2  mp MRI demonstrate anterior T3 cancer Gleason 4 + 3 with suspected extension to seminal vesicle
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in diameter (PPVs = 82 %), suggesting that the FP 
rate can be reduced by acquiring delayed images 
rather than early images [28] (Fig. 3).

In a recent review, the authors report an 
improvement of staging with Choline PET/CT 

compared to anatomical imaging with a sensitivity 
for lymph node detection up to 69.2 (95 % Cl : 
39.9–58.4 %) with a good specificity of 95 % 
(95%Cl : 92–97.1 %), but these studies are limited 
by the poor number of patients analyzed [29].

Fig. 3  Suspected lymph node on 18 F-choline TEP (confirmed during lymphadenectomy)

PET or PET/CT Comparative imaging

Author Year
Nb 
Pts RFA

Comparative 
imaging Se (%) Sp (%) Se (%) Sp (%)

Budiharto 2011 36 11 C-choline DWI- MRI 9.4 99.7 18.8 97.6
Heck 2014 33 11 C-choline DWI- MRI 57.1 89.5 57.1 78.9
Pinaquy 2015 47 11 C-choline DWI- MRI 78 94 33 91
Evangelista 2015 48 18 F-choline BS or CT LN: 69.2

B: 100
92.3
86.4

CT : 46.2
BS : 90

92.3
77.2

Diagnostic accuracies of PET/CT and conventional imaging in staging prostate cancer
From Ref. [29] Evangelista 2016
BS bone scan, RFA radiopharmaceutical agent

However, medicoeconomic studies are miss-
ing, and today, choline PET/CT has a limited 
place for initial staging and is more useful after 
local treatment to evaluate PSA recurrence, look-
ing for lymph nodes extension or recurrence out-
side the pelvic field.

Due to limitations of choline PET, other innova-
tive PET tracers like Ga68-PSMA represent a new 
emerging and promising challenge for prostate 
cancer lymph node imaging. PSMA is a membrane 
glycoprotein that is characterized and clinically 
validated as a marker of prostate cancer expressed 
in high grade tumors [30]. Different types of radio-
tracers have been developed because a large num-
ber of ligands are available [29]. Budaus et al. [31], 
on a retrospective cohort of 30 patients stratified 
after prostatectomy by nodal status reported with 

Ga68_PSMA a PPV of 100 % and a NPV of 
69.2 %. These results were influenced by lymph 
node metastasis size. Indeed, we have to wait for 
new data comparing 68  Ga-PSMA findings and 
histological assessment to confirm these prelimi-
nary promising results.

3.3	 �Distant Bone Metastasis

X-ray for bone metastatic lesion is out of date 
compared to other imaging investigation.

Technetium scintigraphy, despite a poor per-
formance unless PSA >20  ng/ml, remains the 
gold standard for the detection of bone metasta-
sis with classical uptake of technetium at meta-
static sites [32].
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The NCCN guidelines suggest that bone scan 
should be performed in men who meet any of the 
following criteria: clinical T1 disease and PSA 
>20, clinical T2 disease and PSA >10, Gleason 
score 8, clinical T3 or T4 disease, or symptoms 
suggestive of metastases.

CT is also widely used for evaluating bone 
metastasis in spite of low specificity which 
increases with PSA level. When metastasis avec 
evoked, MRI optimizes morphologic evaluation of 
help determining bone fracture and neurological 
risk [33].

3.4	 �PSA Relapse and Detection 
of Local Recurrence 
After Curative Treatment

When biochemical recurrence occurs, hormono-
therapy is often the first option to treat the patient. 
However, radiologic investigation is important 
and may change our management, especially if 
we find an isolated recurrence in the prostate or in 
a lymph node and even a unique metastasis. Then 
according to the radiological target, it is possible 
to discuss in a multidisciplinary board the oppor-
tunity of salvage treatments.

3.4.1	 �Rectal Examination and Clinical 
Workup

After radical prostatectomy, biological recur-
rence is determined by PSA level >0.2 ng/ml.

At these low level of PSA, DRE is usually neg-
ative and unable to detect local recurrence and 
taking account clinical modifications of rectal 

examination created by these treatments, DRE is 
of a little help for identifying recurrence. However, 
rectal examination is essential to analyze rectal 
flexibility and discuss patient management and 
treatment.

After external radiotherapy or brachytherapy, 
biological recurrence is defined by Phoenix crite-
ria: PSA level over Nadir + 2  ng/ml and 3 con-
secutive elevations.

When patients treated initially by EBRT expe-
rience biochemical recurrence are suitable for 
another local treatment, it may be reasonable to 
rule out local recurrence with mp MRI according 
to initial staging of the disease and comorbidities 
of the patient. When T2 and DCE show abnor-
malities, the cancer rate detection is important 
and TRUS biopsies can be performed to confirm 
the diagnosis.

If iterative irradiation is decided, on a clinical 
point of view, complete local evaluation includ-
ing uretrocystoscopy and rectoscopy should be 
considered to explore and anticipate side effects 
of retreatment (rectorragies and hematuria) espe-
cially in this elderly population susceptible to 
need anticoagulant medication for cardiovascular 
or neurological diseases. Distant metastasis have 
also to be rule out with anatomical and TEP met-
abolic exploration.

3.4.2	 �PET/CT
While (FDG) PET scanning is of limited utility 
with suspected recurrent prostate cancer, PET 
choline has been studied in restaging and results 
were compared with classical imaging by 
Evangelista [29].

PET or PET/CT
Comparative 
imaging

Author Year Nb Pts RFA
Comparative 
imaging Se (%) Sp (%) Se (%) Sp (%)

Richter 2010 42 11 C- Choline FDG 61 100 31 100
Picchio 2012 78 11 C- Choline BS 89 98–100 70–100 75–100
Van Den Berg 2012 49 11 C- Choline MRI 77.4 44.9 33.5 94.6
Panebianco 2012 84 18 F- Choline MRI A: 62

B: 92
50
33

92
94

75
100

Diagnostic accuracies of PET/CT and conventional imaging in restaging prostate cancer
From Ref. [29] Evangelista 2016
RFA radiopharmaceutical agent
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Sensitivity depends on the cutoff of PSA, but 
two different factors increase the likelihood of 
positive PET : PSA > 2 ng/ml PSA DT < 6 months 
[34].

68Ga-PSMA PET/CT has also demonstrated 
promising results and might be a better tracer 
than choline for detection of lymph node metas-
tasis. It was reported that 68Ga-PSMA tracer is 
able to detect a significant uptake in more than 
60 % of recurrent prostate cancer patients with a 
PSA less than 1 ng/ml and in more than 80 % in 
those with a PSA higher than 2 ng/ml. On a short 
cohort of 17 patients with PET-positive nodal 
oligometastatic lesion treated by extensive sal-
vage lymphadenectomy, Hijazi et al. [35] reported 
2 false-positive nodes and one negative node in 
the obturator fossa.

Choline PET was also compared versus 
68Ga-PSMA in patients with rising PSA after 
curative treatment in 38 patients. The mean PSA 
level was 1.74 ± 2.54 ng/ml. The scan result was 
negative for both tracers in 32 %. However, 
68Ga-PSMA demonstrated a higher detection rate 

compare to choline. These promising results are 
very preliminary and have to be confirmed [36] 
and this radiotracer, highly specific for prostate 
cancer, could be used without delay in biochemi-
cal recurrence.

PSA level Choline detection PSMA detection

0.5 ng/ml 12.5 % 50 %
0.5–2 ng/ml 31 % 69 %
2 ng/ml 57 % 86 %

4	 �Classifications

It is important to differentiate between the clini-
cal and pathological staging of prostate cancer. 
Clinical staging and pathological staging are 
defined by the American Joint Committee on 
Cancer.

These classifications represent the cornerstone 
of all guidelines for treatment decisions and fol-
low-up of patients. They should be used widely.

4.1	 �Clinical TNM Staging of Prostate Cancer

Primary tumor (T) Regional lymph nodes (N) Distant metastasis (M)

cTx : Primary tumor cannot be assessed Nx : Regional lymph nodes not 
sampled

M0 : No distant metastasis

cT0 : No evidence of tumor N0 : No positive regional lymph 
node

M1 : Distant metastasis

cT1 : Clinical unapparent tumor neither 
palpable nor visible by imaging

N1 : Metastases in regional 
lymph nodes

M1a : Non regional lymph 
node(s)
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Primary tumor (T) Regional lymph nodes (N) Distant metastasis (M)

cT1a : Tumor incidental histological finding in 
less than 5 % of tissue resected

M1b : Bone(s)

cT1b : Tumor incidental histological finding in 
more than 5 % of tissue resected

M1c : Other site(s) with or 
without bone disease

cT1c : Tumor identified by needle biopsy (e.g., 
because of elevated PSA)
cT2 : Tumor confined within the gland
cT2a : Tumor involves one half of one lobe or 
less
cT2b : Tumor involves more than one half of 
one lobe but not both lobes
cT2c : Tumor involves both lobes
cT3 : Tumor extends through the prostate 
capsule
cT3a : Extracapsular extension (unilateral or 
bilateral)
cT3b : Tumor invades seminal vesicle(s)
cT4 : Tumor is fixed or invades adjacent 
structures other than seminal vesicles such as 
rectum, bladder, levator muscles, and/or pelvic 
wall

Note that tumor found in one or both lobes by needle biopsy but not palpable or visible by imaging is classified as T1c
Laterality does not affect the N classification
When more than one site of metastasis is present, the most advanced category should be used

4.2	 �Pathologic TNM Staging

Pathologic stage (T) Regional lymp nodes (pN) Distant metastasis (M)

pT2 : Organ confined Nx : Regional lymph nodes not 
assessed

M0 : No distant metastasis

pT2a : Unilateral, one half of one side or less N0 : No regional lymph node 
metastases

M1 : Distant metastasis

pT2b : Unilateral, involving more than one 
half of one side but not both sides

N1 : Metastasis in regional 
lymph nodes

M1a : Non regional lymph 
node(s)

pT2c : Bilateral disease M1b : Bone(s)
pT3 : Extraprostatic extension M1c : Other site(s) with or 

without bone disease
pT3a : Extracapsular extension or microscopic 
invasion of bladder neck
pT3b : Seminal vesicle invasion
pT4 : Invasion of rectum, levator muscles, and/
or pelvic wall
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Invasion to the prostatic apex, or into (but not 
beyond) the prostate capsule is not classified a 
pT3, but as pT2

The regional lymph nodes are the nodes of the 
true pelvis, which essentially are the pelvic nodes 
below the bifurcation of the common iliac arteries

4.3	 �Prognostic risk group 
classification

4.3.1	 �D’Amico Classification
The D’Amico classification based on DRE, PSA 
level, and Gleason score is used all over the world 
to classify patients with prostate cancer.

Low risk
Intermediate 
risk High risk

PSA < 10 
ng/ml
and 
GS < 7
and 
cT1-T2a

PSA 10–20  
ng/ml
or GS 7
or cT2b

PSA > 20 
ng/ml
or GS > 7
or cT2c

any PSA
any GS
cT3 T4
or cN+

Localized Locally 
advanced

4.3.2	 �EAU Classification
The European Association of Urology guidelines 
is based on three groups :

Low risk Intermediate risk High risk

PSA < 10 ng/ml
and GS < 7
and cT1

PSA 10–20 ng/ml
or GS 7
or cT2b – T2c

PSA > 20 ng/ml
or GS 8–10
or ≥ cT3a

4.3.3	 �NCCN Classification
The NCCN clinical practice guideline classifica-
tion and staging is also design to help clinician to 
determine an individual patient risk and adapt 
treatment or active surveillance according to sub 
classifications.

Major interest was focused on low risk pros-
tate cancer because screening programs had 
increased the number of these patients. While 
active surveillance (AS) is recommended to 
reduce overtreatments in patients with D’Amico 
low risk group, criteria to stratify in this group 
candidates for surveillance are needed because 
these patients do not have homogeneous histol-
ogy after radical prostatectomy.

Taking account this heterogeneity, several 
studies propose to differentiate between low risk 
and very low risk patients.

Likewise, the treatment of intermediate and 
high risk patients is also controversial due to the 
heterogeneity of the patients and the necessity of 
multimodal treatments.

For the Prostate Cancer International Research 
Group, active surveillance include a biopsy 
GS ≤ 6, a PSA level ≤ 10 ng/ml, a PSA density 
≤0.2  ng/mL/cm3, and no more than 2 positive 
cores.

In the NCCN classification, version 1.2014, 
low risk tumors are divided according to the 
results of the biopsies into very low and low 
risk groups. For cT2c tumors, they are consid-
ered intermediate as opposed to high risk in 
D’Amico.

Very low Low Intermediate High
Locally 
advanced Metastatic

Clinical stage T1c T1-T2 a T2b- T2c
or

T3a or T3b – T4 Any T, N1
Any T, N, M1

Gleason score ≤6 ≤6 =7
or

8–10 or

PSA
ng/ml

<10 <10 10–20 >20

Cores results Fewer than 3 prostate 
biopsy cores positive, less 
than 50 % of cancer in each 
core

PSA d
ng/ml/g

<0.15

The NCCN.org Classification.
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4.3.4	 �Other Classifications
Other factors have been described to dichotomize low risk group patient like the level of PSA (<6.7 ng/
ml versus >6.7 and <10), and patient age >69 years that could be more likely to harbor either interme-
diate or high risk characteristic at final prostatectomy [37].

To stratify patients discuss in a multidisci-
plinary approach and set up treatments, risk 
group classifications or scores have been 
described. As examples,

•	 CAPRA-S score is use to assess disease risk 
and improve the prediction of outcome after 
radical prostatectomy [38]. Capra-S score is 
calculated combining 6 variables: PSA, surgi-
cal margins, seminal vesicle invasion, GS, 
extracapsular extension, lymph node involve-
ment. Capra score identified 3 groups of risk : 
low risk patients with Capra <3; intermediate 
between 3 and 5 and high risk group with a 
score from 6 to 10 .

•	 Zumsteg described a new classification sys-
tem for therapeutic decisions making with 
intermediate risk prostate cancer patients 
undergoing dose escaladed external beam 
radiation therapy. Dint suggests modifica-
tions of NCCN risk groups according to 
pathologic results of radical prostatectomy in 
low risk patients after analysis of 14,902 
patients from the SEER database. On multi-
variate analysis, low risk patients with ≥50 
% PCB have similar risk of pathologic high 
risk specimen define by pT3a-T4 or GS > 7 
than favorable intermediate disease and this 
concerns almost one in five patients of this 
group [39].

•	 On a large multicentric cohort of 1360 con-
secutive high risk patients treated with prosta-
tectomy at eight European tertiary centers, 
Joniau et al. [40] propose also a stratification 
for high risk cancers with a dichotomization 
using PSA ≤ 20 ng/ml and >20, GS 2-7 versus 
8-10, cT1 2 versus T3 T4 . He showed that 3 
groups could be stratified according to cancer 
specific survival : good prognostic group with 
only one defavorable factor, intermediate sub 

group with 2 risk factors (PSA > 20 ng/ml and 
cT3 T4) and poor prognostic subgroup with 
all 3 defavorable factors.

All these sub classification can be helpful for 
counseling patients and decide treatments or sur-
veillance modalities, and in the future, tissue 
based genomic tools could also help stratifying 
intermediate and high risk patients and evaluate 
the natural history of prostate cancers.

�Conclusion

Clinical guidelines are increasingly being 
used in the world to promote high quality evi-
dence patient care and critical analysis of lit-
erature. Clearly recent classifications changed 
to consider heterogeneity of prostate cancers.

We need, to improve our clinical decisions, 
new tools helping us in a real time for predic-
tion of aggressive cancer. Biomarkers, recent 
modalities of anatomical and metabolic imag-
ing techniques, appear to be particularly 
important in men with high risk disease when 
a multidisciplinary approach is necessary to 
improve the outcome of these men with per-
sonalize medicine.
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Active Surveillance for Low Risk 
Prostate Cancer

Laurence Klotz

1  �Introduction

The approach to favorable risk prostate cancer 
known as “active surveillance” was first described 
explicitly in 2002 [1]. This was a report of 250 
patients managed with a strategy of expectant 
management, with serial PSA and periodic 
biopsy, and radical intervention advised for 
patients who were re-classified as higher risk. 
This was initiated as a prospective clinical trial, 
complete with informed consent, beginning in 
2007. Thus, there is now 20 years of experience 
with this approach, which has become widely 
adopted around the world. In this chapter, we will 
summarize the biological basis for active surveil-
lance, review the experience to date, including 
many lessons that have been learned, describe the 
current approach to active surveillance, enhanced 
by the use of MRI, and forecast the future 
directions.

2  �Background

The identification of men with indolent, clini-
cally insignificant prostate cancer began in the 
1950s, when TURP became widely adopted for 
BPH. About 10 % of men having undergoing a 
TURP were found to have clinically unsuspected 
prostate cancer; in most cases this was small vol-
ume, low-grade disease (stage T1a). A largely 
unremarked but remarkable consensus developed 
that this cancer did not warrant treatment. This is 
extraordinary in the context of the perception of 
cancer at the time as a uniformly lethal and 
aggressive disease. Following the advent of PSA 
testing around 1990, the incidence of microfocal 
low-grade disease increased dramatically.

The Achilles heel of screening is the overdiag-
nosis and overtreatment of clinically insignificant 
disease. At roughly the same time as PSA testing 
became widely available, the nerve sparing radi-
cal prosatatectomy also became popularized. The 
combination of increased detection and well 
meaning enthusiasm for surgical resection of 
cancer as a definitive curative therapy with less 
morbidity than in previous years led to a dramatic 
wave of radical prostatectomies. This was soon 
followed by an increase in radiation treatment, 
which was seen as less morbid.

Enthusiasm for early detection and aggressive 
management of most cancers so identified con-
tinued relatively unabated until 2012, when the 
US Preventive Services Task Force announced a 
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level D recommendation against PSA screening 
[2], followed by recommendations regarding 
PSA screening by several other respected 
national health policy organizations. Criticism 
was warranted. Overdetection had resulted in a 
great deal of overtreatment with attendant side 
effects, which undermined the benefit of the can-
cer deaths avoided. This remains a topic of 
intense controversy and disagreement. (Most 
experts believe that PSA screening provides a 
mortality benefit and the cost of significant over-
diagnosis; if overtreatment is avoided, the mor-
tality benefit is compelling) [3]. However, the 
consequences of the USPSTF recommendation 
(and that of other groups) has been a steady drop 
in the rate of PSA testing and referral for biopsy 
over the last few years. In 2016, 4 years after the 
USPSTF recommendation, an increase in locally 
advanced and metastatic cancers has now been 

reported by several groups, along with less low-
grade cancers (i.e., overdiagnosis) [4].

Where PSA testing was widely prevalent, a 
striking phenomenon was observed. For 5 years 
after testing was introduced, the annual age 
adjusted incidence tripled, followed by a gradual 
decrease. At the same time, the average volume 
of cancer at the time of diagnosis diminished 
steadily. This was a paradigmatic example of 
stage migration of cancer, occurring as a result 
of a new diagnostic test which detects cancer 
that was previously undiagnosed but highly 
prevalent. The new testing paradigm (PSA fol-
lowed by a biopsy) resulted in the almost instan-
taneous (in epidemiologic terms) diagnosis of 
hundreds of thousands of men who harbored 
preclinical prostate cancer. As the prevalent 
cases were identified, treated, and “extracted” 
from the pool, the incidence gradually drifted 

Table 1  Outcomes of AS in prospective series with >100 patients

Reference n

Median 
follow-up 
(months)

% treated 
overall;
% treatment 
free

Overall/disease 
specific survival (%)

% BCR post 
deferred 
treatment

Klotz et al. (2015) 
[21] University of 
Toronto

993 92 30; 72 at 5 years 79/ 97 at 10 years 25 % (6 % 
overall)

Tosian et al. (2015) 
[22], Johns Hopkins, 
USA

1298 NR
60

50 % at 10 years
57 % at 15 years

69 % /99.9 % at 15 
years

NR

Bul et al. (2013) [23], 
Multicentre, Europe

2500
2494

20 21 % 77/100 at 10 years 20 %^

Dall’Era et al. (2008) 
[24] UCSF

328
321

43 24; 67 at 5 years CSS 100 % NR

Kakehi et al. (2008) 
[25], Multicentre, 
Japan

118 36 51; 49 at 3 years NR NR

Roemeling et al. 
(2007) [26], 
Rotterdam 
Netherlands

273 41 29; 71 at 5 years 89/100 at 5 years NR [31 % of 13 
RP positive 
margins]

Barayan et al. (2014) 
[27] McGill, Canada

155
155

65 20 % 100/100 NR

Rubio-Briones et al. 
(2014) [28] Spain

232 36 27 % 93 % @ 5 years/99.5 % NR

Godtman et al. (2014) 
[29]

439 63 % 81/99.8 14

Thomsen et al. (2013) 
[30] Denmark

167 40 35/60 % 5 years

Selvadurai et al. 
(2014) [31] UK

471 67 30 98/99.7 12
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back towards baseline levels, reflecting the 
“true” incidence of the disease.

From 1990 to 2010, more than 90 % of patients 
diagnosed with low risk prostate cancer by PSA 
and biopsy were treated radically [5]. However, 
following the task force recommendation, and 
bolstered by substantial evidence regarding the 
indolent nature of low-grade disease and the 
favorable outcome with conservative manage-
ment, an increasing consensus about the value 
and benefit of active surveillance has emerged. 
The most recent available data are that the pro-
portion of patients with low risk disease managed 
conservatively increased from about 10 % in 
2000 to 40 % in 2013 [5].

3  �The Natural History 
and Molecular Genetics of Low-
Grade Prostate Cancer

Prostate cancer occurs as part of the aging pro-
cess in all races and regions. In Caucasians and 
Blacks, the chance of harboring prostate can-
cer is approximately the same as one’s age; 
30 % of men in their 30s, 40 % in their 40s, and 
80 % of men in their 80s [6]. Most of these are 
microscopic foci (<1  mm3) and low grade. A 
recent autopsy study in both Japan and Russia, 
both countries in which PSA testing was not 
widely performed, found that in men who died 
of other causes 35 % had prostate cancer. 
Surprisingly, 50 % of the cancers in Japanese 
men >70 were Gleason score 7 or above [7]. 
This finding suggests that, particularly in men 
over 70, microfocal Gleason 3 + 4 might also 
represent “overdiagnosis.”

4  �Genetic Features of Low-Grade 
Prostate Cancer

Gleason 3 and 4 patterns the two most common 
histologic patterns of prostate cancer, differ pro-
foundly in terms of their molecular characteris-
tics. The hallmarks of cancer biology include 
unlimited replicative potential, sustained angio-
genesis, local tissue invasion, insensitivity to 

antigrowth signals, metastasis, and replicative 
self-sufficiency, de-regulating cellular energetics, 
and evasion of immune destruction [8, 9]. Despite 
Gleason grading being based on a low power 
view of cellular architecture, the Gleason score 
has a remarkable ability to disaggregate prostate 
cancer between genetically normal and abnormal 
cells. Genetic pathways mediating apoptosis 
resistance, angiogenesis and the development of 
other pro-angiogenic factors, genes involved in 
regulating cellular metabolomics, and metastasis 
and invasion processes, are abnormal in Gleason 
4 and normal in 3. The abnormality, typically, is 
overexpression in the case of oncogenes, and 
deletion or inactivation in the case of tumor sup-
pressor genes. The profound genetic differences 
between most Gleason pattern 3 and pattern 4 
cancers are summarized in an excellent review by 
Ahmed et al. [10].

Although most Gleason pattern 3 cells have 
relatively normal genetic characteristics, preclin-
ical genetic changes may occur. (This is the basis 
for molecular biomarkers). The TMPRSS2-ERG 
translocation [11], and pTEN deletion [12], are 
common in most Gleason 4s, and are altered in 
about 10 % of Gleason 3 cancers. Given the limits 
of histologic assessment, this is not surprising. 
However, these isolated genetic alterations do not 
appear to translate into an aggressive metastatic 
phenotype, with rare exceptions.

4.1  �Metastatic Potential of Low Risk 
Prostate Cancer

Prostate cancer is heterogeneous, ranging from 
completely indolent to extremely aggressive. 
Some cancers, due to lack of telomerase/VEGF/
other biological machinery, may undergo spon-
taneous involution [13]. Several large clinical 
series have reported a rate of metastasis for sur-
gically confirmed Gleason 6 (where there is no 
possibility of occult higher grade cancer lurk-
ing in the prostate) that approximates zero. 
Studies based on biopsy assessment showing 
low-grade cancer are limited the presence of 
occult higher grade cancer in about 25 % of 
men These are likely responsible for most of 
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the prostate cancer deaths reported in conserva-
tive management series.

An alternative explanation for the very low 
rate of metastasis following surgery for Gleason 
6 cancer is that the intervention is highly success-
ful, alters the natural history of the disease, and 
prevents all cancer deaths. However, if Gleason 6 
had even modest metastatic potential, one would 
have expected a few of the Gleason 6 cancers to 
have micro-metastasized prior to surgery, or to 
have a local recurrence with subsequent metasta-
sis. This is rarely if ever observed.

One multicenter study of 24,000 men with 
long-term follow-up after surgery included 
12,000 with surgically confirmed Gleason 6 can-
cer [14]. The 20-year prostate cancer mortality 
was 0.2 %. About 4000 of these were treated at 
MSKCC; of these, 1 died of prostate cancer; a 
pathological review of this patient revealed 
Gleason 4 + 3 disease in the primary; in other 
words, it was misclassified as Gleason 6 [15]. A 
second study of 14,000 men with surgically con-
firmed Gleason 6 disease found only 22 with 
lymph node metastases; review of these cases 
showed that all 22 were misclassified, and had 
higher grade cancer in the primary tumor. The 
rate of node positive disease in the 14,000 patients 
with no Gleason 4 or 5 disease in their prostates 
was therefore zero [16].

Gleason grading does not correlate perfectly 
with biology, although it is powerfully predic-
tive. A recent genetic analysis of multiple meta-
static sites from a patient who had extensive 
Gleason 4 + 3 pT3a N1 disease resected at age 
47, and died 17 years later of metastatic CRPC, 
reported that the metastatic lesions appeared to 
derive from a microfocus of Gleason pattern 3 
disease, rather than, as expected, from the high-
grade cancers elsewhere in the prostate [17]. 
This case report is a challenge to the view that 
Gleason pattern 3 does not behave like a malig-
nancy. It is fair to say in response that (a) biology 
is complex and not 100 % predictable; (b) this is 
a single case report and should be viewed in that 
context; and (c) it is possible that histological 
Gleason pattern 3, particularly when it coexists 
with higher grade cancer, may harbor prehisto-
logical genetic alterations that confer a more 

aggressive phenotype. This is the conceptual 
basis for genetically based predictive assays. 
This case should be balanced against the exten-
sive clinical evidence supporting the absence of 
metastatic potential in pure Gleason pattern 3 
cancers. It has been suggested that perhaps the 
explanation in this case is “backwards” differen-
tiation of higher grade to lower grade cancer, as 
a re-differentiated clonal offspring of a cancer 
that had metastasized, resulting in a shared 
genetic phenotype [18]. Another provocative 
explanation is the recent observation that cancer 
cells shed extracellular vesicles containing bio-
logical material including mRNA, which may 
adversely influence the biological behavior of 
more favorable cancer cells in the same tumor, or 
elsewhere in the body [19].

Understanding that Gleason pattern 3 has little 
or no metastatic phenotype has altered the 
approach to these patients. The fundamental con-
cept is that Gleason 6 is a risk biomarker for hav-
ing significant prostate cancer, but is not a 
significant disease in itself. Some clinical and 
pathological parameters in men with Gleason 6 
predict for an increase of higher grade cancer. 
These include volume of disease on biopsy (i.e., 
number of cores and extent of core involvement); 
PSA density; and race (higher in blacks). Thus 
the main significance of higher volume Gleason 
pattern 3 cancer is that it should prompt a vigor-
ous search for higher grade disease, either with 
MRI or extended systematic biopsies, but does 
not warrant intervention on its own in most cases. 
A threshold effect of more than 8  mm of total 
cancer on systematic biopsy has recently been 
described [20]. Many studies have also reported 
that a PSA density >0.15 is associated with occult 
higher grade cancer.

Young age should not preclude offering 
patients active surveillance. The QOL benefits of 
preserving erectile function and continence are 
greater in young men, and the risks of second 
malignancies as sequelae of radiation are also 
greater in men with a long life expectancy. 40 % 
of men in their 40s harbor microfocal prostate 
cancer [6]. Most will never be diagnosed.

Active surveillance offers the prospect of 
reduced morbidity and improved quality of life, 
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but its adoption should also result in an improve-
ment in prostate cancer survival. How could less 
treatment of prostate cancer improve mortality? 
PSA screening has been discredited by influen-
tial groups such as the USPSTF because of their 
concern about the risks of overtreatment and a 
high number needed to treat (NNT). Active sur-
veillance, embodying selective treatment, would 
result in a substantial decrease in the NNT.  If 
widely adopted, active surveillance should 
eventually result in a reappraisal of the benefits 
of PSA screening, and a greater acceptance of 
its value by organizations such as the 
USPSTF. The result will be “rehabilitation” of 
PSA screening, earlier identification of those 
with aggressive disease, lives saved, and an 
overall reduction in prostate cancer mortality 
(compared to no screening resulting from the 
perceived hazards of overtreatment). How long 
this will take is a matter of speculation; likely it 
will not happen quickly.

Results of Surveillance  There are now approxi-
mately 10 groups worldwide who have reported 
the results of prospective cohorts. These are sum-
marized in Table 1. It is instructive to focus on 
two groups who represent the two philosophical 
boundaries of active surveillance: an inclusive 
approach, offering it to most patients who might 
benefit; and a restrictive approach, offering it to 
only those patients who are at exceptionally low 
risk of disease progression.

The Toronto group, which initiated the first 
active surveillance cohort in 1996, has deliber-
ately taken an inclusive approach. This was 
based on the desire to include as many eligible 
patients as possible on a surveillance program, 
and to learn as much as possible about the out-
come in a range of patients. The Toronto cohort 
of 993 patients includes 221 who are intermedi-
ate risk, either Gleason 7 or PSA >10 [21]. 38 % 
of these intermediate risk patients were <70 
years. About 50 % of newly diagnosed patients 
were eligible for surveillance using these 
criteria.

By comparison, the Hopkins group selected 
only very low risk patients who fulfilled Epstein 

criteria (≤2 positive cores, < 50 % core involve-
ment, and PSA density <015) [22]. Radical inter-
vention was initiated for any increase in cancer 
volume above these criteria, or grade increase. 
This restrictive approach was driven by a desire 
to reduce the risk of disease progression to the 
minimum. About 20 % of newly diagnosed 
patients were eligible.

The Toronto group, with a median follow-up 
of 9.5 years and a range of 0.5–20 years, now has 
30 patients who have progressed to metastatic 
disease, and 15 who have died of prostate cancer. 
The 15-year prostate cancer actuarial mortality is 
5 %. A recent analysis of the men who developed 
metastatic disease revealed that the Gleason 7 
patients had a dramatically increased risk of pro-
gression to metastasis over time, with a HR of 
3.75 compared to Gleason 6. PSA >10 did not 
confer a significant increase in risk. Of the 3 % of 
the overall cohort who developed mets, about 2/3 
of these (2 %) occurred after 5 years, representing 
the men who were poorly served by surveillance; 
it is plausible (although not necessarily true) that 
had they been treated at diagnosis, they might 
have avoided metastatic disease.

In contrast, the Hopkins group, using a restric-
tive approach and more aggressive intervention 
strategy (for volume progression) has reported a 
15-year PCa mortality of 0.5 %. This remarkably 
low figure validates the restrictive approach.

A key point, therefore, is that surveillance is 
safe for the vast majority of men, particularly 
Gleason 6 at diagnosis. Strenuous efforts to 
improve surveillance by incorporating MRI and/
or biomarkers are directed towards reducing the 
2–3 % mortality rate, as well as to better select 
those patients who can avoid treatment.

These recent publications now allow us to 
define the risk of surveillance as a function of 
inclusion criteria. A more inclusive approach will 
allow surveillance to be offered to about half of 
newly diagnosed men; but the cost is 2–3 % expe-
riencing progression to metastases at 15 years. In 
contrast, a restrictive approach will deny surveil-
lance to many men who might otherwise benefit 
from it, but a 15-year prostate cancer mortality of 
<1%. There is, likely, a middle ground of eligibil-
ity: Most Gleason 6, regardless of volume 
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(except, perhaps, very extensive disease or very 
young patients, i.e., <50). Surveillance for 
Gleason 7 should be offered more cautiously; it is 
an option for older men with a life expectancy 
<15 years (i.e., over 70) but embodies significant 
risk for younger men.

Race is relevant. African Americans on AS 
have a higher rate of risk re-classification and 
PSA failure after treatment than Caucasian men, 
and have a higher rate of large anterior cancers 
[32]. Japanese men younger than 60 have a lower 
rate of histological “autopsy” cancer than 
Caucasian men. Thus the finding of low-grade 
prostate cancer in young Asian men is less com-
mon, and the risk of overdiagnosis may be less. 
However, Black and Asian patients diagnosed 
with low-grade prostate cancer includes men 
who have little or no probability of a prostate 
cancer related-death during their remaining 
lives, and active surveillance is still an appealing 
option for  those who have been appropriately 
risk-stratified.

Two genetic biomarkers have recently been 
approved by the FDA based on their ability to 
predict progression in low-grade prostate can-
cer. These include the Oncotype DX assay 
(Genome Health) which identifies a panel of 
genes linked to a more aggressive phenotype 
[33], and the Prolaris assay [34] (Myriad 
Genetics), which looks for abnormal expression 
of cell cycle related genes. A number of others 
are in the pipline: the Mitomics assay, which 
identifies the presence of a functional mitochon-
drial DNA deletion associated with aggressive 
prostate cancer [35], and the Promark assay are 
not yet FDA approved. These tests hold the 
promise of interrogating the microfocus of 
Gleason 6 found on biopsy for molecular altera-
tions that provide a clue to the presence of 
higher grade cancer elsewhere in the prostate. 
That the biomarkers can achieve this confirms 
the “social” inter-relationship of heterogeneous 
multifocal cancers.

These tests, performed on biopsy tissue, are a 
tool to predict future biological behavior based 
on genetic alterations in low-grade cancer cells. 

A patient with low-grade prostate cancer and a 
strongly positive (i.e., high risk) Oncotype DX or 
Prolaris test should have an MRI and be treated 
according to the results. A further area for 
research is to better understand how to integrate 
the results of genetic biomarker tests and 
MRI. For example, optimal management of the 
patient in whom results are discrepant (i.e., 
genetic test indicates high risk but MRI is nega-
tive) is currently unknown. False-positive and 
false-negative results undoubtedly occur with 
both diagnostic approaches, but how commonly 
is unknown. The potential benefit of molecular 
predictive assays is compelling, but further 
validation of their performance is needed. In par-
ticular the utility of these assays in clinical prac-
tice has not been established. How many assays 
are required for each patient whose treatment is 
changed, for each mortality avoided by more 
timely treatment, and for each unnecessary treat-
ment avoided, and an economic analysis based on 
these estimates is an unmet need.

The benefit of surveillance compared to sur-
gery and radiation has been modeled by several 
groups. A decision analysis of surveillance com-
pared to initial treatment showed that surveil-
lance had the highest QALE even if the relative 
risk of prostate cancer-specific death for initial 
treatment versus active surveillance was as low 
as 0.6 [36]. (In fact, it is almost certainly 0.95 or 
better at 15 years).

4.2  �Active Surveillance Technique

Implementation of AS has evolved over the last 
15 years. |Most clinicians use some variation of 
serial PSA (a useful risk predictor but not a valid 
trigger for intervention), periodic biopsy, and 
more recently selective use of MRI and/or 
molecular biomarkers. After the initial diagnosis 
of Gleason 6 prostate cancer on a systematic 
biopsy with 10 or more cores, PSA is performed 
every 6 months. A confirmatory biopsy is carried 
out within 6–12 months of the initial diagnostic 
biopsy. This confirmatory biopsy should target 
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the areas that are often missed on systematic 
diagnostic biopsies, specifically the anterior 
prostate, prostatic apex and base. If the confir-
matory biopsy is either negative or confirms 
microfocal Gleason 3 + 3 disease, subsequent 
biopsies are performed every 3–5 years until the 
patient reaches age 80, or has a life expectancy 
<5 years because of co-morbidity. In those 
patients whose biopsy shows substantial volume 
increase, who is upgraded to Gleason 3 + 4 and 
surveillance is still desired as a management 
option, or whose PSA kinetics suggest more 
aggressive disease (usually defined as a PSA DT 
<3 years), multiparametric MRI, including 
T2-weighted image, dynamic contrast-enhanced 
image, and diffusion-weighted image, should be 
performed. Identification of an MRI target suspi-
cious for high-grade disease should warrant a 
targeted biopsy; or, if the lesion is large and 
unequivocal, intervention.

The role of MRI in the management of men on 
surveillance is currently in a state of rapid evolu-
tion. Increasing availability of MRI, diffusion of 
expertise in interpretation of MRI, and more data 
on the accuracy and limitations of MRI are all 
influencing its use. It is probable that routine 
MRI will become incorporated into the manage-
ment of all patients with localized prostate can-
cer, resulting in earlier diagnosis of those with 
adverse histology and a reduction in the require-
ment for serial biopsies. Recent studies have sug-
gested that the negative predictive value of MRI 
for clinically significant cancer is greater than 
90 % [37, 38]. However, MRI will fail to detect 
small volume (<0.5  cc) high-grade cancers. 
Fortunately, these are uncommon. The perfor-
mance of MRI in men with early prostate cancer, 
and its ability to replace systematic biopsy in the 
diagnosis of prostate cancer and follow-up of 
men on surveillance is currently being evaluated 
by many groups, and a detailed discussion of this 
topic is beyond the focus of this article.

Death from prostate cancer is a relatively rare 
event. In the most mature surveillance cohort 
[22], with a median follow-up of 8 years and 
range of 2–18 years, the cumulative hazard ratio 

(or relative risk) of nonprostate cancer death was 
10 times that for prostate cancer. The published 
literature on surveillance includes 13 prospec-
tive studies, encompassing about 5000 men [22–
31]. A limitation of most studies is that the 
median follow-up is too short relative to the 
natural history of prostate cancer. For example, a 
pivotal Swedish study reported that the risk of 
prostate cancer mortality in patients managed by 
watchful waiting was low for many years, but 
tripled after 15 years of follow-up [39]. 
(“Watchful waiting” meant no opportunity for 
selective delayed intervention, whereas about 
30 % of patients in the surveillance series have 
had radical treatment). However, a few of the 
prospective studies now have patients followed 
for more than 15 years. Table 1 summarizes the 
results of the 10 non-overlapping prospective 
series with >100 patients. Overall, about one-
third of patients are eventually treated. Most 
series have few or no prostate cancer deaths.

PSA kinetics are now used as a guide to iden-
tify patients at higher risk, but not to drive the 
treatment decision. This is a shift in practice. 
Until multiparametric MRI became available, 
men on AS with poor PSA kinetics (doubling 
time <3 years) were offered definitive therapy. In 
the PRIAS multiinstitutional AS registry, 20 % of 
men being treated had intervention based on a 
PSA doubling time <3  years [24]. Poor PSA 
kinetics are sensitive for aggressive disease. In 
the Toronto series, a PSADT <3 years was asso-
ciated with a HR of 3.7 for the risk of metastasis 
[40]. The problem with using PSA DT to drive 
treatment is poor specificity Vickers, in an over-
view of all of the studies of more than 200 
patients examining the predictive value of PSA 
kinetics in  localized prostate cancer, concluded 
that kinetics had no independent predictive value 
beyond the absolute value of PSA [41]. In a study 
of PSA kinetics in a large surveillance cohort, 
false-positive PSA triggers (doubling time <3 
years, or PSA velocity >2 ng/year) occurred in 
50 % of stable untreated patients, none of whom 
went on to progress, require treatment, or die of 
prostate cancer [42].
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The Future  Many groups are now reporting on 
active surveillance cohorts, and evaluating the 
incorporation of biomarkers, MRI, and other 
imaging modalities into the routine assessment 
of patients. The earlier introduction of more 
sophisticated techniques to identify the aggres-
sive occult cancers earlier will improve the 
long-term outcome and enhance precision in 
decision making. A number of criteria should be 
addressed in reporting the outcome of surveil-
lance. These include baseline demographic data 
(age, race); NCCN risk category; the proportion 
of men with biopsy Gleason score ≥7; median 
follow-up; the frequency of biopsy during the 
follow-up period; the biopsy technique, whether 
standard or targeted; treatment rates, metastasis 
rates, overall and cause specific mortality, and 
biochemical recurrence rates in the treated 
patients, at 5, 10, and 15 years. Many important 
research questions remain, including the role of 
dietary and life style interventions, and other 
strategies to reduce the rate of progression (i.e., 
statins, 5 ARIs, metformin, etc.); the marginal 
utility of biomarkers in the context of MRI; and 
how to optimally identify intermediate risk 
patients who can be managed safely with 
surveillance.

�Conclusion

Active surveillance is a solution to the widely 
recognized problem of overtreatment of 
screen detected prostate cancer. Adoption of 
surveillance for low risk disease would reduce 
the number of screen detected patients needed 
to treat for each death avoided without sub-
stantially increasing the risk of disease mor-
tality. Improvements in diagnostic accuracy 
based on genetic predictors and multiparamet-
ric MRI should reduce the need for systematic 
biopsies, improve the early identification of 
occult higher risk disease, and enhance the 
ability to detect patients destined to have 
grade progression over time. A confirmatory 
biopsy targeting the anterolateral horn and 
anterior prostate should be performed within 
6–12 months. PSA should be performed every 
6 months and subsequent biopsies every 3–5 
years until the patient is no longer a candidate 

for definitive therapy. MRI is indicated for 
men with a grade or volume increase, or 
adverse PSA kinetics. Treatment should be 
offered for most patients with upgraded 
disease.
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Abbreviations

BPFS	 Biochemical progression-free survival
CSS	 Cancer-specific survival
DVC	 Dorsal venous complex
HT	 Hormone therapy
NVB	 Neurovascular bundle
PCa	 Prostate cancer
PCSM	 Prostate cancer-specific mortality
PSA	 Prostate-specific antigen
RP	 Radical prostatectomy
RRP	 Retropubic radical prostatectomy
RT	 Radiation therapy
TRUS	 Transrectal ultrasound
TURP	 Transurethral resection of the prostate

1	 �Introduction

The surgical treatment of prostate cancer has been 
introduced more than a century ago. The first 
important series of radical prostatectomies (RPs) 
were performed through a perineal approach. The 
retropubic approach to RP was adopted in the 
1940s and is now the most commonly used opera-
tive technique for the treatment of clinically local-
ised prostate cancer (PCa). Reiner and Walsh 

defined the anatomy of the dorsal vein complex 
and the neurovascular bundles which led to 
improvement of the morbidity [53]. In 1983, 
Walsh described the technique for anatomic nerve-
sparing RP [72, 73] Since the initial report of ana-
tomic RP by Walsh et  al. in 1998 [70] and 
refinements in the understanding of the surgical 
anatomy of the prostate, open retropubic radical 
prostatectomy (RRP) techniques have been modi-
fied and continue to evolve. Together with the 
widespread application of PSA testing, RP became 
more popular and is still in many countries the 
gold standard surgical procedure attempting to 
control localised and more recently also locally 
advanced prostate cancer. The goal of RP is to 
eradicate cancer while preserving continence and 
whenever possible potency [5]. Currently, RP is 
the only treatment for localised PCa to show a ben-
efit for cancer-specific survival (CSS) compared 
with watchful waiting, as shown in a prospective, 
randomised study [6, 7]. In the past decade, sev-
eral centres have acquired experience with laparo-
scopic RP and robot-assisted laparoscopic RP has 
been developed. At present, the available data are 
not sufficient to prove superiority of any surgical 
approach in terms of functional and oncological 
outcomes. Further prospective studies are war-
ranted [3, 16]. In this chapter, we will focus on the 
indications of RP, our institutional experience with 
RRP, the surgery-related complications and review 
the oncological and functional results based on the 
available literature.
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2	 �Indications

RP was a common treatment for patients with 
low- and intermediate-risk localised PCa (cT1a-
cT2b and Gleason score 2–7 and PSA ≤20 ng/
mL) and life expectancy >10 years. RP was also 
an option for patients with T1a disease and a life 
expectancy >15 years or Gleason score 7 and for 
selected patients with low-volume high-risk 
localised PCa (cT3a or Gleason score 8–10 or 
PSA >20 ng/mL) [24]. Since the introduction of 
active surveillance as a management option for 
low-risk disease, the definition of this pathologi-
cal entity has been refined. With the revision of 
the Gleason pattern, today patients with low-
volume Gleason grade 3 + 3, Gleason score 6 are 
mostly not anymore treated actively. Only when 
the disease becomes so-called “significant” active 
treatment will be given. Nowadays, also low-
volume Gleason 3 + 4 prostate cancer patients are 
offered active surveillance.

The patient’s performance status and the 
assessment of the individual’s life expectance 
will be important factors when advising a patient 
the most appropriate treatment option. Most used 
are the Charlson’s score, the ASA score and the 
Frailty index. Obese patients should be carefully 
selected and counselled about the risk of their 
physical condition since the RRP procedure can 
be more challenging. Older patients should also 
be cautiously selected because of possible comor-
bidities (i.e. geriatric assessment) and complica-
tions such as urinary incontinence. While initially 
RP was offered to well-selected unilateral T3 
prostate cancer patients only [68] in recent years, 
RP has become a treatment choice in selected 
patients with locally advanced and high-risk 
localised PCa (cT3b-T4 N0 or any T N1) in the 
frame of a multimodality treatment strategy [20, 
33, 43], certainly in young patients [14].

3	 �Surgical Technique

3.1	 �Preoperative Measures

Before performing a RRP, it is best to wait 6–8 
weeks after transrectal ultrasound (TRUS)-guided 

biopsy and at least 12 weeks after transurethral 
resection of the prostate (TURP). Both proce-
dures cause inflammation, possible hematoma 
and periprostatic fibrosis, which could increase 
the risk of surgical complications such as rectal 
injury. They also make difficult the preservation 
of the neurovascular bundle (NVB) or the evalua-
tion of possible extraprostatic extension. The 
period between TRUS biopsy and RP permits 
inflammatory adhesions or hematoma to resolve 
and gives time for further tumour staging, surgical 
risk assessment and patient counselling. Whether 
or not performing a nerve-sparing RP should be 
decided preoperatively taking into consideration 
the location, the stage, grade and size of the 
tumour and the results of the digital rectal exami-
nation (DRE), TRUS and nowadays multipara-
metric magnetic resonance imaging (mpMRI). 
The latter will exactly depict the tumour(s) loca-
tion as well as its’ clinical stage, the vicinity of the 
urethral sphincter or NVB and the length of the 
urethral sphincter. The latter can vary from only 
8 mm to more than 20 mm. Patients with a shorter 
urethral sphincter might have a greater risk at 
post-operative stress urinary incontinence that 
might necessitate a prolonged and intense pelvic 
floor re-education programme.

While many groups will not advocate any 
bowel preparation in any patient, we believe 
that in patients with extensive extracapsular 
disease, a classical bowel preparation should be 
given the evening before surgery to ensure a 
clean and empty colon, which is important in 
case of a rectal injury. Before going to the oper-
ating room, patients receive subcutaneous low 
molecular weight heparin. For open RRP we 
favour a combined spinal-epidural anaesthesia, 
which is associated with a reduced intraopera-
tive blood loss [51, 56] a faster recovery and a 
reduction in the use of opioid analgesics [55]. 
Other advantages are a lower incidence of pul-
monary embolism and deep venous thrombosis, 
and optimal pain management through the epi-
dural catheter. The latter may be used for 
patient-controlled analgesia for the first 24–48 h 
post-operatively, rendering the procedure 
extremely well tolerated and really comfortable 
for the patient.
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3.2	 �Surgical Procedure

The patient is placed in supine position with 
slight hyperextension of the chest. The skin is 
prepared and draped in the usual way. A thick 
latex Foley catheter, at least 20 French is placed. 
Following an 8–10 cm, midline, extraperitoneal, 
lower abdominal incision between the umbilicus 
and the pubis the preperitoneal space of Retzius 
can be opened. By gentle cephalad retraction of 
the bladder and sweeping of fatty tissue, the ante-
rior aspect of the prostate and the endopelvic fas-
cia are exposed. The latter is cleared of all 
covering fat in order to visualise it, covering the 
levator ani muscle and allowing to later incise it 
under good vision, reducing the chance of enter-
ing the big thin-wall veins covering the gland.

An extended lymph node dissection is per-
formed at this stage of the procedure in men with 
intermediate- and high-risk PCa [8], encompass-
ing the external iliac nodes, the obturator fossa, 
the internal iliac and presacral nodes and the 
common iliac artery up to the crossing of the ure-
ters [45].

The endopelvic fascia is then incised with 
curved scissors and the muscle fibres of the leva-
tor ani muscle are sweeped of the lateral aspect of 
the prostate. Dissection of the levator muscle 
allows full exposure of the NVBs dorsolaterally 
to the prostate and anterior to the rectum. Now, 
the puboprostatic ligaments are divided, since 
they have no role in urinary incontinence, in 
order to get a view on the apex of the prostate and 
the overlying DVC. An important step in RRP is 
to prepare the DVC with blunt dissection in front 
of the thick transurethral catheter, between thumb 
and index finger. The DVC is then controlled in a 
standardised way by passing a right-angled clamp 
just anterior to the urethra and just distal to the 
apex. This allows to pass a 2-0 ligature. A back-
bleeding stitch is placed more cranially on the 
dorsal aspect of the prostate and the DVC is then 
divided. Any persistent oozing from the DVC can 
be oversewn at this stage. Haemostasis must be 
perfect till now so that the apex of the prostate 
and the urethra are now in full view. By gentle 
scissor dissection, very close to the urethra, the 
NVBs are separated from the prostatic apex. A 

right-angled clamp is passed underneath the ure-
thra, leaving the NVBs posteriorly in place, and a 
vessel loop is placed around the urethra, allowing 
accurate dissection of the prostatic apex before 
transection of the urethra with the cold knife. At 
this stage, some urologists place one or more 
stitches to facilitate finding the urethral stump at 
the time of anastomosis. The apical dissection is 
a critical manoeuvre in the procedure because of 
the need for a complete resection to avoid apical 
positive margins and the close relation with the 
NVBs. After division of the recto-urethralis mus-
cle, the posterior aspect of the prostate is bluntly 
dissected with the index finger. At this point of 
the procedure, depending on the indication of a 
nerve-sparing or non-nerve-sparing procedure, 
the NVB is either taken along with the prostate 
and all tissues covering the rectum are resected, 
or the lateral dissection is done closely to the 
prostate capsule, without touching the 
NVB.  When the NVB needs to be resected for 
oncological reasons, the NVB is taken down with 
the prostate apex, and the bundle is clipped next 
to the urethra. Nerve-sparing surgery has a sig-
nificant impact on sexual function and urinary 
continence and should be performed in all 
patients provided that excision of all tumour is 
not compromised. Today, it is safe to preserve 
one or both NVBs in most men who are candi-
dates for RRP and it is rarely necessary to excise 
both of them [71]. The next step is the transection 
of the prostatic pedicles. The dissection is contin-
ued with clipping until the lateral aspect of the 
seminal vesicles is reached. At this point, the lat-
eral aspect of the bladder neck can also be dis-
sected already. Dissection of the seminal vesicles 
must be carried out very carefully in order to 
avoid injury to the pelvic plexus and represents a 
critical point for a successful nerve-sparing. The 
Denonvilliers fascia is divided sharply between 
both vasa deferentia reaching the posterior blad-
der wall. The vessels at the apex of the seminal 
vesicles are clipped and divided. At this stage, the 
prostate is completely mobilised posteriorly and 
laterally up to the bladder neck. Once the prostate 
has been removed, the specimen is inspected 
carefully for capsular incision. If an incision is 
found, an extra resection can be performed at the 
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corresponding location. If there is concern about 
the margin on the posterolateral surface of the 
prostate, the NVB on that side should be excised 
[21, 75]. The bladder neck must be considered 
for either resection or preservation. The so-called 
bladder-neck-preserving RP is actually more an 
intraprostatic-urethral-preserving resection 
enabling the reconstruction of a neo-bladder 
neck. The bladder neck can be restored with a 
classical “tennis racket” closure and meticulous 
eversion of the bladder mucosa. Some surgeons 
have proposed a bladder neck “intussusception” 
with buttressing sutures lateral and posterior to 
the reconstructed bladder neck to hasten the early 
return of urinary control that would prevent pas-
sive opening of the bladder neck with filling [74]. 
An intravenous diuretic may be administered to 
help identifying the ureteral orifices and 2 tubes 
can be inserted temporarily, avoiding to close the 
urethral meatus during bladder neck reconstruc-
tion. Once the bladder neck has been recon-
structed, the ureteral catheters are removed. The 
new bladder neck mucosa needs to be meticu-
lously everted with several stitches in order to 
avoid anastomotic strictures. Haemostasis is 
done avoiding the use of electrocautery in the 
case of a nerve-sparing procedure because this 
could definitely damage the NVBs. The last step 
of the procedure is the vesico-urethral anastomo-
sis. A Ch 14-16 Foley (silicone) catheter is 
brought into the new bladder neck and four anas-
tomotic sutures are placed at 7, 5, 2 and 11 
o’clock. At this point, the balloon is inflated. 
Careful traction on the inflated balloon catheter 
brings the bladder neck down to the urethral 
stump. The four anastomotic sutures are then tied 
and the bladder can be rinsed to check the anasto-
mosis for leakage. Diuretics can be given to 
dilute any hematuria. Subsequently, two suction 
drains are placed in the pelvis and the wound is 
closed.

The surgical technique of a RP for locally 
advanced T3 cancer is obviously different from 
that applied in  locally confined tumours. RP of 
locally advanced T3 PCa must include a more 
radical extirpation including an extensive lymph 
node dissection, a clean apical dissection, a broad 
NVB resection at least at the tumour-bearing site, 

a complete resection of the seminal vesicles and 
in many cases a resection of the bladder neck. In 
patients with small unilateral and non-apical T3a 
prostate cancer, the contralateral NVB can be 
spared. Absolute contraindications of the nerve-
sparing procedure are the T3b tumours and the 
palpable lesions at the apex [57]. The bladder 
neck or intraprostatic urethra can usually be pre-
served in apical T3 tumours [27, 67]. More and 
more authors today report their experience with 
RP in clinically localised and high-risk PCa [9, 
14, 19, 33, 34, 37, 42, 43, 46, 64, 69, 76].

3.3	 �Post-operative Care

For the first 48  h after surgery, a patient con-
trolled analgesia (PCA) pump is used for pain 
control. Post-operatively, attention should be 
given to general status, wound control, drain vol-
ume and bowel movements. On the second post-
operative day, a regular diet is offered provided 
that peristalsis is restored. The suction drains are 
taken out when daily drainage is less than 
10 mL. Low molecular weight heparin that has 
already started the day before surgery is contin-
ued up to 1 month after the operation, to prevent 
thrombo-embolism. Five or six days after the 
operation, the patients are discharged from the 
hospital with a Foley catheter in place. Ten to 14 
days after the operation, they return for removal 
of the catheter. A cystogram before withdrawal of 
the catheter is only carried out, if any post-
operative problem has arisen that might have 
caused leakage. Directly after removal of the 
Foley catheter, pelvic floor physiotherapy is 
started, to regain continence as soon as possible.

3.4	 �Complications and Functional 
Results

3.4.1	 �Intra-operative Complications
The acute side effects of RRP are haemorrhage, 
rectal injury and ureteral injury. The most com-
mon intra-operative complication is haemorrhage 
that can occur because of a blunt lateral dissec-
tion of the lateral aspect of the prostate, because 
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of insufficient control of the DVC, because of the 
presence of veins that perforate the pelvic floor or 
because of the nerve-sparing procedure. Bleeding 
is usually sufficiently managed once the dorsal 
vein has been divided and ligated [75] and will 
only rarely exceed 1000 ml. Rectal laceration is 
an uncommon (once in every 100–300 patients) 
but serious complication. It occurs during apical 
dissection while attempting to develop the plane 
between rectum and the recto-urethralis muscle 
or the Denonvilliers’ fascia. In some cases it can 
be mandatory to do an omentoplasty and anal 
dilatation. Ureteral injury occurs during transec-
tion of the bladder neck with intravesical injury 
of the ureteral meatus. Therefore the ureteral 
catheters should be carefully inserted before 
restoring the bladder neck with a tennis racket 
closure.

3.4.2	 �Post-operative Complications
General post-operative complications after RP 
are deep venous thrombosis and pulmonary 
embolism. These complications should be pre-
vented by low molecular weight heparin started 
the day before surgery and continued up to 1 
month after the operation. Early post-operative 
complications include anastomotic leak, pro-
longed lymphatic drainage, premature accidental 
catheter withdrawal and recto-urethral fistula. 
Prolonged lymphatic drainage occurs if the pel-
vic cavity is not drained appropriately after sur-
gery. The use of active suction drains is therefore 
advocated. They should not be taken out until 
they drain less than 10 ml per 24 h. The incidence 
of clinically important urinary fistula is very low 
to inexistent in open RRP. With just four anasto-
motic stitches only, some patients can indeed 
have a temporary urine leak in the suction drains 
but when the catheter is correctly inserted in the 
bladder this will, with continued active suction, 
spontaneously resolve in all cases. Urinary fistula 
can also occur after catheter blockage by blood 
clots from bleeding in the bladder that must be 
avoided by proper bladder neck reconstruction 
and eversion of the bladder neck mucosa. A ure-
teral damage can be the cause of a urine leak. 
Accidental early catheter withdrawal is a rare 
event that most often is caused by a technical 

defect or a damage to the balloon catheter. Recto-
urethral fistula is uncommon (unless in patients 
that had previous radiotherapy or rectal surgery) 
and actually only occurs when a rectal laceration 
has not been recognised during surgery. When it 
occurs immediate colostomy is mandatory.

The late complications of RP are anastomotic 
strictures, urinary incontinence and erectile dys-
function. To avoid anastomotic strictures one 
should perform a good bladder neck reconstruc-
tion with eversion of the mucosa and avoiding 
making a too narrow bladder neck. Anastomotic 
strictures, predominantly in patients who had a 
previous TURP, excessive bleeding or an anasto-
motic leak, can often be successfully treated with 
a urethral dilatation. Incision of the stricture must 
be avoided as this may compromise urinary 
continence.

Urinary continence and potency are among 
the key concerns that men have with respect to 
the complications of RRP. Urinary incontinence 
is for most men the most disabling complication 
and is very difficult to predict. The reason is 
invariably damage to the urethral sphincter or its 
innervation. Men with shorter sphincters will be 
more prone to early stress urinary incontinence 
after catheter withdrawal. Pelvic floor muscle 
exercises after RP may improve early urinary 
continence (Overgärd et  al. [49]). Erectile dys-
function is associated with age, pre-operative 
erectile function and the oncologically required 
degree of resection of one or two NVBs. Recovery 
of potency also depends on the proper selection 
of patients and the experience of the surgeon with 
performing nerve-sparing operations. After open 
RP, most patients will suffer a temporary reduced 
erectile function, but when one or two NVBs 
were spared, reinnervation will take about 8–9 
months with further recovery over 2 years, cer-
tainly in younger men [65]. A placebo-controlled 
prospective study showed no statistically signifi-
cant difference among patients with erectile dys-
function following bilateral nerve-sparing RP 
receiving nightly PD5 inhibitors and those receiv-
ing on-demand treatment in the post-operative 
period [44]. In another placebo-controlled pro-
spective study nightly sildenafil administration 
increased the return of normal spontaneous erec-
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tions [50]. Men who fail phosphodiesterase-5-in-
hibitors treatment for their post RRP erectile 
dysfunction are excellent candidates for intracav-
ernous injection therapy. The need for penile 
implants after RP, which implies a full destruc-
tion of the cavernous tissue, is rather limited 
since most of them will do very well with intra-
cavernous injection therapy.

3.5	 �Surgical Modifications 
to Standard Anatomic RP

During the last decades surgical modifications to 
standard anatomic RP have been proposed in 
order to improve early return of urinary conti-
nence, erectile function, or both. This became 
possible because of a better understanding of the 
surgical anatomy of the prostate. These modifica-
tions focus on the role of the bladder neck in uri-
nary control, dissection around the seminal 
vesicles and placement of interposition nerve 
grafts when resection of the NVBs is required 
[75]. It has been suggested that bladder neck 
preservation may help in an early return of conti-
nence although its role in recovering urinary con-
tinence after RRP is controversial. Although in 
many studies bladder neck preservation was 
associated with earlier continence [1, 13, 58], the 
randomised study of Srougi et al. found no differ-
ence in urinary continence rates in patients in the 
bladder neck resection and preservation group 
[60]. Whether the seminal vesicle should be 
spared to avoid potential damage of the surround-
ing structures and maintain urinary continence 
[31] or should be removed completely to ensure 
cancer control [63] remains also controversial.

4	 �Results

4.1	 �Surgical Margins 
and Oncological Results

A study evaluating the outcome of RP in patients 
with unilateral T3a PCa showed that increased 
overall surgical experience results in improved 
positive surgical margin rates over time (75 % in 

1987–1994, 42 % in 1995–1999 and 10.4 % in 
2000–2004) [26]. When used on well-selected 
patients, the nerve-sparing procedure does not 
increase the risk of getting positive surgical mar-
gins or biochemical recurrence following RP 
[47]. Surgical experience influences the occur-
rence of surgical margins and cancer control.

Open RRP provides excellent long-term onco-
logical outcomes for the majority of patients with 
clinically localised PCa. Studies showed 10-year 
PSA-free survival rates of >60 % and 10-year 
CSS rates of >94 % [23, 29, 30, 52, 54]. At pres-
ent, an externally validated nomogram predicting 
PCa-specific mortality after RP can be used in 
patient counselling and clinical trial design [61]. 
Although still controversial, it is increasingly 
evident that surgery is getting a more and more 
prominent as initial treatment for locally 
advanced disease (cT3a). Several retrospective 
case-series including patients with cT3 disease 
that underwent RP monotherapy showed 5- and 
10-year overall survival (OS) rates of >75 % 
and > 60 %, respectively. The CSS after RP at 5- 
and 10-year follow-up varied between, respec-
tively, 85–100 % and 57–91.6 % [19, 42, 64, 76]. 
In a recent study Hsu et al., evaluated the long-
term outcome of 164 patients with locally 
advanced PCa after RP and reported a 15-year 
CSS of 66.3 %. Mean follow-up was 100 months 
[28]. Nomograms can be used for recognising 
patients with locally advanced or high-grade PCa 
most likely to benefit from surgical treatment 
[18, 32]. Patients with cT3 disease are overstaged 
9–44 % of the time [11, 17, 25, 26, 39, 69, 76]. 
For these patients who have organ-confined dis-
ease but also for those who actually have pT3 
disease, RP alone might result in a definitive 
cure. In patients with high-grade PCa, Donohue 
and colleagues examined the outcome of RP 
monotherapy and found a 5- and 10-year bio-
chemical progression-free survival (BPFS) of 
51 % and 39 %, respectively [15]. This is in agree-
ment with rates reported in other series [36, 48, 
62]. Up to one third of patients with high-grade 
PCa are subsequently downgraded and have bet-
ter BPFS probability after RP [4, 22, 41]. In a 
substantial number of patients with locally 
advanced or high-grade PCa, RP monotherapy 
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will not be sufficient. Therefore, multimodality 
treatment consisting of RP with adjuvant or sal-
vage radiation (RT) or hormone treatment (HT) 
or both should be considered [33, 34].

A study evaluating the outcome of locally 
advanced PCa after RP showed that pathological 
tumour grade and node status were significant 
predictor factors in biochemical progression-free 
survival (BPFS), clinical progression-free sur-
vival (CPFS) and CSS after 100 months follow-
up [28]. Another study showed that biopsy 
Gleason score is the strongest predictor of pro-
gression and mortality. PSA >20 ng/mL associ-
ated with biopsy Gleason score ≤7 resulted in 
10-year PCa-specific mortality (PCSM) of only 
5 %; when associated with biopsy Gleason score 
≥8, PCSM was 35 % [59].

4.2	 �Functional Results

The complications associated with RP are 
described in an earlier section (see Sect.  3.4). 
Even using a standardised technique for the 
nerve-sparing procedure, a learning curve exists, 
giving better functional results for the more 
experienced surgeon. Short retraining in special-
ised centres can have a positive effect on the sur-
gical quality. Urinary continence and erectile 
dysfunction rates vary among different studies. 
The incontinence rate after open RRP is low and 
is highly associated with the nerve-sparing tech-
nique [10]. Kundu et al. evaluated urinary incon-
tinence, potency and post-operative 
complications in preoperatively potent men 
treated with RRP from 1983 to 2003 with a mini-
mum follow-up of 18 months. They concluded 
that when RRP is performed by an experienced 
surgeon the rate of long-term incontinence after 
RRP is only 2–7 %. The potency rate was 76 % 
after bilateral nerve-sparing RRP (1,770) and 
53 % after unilateral or partial nerve-sparing (64) 
RRP.  Potency rates following bilateral versus 
unilateral nerve-sparing RRP were better for 
men <70 years (78 %% vs. 53 %; P = 0.001) 
compared with those in men ≥70 years (52 % vs. 
56 %; P = 0.6). The post-operative complication 
rate was 9 % [35]. Another large study has 

reported similar rates after 18 months of follow-
up [38]. One study [2] reported the return of 
erectile function in 1620 consecutive preopera-
tively potent men treated from 1992 to 2006 with 
nerve-sparing RP where feasible. Follow-up was 
minimum 6 months. Of 619 men who had a 
bilateral and of 178 who had a unilateral nerve-
sparing RRP, 72 % and 53 %, respectively, were 
potent. When stratifying by age group (≤49, 
50–59, 60–69 and ≥70 years) potency rates were 
86 %, 76 %, 58 % and 37 %, respectively. In line 
with other large studies [35, 38], the authors con-
cluded that potency rates after RRP were better 
in younger men [2, 65]. Recently, Löppenberg 
et al. have evaluated complication rates after RP 
at a single centre between 2003 and 2009. All 10 
Martin criteria for a high quality report of com-
plications were fulfilled. All complications that 
occurred within a 30-day post-operative period 
were graded retrospectively according to the 
Clavien-Dindo classification. Complications 
after patient discharge were captured using a 
non-validated questionnaire. The authors 
observed an acceptable overall complication rate 
of 27.7 % (801 of 2,893 patients). Of these com-
plications 596 were grade I (63.2 %), 183 grade 
II (19.5 %), 142 grade III (15.1 %) and 15 grade 
IV (1.8 %). The mortality rate (grade IV) was 
0.1 % (4 of 2,893). Patients of older age, those 
with greater prostate volume and those who had 
undergone simultaneous lymphadenectomy 
were at risk for higher grade complications 
(grade III or greater) [40].

For patients with cT3 disease, the morbidity is 
similar to that previously reported for patient 
with cT2 disease [76]. In a study evaluating the 
outcome of RP in patients with locally advanced 
or high-risk PCa, potency and continence rates 
were preserved in 60 % and 92 %, respectively. 
Median follow-up was 88 months [39].

�Conclusion

Contemporary nerve-sparing open RRP 
remains the gold standard for patients with 
localised PCa who can be cured and who 
have at least a 10-year life expectancy. The 
increasing experience of surgeons together 
with better knowledge of the periprostatic 
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anatomy and the refinements in nerve-spar-
ing techniques has resulted in excellent 
oncological outcomes, decreased positive 
surgical margins, significantly reduced oper-
ative complications and better functional 
results. Most of the complications are low 
grade. In the hands of an experienced sur-
geon, incontinence rates are low. Nerve-
sparing RP performed with sufficient 
expertise and additional phosphodiesterase-
5-inhibitors or intracavernous injection ther-
apy provide acceptable potency rates. RRP 
is nowadays less frequently performed in 
low-risk prostate cancer patients and is rec-
ommended as initial treatment for locally 
advanced and high-grade PCa in the frame 
of a multimodality treatment, including 
adjuvant or salvage RT, HT or a combination 
of both.
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The Robotic Laparoscopic Radical 
Prostatectomy

Aaron Leiblich, Prasanna Sooriakumaran, 
and Peter Wiklund

1	 �From the Origins of Radical 
Prostatectomy to Robot 
Assisted Surgery

The history of surgical treatment for prostate can-
cer dates back to 7 April 1904, when Dr. Hugh 
Young, with the assistance of William Halsted, 
performed the world’s first radical prostatectomy 
at Johns Hopkins Hospital, Baltimore [1]. His 
technique was adapted from an operation he learnt 
from the iconoclastic American surgeon, George 
Goodfellow, who developed a surgical method of 
prostatic enucleation via a transperineal route for 
the treatment of bladder outlet obstruction.

Over the course of 30 years, Young performed 
his operation on thousands of men with prostate 

cancer, teaching his method of transperineal radi-
cal prostatectomy to at least two generations of 
urologists trained at the Brady Urological 
Institute at Johns Hopkins. His operation was 
rapidly adopted by contemporaries and became 
widely disseminated throughout the United 
States and Europe in the first half of the twentieth 
century. This technique prevailed until the Irish 
urologist Terence Millin originated the retropu-
bic approach for performing prostatectomy [2]. 
Initially, his operation was developed for the 
treatment of benign prostatic enlargement, but he 
later adapted the technique to encompass the 
treatment of prostate cancer.

Little progress was seen in the technique and 
technology of radical prostatectomy in the 
40-plus years between Millin’s description of a 
retropubic approach in 1945 and the advent of 
laparoscopy in the early 1990s. William 
Schuessler, who published the first case series of 
patients who had undergone laparoscopic prosta-
tectomy, initially demonstrated the feasibility of 
a minimally invasive surgical approach for the 
treatment of prostate cancer [3]. Although this 
represents a landmark in the history of prostate 
cancer surgery, adoption of laparoscopic tech-
niques was slow, due in part to the technical dif-
ficulty of the procedure.

The development of robotic surgical technolo-
gies in the late 1990s and early 2000s saw the 
most significant advance in recent years in the 
surgical treatment of localized prostate cancer. 
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Robotic technology in surgery was initially 
developed by the United States Department of 
Defense, who foresaw applications in battlefield 
surgery. The translation of this technology for 
civilian use was largely driven by the entrepre-
neurial efforts of two rival American companies, 
Intuitive Surgical (IS), Inc and Computer Motion, 
Inc. Simultaneously, both companies developed 
robotic interfaces for use in human surgical 
applications, with Intuitive Surgical’s da Vinci 
Surgical System receiving FDA approval in 2000 
while approval was granted to Computer Motion’s 
ZEUS system shortly after in 2001. In 2003, 
Computer Motion was merged into Intuitive 
Surgical, and shortly afterwards the ZEUS robot 
was phased out. The da Vinci System remains the 
most widely used surgical robotic interface 
worldwide.

Abbou et al. described the first reported radi-
cal prostatectomy using the da Vinci System in 
2001. The operation took place in the Henri 
Mondor Hospital in Creteil, France, with an 
operative time of 7 h and a hospital stay of 4 
days [4]. Soon after, robot assisted radical pros-
tatectomy (RARP) was refined and popularized 
by the pioneering work of Mani Menon and his 
colleagues at the Vattikuti Urology Institute at 
Henry Ford Hospital in Detroit [5, 6]. Over the 
last decade, RARP has gained widespread 
acceptance around the world as an important 
advance in the surgical management of prostate 
cancer.

2	 �Surgical Techniques in Robot 
Assisted Laparoscopic 
Radical Prostatectomy

The last 10 years has seen a boom in the number 
of RARPs being performed around the world, 
with more than 80 % of all radical prostatecto-
mies performed in the United States now being 
done with the aid of a robotic system [7]. The rise 
in popularity of robotic prostatectomy has also 
seen the development of a variety of different 
approaches to performing the operation. Although 
transperitoneal approaches currently predomi-
nate, robot prostatectomy may be performed via 

an entirely extra-peritoneal approach [8]. For the 
purposes of this chapter, we will restrict the dis-
cussion of technique to describing transperito-
neal prostatectomy, as this is the approach 
employed routinely in our practice.

3	 �Patient Positioning 
and Trocar Placement

The patient is placed under general anesthesia in 
a supine position. The lower limbs are placed in 
leg supports and abducted slightly. After prep-
ping the abdomen, genitalia and perineum and 
draping the patient, a 16 French two-way Foley 
catheter is inserted to drain the bladder. A 
3–4 cm supra-umbilical incision is made in the 
skin and the anterior rectus sheath is exposed by 
blunt dissection of adipose tissue with 
Langenbeck retractors. A small incision is made 
in the sheath carefully and the peritoneum is 
opened either by the mini-Hassan technique or 
by gentle, blunt dissection with the little finger. 
Once the peritoneum has been opened, the cam-
era trocar is inserted into the abdominal cavity 
and insufflation of CO2 is initiated. Once the 
abdomen has been distended the da Vinci cam-
era with 0° optic is inserted and the abdominal 
cavity is explored, with particular note taken of 
the presence of adhesions that may need to be 
dealt with. With the use of the camera, all subse-
quent ports are inserted into the abdominal cav-
ity under direct vision. A right-sided 8  mm 
robot trocar inserted about 10 cm laterally to the 
umbilicus and a further 8 mm trocar is placed on 
the left side at the same distance from the umbi-
licus. An additional 8 mm robot trocar may be 
inserted on the left, at a distance of approxi-
mately 5–8  cm above the left anterior superior 
iliac spine (ASIS), although some centers  choose 
to forego this additional port especially for cases 
that do not require lymph node dissection. A 
12 mm assistant trocar is placed in the right side 
of the abdomen laterally, approximately 5–8 cm 
above the ASIS. Then a 5-mm assistant port is 
inserted between the camera and right-sided 
robotic trocar. The patient is then placed in the 
Trendelenberg position, with a tilt of 30–35°. 
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The surgical arm cart is then placed into posi-
tion between the patient’s abducted legs. The 
robotic and camera trocars are then docked onto 
the robot arms and the camera is inserted back 
into the abdominal cavity. The robotic instru-
ments are then placed into the abdomen with 
laparoscopic control under direct vision ready 
for use by the console surgeon.

4	 �The Posterior Approach

Our favored method of performing the robotic 
operation is to begin by dissecting the posterior to 
peritoneum beneath the prostate [9], with mobili-
zation of the paired vasa deferentia and seminal 
vesicles (SVs). As this step is performed prior to 
dropping the bladder, the working space for this 
portion of the operation is very favorable, improv-
ing access and efficiency. Furthermore, mobiliza-
tion of the vasa and SVs at the beginning of the 
operation simplifies the later posterior bladder-
neck dissection. To gain access to the vasa differ-
entia, an incision is made in the peritoneum, low 
and in the midline. The vasa are identified and dis-
sected out bluntly. The vasa must be confidently 
differentiated from ureters prior to transection. 
Three anatomical features permit accurate identi-
fication of the vasa: firstly, ureters are located 
superior and lateral to the vasa deferentia. 
Secondly, vasa deferentia meet in the midline, 
whereas ureters do not. Thirdly, seminal vesicles 
lie behind the vasa, but not behind ureters. Once 
the vasa and SVs have been dissected out, an inci-
sion is then made in Denonvilliers fascia and a 
plane is developed between the posterior aspect of 
the prostate and the rectum, again employing a 
technique of blunt dissection. Following this, a 
plane is developed anterior to where the mobi-
lized vasa meet in the midline, essentially creating 
a space behind the posterior bladder neck.

5	 �Dropping the Bladder

After the posterior dissection is complete, the 
bladder is then mobilized. An incision is made 
with monopolar scissors in the peritoneum on 

the right side lateral to the union of the umbili-
cal arteries and an avascular plane is devel-
oped, aided by the pneumoperitoneum. This 
space is dissected out until the endopelvic fas-
cia is exposed and the pubis is visible superi-
orly. The endopelvic fascia on the left is 
exposed in an identical fashion. Dissecting in 
the midline plane between the bladder and the 
anterior abdominal wall completes the bladder 
drop.

6	 �Dissecting the Bladder Neck

Once the bladder has been dropped, fat may be 
removed from the surface of the prostate if neces-
sary. This step is often helpful if there is a great 
deal of adipose tissue present and the anatomy is 
unclear. Next, an incision is made on each side in 
the already-exposed endopelvic fascia. Muscle 
fibers of the pelvic floor are gently teased away 
from the lateral margins of the prostate and the 
edge of the prostate is then defined. Identification 
of the bladder neck may be aided by manipulat-
ing the urethral catheter such that the movement 
of the balloon in the bladder can be detected by 
the console surgeon. During the bladder neck dis-
section, the bladder is gently retracted with the 
third robotic instrument arm.

The dissection begins in the midline with 
sharp dissection with the incision moving later-
ally either side to follow the contour of the 
bladder neck. Continued dissection in the mid-
line will reveal a preprostatic portion of the ure-
thra continuous with the bladder neck. Space 
either side of this structure is developed later-
ally towards the prostatic pedicles to maximize 
bladder neck exposure. Once the exposure is 
adequate an incision in the anterior bladder 
neck is made. The catheter, with balloon 
deflated, is then retrieved through this incision 
and can be retracted upwards by the bedside 
surgeon to facilitate exposure of the posterior 
bladder neck, which is incised in the midline 
with monopolar cautery by the console 
surgeon.

Dissection of the posterior bladder neck in the 
correct plane will invariably meet up with the 
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space created posteriorly at the beginning of the 
operation and the mobilized vasa deferentia and 
seminal vesicles will be encountered. These 
structures can then be retrieved through the 
bladder neck incision using the third robotic arm 
and used to provide traction on the prostate.

7	 �Lateral Dissection and Nerve 
Preservation

A number of different techniques have been 
described to achieve the objective of nerve pres-
ervation, and although a comprehensive descrip-
tion of these is beyond the scope of this chapter, 
each method shares core principles. Once the 
vessels of the prostatic pedicles are controlled 
with hemostatic clips and are then cut, the lateral 
peri-prostatic fascia containing the neurovascular 
bundle is separated from the surface of the pros-
tate by sharp scissor dissection. To avert thermal 
injury to the neurovascular bundle all dissection 
is performed sharply without cautery.

8	 �Apical Dissection

The puboprostatic ligaments are divided using 
monopolar scissors and then a plane is developed 
between the urethra and dorsal venous complex 
(DVC) by sharp dissection. Due to the vascularity 
of the DVC, minimal-to-moderate bleeding is 
often encountered at this step, and it can be useful 
to increase the pressure of the pneumoperitoneum 
temporarily at this point to ensure good vision is 
maintained (we perform most of the operation at a 
pressure of 12 mmHg and increase it to 18 mmHg 
at this stage). Once the anterior wall of the urethra 
is exposed, an incision is made a few millimeters 
distal to the apex of the prostate. Once transection 
of the urethra is complete, the freed specimen is 
placed into an endoscopic retrieval bag for 
removal upon completion of the anastomosis. 
Bleeding at the DVC is controlled at this stage by 
oversewing with a 3.0 V-LocTM suture (Medtronic). 
This suture is barbed and has a loop at the non-
needle end, avoiding the need for knot tying.

9	 �Urethrovesical Anastomosis

For the anastomosis, we use 3.0 V-Loc sutures. 
Before the anastomosis is performed, the ure-
thra and bladder are approximated with a 
“Rocco stitch,” a step that helps reduce traction 
on the urethra-sphincteric complex [10]. The 
anastomosis begins with approximation of the 
posterior wall of the urethra to the posterior 
bladder, with the suture taking mucosal bites of 
both structures. The anastomosis is continued 
with continuous sutures and extended anteri-
orly. Once the anastomosis is visibly complete, 
a new 16 French Foley catheter is inserted and 
the balloon inflated with 20 ml of water. To test 
the integrity of the anastomosis, the bladder is 
filled with 300 ml saline.

10	 �Specimen Removal 
and Wound Closure

Upon completion of the anastomosis, the robotic 
instruments are withdrawn and the robot 
undocked. The patient is then placed in a flat, hor-
izontal position. The robot and assistant trocars 
are removed under direct vision and the 12 mm 
assistant port is closed with 3.0 PDS. The camera 
trocar is removed and the specimen is retrieved 
through the supra umbilical wound (which often 
needs to be enlarged at this stage). This wound is 
closed with 2.0 PDS, with care taken to ensure 
that the rectus sheath is approximated. Skin clo-
sure is achieved with 3.0 vicyl rapide.

11	 �Outcomes After Robot 
Assisted Radical 
Prostatectomy

Radical prostatectomy holds a reasonably unique 
position among cancer surgeries in that success is 
not based solely on favorable oncologic outcomes. 
In addition to undetectable PSA, surgical quality is 
also measured against the key functional outcomes 
of continence and potency. These outcomes form 
the so-called “trifecta” of radical prostatectomy 
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[11]. Therefore, in order to compare robot assisted 
surgery with alternative surgical approaches, these 
functional outcomes must be considered in addi-
tion to the oncologic outcomes.

12	 �Oncologic Outcomes: Robot 
vs. Laparoscopic vs. Open

Positive surgical margin (PSM) rates are a 
widely acknowledged benchmark for technical 
quality in radical prostatectomy. Furthermore, 
PSM rate is known to affect the risk of bio-
chemical recurrence post-surgery [12]. A large 
study of more than 22,000 men who underwent 
surgery for radical prostatectomy (RP) com-
pared the PSM rates of men who had open RP 
versus laparoscopic RP versus robot assisted 
RP [13]. The crude PSM rates were lowest for 
robotic RP (13.8 %), intermediate for laparo-
scopic RP (16.3 %) and highest for open RP 
(22.8 %). Even after classical adjustment, the 
risk of PSM remained lower after laparoscopic 
RP and robotic RP than after open RP (odds 
ratio 0.76).

Although robotic surgery is still a relatively 
new endeavor, and long-term data regarding 
oncologic outcomes are somewhat scarce, 
some centers are beginning to publish data 
showing favorable results with respect to bio-
chemical recurrence more than 5 years after 
robot assisted RP.  For example, biochemical 
recurrence–free survival (BRFS) outcomes at a 
single European center are reported at 87.1 %, 
84.5 % and 82.6 % at 5, 7 and 9 years respec-
tively [14]. An additional report of a cohort of 
nearly 500 men who underwent robotic RP 
demonstrates a BRFS of 73.1 % at 10 years 
with a cancer-specific survival (CSS) of 98.8 % 
over the same time frame [15]. The largest 
report of oncologic outcomes to date in robot 
assisted RP examines data from a cohort of 
nearly 5000 men. At 8 years this study shows a 
BRFS of 81 % and CSS of 99.1 % [16]. Taken 
together, these data indicate the effectiveness 
of robotic RP for conferring long-term bio-
chemical control.

13	 �Continence and Sexual 
Function After Robot 
Assisted Radical 
Prostatectomy

The preservation of urinary continence after radi-
cal prostatectomy is a key determinant influencing 
patient wellbeing and maintenance of quality of 
life (QOL) after radical therapy for prostate cancer 
[17]. A large systematic review and meta-analysis 
examining data from more than 4000 patients was 
published in 2012 by Ficarra and colleagues and 
showed that continence rates (when using a no pad 
definition of continence) at 12 months after robotic 
RP ranged from 69 to 96 %, with a mean value of 
84 % [18]. Furthermore, their analysis demon-
strated statistically significant improved conti-
nence outcomes in favor of robotic prostatectomy 
in comparison to both laparoscopic and open sur-
gery. Similar to open and laparoscopic techniques, 
increasing age, high BMI and the presence of 
LUTS correlated with a higher risk of inconti-
nence following robot assisted RP.

Early potency with or without pharmacologi-
cal assistance appears to be improved with robot 
assisted RP compared to open surgery. With 
bilateral extended nerve sparing, intercourse is 
achieved in up to 90 % of all patients [19]. In the 
largest meta-analysis of its kind, potency rates 
following nerve sparing robot assisted RP ranged 
from 54 to 90 % at 12 months and 63–94 % at 24 
months. Furthermore, cumulative analyses dem-
onstrated superior 12-month potency rates after 
robot assisted RP compared to open RP, with an 
odds ratio (OR) of 2.4; 95 % confidence interval: 
1.46–5.43; p = 0.02 [20].

14	 �Patient Satisfaction 
After Robotic Assisted 
Radical Prostatectomy

Interestingly, a study of patient satisfaction after 
radical prostatectomy found that robotic RP was 
independently associated with more dissatisfac-
tion and regret, with patients undergoing a robotic 
procedure being 3–4 times more likely to express 
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regret than patients undergoing an open proce-
dure [21]. The authors postulated that patients 
might be more likely to be regretful because of 
the higher expectations associated with a cutting 
edge procedure. Indeed, a follow up study by the 
same group indicates that subjecting patients to a 
preoperative education and counseling program 
can achieve high levels of satisfaction after 
robotic assisted RP [22].

�Conclusion

The development of robotic surgical technolo-
gies has revolutionized prostate cancer sur-
gery. The high quality of vision and the 
precision of instrument movement afforded by 
robot assistance continue to translate as favor-
able outcomes for patients, both oncologically 
and functionally. We anticipate that robotic 
technology will continue to progress and 
improve surgical quality for men undergoing 
radical prostatectomy.
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Permanent and High Dose Rate 
Brachytherapy (Technique, 
Indications, Results, Morbidity)

Ann Henry

1	 �Introduction

Brachytherapy (derived from the Greek word 
brachys meaning ‘short-distance’) is a form of 
radiation therapy where a sealed radiation source is 
placed directly into the body. In prostate brachy-
therapy, the placement of radiation sources in the 
gland can be permanent or temporary. Both are 
forms of interstitial brachytherapy, which is defined 
as the insertion of brachytherapy applicators or 
sources directly into tissue i.e. the prostate gland.

Permanent interstitial brachytherapy, also 
known as seed brachytherapy, involves placing 
small radioactive pellets into the prostate and 
leaving them permanently to gradually release 
radiation over time. After all the radiation has 
decayed the inactive pellets remain in the pros-
tate gland. Permanent brachytherapy uses low 
dose rate (LDR) sources emitting radiation over 
weeks and months.

Temporary brachytherapy involves first plac-
ing needles or catheters within the prostate and, 
on confirmation of accurate positioning, tempo-
rarily introducing the radioactive source into the 
prostate. Radiation is delivered using a high dose 
rate (HDR) machine where actual treatment 
times are minutes. The radiation dose rate is very 
similar to that used in external beam radiother-

apy. Comparisons of LDR and HDR prostate 
brachytherapy treatments are listed in Table 1.

Prostate brachytherapy allows safe radiation 
dose escalation beyond that achieved using exter-
nal beam radiotherapy alone as it has greater con-
formity around the prostate, sparing surrounding 
rectum and bladder. In addition, there are fewer 
issues with changes in prostate position during 
treatment delivery. Randomized trials using both 
techniques demonstrate improved disease control 
when compared to external beam radiotherapy 
alone [1, 2].

2	 �Permanent Prostate 
Brachytherapy Techniques

The breakthrough in the development of modern 
brachytherapy was the establishment in the early 
1980s of trans-rectal ultrasound (TRUS) com-
bined with the use of a template attached to the 
TRUS probe to guide trans-perineal needle place-
ment [3]. The procedure was refined by the 
Seattle group [4] and remains the most com-
monly used permanent prostate brachytherapy 
technique.

2.1	 �Patient Preparation

The procedure is often done as a day-case under 
general or regional anaesthesia (spinal or caudal 
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blocks). An empty rectum helps optimize TRUS 
images and the patient should have an enema 
before the procedure to clear the rectum. Once 
anaesthetized, the patient is placed in the lithot-
omy position and a Foley catheter introduced to 
visualize the urethra. Aerated gel (lubricating gel 
plus air to make small bubbles) can be used to 
help visualize the urethra. The scrotum is moved 
away from the operating field and fixed with an 
adhesive dressing; the perineum is then cleaned 
with antiseptic solution.

2.2	 �TRUS Volume Study

The ultrasound probe placed within the stepper 
unit (Fig. 1) is inserted into the rectum and posi-
tioned under the prostate. The stepping unit can 
make steps (generally at 5 mm transverse inter-
vals) through the prostate acquiring an image 

dataset which is then used to contour the prostate 
volume and adjacent organs at risk (urethra, rec-
tum, bladder neck, neurovascular bundles). 
Attached to the trans-rectal ultrasound is a peri-
neal template. The coordinates of the template 
are automatically transposed over the ultrasound 
images of the prostate.

The prostate is positioned so that it lies cen-
trally within the template grid with the lower 
border on the first row and the urethra centred 
on the middle row (large D). Care should be 
taken to ensure the prostate is not angled or 
rotated around its axis. Once the prostate is 
accurately positioned relative to the template, 
serial sections are taken from the base to apex at 
5  mm intervals. On each section, the prostate 
capsule is contoured and the information anal-
ysed within a planning computer to calculate the 
exact number and position of seeds required for 
the implant (Fig. 2).

2.3	 �Treatment Planning 
and Implantation

The planning and implantation technique may 
follow one of the following depending on depart-
mental preferences and experience [5]:

	1.	 Pre-planning: A two-step procedure where 
there is delayed execution of the treatment 
plan. The TRUS pre-plan takes place a few 
weeks before actual implantation.

Table 1  Comparison of prostate brachytherapy 
techniques

Low dose 
rate (LDR)

Permanent seeds implanted
Uses Iodine-125 (most common), 
Palladium-103 or Caesium-131 isotopes
Radiation dose delivered over weeks and 
months
Acute side effects resolve over months
Radiation protection issues for patient 
and carers
Established as monotherapy for low and 
selected intermediate risk localized 
prostate cancer
Established as a boost treatment with 
external beam radiation in higher risk or 
locally advanced prostate cancer

High dose 
rate (HDR)

Temporary implantation
Ir-192 isotope introduced through 
implanted applicators (needles or 
catheters)
Radiation dose delivered in minutes
Treatment may need to be fractionated
Acute side effects resolve over weeks
No radiation protection issues for patient 
or carers
Established as boost treatment with 
external beam radiation in higher risk or 
locally advanced prostate cancer
Investigational as monotherapy 
(recommended only within clinical trials)

Fig. 1  Trans-rectal ultrasound (TRUS) probe placed 
within stepper unit allows TRUS image acquisition at 
5  mm intervals from prostate base to apex. The trans-
perineal template attached to the stepper unit guides accu-
rate needle placement during the implant
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	2.	 Intraoperative planning: The plan is created in 
the operating room immediately prior to the 
procedure.

	3.	 Interactive planning: Stepwise modification 
of the plan using computerized dose calcula-
tions that have been obtained from image-
based needle-position feedback.

	4.	 Dynamic dose calculation: Constant updating 
of the dose distribution using continuous seed 
position feedback.

Typically about 80–100 seeds will be 
implanted using 25–30 needles, but the precise 
number will depend on the prostate size/shape 
and the activity of the seeds. The needles are 
20  cm long (18 gauge). A modified peripheral 
loading pattern is used where the majority of 
seeds are positioned adjacent to the capsule and a 
smaller number placed centrally but away from 
the urethra.

The needles are guided through the perineal 
skin using the template that provides the X and Y 
co-ordinates with the depth (Z co-ordinate) con-
firmed using sagittal ultrasound imaging. Seed 
positions are referenced to the base plane defined 
as where the prostate meets the bladder base. Not 
all needles are inserted as far as the base plane, 
some are inserted closer to the apex to provide 
seed coverage more proximally. Stranded or 
linked seed trains are often used as this reduces 
seed migration into the peri-prostatic venous cir-
culation. A Mick applicator can be used to insert 
single or ‘loose’ seeds into gland.

The most frequently used isotope for perma-
nent seed implantation is Iodine-125. It has a 
mean energy of 25 KeV with a half-life of 
59.6  days. The Iodine-125 is absorbed onto a 
silver rod, which is encased in a titanium case. 
The overall size of seeds is just under 5 mm long 
and 1  mm in diameter. In the early years of  

Fig. 2  TRUS prostate image with prostate capsule outlined 
in red and planned seed positions represented by green 
dots. The coordinates of the template (letters on x-axis and 
numerals on y-axis) are superimposed on the TRUS image 
to guide accurate needle placement. The varying radiation 

isodose lines are displayed in the key. In I-125 brachyther-
apy the dose (145 Gy) is prescribed to the 100 % isodose 
(yellow line) which should encompass the entire prostate 
with a 3 mm margin apart from posteriorly adjacent to the 
rectum where no margin is applied (CTV: light blue line)
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permanent prostate brachytherapy 
Palladium-103 was used, citing a theoretical 
advantage for more rapidly growing tumours as 
it has a shorter half-life (i.e. higher dose rate) 
than Iodine-125, but with long-term follow-up 
no clinical advantage has been demonstrated. 
The prescribed dose when using Iodine-125 is 
145 Gy for monotherapy and 110 Gy when used 
as a boost treatment with supplemental external 
beam radiotherapy.

Detailed GEC-ESTRO (Groupe Europeen de 
Curietherapie -European Society of Therapeutic 
Radiation Oncology) guidelines on the clinical 
and technical aspects of permanent prostate 
brachytherapy are recommended [6, 7]. The clin-
ical target volume (CTV) is defined as the pros-
tate gland plus a 3 mm margin in each direction. 
This can be constrained to the rectum posteriorly 
and the bladder neck cranially.

The dose distribution inside a prostate implant 
is highly non uniform and doses can be consider-
ably higher than the minimum peripheral dose to 
the CTV. The GEC-ESTRO recommends that the 
following dosimetric parameters should be aimed 
for and recorded:

Clinical Target Volume (CTV)
•	 V100 CTV (percentage of the CTV that receives 

the prescription dose) ≥95 %
•	 V150 CTV (percentage of the CTV that receives 

the 150 % prescription dose) ≤50 %
•	 D90 CTV (dose that covers 90 % of the 

CTV) > prescription dose

Rectum
•	 D2cc rectum (the minimum dose in the most irra-

diated 2 cc volume of the rectum) < prescrip-
tion dose

•	 D0.1 cc rectum (the minimum dose in the most 
irradiated 0.1  cc volume of the rectum) 
<200 Gy

Urethra
•	 D10% urethra (the minimum dose in the most 

irradiated 10 % of the urethral volume) <150 % 
of prescription dose

•	 D30% urethra (the minimum dose in the most 
irradiated 30 % of the urethral volume) <130 % 
of the prescription dose

2.4	 �Quality Assurance

Practice guidelines to ensure high quality train-
ing and quality assurance have been published 
following errors in US centres, where poor qual-
ity implants led adverse patient outcomes [8–
10]. It is recommended that all patients undergo 
post implantation CT based dosimetry to com-
pare the actual dose delivered to the treatment 
plan. If available, MR-CT fusion is a useful tool 
to more accurately evaluate seed placement rela-
tive to the prostate capsule (Fig. 3). The optimal 
timing of imaging has not been established and it 
can be undertaken Day 0, 1 or 2–6 weeks follow-
ing the implant. Post-implant dosimetry should 
measure the following parameters: Prostate 
D90%, V100%, V150% and organ at risk doses 
(urethra and rectum). Post-implantation results 
should be reviewed and action, such as re-
implantation, undertaken to compensate for sub-
optimal treatment in individual patients. The 
impact on post-implant dosimetry of changes in 
personnel or implant technique should also be 
assessed by regular review, as a learning curve 
for permanent prostate brachytherapy is well 
described.

2.5	 �Radiation Protection

The low emission energy of the seeds and the 
ease of shielding mean that seed loading and 
implantation can be undertaken without the need 
for significantly increased radiation protection 
measures in the operating theatre.

Following implantation, men and their fami-
lies should be given radiation protection advice 
both verbally and on an information card. This 
advice should include this information;

•	 Avoid close (<1 m) contact with young chil-
dren and pregnant women in the first 2 months 
following implantation.

A. Henry



191

•	 Partners can safely sleep in the same bed.
•	 Sex can resume when comfortable after 

implantation but condoms should be used for 
the first 5 ejaculations, then flushed away.

•	 Should a seed be passed pick it up with a 
spoon or long handled tweezers and flush 
away.

•	 In the event of death within 20 months of 
implantation cremation is not allowed.

•	 Airport radiation monitors may be triggered 
up to 6 months after and a wallet sized infor-
mation card should be carried with informa-
tion for airport security staff.

3	 �Indications for Permanent 
Prostate Brachytherapy

3.1	 �Monotherapy in Localized 
Prostate Cancer

Non-metastatic prostate cancer is stratified into 
risk groups depending on PSA, T stage and 
Gleason score. In broad terms, low risk is defined 
as T1/T2a, PSA ≤10 ng/mL and Gleason score 6, 
intermediate risk as T1/2 and/or PSA 10–20 ng/
mL and/or Gleason 7 and high risk as any having 
one of the following features T3-4, PSA >20 ng/

mL or Gleason 8–10. Stratification into these risk 
categories helps guide treatment choices and pre-
dicts long term outcomes.

Patients with low risk localized prostate can-
cer (T1c-T2a, Gleason 6, <50 % core positive, 
PSA ≤10 ng/mL) and selected patients with low 
volume intermediate risk localized prostate can-
cer (T1c-T2a, Gleason 3 + 4, PSA ≤10  ng/mL, 
<33 % core positive) are suitable for permanent 
prostate brachytherapy alone (Table 2).

Men with pre-existing urinary symptoms and/
or enlarged prostate glands are at high risk of 
acute retention of urine after brachytherapy and/
or experiencing prolonged urinary symptoms. 
The patient completed International Prostate 
Symptom Score (IPSS) can be used to screen for 
significant pre-existing urinary symptoms with a 
score <9 being ideal and scores <15 acceptable 
[11]. A more objective measure of urinary func-
tion can be obtained from urinary flow tests. Men 
with peak urinary flow rates of <10 ml/s have a 
30 % risk of post-implant retention and brachy-
therapy is generally not advised. Those with peak 
flow rates >20  ml/s have <10 % risk of 
catheterization and are good candidates for 
brachytherapy [12].

In patients with enlarged prostate glands 
(over 50 ml) it can be difficult to achieve good 

a b

Fig. 3  Post Implant dosimetry should be undertaken in all 
seed brachytherapy patients to check actual dose deliv-
ered. (a) Pelvic CT scan demonstrating seeds within 

gland. (b) CT can be fused with MRI to aid prostate cap-
sule identification
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implantation of the gland because the pubic arch 
may shield the anterior prostate. Neo-adjuvant 
androgen deprivation for 3–6 months before 
implantation can be used to downsize the gland 
with the greatest gland shrinkage achieved using 
luteinizing hormone releasing hormone (LHRH) 
agonists rather than anti-androgens [13]. LHRH 
agonists will often achieve a 30 % reduction in 
prostate size.

Previous trans-urethral resection of the pros-
tate (TURP) is a relative contra-indication to 
prostate brachytherapy particularly if there is a 
large prostate defect. The presence of a signifi-
cant defect makes it difficult to achieve a satisfac-
tory dose distribution. Patients who have had a 
TURP a number of years before or those where a 
more recent narrow channel procedure has been 
undertaken can be considered for brachytherapy.

3.2	 �Boost Treatment with External 
Beam Radiotherapy 
in Intermediate and High Risk 
Disease

In patients with intermediate and high risk local-
ized prostate cancer there is a significant risk of 
microscopic extra-capsular spread that may not 
be included in the high dose region of a seed 

implant leading to local treatment failure. In this 
situation brachytherapy may be combined with 
external beam radiotherapy to ensure an appro-
priate target volume is treated. External beam 
doses in the order of 46 Gy in 23 fractions are 
delivered to either prostate and seminal vesicles 
or whole pelvis with a boost of 110 Gy delivered 
to the prostate using 1–125 permanent prostate 
brachytherapy [2]. Neo-adjuvant and adjuvant 
hormone manipulation should also be considered 
as standard care.

4	 �Results for Permanent 
Prostate Brachytherapy

There have been no randomized trials comparing 
brachytherapy as monotherapy with other cura-
tive treatment modalities. Outcome data are 
available from a number of large cohort studies 
with mature follow-up [14–22]. The biochemical 
control for low risk patients has been reported to 
range from 72 to 98 % with follow-up out to 12 
years. Morris et al. [22] reported the population 
based outcomes from British Colombia, Canada 
and demonstrated biochemical disease-free sur-
vival of 94 % at 10 years in low and selected 
intermediate risk patients. For all series, out-
comes for intermediate risk patients vary from 61 
to 96 % which is likely to reflect variation in 
patient selection.

A significant correlation has been shown 
between the implanted dose and recurrence rates 
[23]. Patients receiving a D90 (dose covering 
90 % of the prostate volume) of >140 Gy had a 
significantly higher biochemical control rate 
(PSA < 1.0  ng/mL) after 4 years than patients 
who received less than 140  Gy (92 vs. 68 %). 
There is no benefit in adding neo-adjuvant or 
adjuvant ADT to LDR monotherapy [14].

Dose-escalated external beam radiotherapy 
has been compared with external beam radiother-
apy followed by a LDR brachytherapy boost in 
intermediate-risk and high-risk patients in a 
recently presented randomized trial [2]. The 
ASCENDE-RT (Androgen Suppression 
Combined with Elective Nodal and Dose 
Escalated Radiation Therapy) multi-centre 

Table 2  Patient selection criteria for curative permanent 
prostate brachytherapy as monotherapy

Inclusion criteria
 � Stages T1c-T2a N0 M0
 � Gleason 3 + 3 with < 50 % core involvement or

 � Gleason 3 + 4 with < 33 % core involvement
 � PSA < 10 ng/mL
Exclusion criteria
 � Limited overall life expectancy
 � Extensive TURP defect or TURP within 3–6 months
 � Maximal urinary flow rate (Qmax) < 10 ml/s
 � IPSS > 15
 � Gland size >50 ml (may be downsized with 

neo-adjuvant androgen deprivation)
 � Pubic arch interference
 � Lithotomy position or anaesthesia not possible
 � Rectal fistula or previous abdomino-perineal 

resection (APR)
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Canadian trial compared external beam (total 
dose of 78  Gy) to external beam (total dose 
46  Gy) followed by LDR brachytherapy boost 
(prescribed dose 115 Gy). With a median follow-
up of 6.5  years, a significant improvement in 
recurrence-free survival at 7 years was found, 
increasing from 71 % in the dose escalated exter-
nal beam alone arm to 86 % in the LDR boost 
arm. This was associated with a higher rate of 
late urinary morbidity with a 5-year cumulative 
Grade 3 toxicity rate of 19 % in the LDR boost 
arm compared to 5 % in the external beam radio-
therapy alone arm [24]. Approximately 50 % of 
the urinary toxicity was due to urethral strictures 
and it is recommended that a boost dose of 
110 Gy rather than 115 Gy should be used in rou-
tine practice. Care should also be taken not to 
over-treat the membranous urethra distal to the 
prostate apex when using this technique. In addi-
tion, although associated with improved 
recurrence-free survival, use of LDR boost had a 
significant negative impact on health related 
quality of life (HRQoL) for urinary and sexual 
function, general health and bodily pain [25].

5	 �Morbidity

5.1	 �Urinary Morbidity

Immediate post-implantation side effects are pre-
dominantly urinary. Irritative and obstructive uri-
nary symptoms are very common in the first 2–3 
weeks and are relieved by alpha-blocker drugs. 
Alpha-blockers should be commenced just before 
the procedure and may need to be continued for 
several months afterwards until urinary symp-
toms resolve. Regular anti-inflammatory use will 
help with pain and discomfort on passing urine. 
Acute urinary retention can occur in 10–20 % of 
patients and is managed by urethral catheteriza-
tion. This usually resolves within 4–6 weeks but 
in the few patients with on-going problems inter-
mittent self-catheterization effectively manages 
this symptom. In 95 % of men, urinary symptoms 
have resolved by 12 months. It is advisable to 
avoid TURP in the first 12 months, as this is asso-
ciated with risks of urethral necrosis and inconti-

nence. A narrow-channel TURP can be 
undertaken after this if outflow symptoms 
persist.

5.2	 �Rectal Morbidity

Rectal side effects are usually mild with a minor-
ity experiencing rectal discomfort, proctitis and 
rectal bleeding, which usually resolves within 12 
months of treatment. There is a small risk of rec-
tal ulceration and development of recto-prostatic 
fistulae (0.1–0.2 %).

5.3	 �Sexual Dysfunction

Erectile dysfunction develops in about 40 % of 
the patients after 3–5 years. The risk is less in 
younger men who are fully potent pre-treatment 
and greater in older men who may already have 
reduced potency. Daily sildenafil can be used 
prophylactically for the first 6 months following 
treatment to help maintain sexual function [26].

5.4	 �Health Related Quality of Life

It is increasingly recognized that patient out-
comes measured objectively using validated 
health related quality of life (HRQoL) question-
naires allow measurement and comparison of 
how different treatment options impact the indi-
vidual’s life in a valid and reproducible way. The 
most robust information about long term HRQoL 
following treatment for prostate cancer is from 
randomized trials where groups have balanced 
baseline characteristics. Attempts to recruit 
patients into Phase III trials comparing radical 
prostatectomy versus permanent prostate 
brachytherapy have been unsuccessful as a sig-
nificant proportion of informed patients feel 
unable to commit to a random allocation of treat-
ment. The SPIRIT trial closed early but a com-
parison of HRQoL at a median of 5.2 years after 
treatment with either prostatectomy or brachy-
therapy (no neo-adjuvant hormone use) has been 
published [27]. This cross-sectional study 
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assessed 168 trial eligible men 3.2–6.5  years 
after treatment and demonstrated those who had 
I-125 brachytherapy had better urinary, sexual 
and patient satisfaction scores than men undergo-
ing radical prostatectomy.

Prospective longitudinal studies comparing 
non-randomized cohorts of patients undergoing 
prostatectomy, brachytherapy or external beam 
radiotherapy without hormone manipulation 
demonstrate that 3–5 years after treatment 
brachytherapy patients have less urinary inconti-
nence, bowel effects and sexual dysfunction but 
more urinary irritative-obstructive symptoms 
[28–30]. There does appear to be a trend to 
decreased sexual function with time in brachy-
therapy patients, which may be related to increas-
ing age and/or a late effect of radiation [28]. 
Sanda et al. included men who had neo-adjuvant 
hormone treatment in a multi-centre prospective 
longitudinal study of brachytherapy, external 
beam radiotherapy and radical prostatectomy 
[31]. The use of hormone manipulation in brachy-
therapy patients was associated with more sexual 
dysfunction and hormonal symptoms in the first 
12 months after treatment but by 2 years function 
had returned to a level similar to that of the cohort 
who had brachytherapy alone.

6	 �Temporary High Dose Rate 
(HDR) Prostate 
Brachytherapy Techniques

6.1	 �Advantages of HDR Prostate 
Brachytherapy

Although permanent prostate brachytherapy has 
been the most commonly used prostate brachy-
therapy technique to date, temporary high dose 
rate (HDR) brachytherapy techniques using after-
loading machines are now increasingly used. 
HDR is most commonly used as a boost treat-
ment in intermediate and high risk patients com-
bined with external beam radiotherapy.

The principal differences are:

•	 Applicators (needles or catheters) are inserted 
into the prostate ± seminal vesicles and post-

implant dosimetry undertaken with no pre-
plan required.

•	 There is more scope to treat extra-capsular 
and seminal vesicle disease as applicators can 
be placed into tissues adjacent to the prostate.

•	 There is more flexibility in dosimetry and the 
technique is less operator dependent.

•	 Dose is delivered in large fraction sizes and 
this may have a biological advantage when 
treating prostate cancer.

•	 HDR brachytherapy is a cost effective option 
as a single source is repeatedly used for 
treatments.

•	 Use of after-loading means minimal radiation 
protection issues for staff and patients.

After-loading systems were developed from 
the 1970s onwards as a way of reducing the radi-
ation exposure to medical and nursing staff. 
After-loading involves the initial placement of a 
non-radioactive applicator (metal needles or 
plastic catheters) into the patient followed by the 
subsequent insertion of the radioactive isotope. 
Radiation is then delivered ‘remotely’ with the 
staff outside the room by computer control of a 
treatment machine inside the room. With appro-
priately shielded rooms this technique permits 
high dose-rate treatments with high activity 
sources. Modern HDR machines generally use a 
small iridium-192 source which is stepped 
through a series of dwell positions in all the treat-
ment needles/catheters in turn, thereby removing 
the need for several sources or source trains to be 
present in the machine. Complex 3D dose distri-
butions can be produced from the large combina-
tion of dwell times and positions.

6.2	 �Treatment Planning 
and Implantation

Patient preparation and positioning are identical 
to LDR brachytherapy. The patient undergoes 
general or regional anaesthesia, has a urethral 
catheter inserted and is placed in the lithotomy 
position. Trans-rectal ultra-sound is used to guide 
HDR applicator insertion in the same manner as 
LDR brachytherapy. Applicators may be hollow 
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blind ending metal needles (re-useable) or plastic 
catheters (disposable). Applicators are inserted 
around the periphery of the prostate, generally 
1 cm apart, with a small number centrally (Fig. 4). 
Additional applicators can be inserted into 
regions of gross tumour to facilitate higher dose 
delivery in these sub-volumes.

Once the applicators are positioned, they are 
held fixed within the perineal template. If multi-
ple fractions of HDR brachytherapy are planned 
using the same implant, a means of fixing the 
perineal template to the perineum will be 
required. This is usually involves suturing the 
template to the perineum or use of an adhesive 
dressing.

After inserting the applicators, 3D imaging is 
acquired and imported into the computerized 
treatment planning system so that a treatment 
plan with dwell positions and timings for the 
radioactive source can be generated. Imaging 
with ultrasound, MR and/or CT can all be used to 
plan HDR treatments. There are two general 
approaches:

	1.	 Trans-rectal ultrasound obtained whilst the 
patient remains in the lithotomy position 
under anaesthetic or sedation, known as real-
time US guidance;

	2.	 CT or MR images obtained following recov-
ery from anaesthetic and transfer to the imag-
ing department.

Real-time US imaging in theatre provides 
good organ definition and allows in-room treat-
ment without the need to change patient position-
ing. Alternatively, CT or MRI may be used but 
necessitates moving the patient for imaging and 
subsequent treatment. In this second situation, 
quality assurance is essential to ensure that cath-
eters do not move with change in patient posi-
tioning. As a minimum, the distal catheter length 
from the perineal template to the connecting hub 
should be measured and checked at each step to 
ensure catheters have not shifted position. If mul-
tiple HDR fractions are to be delivered using the 
same implant a number of hours apart imaging 
should be re-acquired before each fraction and 
treatment re-planned or catheters adjusted if clin-
ically relevant changes are found.

Once the 3D image set (either US, CT or MR) 
is acquired, the following volumes for treatment 
planning are defined on the planning images 
(Fig. 5):

•	 Clinical target volume (CTV) including the 
prostate capsule plus any macroscopic 

Fig. 4  Metal needles used for HDR brachytherapy inserted through trans-perineal template into the prostate gland at 
approximately 1 cm intervals around the periphery of the gland under trans-rectal ultrasound guidance
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extra-capsular disease or seminal vesicle 
involvement identified on diagnostic images 
expanded by 3 mm to encompass potential 
microscopic disease. This is usually con-
strained posteriorly to the anterior rectal 
wall and superiorly to the bladder base;

•	 Gross tumour volume (GTV) may be defined, 
if this sub-volume is being boosted, using 
information from previous diagnostic imaging

•	 Rectum defined as outer rectal wall
•	 Urethra using the urethral catheter as the land-

mark on imaging for the urethral contour, 
which should extend from bladder base to 
5–10 mm below the prostatic apex. Contrast 
such as aerated gel within the catheter will aid 
visualization on ultrasound

•	 Other adjacent organs at risk such as penile 
bulb, bladder neck and neurovascular bundles 
may be outlined (optional)

In the treatment planning system through opti-
mization, a balance will be reached between dose 
to the CTV (± GTV) and the adjacent organs at 
risk (rectum and urethra). The prescription dose 

is defined as D90CTV i.e. the dose delivered to 
90 % of the CTV. This is individualized for each 
patient and should be higher than the planning 
aim, i.e. >100 % (Fig. 6).

The heterogeneity of dose delivered using 
varying external beam and HDR brachytherapy 
schedules makes the definition of generalized 
maximal rectal and urethral doses difficult and 
the reader should refer to comprehensive guide-
lines [32].

There are no data available on which recom-
mendations for constraints for penile bulb or neu-
rovascular bundles can currently be made and 
detailed long term follow-up in cohorts receiving 
HDR brachytherapy is required.

Once treatment is planned and checked con-
necting tubes from the HDR treatment machine 
are attached to each applicator. All staff must 
leave the HDR treatment room and the patient is 
observed using remote monitors and 
CCTV. Treatment delivery times are generally of 
the order of minutes (Fig. 7).

On completion of treatment the applicators, 
template and urinary catheter are removed.

Fig. 5  Trans-rectal ultrasound images of the prostate with 
implanted HDR needles imported into computerised treat-
ment planning system. Prostate (red), rectum (green) and 

urethra contoured. Clinical Target Volume (CTV) gener-
ated by expanding prostate contour
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Fig. 6  HDR Treatment planning system generates the optimal radioactive source dwell times and positions to ensure 
good coverage of the CTV and minimal dose to the urethra and rectum

Fig. 7  Patient ready for HDR treatment. Connecting tubes between implanted prostate needles and treatment machine 
are in place. All staff will leave treatment room during treatment delivery and patient will be monitored remotely
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7	 �HDR Brachytherapy 
Indications

7.1	 �HDR Brachytherapy Boost 
with External Beam

HDR brachytherapy combined with external 
beam radiotherapy is a treatment option for 
patients with intermediate and high risk localized 
disease, but in addition also an option for those 
with locally advanced and pelvic node positive 
prostate cancer. The exclusion criteria are similar 
to LDR brachytherapy apart from the ability to 
implant glands up to 60  cm3 and treat patients 
with higher initial IPS scores (Table 3).

There is no consensus regarding the timing of 
brachytherapy in relation to external beam radio-
therapy and it can be delivered before, during or 
after. There are also a wide range of external 
beam volumes and treatment schedules reported 
in the literature, and it is not possible to recom-
mend one specific prescription. Published sched-
ules include the following:

•	 45 Gy in 25 fractions over 5 weeks
•	 46 Gy in 23 fractions over 4.5 weeks
•	 35.7 Gy in 13 fractions over 2.5 weeks
•	 37.5 Gy in 15 fractions over 3 weeks

HDR brachytherapy planning aim doses, 
defined as a minimum peripheral dose, which have 
been prescribed with these schedules include:

•	 15 Gy in 3 fractions
•	 11–22 Gy in 2 fractions
•	 12–15 Gy in 1 fraction

It is not possible to make a firm recommen-
dation on planning aim dose; the randomized 
trial providing level 1 evidence used 17 Gy in 2 
fractions (after 35.7 Gy in 13 fractions external 
beam) [1]. The need for fractionation and 
repeated treatments has been a logistical disad-
vantage for HDR brachytherapy but increas-
ingly, a single dose of 15  Gy is gaining 
acceptance [35, 36].

There is evidence from a large cohort study 
that after 45 Gy in 25 fractions external beam a 
dose response exists up to 22 Gy in 2 fractions 
[33]. An analysis of the dose prescribed and 
volume treated in patients in a randomized trial 
has also shown that biochemical control is 
higher in with a higher delivered dose and vol-
ume covered [34].

7.2	 �HDR Monotherapy

HDR ‘monotherapy’ is associated with low acute 
toxicity and high biochemical control rates in the 
limited series published to date [37–44].

The schedules (planning aim) used include:

•	 54 Gy in 9 fractions
•	 44 Gy in 6 fractions
•	 34 Gy in 4 fractions
•	 36–38 Gy in 4 fractions
•	 31.5 Gy in 3 fractions
•	 26 Gy in 2 fractions
•	 19–21 Gy in 1 fraction

Older series have used multiple fractions of 
HDR but more recent studies are using one or 

Table 3  Patient selection criteria for curative high dose 
rate brachytherapy combined with external beam 
radiotherapy

Inclusion criteria
 � Stages T1b-T3b N0-1 M0
 � Any Gleason score
 � Any presenting PSA
Exclusion criteria
 � Limited overall life expectancy
 � TURP within 3–6 months
 � Maximal urinary flow rate (Qmax) < 10 ml/s
 � IPSS > 20
 � Gland size >60 ml (may be downsized with 

neo-adjuvant androgen deprivation)
 � Pubic arch interference
 � Lithotomy position or anaesthesia not possible
 � Rectal fistula or previous abdomino-perineal 

resection (APR)

A. Henry



199

two fractions. Long- term outcome data are not 
yet available from these cohorts and it is recom-
mended that this treatment is not undertaken out-
side clinical trials.

7.3	 �HDR in Recurrence 
After Previous Radiation

There is limited experience of HDR brachyther-
apy for locally recurrent prostate cancer after pre-
vious irradiation and this is not recommended 
outside a formal prospective study. Recurrence 
should be proven by prostate biopsy and patients 
staged to exclude metastatic disease. Organ at 
risk constraints are critical in this setting with a 
significant risk of toxicity due to bladder neck 
strictures or fistulation. Published schedules 
(planning aim) include the following:

•	 36 Gy in 6 fractions [45]
•	 21 Gy in 3 fractions [46]

8	 �Results

8.1	 �Results for HDR Prostate 
Brachytherapy

Multiple single centre series with mature follow-
up demonstrate that HDR boost with external 
beam results in high rates of biochemical control 
and low toxicity [32, 47]. Biochemical control 
rates are on average 95 % for low risk, 91 % for 
intermediate risk and 82 % for high risk disease. 
Spratt et al. in a single institutional series com-
pared outcomes of contemporaneously treated 
intermediate risk patients and found that those 
treated with brachytherapy boost (either LDR or 
HDR) had improved biochemical disease-free 
survival and distant metastases-free survival 
when compared to those treated with dose esca-
lated intensity modulated radiotherapy (IMRT) 
to a total dose of 86.4 Gy [48]. At a median fol-
low-up of 5.3  years biochemical disease-free 
survival was 92 % versus 81 %, and distant 

metastases-free survival 97 % versus 93 % in the 
brachytherapy boost patients versus IMRT alone 
patients respectively.

A randomized trial of external beam radio-
therapy compared to external beam radiotherapy 
and HDR brachytherapy boost has been reported 
[1]. A total of 218 patients with intermediate and 
high risk prostate cancer were randomized to 
external beam alone to a dose of 55 Gy in 20 frac-
tions, or external beam to a dose of 35.75 Gy in 
13 fractions, followed by HDR brachytherapy to 
a dose of 17 Gy in two fractions over 24 h. In 
comparison with external beam alone, the combi-
nation showed a significant improvement with 5-, 
7- and 10-year estimates of biochemical control 
at 75, 66 and 46 % for combination treatment 
compared to 61, 48 and 39 % for external beam 
alone. No differences in overall survival were 
noted at a median follow-up time of 85 months. 
The relatively low total radiation dose in the con-
trol arm has been criticized. An on-going trial of 
the National Cancer Institute of Canada (Clinical 
Trials. Gov identifier NCT01982786) random-
izes patients with intermediate risk disease to 
either an HDR boost of 15  Gy combined with 
37.5 Gy external beam radiotherapy or dose esca-
lated external beam radiotherapy (either 78 Gy in 
39 fractions or 60  Gy in 20 fractions) and will 
provide data on whether dose escalation using 
HDR boost results in improved disease-free sur-
vival when compared to modern dose-escalated 
radiotherapy.

A systematic review of non-randomized trials 
has suggested that outcomes with external beam 
radiotherapy plus HDR brachytherapy are supe-
rior to external beam alone or external beam with 
permanent seed boost [49].

Single centre studies of HDR monotherapy 
have demonstrated promising results.

Results from the group at California 
Endocurietherapy, UCLA show 6 and 10-year 
biochemical control rates of 98 and 97 % in a 
cohort of 448 low and intermediate risk patients 
treated over a 13 year period with a median dose 
of 43.5  Gy in 6 fractions [40]. No significant 
late rectal toxicity occurred and late (Grade 3+) 

Permanent and High Dose Rate Brachytherapy (Technique, Indications, Results, Morbidity)



200

urinary toxicity occurred in <5 % after a median 
follow-up of 6.5 years. Yoshioka et al. reported 
93 % and 79 % 5-year biochemical control rates 
for intermediate and high risk patients respec-
tively using a 7- and 9-fraction protocol [38]. 
Treatment schedules using fewer fractions are 
also being investigated and have been shown to 
have acceptable toxicity [37, 43]. Results on 
biochemical control rates are awaited and mono-
therapy remains investigational.

9	 �HDR Brachytherapy 
Morbidity

9.1	 �Urinary Morbidity

Urinary symptoms are common in the 2–3 weeks 
following HDR brachytherapy but have usually 
resolved by 6 weeks post-implantation. Dysuria 
may last for a few days following treatment but is 
less severe than that associated with LDR brachy-
therapy. Obstructive symptoms can be relieved 
with the use of alpha-blockers.

Martinez et al. showed a significantly lower rate 
of acute dysuria (39 % versus 60 %), frequency/
urgency (58 % versus 90 %) and acute rectal pain 
(6.5 % versus 17 %) with HDR monotherapy com-
pared with LDR monotherapy using palladium-103 
seeds [50]. Although late grade 3 toxicity was rare 
with either technique, there was a significantly 
increased rate of chronic urinary toxicity with 
LDR, and a comparable rate of late urethral stric-
ture (3 % versus 1.5 %). Urethral dose seems to be 
predictive of late urinary symptoms and urinary 
morbidity can probably be decreased with careful 
technique to minimize the dose to the urethra [51].

The reported rate of late grade 3 urinary toxic-
ity after HDR boost and external beam radiother-
apy is around 5 % (range 2–20 %), with the rate 
of urethral stricture between 0 and 7 % [52].

9.2  �Bowel Morbidity

HDR brachytherapy results in low rectal morbid-
ity. In patients undergoing HDR and external beam 
radiotherapy, bowel symptoms are generally due 

to the external beam radiotherapy component. 
Fewer acute gastrointestinal side effects were 
noted in the randomized trial comparing external 
beam alone with external beam and HDR brachy-
therapy [1], although there was no long term dif-
ferences. Late rectal toxicity is rarely seen with 
HDR monotherapy.

9.3	 �Sexual Dysfunction

Erectile dysfunction is reported in 10–47 % of 
cases. Patients treated with neo-adjuvant and 
adjuvant hormone manipulation will experience 
higher rates of erectile dysfunction.

�Conclusions

Prostate brachytherapy is a well-established 
curative treatment option for men with non-
metastatic prostate cancer.

LDR monotherapy for low and selected 
intermediate risk prostate cancer results in 
durable prostate cancer progression-free sur-
vival. Long term sexual dysfunction, bowel 
symptom and urinary incontinence rates are 
lower than that seen with the alternative treat-
ment options.

In intermediate and high risk prostate can-
cer the use of brachytherapy boost, either 
HDR or LDR, in addition to external beam 
radiotherapy improves progression-free sur-
vival. Additional long term toxicity has been 
found and there is a need to demonstrate that 
refinements in brachytherapy techniques can 
deliver improved patient outcomes both in 
terms of cancer control rates and toxicity.
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IMRT, Hypofractionated 
Radiotherapy and Stereotactic 
Radiotherapy: Technique, 
Indications, and Results

Malcolm Mason

1  �Introduction

The major technological advance in external 
beam radiotherapy in the 1990s was the intro-
duction of conformal radiotherapy. For the first 
time, the high-dose volume was not constrained 
to be cuboid in shape, because the radiotherapy 
beam collimators were multi-leaf (instead of 
single leaf), the radiotherapy beam could be 
irregular in shape and did not have to be rect-
angular or square. The high dose volume could 
thus ‘conform’ more closely to the shape of the 
tumour, by tailoring the shape of the beam 
using multileaf collimators (MLCs); when 
introduced, this held the promise of reducing 
the total volume of tissue irradiated, and the 
randomised trial carried out by the Royal 
Marsden Hospital confirmed that this was, 
indeed the case [14]. However, as well as 
reducing treatment toxicity, conformal radio-
therapy also permitted the alternative strategy 
of dose escalation, which was successfully 
deployed in a number of randomised trials and 
is now regarded as standard practice. The cur-
rent European Association of Urology guide-
lines recommend a dose of 76–78  Gy in 

combination with ADT for intermediate-risk 
and high-risk disease, when given in ‘standard’ 
fraction sizes of 1.8–2 Gy per fraction [42].

The main limitation of conformal radiother-
apy arises because, although an almost infinite 
range of irregular high dose volumes can be 
created, they are in turn constrained by the 
limitation of such volumes to be convex in top-
ographical terms; a concave surface or compo-
nent would be encompassed by ‘filling in’ the 
dip. In the case of irradiating the prostate, this 
manifests, for example, as irradiating a greater 
volume of rectum posteriorly, as shown in 
Fig. 1 [46].

The consequences of this for prostate cancer 
are a ceiling on what can be achieved in terms of: 
(a) dose escalation, (b) reduction in toxicity, (c) 
irradiation of more complex volumes when 
desired and (d) more extreme dose-fractionation 
schedules. These limitations were the major 
impetus for the development of intensity-
modulated radiotherapy (IMRT), which is itself 
now regarded as a standard of care for external 
beam radiotherapy. The forerunner to this devel-
opment was a step change in the paradigm of 
radiotherapy treatment planning – that of ‘inverse 
planning’, in which the starting point was the 
ideal dose distribution and not the availability 
and deployment of conventional beam arrange-
ments, multiple beams being placed as needed, as 
a means of achieving this [41, 52].
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2  �Intensity-Modulated 
Radiotherapy

2.1  �Technical Aspects

The main technical difference between confor-
mal radiotherapy and IMRT is that with the for-
mer, the multileaf collimators, once set for a 
particular treatment session, are static; they can-
not be moved until after the treatment is com-
plete. With IMRT, the individual collimator 
leaves move during the period of radiotherapy 
exposure, and this, finally, allows for the creation 
of a high dose volume with a concave surface 
[39]. This advance further allowed the increase in 
‘conformity’ in the treatment of prostate cancer, 
which was not possible hitherto (see Fig. 1). The 
practical applications of this new-found ability 
are considered later, but there are important con-
siderations in relation to the planning process.

For the radiotherapist, just as with conformal 
radiotherapy, establishment of target volumes 
such as CTV requires cross-sectional imaging 

and the definition of the target volume, as well as 
structures of interest and organs at risk, at each 
imaging level throughout the proposed treatment 
volume. It is axiomatic that the treatment plan-
ning system must be of a sufficient quality to 
allow this to be done meticulously and with the 
greatest possible degree of accuracy. Precise 
treatment protocols will vary, depending on the 
proposed dose/schedule/volume, but some con-
sensus guidelines for outlining exist, for exam-
ple the RTOG guidelines for outlining lymph 
nodes [37]. Other tissues and organs at risk, 
which can now be identified with a very high 
degree of accuracy in prostate radiotherapy 
include the rectum, the femoral heads, the blad-
der and the penile bulb. Clinical trials such as 
CHHIP, which will be discussed later, were also 
conducted with a very high degree of attention to 
technical details in the planning protocol [12],1 

1 Supplementary appendix describing the CHHIP radio-
therapy planning protocol in detail is available at www.
thelancet.com.

Fig. 1  Dose distributions for IMRT (right) and standard, 
conformal radiotherapy (left) to the prostate. Note the 
improved dose distribution and concave high dose volume 

with IMRT. Image courtesy of Dr Philip Wheeler, Velindre 
Cancer Centre, Cardiff, UK

M. Mason

http://www.thelancet.com/
http://www.thelancet.com/


205

and these would, in turn, be applicable to routine 
practice.

The first techniques for IMRT either used a 
dynamic system, in which the MLCs were in a 
process of continual movement during the radi-
ation field exposure, or by a sequential, static 
programme with the MLC positions adjusted 
for each segment (also called “step-and-shoot”) 
[1, 58]. In both of these instances, the radiation 
field is static, in the sense that the gantry of the 
linac remains stationary, and the patient does 
not change position. Newer variations on static 
or step-and-shoot IMRT take advantage of the 
use of rotational arc therapy, or tomotherapy 
(which, classically, involved the rotation of the 
linac gantry during a radiation field exposure, 
sometimes combined with movements of the 
treatment couch for ‘helical’ tomotherapy). In 
the context of IMRT, a commonly used tech-
nique is known as VMAT (volumetric modu-
lated arc therapy), which combines the 
individual, dynamic collimator leaves in stan-
dard IMRT with tomotherapy using arc rota-
tion, and this can deliver excellent dose 
distributions, with all the benefits of IMRT but 
resulting in an almost infinite variation of com-
plex high dose treatment volumes [54]. A more 
simple variant of VMAT has also been reported, 
using sequential tomotherapy, and a compari-
son of the three techniques (step-and-shoot, 
serial tomotherapy, and VMAT) with conformal 
radiotherapy indicated that each IMRT plan 
was of superior quality, albeit that the confor-
mal radiotherapy used a four-field arrangement 
which does not allow for the maximum rectal 
sparing achievable with conventional tech-
niques [54]. A similar system using arc rotation 
and dynamic IMRT is the RapidArc system 
[31]. These newer, rotation-therapy based sys-
tems do offer the most comprehensive flexibil-
ity in terms of defining and shaping an almost 
limitless range of high dose volumes, but also 
offer the potential for greater speed of delivery. 
A major disadvantage of IMRT is the time that 
it takes to deliver treatment compared with 
‘conventional’ conformal radiotherapy, in these 
days when machine time is at a premium. As 
technology evolves, treatment times will con-

tinue to fall, but techniques such as VMAT are 
probably the fastest currently available.

For the physicist, there are several treatment 
planning systems, and several planning algo-
rithms which can be used. The choice of system 
will vary from department to department, but 
consistency in planning, backed up by meticu-
lous quality assurance, is required, especially if 
non-standard fractionation schedules are 
employed. As with the outlining, the details of 
volume and dose constraints may be usefully 
defined as per protocol, and compliance assured 
with dose-volume histograms is now routine. A 
guidance document, which summarises the 
parameters that the physicist must consider, was 
published in the early years of IMRT [16]. 
While the high dose volume can be shaped in a 
sophisticated manner, and thus reduced in vol-
ume, one consequence of the technique is that 
the volume of normal tissue exposed to a low-
dose ‘bath’ can be higher than it is with confor-
mal radiotherapy. The data on toxicity are 
discussed later.

Treatment verification is, of course, an impor-
tant component of high quality treatment deliv-
ery, and in modern radiotherapy IMRT is often 
combined with some form of image-guided 
radiotherapy (IGRT), in which the prostate/target 
volume’s position is verified by some sort of 
imaging, before the patient is set up for treatment 
(or even during treatment). This is now an inte-
gral part of the technique; the huge advantage of 
greater conformity allowed by IMRT is the 
reduction of treatment margins in the high dose 
volume. However, it is now well known that the 
prostate moves, and that this is a potential source 
of error in treatment set-up [33, 50]. There is no 
point in treating smaller volumes, whether to 
reduce toxicity or to increase dose, if prostate 
movement or other errors result in missing the 
target. There are, broadly, three approaches to 
IGRT: orthogonal kilovoltage imaging, cone 
beam CT imaging, or on-set transabdominal 
ultrasound based imaging.

For orthogonal imaging, and in some 
instances for other techniques, fiducial markers 
can be placed into the prostate; these are often 
gold seeds, or similar, implanted transperineally 
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[50]. In an analysis of 453 patients, fiducial 
markers were found to be reliable, and to detect 
positional deviations of over 3 mm in over 1/3 of 
patients, over the entire course of fractionated 
treatment [50]. The use of fiducial markers was 
shown to be superior to ultrasound-based treat-
ment verification when these two techniques 
were compared [47]. Cone-beam CT involves an 
integrated imaging system which sits on the 
Linac itself, uses kV irradiation and a large flat 
panel detector, and is able to produce good reso-
lution images showing soft tissue, and allowing 
comparison with a treatment plan, under com-
puter control [28]. The potential benefits of 
IGRT plus IMRT in terms of more accurate 
localisation, and a reduction in the volume of 
irradiated tissue, can be modelled, [18], and 
there is little dispute that these techniques offer, 
at the very least, theoretical benefits to patients 
with prostate cancer.

The techniques described thus far address the 
problem of prostate movement in between treat-
ment fractions, or of inaccuracies in treatment set 
up. However, emerging techniques such as cine 
MRI or the Calypso 4D system, might allow for 
on-line, and real-time correction of positional 
errors during a treatment exposure [19, 49].

2.2  �Indications

The most immediate practical application of 
IMRT in prostate cancer treatment is well illus-
trated in Fig. 1, comparing the radiotherapy dose 
distribution using conformal and Intensity-
modulated radiotherapy. The sparing of rectum 
and other critical normal tissues from the high-
dose volume should lead to a reduction in treat-
ment toxicity. However, just as was the case for 
conformal radiotherapy, it has also been a vehicle 
for further dose escalation.

However, the potential for IMRT in prostate 
cancer extends beyond irradiation of the primary 
tumour. An ongoing uncertainty in the manage-
ment of this disease by radiotherapy is whether 
irradiation of pelvic lymph nodes improves out-
comes in both N0 and N1 disease. To date, the 
randomised trials addressing this issue have been 

negative [6, 36, 45], but the question is still not 
answered, and recent, though unrandomised data 
from the UK STAMPEDE trial suggests that 
there may yet be benefits [29]. One reason for the 
ongoing uncertainty could be the limited dose 
that is deliverable to pelvic nodes using conven-
tional or conformal radiotherapy, because of the 
constraint imposed by the radiation tolerance of 
small bowel, which is inevitably included in a 
pelvic radiation field. Could IMRT, by delivering 
a higher dose to pelvic nodes than was previously 
possible, yield benefits that could not be demon-
strated with lower dose radiotherapy? There are 
ongoing clinical trials addressing this issue such 
as the UK PIVOTAL study [22], currently in fol-
low up and awaiting analysis.

3  �Results

The programme of dose escalation conducted by 
the Memorial Sloan-Kettering Hospital has 
shown that IMRT permits doses in excess of 
80Gy to be safely delivered. There must, of 
course, be some ultimate limit to what is achiev-
able, in terms of dose escalation using IMRT, and 
it has to be said that, while there is consensus that 
dose escalation improves biochemical control 
rates, its impact on overall survival is less clear 
[8, 13, 23, 35, 60]. It is also unclear just how high 
a dose is ‘enough’; in any event, the potential 
impact of IMRT in terms of efficacy of eradica-
tion of primary tumour, while tangible, must be 
finite. On the other hand, single institution stud-
ies, particularly the MSK’s pioneering cohort, do 
report a reduction in toxicity [59].

For some individual patients, the benefits in 
terms of reduced toxicity can be expected to be 
significant, an example being the patient in Fig. 1. 
However, the degree of benefit will vary from 
patient to patient, according to their anatomy, and 
it has to be said that it is hard to prove that every 
patient benefits from IMRT compared to what 
they would have achieved with conformal radio-
therapy. In some patients, pelvimetry might 
predict that their anatomy does not lend itself to 
substantial gains from IMRT [56] This variation, 
together with the limitations in terms of overall 
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survival, must lie behind some critical and even 
sceptical assessments of IMRT in the treatment 
of primary prostate cancer. Two key questions 
about IMRT are whether it is clinically effective, 
and whether it is cost effective. That it reduces 
treatment volumes is generally not in doubt.

A study based on SEER data from nearly 
13,000 men receiving IMRT for prostate cancer 
concluded that it reduced the levels of gastroin-
testinal toxicity when compared with confor-
mal radiotherapy, but increased the rates of 
erectile dysfunction [48]. While patients under-
going IMRT were significantly less likely to 
receive additional anti-cancer treatments, this is 
probably attributable to their radiotherapy dose 
escalation and not to IMRT per se. A subgroup 
of patients in the Dutch dose-escalation study, 
who were treated with IMRT on the high dose 
arm have been compared, and lower rates of GI 
toxicity were seen in the patients treated with 
IMRT [2].

Two systematic reviews of IMRT in the pri-
mary treatment of prostate cancer have been pub-
lished [7, 26]. Again, advantages to IMRT in 
terms of biochemical control are probably related 
to dose escalation, but the overall evidence sup-
ported the notion that IMRT improves toxicity, as 
compared with conformal radiotherapy. Where it 
is used in association with dose escalation, there 
is an increase in acute toxicity, as one might 
expect. A subsequent cost-effectiveness analysis 
concluded that, in health economic terms, IMRT 
will be dependent on an improvement in survival 
if it is to show superiority to conformal radiother-
apy; improvements in toxicity did not appear to 
be enough to win the argument in terms of cost-
effectiveness, at least within the parameters of 
the model used [27]. In some ways, though, this 
is a sterile argument: IMRT is already used in a 
variety of tumour indications, and there will, in 
the future, be costs associated with maintaining a 
dual infrastructure for both IMRT and conformal 
therapy. Certainly, the prevalence of IMRT as a 
technique for the treatment of prostate cancer has 
rocketed [48].

It is important neither to overestimate nor to 
underestimate the potential of IMRT, and for 
now, it justifies its status in treatment guidelines, 

because it undoubtedly permits a reduction in the 
volume of tissue treated to high dose. At the same 
time, a degree of scepticism is warranted [10], 
and it is noteworthy that the recent patient-
reported outcomes reported from the high dose 
arm of the RTOG 0126 dose escalation study 
show no differences between IMRT and 3D con-
formal radiotherapy despite clear evidence that 
IMRT did reduce treatment volumes [9]. 
Similarly, cohort data from 9 institutions showed 
transient but meaningful impacts on quality of 
life in patients treated with IMRT, and the poten-
tial it has to increase acute toxicity, especially 
urinary toxicity, appears to be consistent, albeit 
that much of this is associated with dose escala-
tion [21].

A further scenario for the use of IMRT is in 
postoperative radiotherapy in patients where this 
is indicated following prior radical prostatec-
tomy. A study from SEER data reports no differ-
ences in outcomes (disease control or toxicity) 
between IMRT and conformal radiotherapy [20], 
but this study has been criticised because of the 
unavoidable selection of subjects for the analy-
sis, limiting cases to those with adequate avail-
able data [10].

4  �Hypofractionation

Prostate cancer is believed to behave like a ‘late-
reacting’ tissue. This is the basis for the recent 
upsurge of interest in hypofractionation, that is, 
the use of larger than standard fraction sizes in 
external beam radiotherapy. The rationale is that 
tissues which are prone to late (and therefore per-
manent) radiation damage, such as the spinal 
cord, are more sensitive to large doses per frac-
tion. If this is true of prostate cancer, then per-
haps there will be benefits in altering the schedule 
for EBRT, from ‘standard’ fraction sizes of 
1.8–2 Gy per fraction, to larger doses, with a con-
comitant reduction in the total dose (to give an 
equivalent biological effect).

The evidence for this comes from observa-
tional clinical data, and the subsequent insights 
led by Jack Fowler and colleagues [11, 17]. 
These data do, indeed suggest that prostate 
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cancer might be best treated by hypofraction-
ation, since it might be regarded as having a 
low alpha/beta ratio in the region of 1.5  Gy 
[11], and this is the basis for the BED calcula-
tions in the tables in this chapter. The data 
themselves arose because of disparate clinical 
practices, which themselves had arisen empiri-
cally and based on historical precedent. Thus, 
while in many parts of the world (Europe, 
Southern England and the USA), the tradition 
was to treat with conventional 1.8–2 Gy frac-
tion sizes, other parts of the world (Canada, 
North of England) used a larger dose per frac-
tion. At that time, typical schedules for the 
treatment of prostate cancer were 64–66  Gy 
given in conventional 1.8–2  Gy fractions, or 
55  Gy given in 20 fractions of 2.75  Gy per 
fraction. Clinical outcome data, both in terms 
of local control, but also normal tissue compli-
cations, led to the hypothesis that prostate can-
cer might be regarded as a late reacting tissue, 
while the rectum might be regarded as an early 
reacting tissue, suggesting a possible therapeu-
tic advantage to a Biologically Equivalent 
Dose (BED) of radiotherapy delivered using 
hypofractionation.

Before this hypothesis was articulated, and 
indeed embraced by the clinical community, 
the clinical trial priorities were to establish 
whether this disparate practice, at a time before 
dose escalated radiotherapy was established, 
was safe, and the trial design was to test the 
equivalence of these two options. Two ran-
domised trials of this type have been reported; 
one showed that hypofractionated, conven-
tional dose radiotherapy to be equivalent to 
standard fractionation, while the other sug-
gested that standard fractionation was superior 
[40, 55] (Table 1).

The emerging evidence for improved disease 
control with dose escalation gave new impetus 
to the study of hypofractionation, taking the 
total dose beyond what was then standard. 
From the vantage point of today, it is important 
to distinguish between two strategies: moderate 
hypofractionation (which could be regarded as 
doses per fraction ≤5 Gy), and extreme hypo-

fractionation (which could be regarded as doses 
per fraction ≥5 Gy). To an extent, the study of 
extreme hypofractionation can be criticised as 
being technology led, in that it was partly 
driven by the development of equipment such 
as Cyberknife. Of course, the added scientific 
basis was the potential to deliver an extremely 
high BED safely, with the added convenience to 
the patient of having a small number of treat-
ment sessions.

4.1  �Technique of Stereotactic 
Radiotherapy for Extreme 
Hypofractionation

The principles of stereotactic radiotherapy were 
well established in neuro-oncology, and briefly 
comprise: (a) extremely accurate patient posi-
tioning (in neuro-oncology this was achieved 
using a frame that was physically attached to the 
patient’s skull), (b) meticulously accurate radio-
therapy planning to define a very small high dose 
volume and (c) delivery of radiation using a very 
small ‘pencil’ beam, and multiple fields to pro-
vide adequate coverage of the target.

These principles were modified in the 
Cyberknife for radiotherapy to the prostate, by 
creating a free-standing, robotic linear accelera-
tor head that could, if required, deliver a pencil 
beam of radiation, and was capable of being ori-
entated in any plane of rotation, though still able 
to do so isocentrically if required. As there is no 
treatment frame attached to the patient, the 
machine head must be capable of adjusting rap-
idly to any changes in patient position. The sys-
tem is therefore combined with on-board 
image-guided localisation, with fiducial markers 
inserted into the prostate (see above).

Today, it is also possible to deliver stereotactic 
radiotherapy, using the same principles as 
described above, delivered with a state of the art 
Linac with full IMRT/IGRT capabilities. This has 
become a preferred option for some centres, 
because the equipment can be used in a variety of 
indications outside of radiotherapy to the prostate 
gland and indeed outside SBRT.
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4.2  �Indications for Stereotactic 
Radiotherapy

The role of stereotactic, extreme hypofraction-
ated radiotherapy in the primary, curative treat-
ment of localised prostate cancer is uncertain. To 
date, there have been no randomised trials, and 
the status of this technique has to be regarded as 
‘experimental’ in that sense. Nonetheless, it is 
offered in a number of centres, on the basis of its 
practical advantages, and based on the results of 
unrandomised case series (reviewed by [24] and 
[32]). Patients should be counselled in an open 
and honest manner about the limited evidence 
base underpinning this form of treatment, and 
formal clinical studies should be the only frame-
work within which this treatment is 
administered.

A second, emerging area which is currently 
under investigation is in the treatment of oligo-
metastases (usually defined as 3 or less metastatic 
sites identified after thorough staging investiga-
tions) from prostate cancer. This is a relatively 
uncommon group of patients, and is heteroge-
neous, in the sense that some present with de 
novo, advanced, but oligometastatic disease, 
whereas others develop oligometastases some 
years after primary treatment. There are two 
ongoing randomised trials, currently recruiting 
patients. In the UK, the PACE study is randomis-
ing patients with low or intermediate risk local-
ised prostate cancer to stereotactic radiotherapy 
or conventional radiotherapy, and if laparoscopic 
surgery is an option, between stereotactic radio-
therapy and laparoscopic surgery. In Sweden, the 
HYPO study is randomising men with intermedi-
ate risk, localised disease between IMRT, 78 Gy 
in 39 fractions, and SBRT, 42.7  Gy in 7 
fractions.

4.3  �Results of Moderate, Dose-
Escalated Hypofractionation 
for the Treatment of Localised 
Prostate Cancer

The field of hypofractionation for prostate cancer 
has been summarised in two recent systematic 

reviews [32, 57]. These have identified a number 
of reports from unrandomised case series, and 
some randomised trials [5, 12, 25, 34, 40, 44, 55]. 
Subsequent to these reviews, updated results and 
a new randomised trial report have been pub-
lished [3, 4, 38, 51, 53], and these are summarised 
in Table 2 (including the one randomised trial by 
Vargas et al. using protons and a fraction size of 
7.4 Gy RBE). Perhaps disappointingly, none of 
the trials are powered to report on superiority in 
terms of efficacy, but many have been non-
inferiority trials and powered as such. 
Understandably, they report in two distinct 
phases – in the first phase, safety is the main con-
cern, and non-inferiority is absolutely the appro-
priate endpoint. Often there will be two aspects to 
safety  – acute toxicity, and long-term toxicity 
(Table 1) – which can usually be inferred from 
late side effects at 2 years or more. Importantly, 
the studies vary according to whether toxicity is 
based on physician-administered scales, such as 
the RTOG grade, or whether it is from a patient-
administered scale such as EPIC.  The second 
phase would be the reporting of efficacy, ideally 
as overall survival, but more realistically reported 
as disease-free survival, or biochemical control 
(Table  1). The reasons are understandable  – to 
yield data on overall survival in localised prostate 
cancer requires several decades of follow up, and 
many thousands of patients to power it ade-
quately. The largest trial reporting on disease 
control is the RTOG 0415 trial, with 1,115 men 
randomised, all of whom had low risk disease. 
This was a non-inferiority trial, and at a median 
follow up of 5.8 years the disease free survival 
was consistent with the pre-defined criteria for 
non-inferiority. However, there were more late 
genitourinary adverse events in patients treated 
with hypofractionated radiotherapy [38]. The UK 
CHHIP study has presented disease control out-
comes, but at the time of going to press, the peer-
reviewed report has not yet been published.

What can be inferred from the results to date is 
the following:

	1.	 Moderate dose, hypofractionated radiother-
apy appears to be safe, in that most studies 
have not indicated excess levels of toxicity. 
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Exceptions, however, are the HYPRO study, 
where non-inferiority in terms of late effects 
could not be demonstrated, and the RTOG 
0415 trial discussed above, and it must be said 

that the jury is still out [4, 38]. Some authori-
ties have already advocated the adoption of 
hypofractionation as a standard of care, but 
perhaps a more prudent policy is that advo-

Table 2  Randomised trials of hypofractionation published since the systematic reviews

Study Median FU
Risk, GS, or 
NCCN Technique Regimen

BED 
Gy n Outcome Toxicity

Aluwini 
et al. [3, 
4]

60 months 26 % 
intermediate
74 % high

IMRT 97 %
IGRT 95 %

78 Gy in 
29# vs
64.6 Gy in 
19#

78
90.4

820 Ns Late ≥ G3 GI 
2.6 %
≥ G3 GU 
12.9 %
Late ≥ G3 GI 
3.3 %, p = 0.55
≥ G3 GU 
19.0 %, 
p = 0.021

Wilkins 
et al. [53]

50 months 16 % low
73 % 
intermediate
11 % high

3D/IMRT
no IGRT
3–6 months 
ADT

74 Gy in 
37#
60 Gy in 
20#
57 Gy in 
19#

74
77
73.4

676
686
692

ns 24 months 
bowel PRO:
No bother 
66 % 74Gy, 
65 % 60 Gy, 
65 % 57 Gy
Moderate 
bother 5 % 
74Gy, 6 % 
60Gy, 5 % 
57 Gy
Severe bother 
<1 % all 
groups

Vargas 
et al. [51]

18 months All low risk Protons
All had 
IGRT

79.2 Gy 
RBE in 
44#
38 Gy 
RBE in 5#

74.7
98

82 ns EPIC Bowel 
score at 24 
months
93.28 
79.2 Gy, vs 
89.24, 38 Gy, 
p = 0.29
EPIC urinary 
91.31 
79.2 Gy, vs 
90.92 38 Gy 
RBE, p = 0.92

Lee et al. 
[38]

5.8 years All low risk 3D/IMRT
All IGRT

73.8 Gy in 
41# vs
70 Gy in 
28#

69.6
80

1115 5 years 
DFS 
85.3 % 
73.8 Gy
86.3 Gy 
70 Gy

Late GI
14 % ≥ G2 
73.8 Gy
22.4 % ≥ G2 
70 Gy
p = 0.002
Late GU
22.8 % ≥ G2 
73.8 Gy
29.7 % ≥ G2 
70 Gy
p = 0.06
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cated by the European Association of Urology, 
who state that hypofractionation should be 
restricted to experienced and expert centres 
[42]. Certainly, it would seem prudent to con-
tinue to collect outcome data, particularly 
using patient-reported outcome measures, in a 
‘real-world’ setting.

	2.	 Moderate dose, hypofractionated radiother-
apy is probably not inferior to standard dose 
radiotherapy in terms of disease control as 
determined by disease-specific parameters, 
including PSA control. This does not, of 
course, answer the question as to whether 
hypofractionated radiotherapy might actually 
be superior, nor does it allow for any assess-
ment regarding its effect on overall survival.

4.4  �Results of Extreme 
Hypofractionation Using 
Stereotactic Radiotherapy, 
for Localised Prostate Cancer

To date, there have been no published randomised 
trials comparing extreme hypofractionation to 
other schedules. The results of unrandomised 
case series have been well summarised in the pre-
viously referred to reviews [24, 32, 57]. The larg-
est and most mature series of non-randomised 
patients had been reported by Katz and Kang 
[30]. In this report, there were 324 low risk and 
153 intermediate risk patients treated with 
Cyberkinife. Following treatment with either 35 
or 36.25 Gy delivered in 5 fractions, 7 year bio-
chemical failure rates were 95.6 % and 89.6 % for 
low and intermediate risk patients, respectively.

With the caveat that the available data are not 
level one evidence, it appears that this technique 
is safe, and that disease control rates are good. 
However, as with any non-randomised data, 
extreme caution is needed in interpretation. The 
selection criteria for patients in these studies 
vary, and in some instances may be difficult to 
ascertain. In general terms, though, these are fit 
patients with, predominantly, less than high grade 
disease, and the same outcomes might not be 
attainable in a less selected population.

Current guidelines, such as the EAU guide-
lines, would regard extreme hypofractionation as 
being experimental, and this reflects the nature of 
the data, but also that there is a requirement for 
absolute precision and meticulous attention to 
detail in the delivery of this form of treatment. It 
should not be given outside of specialised cen-
tres, in the context of a formal clinical trial, and, 
as a minimum, outcome data in terms of patient-
reported toxicity and quality of life, plus onco-
logical outcomes, should be recorded and 
published.

4.5  �Results of Stereotactic 
Radiotherapy 
for Oligometastatic Disease

The great hope of radical therapy for oligometa-
static disease is that a patient, otherwise harbour-
ing a lethal disease, might be cured. Unfortunately, 
the available data suggest that this is not com-
monly achieved [24]. In the largest published 
series of patients treated with high-dose radio-
therapy, using stereotactic techniques, most 
patients do, unfortunately, progress subsequent to 
the treatment [43]. However, that does not mean 
to say that this treatment strategy has no benefits. 
Indeed, as the 3-year distant progression-free sur-
vival was 31 %, it may well be that stereotactic 
radiotherapy to oligometastases, with or without 
concomitant radiotherapy to the primary tumour, 
has an effect on oncological outcomes.

As with extreme hypofractionation, this 
hypothesis requires testing in a prospective ran-
domised trial, and fortunately, there are two such 
trials ongoing. The STOMP trial in Europe and 
the ORIOLE trial in the USA are randomising 
patients with oligometastatic disease to treatment 
with SBRT or observation [15].

It will be some time before the outcomes of 
these trials are known. In the interim, this should 
be regarded as an experimental approach, best 
delivered in the context of a trial, and as before, 
honest counselling of patients must be a pre-
requisite before this sort of treatment is 
embarked on.
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5  �Conclusions: Future Prospects

Randomised trials remain the cornerstone of 
evidence-based medical practice, and the topics 
covered here are no exception. IMRT is now 
firmly established in routine practice, and those 
centres which are still unable to access it are, in 
general, moving towards adopting it as a routine 
for the management of primary prostate cancer. 
However, IMRT is neither an end in itself, nor 
can it be utilised without other crucial elements 
of the treatment process, state-of-the-art treat-
ment planning, verification systems with some 
form of IGRT.  Additionally, other aspects of 
patient care, such as adequate bowel preparation, 
though beyond the scope of this Chapter, are vital 
ingredients of an optimal outcome.

If it is true that a degree of critical evaluation is 
appropriate for IMRT, it is especially true also of 
the other two areas covered here – hypofraction-
ation and stereotactic radiotherapy – whether used 
for extreme hypofractionation in the treatment of 
localised disease or for oligometastatic disease. In 
the case of moderate hypofractionation and oligo-
metastatic disease, we have trials which have 
informed us, or will do so in the future. There are 
no randomised trials comparing IMRT with con-
formal radiotherapy for prostate cancer at equiva-
lent doses, and it seems unlikely that any such 
trials will be performed. The HYPO and PACE 
trials will be key sources of unprecedented quality 
data for extreme hypofractionation. These tech-
niques are key components of the blueprint for 
external beam radiotherapy over the next decade. 
Let us hope that their place is determined by evi-
dence and not driven by technology.
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1	 �Introduction

To improve the overall survival of high-risk 
prostate cancer (PCa) the combination of a 
local-regional external beam radiotherapy 
(EBRT) with androgen deprivation therapy 
(ADT) is imperative, both to potentiate the 
radiation effect and eventually eradicate micro-
scopic sub-clinical distant metastases. High-
risk PCa include men with locally advanced 
(T3-4 N0-X M0, cN1-pN1 M0-X) or localized 
PCa (T1-2 N0-X M0) with a Gleason score 
8–10 and/or a baseline PSA >20 ng/mL. Since 
the discovery of hormone dependence of PCa 
by Huggins and Hodges [28], surgical castra-
tion or estrogens have become the cornerstone 
of treatment in advanced PCa. During the 
1980s, conventional hormonal manipulations 
were replaced by the agonists of the luteinizing 
hormone-releasing hormone (LHRH) which 
had the same efficacy with the possibility of 
reversibility [51] and less side effects. The 
combination of EBRT and ADT was tried out 

because of the poor results of definitive 
EBRT.  It has been shown that this combined 
approach : (1) reduces DNA repair further to 
DNA damage induced by irradiation [23], (2) 
improves oxygenation [46], (3) inhibits repop-
ulation during irradiation, (4) decreases both 
the amount of prostate gland and prostate can-
cerous tissue, (5) decreases the occurrence of 
distant metastases, and (6) improves the effec-
tiveness of EBRT by an additive or supra-addi-
tive effect [32, 34, 72].

Randomized phase III trials have promoted 
the combination of long-term adjuvant ADT 
(≥2  years) as a standard of care for locally 
advanced PCa. Dose-escalated intensity-
modulated radiotherapy (IMRT), with or with-
out image-guided radiotherapy (IGRT), has 
become the gold standard as it is associated with 
less toxicity compared to three-dimensional 
conformal (3D-CRT) techniques by sparing nor-
mal tissues (Chap. 13); however, whatever the 
technique and their degree of sophistication, 
quality assurance plays a major role in the plan-
ning and delivery of EBRT.  Since the role of 
surgery in high-risk PCa is discussed in Chap. 8, 
we would like to consider the randomized con-
trolled phase III trials devoted to this combined 
approach for high-risk and intermediate-risk 
PCa, the new options of EBRT and/or ADT, to 
conclude with the side effects and quality of life 
related to ADT.
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2	 �Randomized Phase III Trials 
of Use and Duration 
of Androgen Deprivation 
Therapy in Combination 
with External Beam 
Radiotherapy (Table 1)

2.1	 �Locally Advanced Prostate 
Cancer

The most powerful conclusion from these trials 
comes from EORTC trial 22863, which is the 
basis for the combination of EBRT and ADT as 
standard practice. Radiotherapy is an essential 
part in management of high-risk PCa and three 
randomized phase III trials have clearly shown 
that combined EBRT plus ADT improves over-
all survival. Androgen deprivation therapy 
starts either at the onset of EBRT, or 2–3 months 
before, which may induce size reduction of the 
prostate and improve lower urinary tract symp-
toms, but the concomitant component remains 
crucial to potentiate EBRT.  The 2015 current 
European Association of Urology guidelines 
recommend a dose of 76–78 Gy in combination 
with long-term ADT (2–3 years) for high-risk 
disease, when given in standard fraction sizes 
of 1.8–2 Gy per fraction [48].

2.1.1	 �Long Term Androgen 
Deprivation Therapy

EORTC Trial 22863
This trial was the first to display a significant 
gain in overall survival in favour of the com-
bined approach [3, 4]. It recruited 415 men 
classified as T1-2 N0 M0 histological grade 3 
WHO or T3-4 N0 M0 to compare EBRT with 
concomitant and adjuvant ADT to EBRT alone 
with a deferred ADT in case of relapse: 82 % of 
patients were T3, 10 % were T4 and 89 %, N0. 
With a four-field box technique the whole pel-
vis received 50 Gy followed by a boost to the 
prostate to a total dose of 70 Gy. Cyproterone 
acetate was given orally (50  mg three times 
daily for 1 month) beginning 1 week before the 
start of EBRT to avoid a flare phenomenon 
while a monthly subcutaneous injection of 
Zoladex® was done during 3 years starting the 

first day of EBRT.  At a 9.1-year follow-up, 
long-term ADT increased 10-year overall sur-
vival 58.1 % vs. 39.8 % (p = 0.0004) and low-
ered 10-year mortality 10.3 % vs. 30.4 
(p < 0.001); no difference in cardiovascular 
mortality was noted between treatments groups. 
These data were confirmed in real life, since 
after the first publication of this trial, prolonged 
ADT with EBRT became a standard policy in 
British Columbia; later on a retrospective anal-
ysis was done to evaluate whether population-
based survival improved and it was shown that 
patients with T3–T4 PCa submitted to a long-
term ADT had an improved 8-year overall sur-
vival (p = 0.0002) [67].

RTOG Trial 85–31
Nine hundred and seventy seven men with stages 
T3-4 M0 with or without lymph-node involve-
ment or classified as pT3 after radical prostatec-
tomy were included. Adjuvant monthly 
administration of Zoladex® was started during 
the last week of EBRT and continued indefi-
nitely or until signs relapse (arm 1) or started at 
relapse (arm 2). Fifteen percent of the patients 
have undergone radical prostatectomy in arm 1 
and 14 % in arm 2 and, 29 % and 26 % had 
lymph-node involvement, respectively. The pel-
vis received 44–46 Gy followed by a boost to the 
prostate to a total dose of 65–70 Gy [40]. At a 
7.6-year median follow-up the 10-year overall 
survival was 49 % (arm 1) vs. 39 % (arm 2) 
(p < 0.002) [53].

Casodex Early PCa Trialists Group
Three randomized double-blind placebo-
controlled trials accruing 1370 patients with 
T1-4, any N M0 PCa treated by EBRT were 
merged. A non-steroidal anti-androgen, bicalu-
tamide (Casodex®) was used as an alternative to 
castration. Casodex® was given orally (150 mg/
day) after EBRT during 2 years (trial 23), 5 years 
(trial 24) or until progression (trial 25). At a 
median follow-up of 5.3 years bicalutamide sig-
nificantly reduced the risk of disease progression 
(p = 0.003) in patients with locally advanced PCa 
(n = 305) [68].
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Table 1  Phase III studies addressing use and duration of androgen deprivation therapy in combination with external 
beam radiotherapy

Study
Year of 
publication TNM 2002

Number 
of 
patients

Androgen deprivation 
therapy

External 
irradiation

Effect on overall 
survival (OS)

Androgen deprivation + external irradiation versus radiotherapy alone

EORTC 
22863

2010 T1-2 poorly 
differentiated 
M0 or T3-4 
N0-1 M0

415 LHRHa for 3 years 70 Gy RT 10-year OS: benefit for 
combined treatment 
(HR = 0.60, 95 % CI 
:0.45–0.80, p = 0.0004)

RTOG 
85-31

2005 T3 or N1M0 977 Orchiectomy or 
lifelong LHRHa

65–70 Gy 
RT

10-year OS: benefit for 
combined treatment 
(p = 0.002) seems 
mostly caused by 
patients with Gleason 
score 7–10

Granfors 2006 T3N0-1 M0 91 Orchiectomy 65 Gy RT Benefit (p = 0.02), 
mainly caused by lymph 
node positive tumours

D’Amico 2008 T2N0M0 
(localized 
unfavourable 
risk)

206 LHRHa + flutamide. 6 
months

70 Gy 
3D-CRT

8-year OS: significant 
benefit (HR = 0.55, 95 % 
CI : 0.34–0.90, p = 0.01) 
for men with no or 
minimal co-morbidity

RTOG 
94–08

2011 T1b-c T2a-b 1579 2 months 
neo-adjuvant + 
concomitant

66.6Gy RT 10 year OS: benefit for 
combined treatment in 
subset intermediate risk 
(p = 0.03)

EORTC 
22991

2016 T1-T2 N0M0
Inter- or 
high-risk

818 LHRHa for 6 months 70- 
74–78 Gy 
3D-CRT

Better 5-year disease-
free survival for 
combined treatment. 
(HR = 0.63; 95 %: 
0.48–0.84, p = 0.001)

TROG 
96-01

2011 T2b-
T4N0M0

802 LHRHa + flutamide 3 or 
6 months 
before + concomitant

66 Gy 
3D-CRT

10-year 0S: no 
difference. benefit in 
PCa specific survival 
(p = 0.04)

RTOG 
94-13

2007 T1c-
T4N0-1M0

1292 2 months neo-
adjuvant + concomitant 
versus 4 months 
adjuvant

Whole 
pelvic RT 
vs. prostate 
only 
70.2 Gy

No difference in 
neo-
adjuvant + concomitant 
versus adjuvant ADT 
groups (interaction 
suspected)

RTOG 
86-10

2008 T2-4N0-1M0 456 LHRHa + flutamide 2 
months 
before + concomitant

65–70 Gy 10-year OS: no 
difference (p = 0.12)

Short versus long-term androgen deprivation

RTOG 
92-02

2008 T2c-4N0-1 
M0

1554 LHRHa 2 years 
adjuvant after 4 months 
neo-adjuvant

65–70 Gy 
RT

10 year OS: benefit in 
subset with Gleason 
8–10 for long-term 
treatment (p = 0.006)

EORTC 
22961

2009 T1c-
T2abN1M0 
T2c-
4N0-1M0

970 LHRHa 6 months 
versus 3 years

70 Gy 
3D-CRT

Better 5-year OS with 
3-year treatment 
(p = 0.008)

(continued)
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RTOG Trial 92–02
This trial has accrued 1554 patients classified 
T2c-4 N0 to investigate the value of a long term 
adjuvant ADT. Androgen deprivation therapy was 
begun 2 months before the onset of EBRT and con-
tinued until it was completed; all patients received 
flutamide (250  mg three times a day) with 
Zoladex® (3.6  mg subcutaneously monthly). 
Patients were randomly assigned to no further 
treatment or 24 additional months of Zoladex®. 
The pelvis received 44–46 Gy followed by a boost 
to the prostate to a total dose of 65–70  Gy. The 
10-year results showed no benefit in overall sur-
vival (p = 0.35), but in a subset analysis the overall 
survival benefit was limited to patients with long 
term ADT and Gleason score 8–10 (p = 0.006) [27].

EORTC Equivalence Trial 22961
This trial randomly assigned 970 patients –T1c to 
T2a-b, pathological nodal stage N1 or N2 or T2c 
to T4 clinical nodal stages N0 to N2- who 
received 3D-CRT plus 6-month ADT: 483 
patients received no further treatment and 487 
patients 2.5 years more of LHRH agonist, trip-
toreline, Decapeptyl® 11.25  mg. At a median 
follow-up of 6.4 years, the 5-year overall survival 
was 84.8 % for long term ADT and 81 % for short 
term ADT with an estimated hazard ratio of 1.42 
(p = 0.008). The 5-year clinical progression-free 
survival was 80.5 % for long term ADT and 
68.7 % for short term ADT (p < 0.0001) [5].

36 Months Versus 18 Months of Complete 
Androgen Deprivation Therapy
This study included 630 N0-X M0 patients with 
high-risk localized PCa (75.4 %) or locally 
advanced PCa (24.6 %) who were randomly allo-
cated to 18 months (320 patients) or 36 months 
(310 patients) ADT. Androgen deprivation ther-
apy consisted of a LHRH agonist plus 1 month of 
anti-androgen (bicalutamide 50  mg per day) 
started 4 months before 3D-CRT delivering 
44 Gy to the pelvic lymph nodes and 70 Gy to the 
prostate. With a 77-month median follow-up, 
10-year overall survival was 63.6 % (36-month 
arm) versus 63.2 % (18-month arm) (p = 0.42), 
and 10-year disease specific survival was the 
same for both groups [49]. This trial was not an 
equivalence trial, which would have required 
more patients and more poor events. A longer 
follow-up is needed, but 18-month ADT duration 
combined with dose-escalated IMRT might be 
helpful for high-risk localized PCa patients 
unsuitable for long term ADT, due to 
co-morbidities.

SPCG-7/SFUO-3 Trial
This study comprised 875 patients T1b-T2, 
G2-G3 or T3 any WHO histological grade (78 %) 
with baseline PSA <70 ng/ml; patients were ran-
domly allocated to ADT alone with 3 months of 
continuous androgen blockade followed by con-
tinuous flutamide treatment (n = 439 patients), or 

Table 1  (continued)

Study
Year of 
publication TNM 2002

Number 
of 
patients

Androgen deprivation 
therapy

External 
irradiation

Effect on overall 
survival (OS)

Androgen deprivation + radiotherapy versus androgen deprivation alone

SPCGF-7/
SFUO-3

2016 T1b-T2 
Grade 2–3 
T3N0M0

880 LHRHa 3 
months + continuous 
flutamide

70 Gy RT 
versus no 
RT

Lower 10-year PCa 
mortality for combined 
treatment (p = 0.0006)

NCIC CTG 
PR.3 MRC 
PRO7/
SWOG

2015 T3-4 N0M0 1205 Continuous LHRHa 60–65 Gy 
RT versus 
no RT

10-year OS: benefit for 
combined treatment 
(HR = 0.70, 95 % CI 
0.57–0.85, p < 0.001)

French 
study 
(Mottet)

2012 T3-4N0M0 273 LHRHa for 3 years 70 Gy 
3D-RT 
versus no 
RT

Better 5-year 
progression-free 
survival for combined 
treatment (p < 0.001)
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to the same ADT combined with EBRT (n = 436 
patients) [71]. With a median observation time of 
12 years the 15-year PCa specific mortality rates 
were 34 % and 17 % in the ADT arm and 
ADT + EBRT arm, respectively, (p < 0.001), 10 
(15)-year overall mortality was 35.3 (56.7 %) and 
26.4 % (43.4 %) (p = 0.0006) [22].

MRC PR3/PR07 Trial
This study included 1205 patients with T3-4 
(n = 1057) or T2, PSA >40 ng/ml (n = 119), or T2, 
PSA >20 ng and Gleason >8 (n = 25) and N0-X 
M0 PCa who were randomized to lifelong ADT 
(bilateral orchidectomy or LHRH agonist) with 
or without EBRT (65–70 Gy to prostate ±45 Gy 
to the pelvic lymph nodes). With a median fol-
low-up time of 8 years, 10-year overall survival 
was improved in the patients allocated to 
ADT + EBRT, 55 % vs. 49 % (p < 0.001) [44].

French Study
The trial comprised 273 patients with locally 
advanced PCa T3-4 or pT3 pN0 M0 who were 
randomly assigned to lifelong ADT by LHRH 
agonist (leuproreline) with or without EBRT 
(48 ± 2Gy to the whole pelvis followed by a boost 
to the prostate to a total dose of 70 Gy). With a 
median follow-up period of 67 months, there was 
a significant improvement of the 5-year disease-
free survival in favour of the combined approach 
(p < 0.001) without improvement of overall sur-
vival: 71.4 % vs. 71.5 % [47].

2.1.2	 �Short Term Androgen 
Deprivation Therapy

RTOG Trial 86–10
This trial investigated the impact of combined 
ADT prior (2  months) and during EBRT with 
respect to EBRT alone: 471 patients with bulky 
tumours (T2-4) with or without regional lymph 
node involvement were included: 7 % had a posi-
tive nodal status in the combined treatment arm 
versus 9 % in the EBRT alone arm. Thirty percent 
of patients had a T2 tumour, and 70 % were clas-
sified as T3-4. Androgen deprivation therapy 

consisted of oral flutamide (250 mg three times a 
day) and a subcutaneous injection of 
Zoladex®3.6  mg every 4 weeks. The pelvis 
received 45 Gy and the prostate 65–70 Gy. At 10 
years there was a significant difference in disease 
specific mortality 23 % vs. 36 % (p = 0.01) but no 
difference in overall survival [58].

Trans-Tasman Radiation Oncology Group 
96.01 Trial
This 3-arm study included 818 patients classified 
as T2b-4 N0 M0 who were randomly assigned to 
EBRT alone (66 Gy) or 3-month ADT starting 2 
months before radiotherapy or 6-month ADT 
starting 5 months before radiotherapy; ADT con-
sisted of goserelin and flutamide [14]. After a 
median follow-up of 10.6  years, 6-month ADT 
with EBRT decreased cancer specific mortality 
(p = 0.0008), and all-cause mortality (p = 0.0008) 
compared with RT alone [15].

RTOG Trial 94–13
This four arm trial comprised 1323 patients 
T1c-4 N0 M0 PSA <100  ng with an estimated 
risk of lymph-node involvement >15 %. Complete 
ADT consisted of flutamide 250 mg per os t.i.d. 
with a LHRH agonist. The first randomization 
was between 2-month neo-adjuvant and concur-
rent ADT during EBRT versus 4-month adjuvant 
ADT after EBRT; the second randomization was 
between whole pelvis EBRT versus prostate only 
EBRT. An improvement of the progression-free 
survival was observed in favour of the whole pel-
vis EBRT, without any difference between the 
two ADT modalities [39].

2.2	 �Intermediate- and High-Risk 
Localized Prostate Cancer

The Boston Group Trial
This trial comprised 206 men with localized 
but unfavourable-risk PCa who were random-
ized to receive 3D-CRT alone (70 Gy) or with 
6-month complete ADT.  For patients without 
moderate or severe co-morbidity, the combined 
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approach resulted in an increased 8-year over-
all survival (p = 0.01) [11].

RTOG Trial 94–08
One thousand nine hundred seventy-nine men 
with intermediate- and high-risk stage T1b-c, 
T2a-b PCa were randomly assigned to 2-month 
complete ADT before conventional EBRT and 
2-month during or to EBRT alone (46.8 Gy to the 
lymph nodes and 66.6 Gy to the prostate). The 
combined approach improved the 10-year overall 
survival of intermediate-risk patients only 
(p = 0.03) [31].

RTOG Trial 9910
One thousand five hundred seventy-nine men 
with intermediate PCa were randomly assigned 
to 8 weeks of complete ADT followed by EBRT 
(2D- or 3D-CRT) with an additional 8 weeks of 
concurrent complete ADT (16 weeks total) or to 
28 weeks of complete ADT followed by EBRT 
with an additional 8 weeks of ADT (36  weeks 
total). The pelvis was to receive 46.8 Gy followed 
by a boost to the prostate to a total dose of 
70.2 Gy. For the 8- and 28-week assignments, the 
10-year overall survival rates were, respectively, 
66 % and 67 % (p = 0.62): extending ADT dura-
tion from 8 to 28 weeks before EBRT did not 
improve outcomes [54].

EORTC Trial 22991
Height 119 patients staged cT1b-c with PSA 
≥10 ng/ml or Gleason ≥7 or cT2a (UICC TNM 
1997) N0 M0 with PSA ≤50 ng/ml were random-
ized to receive EBRT alone or EBRT+ 6-month 
concomitant and adjuvant ADT, the first 3-month 
depot LHRH-agonist started on day 1. Centres 
opted for one dose (70, 74 or 78 Gy). 74.8 % of 
patients were at intermediate risk and 24.8 % at 
high risk. At 7.2  years median follow-up, 
EBRT + ADT significantly improved biochemical 
disease-free survival (HR = 0.53, CI: 0.42–0.67, 
p < 0.001) as well as clinical progression-free sur-
vival (HR = 0.63, CI: 0.48–0.84, p = 0.001). 
Results are homogeneous across EBRT doses. In 

all subgroups EBRT + ADT significantly 
improved biochemical disease-free survival 
(p < 0.00001) and clinical progression-free sur-
vival (p < 0.01). Overall survival data are not 
mature [8].

3	 �Dose Escalation Combined 
to Androgen Deprivation 
Therapy

A meta-analysis of 7 randomized controlled trials 
accruing 2812 patients, from several risk groups 
with sometimes the use of ADT, showed a signifi-
cant reduction in the incidence of biochemical 
failure in those patients treated with dose-
escalated radiotherapy (p < 0.0001) [70]. A non-
randomized well conducted propensity matched 
retrospective analysis of the US National Cancer 
Data Base comprising 42.481 patients has dis-
played a benefit on overall survival for intermedi-
ate (p < 0.001) and high-risk patients (p < 0.001) 
treated with dose-escalated EBRT (>75.6 Gy to 
90 Gy) [33]. Based on the data of the literature, 
the current European Association of Urology 
guidelines recommend a dose of 76–78  Gy in 
combination with ADT for intermediate-risk and 
high-risk disease, when given in ‘standard’ frac-
tion sizes of 1.8–2 Gy per fraction (Mottet et al. 
2015). Dose escalation alone may be proposed to 
patients who are reticent to combined short-term 
ADT due to co-morbidities or because they want 
to preserve their sexual health, provided the pros-
tate dose delivered by image-guided IMRT is 
around 80 Gy.

GETUG 14 Trial
This study comprised 377 patients with 
intermediate-risk PCa; lymphadenectomy was 
mandatory when the risk of node involvement 
was >10 %. Patients were randomly assigned to 
high dose EBRT (prostate 80Gy; seminal vesicles 
46  Gy) either alone or in combination with 
4-month complete ADT (flutamide + Decapeptyl 
® starting 2 months before EBRT). With 37 
months median follow-up, the 3-year biochemical 
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or clinical control probabilities were 86 % and 
92 % in the EBRT arm and complete ADT-RT 
arm, respectively, (p = 0.09) and the 3-year bio-
chemical control probabilities 91 % and 97 % 
(p = 0.04) [17].

RTOG Trial 94–06
This phase I/II study investigated dose escalation 
3D-CRT to treat 583 men with T1-3 PCa to estab-
lish the maximally tolerated dose: 207 men initi-
ated ADT between 2 and 3 months before EBRT, 
and completed ADT no longer than 3 months 
after EBRT.  The addition of ADT to escalated 
dose from 73.8 to 84.3 Gy did not significantly 
improve biochemical or clinical disease-free sur-
vival [69].

GICOR Trial
This study was conducted to determine the 
impact on biochemical control and survival of 
ADT combined with dose-escalated 3D-CRT: 
181 low-risk patients were treated with EBRT 
alone; 75 intermediate-risk patients were allo-
cated to receive 4- to 6-month ADT before and 
during EBRT and 160-high risk patients received 
neo-adjuvant and adjuvant ADT 2 years after 
EBRT. With a stratification for treatment groups, 
the 5-year biochemical disease-free survival for 
high-risk patients with neo-adjuvant and adjuvant 
ADT was 63 % for dose <72 Gy vs. 84 % for dose 
≥72 Gy (p = 0.003) [73].

DART01/05 GICORC
This study investigated whether long-term ADT 
was superior to short-term ADT when combined 
with high-dose EBRT; 355 men with intermedi-
ate- and high-risk PCa, were randomly assigned 
to receive either 4-month ADT before and during 
3D-CRT (76–82 Gy) or the same treatment fol-
lowed by 24-month ADT. After a median follow-
up of 63 months, 5-year overall survival was 
better among patients receiving long-term ADT: 
95 % vs. 86 % (p = 0.009) with no increase in late 
radiation toxicity [74].

4	 �Pelvic Lymph-Node 
Irradiation Combined 
with Androgen Deprivation 
Therapy

In high-risk N0 M0 patients the randomized trials 
addressing the issue of prophylactic pelvic nodal 
irradiation (46–50 Gy) have failed to show a ben-
efit [1, 39, 55], but the question is still not 
answered. One reason for the ongoing uncertainty 
could be the limited dose that is deliverable to pel-
vic nodes using conventional or conformal radio-
therapy, because of the constraint imposed by the 
radiation tolerance of small bowel included in a 
pelvic radiation field, another one the insufficient 
power of these trials. Although there is no level 1 
evidence for prophylactic whole pelvic irradiation, 
this modality could be recommended for high-risk 
patients managed with a combined approach since 
pelvic lymph-node irradiation was achieved for 
EORTC and RTOG trials which have shown a sig-
nificant improvement in overall survival. The indi-
vidual risk of finding positive lymph-node can be 
estimated using nomograms, bearing in mind that 
a risk of nodal metastases over 5 % is an indication 
to perform pelvic lymph-node EBRT. The pelvic 
lymph-node target volume must cover what is har-
vested during the extended pelvic lymph-node dis-
section i.e. the nodes overlying the external iliac 
artery and vein, the nodes within the obturator 
fossa located cranially and caudally to the obtura-
tor nerve, and the nodes medial and lateral to the 
internal iliac artery; with IMRT, pre-sacral nodes 
can be included easily.

Clinical or pathological node-positive (N+) 
patients do not always develop a systemic disease 
and data shown below suggest that the combina-
tion of whole pelvic irradiation plus immediate 
long term ADT may be beneficial (level of evi-
dence 2b, grade B) [48].

RTOG Trial 85–31
A subset analysis was devoted to 173 patients 
with biopsy proven pN1 lymph nodes: 98 of them 
received EBRT plus long-life ADT.  With a 
median follow-up of 6.5 years there was a signifi-
cant difference in overall survival (p = 0.03) in 
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favour of the combined arm [38]. These results 
echo those of the Gransfors’ study, prematurely 
closed [24].

Homogeneous Matched Patients Cohorts
Seven hundred and three consecutive pT2-4 pN+ 
M0 patients who underwent radical prostatectomy 
plus pelvic lymph-node dissection were reviewed; 
of these patients, 171 who received a combination 
of ADT and EBRT and 532 who received adjuvant 
ADT alone were selected for a matching process 
for age, pT stage, Gleason score, number of nodes 
removed, margin status, duration of follow-up; 
patients treated with adjuvant EBRT plus ADT 
had a better overall survival compared with 
patients with ADT alone (p < 0.001) [9].

US National Cancer Data Base
A non-randomized matched retrospective analy-
sis comprised 3540 patients: 32.2 % of the 
patients were treated with ADT alone and 51.4 % 
with ADT + EBRT.  Using propensity score 
matching in approximately 600 patients with 
clinically node-positive patients, the 5-year sur-
vival was 72.4 % for patients treated with the 
combined approach vs. 49.4 % for those treated 
with ADT alone (p < 0.001) [43].

STAMPEDE Trial
This trial has recruited high-risk hormone-naïve 
men with newly diagnosed PCa starting first-line 
long-term ADT; a cohort of men with N0M0 and 
N + M0 disease was included, treated with or with-
out EBRT. These non randomized data have shown 
that failure-free survival outcomes favoured sig-
nificantly planned use of EBRT for patients of the 
N0M0 and N + M0 sub-cohorts [30].

5	 �Neo-adjuvant or Adjuvant 
Chemotherapy

Taxanes are radiosensitizer agents, which 
block the cell cycle during the G2/M-phase, 
inhibit the anti-apoptotic effect of bcl-2, and 

induce apoptosis [61]. Docetaxel has been 
shown to produce a cytotoxic effect during the 
S-phase, known to be radioresistant [26]. Phase 
III randomized trials in patients with castration 
resistant PCa have shown a significant improve-
ment of overall survival in favour of docetaxel-
containing regimens compared with the 
reference treatment [52, 66]. Phase II trials 
have shown the feasibility of concomitant [37] 
or concomitant and adjuvant docetaxel [6] with 
EBRT.  Preliminary results of neo-adjuvant or 
adjuvant chemotherapy combined with EBRT 
and ADT are promising but chemotherapy does 
not yet have a role in men with locally advanced 
PCa.

GETUG 12 Trial
This study investigated the role of neo-adjuvant 
chemotherapy with docetaxel on relapse-free sur-
vival based on a cohort of 413 high-risk patients 
with at least one risk factor (i.e., stage T3-4, 
Gleason score ≥8, PSA ≥20 ng/ml, pathological 
node-positive). All patients underwent a staging 
pelvic lymph node dissection and were randomly 
assigned to either goserelin 10.8  mg every 3 
months for 3 years and 4 cycles of docetaxel 
70  mg/m2 q3w plus estramustine 10  mg/kg/d 
d1-5 (arm 1) or goserelin alone (arm 2). EBRT 
was administered at 3 months in 358 patients 
(87 %). Toxicity included grade 3–4 neutropenia 
(27 %) with neutropenic fever in 2 % but no 
toxicity-related death and no secondary leukae-
mia [20]. At a median follow-up time of 8.8 years, 
docetaxel-based chemotherapy improves relapse-
free survival in patients with high-risk PCa 
(p = 0.017), but longer follow-up is needed to 
assess the impact on overall survival [21].

RTOG Trial 0521
This trial comprised 563 high-risk patients with 
stage ≥T2, Gleason 8, PSA <20 ng, or any stages 
with either Gleason ≥9 and PSA <150  ng or 
Gleason 7–8 and PSA ≥20–150 ng. The 6-year 
disease-free survival was improved from 55 to 
65 % (p = 0.04), but the predefined statistical cri-
teria to obtain an improvement in 4-years OS 
from 86 to 93 % (HR: 0.49) was not met and a 
longer follow-up is needed [59].
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6	 �New Compounds 
for Androgen Deprivation 
Therapy

Before the development of new drugs targeting 
the androgen axis, maximal surgical or chemical 
castration combined with anti-androgen was used 
in advanced PCa [41] and a meta-analysis of 27 
randomized trials has shown an improvement of 
the 5-year survival by about 2 or 3 %, with a 
range of uncertainty between 0 and 5 % [45]. 
Despite surgical or medical castration, PCa cells 
continue to have sufficient levels of androgen 
from the adrenal glands or intra-tumoral synthe-
sis to drive tumour growth. In castration resistant 
PCa, the intracellular androgen level is increased, 
compared to androgen sensitive cells, and an 
over-expression of the androgen receptor has 
been observed. A better understanding of andro-
gen receptor signaling and mechanism underly-
ing resurgent androgen receptor activity have 
induced major breakthroughs in the development 
of novel androgen-ablative and androgen recep-
tor antagonist strategies to more effectively 
inhibit receptor activity [36].

Luteinizing-Hormone-Releasing Hormone 
Antagonists
LHRH antagonists immediately bind to LHRH 
receptors, leading to a rapid decrease in LH, FSH 
and testosterone levels without any flare and there-
fore without need of anti-androgen to prevent the 
initial testosterone surge (Chap. 22). The third 
generation GnRH antagonist degarelix is being 
used in advanced PCa; compared to leuprolide, 
degarelix is followed by a more rapid suppression 
of testosterone and PSA [35]. Its definitive superi-
ority over LHRH analogues remains to be proven 
by ongoing randomized phase III trials.

Androgen Synthesis Inhibitors
Abiraterone acetate is a potent and selective 
inhibitor of CYP 17 enzyme which is required 
for androgen biosynthesis in the testes, adrenal 
glands and prostate tissue. The combination of 
abiraterone acetate plus prednisone has been 
shown to improve overall survival in patients 
with castration resistant PCa previously treated 

with docetaxel (p < 0.001) [13] or chemotherapy 
naïve (p < 0.01) [57]. Abiraterone acetate is 
investigated in randomized phase III trials com-
bined with LHRH agonist and EBRT for high-
risk PCa.

Androgen Receptors Antagonists
Enzalutamide is a novel androgen receptor antag-
onist that binds the androgen receptor with a 
eight times higher affinity than bicalutamide; it 
has no agonist effects and it prevents both andro-
gen receptor translocation and DNA binding. 
Enzalutamide significantly prolonged median 
overall survival of patients with castration resi-
tant PCa previously treated by chemotherapy 
(p < 0.001) [60] and significantly decreased the 
risk of radiographic progression and death in 
men with metastattic PCa [2]. Enzalutamide is 
also investigated with LHRH combined with 
EBRT for high-risk PCa.

7	 �Side Effects and Health 
Related Quality of Life

Androgen deprivation therapy with LHRH 
agonists may adversely affect quality of life 
with hot flushes, fatigue, weight gain, loss of 
libido and erectile dysfunction, insulin resis-
tance, lower bone mineral density with an 
increase risk of bone fracture, increased car-
diovascular events, metabolic syndrome, anae-
mia and impact on cognitive function [50]. 
These side effects assessed by a self-adminis-
tered questionnaire are in relation with the 
prevalent co-morbidities of the patients and the 
duration of the treatment [56]. The long-term 
results of the D’Amico trial with a median fol-
low-up duration of 16 years suggest that the 
risk of cardiac mortality is increased in patients 
with moderate or severe co-morbidity treated 
with short-term (<6  months) LHRH agonists 
[12]; they also suggest that a 6-month duration 
is long enough to provoke harmful cardiac 
effects, [10]. These results are controversial 
since retrospective analyses of the EORTC and 
RTOG have shown that long-term ADT did not 
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increase the cumulative incidence estimates of 
cardiovascular mortality as compared with 
short term or no ADT [5–7, 18, 19]. Weight is 
associated with prostate cancer mortality in 
men undergoing combined treatment, and 
prevalent diabetes is associated with greater 
all-cause and non PCa mortality [63]. Many 
studies demonstrated that long-term ADT was 
associated with an increased risk of fractures: 
among men surviving at least 5 years 19.4 % of 
those who received ADT had a fracture versus 
12.6 % of those not receiving this treatment 
(p < 0.001) [62]. Prevention of bone mineral 
loss through lifestyle modification is recom-
mended, as well as the use of bisphosphonates 
in case of osteoporosis [65, 15]. After radio-
therapy and 6 months of androgen blockade, 
fatigue, hot flushes and sexual problems 
increased significantly (p < 0.001) [5]; continu-
ing 2.5  years more ADT, induced insomnia 
(p = 0,006) and hot flushes (p < 0,001) and less 
sexual interest and activity (p < 0,001) but the 
overall quality of life did not differ signifi-
cantly between the two groups (p = 0,37) [5]. 
The adverse events encountered with long-
term administration of bicalutamide (150  mg 
per day) are mild to moderate: breast pain 
(74.8 %), gynaecomastia (66.6 %), diarrhoea 
(15.4 %), asthenia (13.4 %), impotence 
(12.7 %), hot flushes (9.8 %).

These potential side-effects have to be dis-
cussed with the patients to evaluate the risk-
benefit ratio -taking into account age, WHO 
performance status, co-morbidities, sexual 
health, lifestyle, tobacco usage and body mass 
index- to enable them to mitigate adverse 
effects by stopping smoking, reducing their 
weight, improving diet and increasing physical 
exercise. To reduce the risk of adverse effects, 
other parameters should be assessed- glycae-
mia, hyperlipidaemia, use of blood pressure 
medication or oral anti-coagulation, control of 
bone mineral density- so that co-morbidity 
treatments are adjusted appropriately by gen-
eral practitioners, endocrinologists and 
cardiologists.

�Conclusions

Within the frame of a radiotherapy manage-
ment, long-term ADT (≥2 years) with LHRH 
agonists combined with external irradiation is 
a gold standard for patients with locally 
advanced PCa (level 1a of evidence, grade A, 
Table 2); in patients with high-risk localized 
PCa, EBRT with a total dose of 76–78 Gy in 
combination with long-term ADT should be 
offered (level 1b of evidence, grade A). For 
intermediate-risk localized PCa, a combined 
approach with a short-term (4–6 month) ADT 
should be recommended (level 1b grade A) 
[48]. Patients have to be informed of the 
potential morbidity of ADT and a close coop-
eration is needed with general practitioners 
and specialists to prevent as much as possible 
harmful side effects. Dose-escalated image-
guided IMRT may offer the opportunity to 
treat intermediate-risk localized PCa without 
ADT. New systemic therapies have prolonged 
the life of men with metastatic castration-
resistant prostate cancer and are evaluated in 
high-risk PCa, combined with EBRT, to reach 
a complete androgen deprivation and increase 
clinical disease survival. The best way to tai-
lor and personalize the treatment of the 
patient is to present his medical chart to a 

Table 2  Guidelines regarding the combination of andro-
gen deprivation therapy with external irradiation

Risk IMRT

Androgen 
deprivation 
therapy

Localized PCa
Low risk
T1c-2a, Gleason ≤6, PSA 
≤10 ng/ml

+

Intermediate risk
T2b, or 10 <PSA ≤20 ng/
mL or Gleason =7

+ 4–6 monthsa

High risk
T2c, PSA >20 ng/mL or 
Gleason >7

+ 2–3 years

Locally advanced PCa
T3-4 N0 M0

+ 2–3 years

aFor patients unsuitable for ADT consider IMRT at esca-
lated dose or a combination of IMRT and brachytherapy
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tumour board to benefit from a multidisci-
plinary approach based on guidelines [25]. 
Randomized phase III trials require a long 
period of observation before enabling the 
evaluation of overall survival, reason why 
intermediate clinical endpoints are assessed 
as surrogate to shorten the delay to reach the 
meaningful endpoints [29]. Ongoing transla-
tional research based on DNA-based and 
RNA-based signatures aims at measuring 
genomic instability and tumour hypoxia in 
order to help us to individualize the intensifi-
cation of treatment in case of high levels of 
hypoxia and high percentages of tumour 
genome alteration [42]. To conclude, prostate 
cancer is a heterogeneous disease and its 
prognostic landscape is progressively chang-
ing: It is likely that one day, oncogenic signa-
tures will give physicians the opportunity to 
offer the right ADT duration to the right 
patients at the right time.
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Postoperative Irradiation: 
Immediate or Early Delayed?

Dirk Bottke, Detlef Bartkowiak, 
and Thomas Wiegel

1  �Introduction

For patients with localized prostate cancer, radi-
cal prostatectomy (RP) and external-beam radia-
tion therapy (RT) enable a 10-year overall 
survival of 83 % and 89 %, respectively [46]. 
Following RP, serum prostate-specific antigen 
(PSA) should become undetectable within 4–6 
weeks, as half-life is approximately 2–3 days 
[89]. Persistent PSA levels indicate residual pros-
tatic tissue, either malignant or benign (e.g. 
benign prostatic hyperplasia).

A PSA increase of ≥0.2 ng/ml is a common 
definition of progression of disease following RP 
[38, 105]. Vital tumor tissue has been found in 
biopsies form the urethrovesical anastomosis in 
35–55 % of all patients with rising PSA after RP 

without clinical correlates suggestive of recurrent 
tumor [80]. In these cases, PSA levels predate 
clinically evident disease and do correlate well 
with disease progression.

After RP, approximately 15–25 % of the patients 
experience recurrence [90]. Numerous models are 
available to predict the probability of relapse [28, 
79, 99]. With adverse risk factors such as high 
baseline levels of PSA, extraprostatic extension, 
positive surgical margins (R1), and Gleason score 
≥8, the 10-year biochemical recurrence rate may 
grow to 75 % [16, 38, 107]. However, biochemical 
recurrence is a common event even in patients with 
favorable prognostic factors. The rate of biochemi-
cal progression after 7 years for patients with organ 
confined tumors (pT2) and positive surgical mar-
gins is about 25 % [93].

The optimal management of patients with 
clinical and pathologic features of increased risk 
for developing a biochemical recurrence remains 
controversial. Two treatment approaches for the 
postoperative management of these patients are 
adjuvant radiation therapy (ART) in men with an 
undetectable PSA or observation followed by 
early salvage radiation therapy (SRT) in men 
with persisting or rising PSA after initial postop-
erative undetectable values.

The purpose of this chapter is to review the 
rationale, results, and possible side effects for the 
different treatment approaches ART and SRT.
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2  �Adjuvant Radiation Therapy

2.1  �Randomized Clinical Trials

Three randomized prospective trials (SWOG 
8794, EORTC 22911, and ARO 96–02) demon-
strated an approximately 20 % absolute benefit 
for biochemical progression-free survival 
(bNED) after adjuvant radiation therapy com-
pared with a “wait-and-see” policy, mostly for 
pT3 cN0 or pN0 tumors (Table 1). The greatest 
benefit (30 % bNED after 5 years) has been dem-
onstrated in patients with pT3 tumors and posi-
tive margins [11, 96, 102, 108]. In the meantime, 
10-year follow-up data of the EORTC trial and 
the ARO trial were reported and confirmed these 
results [12, 106].

In the prospective study of the South Western 
Oncology Group (SWOG), overall survival was 
improved from 13.5 years without to 15.2 years 
with adjuvant radiation therapy [97].

Notably, central pathological review on the 
EORTC-trial showed that only surgical margin 
status had an effect on the outcome, such that 
the treatment benefit in patients with negative 
margins did not remain significant. The hazard 
ratio in the group with negative surgical margins 
was 0.87 (p = 0.601), compared to 0.38 
(p < 0.0001) in the group with positive surgical 
margins according to the review pathology. 
Excluding the patients with a PSA of >0.2 ng/ml 
after prostatectomy, the hazard ratio for postop-
erative irradiation was 1.11 (p = 0.740) and 0.29 
(p < 0.0001) for the patients with negative and 
positive margins, respectively [102]. This bene-
fit was also seen in the real adjuvant situation, 
when the PSA was undetectable before the start 
of radiation therapy [106, 108]. In the trial of 
the German Cancer Society 159 patients were 
randomized into the observation and 148 into 
the ART arm (60  Gy in 30 fractions over 6 
weeks). After a median follow-up of nearly 10 
years, there was a significant benefit from ART 
for bNED: 56 % vs. 35 % (p < 0.0001). In the 
subgroup of pT3 R1 tumors, this benefit 
increased from 21 to 30 % [106].

The three randomized studies have used dif-
ferent definitions of biochemical progression: 

SWOG: PSA >0.4 ng/ml, EORTC: PSA >0.2 ng/
ml, ARO: PSA >0.05 ng/ml. Consequently, bio-
chemical recurrences (as an increase of the PSA 
out of the undetectable range) were detected ear-
lier in the EORTC and the ARO study. This led to 
apparently worse results in bNED of the ARO 
study after 5 years, but long term results are quite 
similar between the three trials (Table 1).

In the ARO study, a pathology review was per-
formed on 85 % of RP specimens of patients to 
investigate the influence of pathology review on 
the analysis. There was fair concordance between 
pathology review and local pathologists for semi-
nal vesicle invasion (pT3c: 91 %; k = 0.76), surgi-
cal margin status (84 %; k = 0.65), and for 
extraprostatic extension (pT3a/b: 75 %; k = 0.74). 
Agreement was much less for Gleason score 
(47 %; k = 0.42), whereby the review pathology 
resulted in a shift to Gleason score 7. In contrast 
to the analysis of progression-free survival with 
local pathology, the multivariate analysis includ-
ing review pathology revealed positive surgical 
margins and Gleason score >6 as significant 
prognostic factors [14].

It is well known that the location, the extent, 
and the number of positive surgical margins after 
radical prostatectomy are predictors of biochemi-
cal progression after radical prostatectomy. The 
investigators of the Cleveland Clinic/Ohio found 
in their retrospective series of 7160 patients 
treated with radical prostatectomy 1540 patients 
with positive margins. The 7-year progression-
free probability was 60 % in those patients, 
resulting in a hazard ratio for biochemical recur-
rence of 2.3 compared with negative margins. 
There was also an increased risk of biochemical 
recurrence in patients with multiple vs. solitary 
positive surgical margins (HR 1.4) and extensive 
vs. focal positive surgical margins (adjusted HR 
1.3) [93]. From the data of the randomized trials 
mentioned above, these patients with positive 
margins and pT3-tumors do stand to profit mostly 
from ART.

In the EORTC trial, when the data of patients 
with pT2 tumors and positive surgical margins 
were analyzed, there was a significant benefit of 
10-year biochemical progression-free survival 
rate in the irradiated group (71.4 % versus 46.8 % 
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in the wait-and-see group) [12]. However, these 
data come from a subgroup analysis and bio-
chemical progression-free survival was not the 
primary endpoint of this study. The possible ben-
efit of radiotherapy must be weighed out care-
fully in consideration of potential late effects as 
erectile dysfunction (ED).

2.2  �Definition of Clinical Target 
Volume (CTV)

In the EORTC and SWOG trials, radiation was 
based on 2D treatment planning, where the pros-
tatic fossa was targeted by using large treatment 
portals. Obviously, precise definition of target 
volumes was not essential, which is in great con-
trast to modern radiation treatment techniques 
such as IMRT. Compared to 2D based planning, 
IMRT provides significant normal tissue sparing, 
but also demands exact definition of target 
volume.

Consideration of the local failure patterns in 
the post-RP setting is essential for optimal defini-
tion of CTV.  The most common sites of local 
relapse proven by biopsy are the vesicourethral 
anastomosis (VUA) (66 %), followed by the blad-
der neck (16 %) and retrotrigone area (13 %) [27]. 
Recently, endorectal magnetic resonance imag-
ing (MRI) was used to detect local relapse pat-
terns following RP in order to further define the 
optimal CTV [56]. Based on the results of this 
study, the authors recommended a cylindrical-
shaped CTV centered 5 mm posterior and 3 mm 
inferior to the VUA, concordant also with the 
previously mentioned pathologic studies.

To address any uncertainties in the definition 
of CTV, the Radiation Therapy Oncology Group 
(RTOG) [53], the EORTC Radiation Oncology 
Group [73] and other cooperative groups [84, 
111] have created consensus guidelines for 
delineation of target volumes for postprostatec-
tomy patients. In the RTOG recommendations, 
the CTV extends superiorly from the level of the 
caudal vas deferens remnant (or 3–4 cm superior 
to the pubic symphysis, whichever is higher) and 
inferiorly 8–12 mm inferior to VUA. The VUA 
is defined as the retropubic region that can be 

visualized one slice below the most inferior 
urine-containing image of the bladder. Below the 
superior border of the pubic symphysis, the ante-
rior border is at the posterior aspect of the pubis 
and extends posteriorly to the rectum. At this 
level, the lateral border extends to the levator ani 
muscles. Above the pubic symphysis, the ante-
rior border should encompass the posterior 
1–2  cm of the bladder wall and should extend 
posteriorly to the mesorectal fascia.

2.3  �Use of Image-Guidance 
to Improve Postprostatectomy 
Prostatic Fossa Localization

In recent years, several innovative methods have 
been developed to improve localization of the 
prostatic fossa and minimize daily internal set-up 
error. Techniques currently utilized in most prac-
tices include daily portal imaging with implanted 
gold fiducial markers [77], daily cone beam or 
kilovoltage imaging [59], and the use of electro-
magnetic transponders [21]. Such image-
guidance techniques allow for a minimal 
(7–10 mm) expansion from a CTV to a planning 
target volume, thereby providing further normal 
tissue sparing by minimizing RT dose to the rec-
tum and bladder [83].

2.4  �Adjuvant RT of Pelvic Lymph 
Nodes?

The three randomized trials included only 
patients with cN0 or pN0-disease. The effect of 
adjuvant RT in node-positive prostate cancer has 
not yet been prospectively assessed. A retrospec-
tive study by Da Pozzo et al. reported a signifi-
cant positive impact of RT in combination with 
hormonal therapy (HT) in patients with nodal 
metastases treated with RP and pelvic lymph 
node dissection [31]. However, this study was 
limited by a potential patient selection bias 
mainly due to its retrospective and unmatched 
design. In fact, patients treated with adjuvant RT 
were those affected by more aggressive disease. 
Therefore, no effect of adjuvant RT on 
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cancer-specific survival was demonstrated on 
univariate survival analyses. There was signifi-
cant gain in predictive accuracy when adjuvant 
RT was included in multivariable models predict-
ing biochemical recurrence-free and cancer-spe-
cific survival (gain: 3.3 % and 3 %, respectively; 
all p < 0.001).

In a large retrospective series, Briganti et al. 
assessed the effect of adjuvant RT in node-
positive prostate cancer including two homoge-
neous matched patient cohorts exposed to either 
adjuvant RT plus HT or adjuvant HT alone after 
surgery. In this series from Milan and Jacksonville, 
a total of 703 patients were assessed at a median 
follow-up of 95 months. Patients were matched 
for age at surgery, pathologic T stage and Gleason 
score, number of nodes removed, surgical margin 
status, and length of follow-up. The overall sur-
vival advantage was 19 % in favor of adjuvant 
radiation therapy plus hormonal treatment com-
pared with hormonal treatment alone. Similarly, 
higher survival rates associated with the combi-
nation of HT plus RT were found when patients 
were stratified according to the extent of nodal 
invasion (namely ≤2 versus >2 positive nodes; all 
p ≤ 0.006) [15].

In 2014 the same working group has pub-
lished an analysis of 1107 patients with node-
positive prostate cancer. After surgery with 
elective lymph node dissection, the men received 
either adjuvant HT alone (intended but not con-
firmed lifelong, n = 721) or HT plus ART (66.6–
70.2 Gy to the prostate bed and 45–50.4 Gy to 
the pelvic lymph nodes, n = 386). The median 
follow-up was 7.1  years. Based on the patho-
logic T stage, Gleason score, number of positive 
lymph nodes, and surgical margin status, five 
risk groups were defined. In the intermediate-
risk group, there was an overall survival advan-
tage from combined therapy of 6 % and 18 %, 
after 5 and 8 years, respectively. In the high-risk 
group, the figures were 6 % and 20 %, respec-
tively, in favor of ART plus HT compared with 
HT alone. In multivariate analysis, two groups 
had a significant benefit from additional ART, 
namely: (1) patients with ≤2 positive lymph 
node, Gleason score 7–10, pT3b/pT4 stage, or 
positive surgical margins; and (2) patients with 

3–4 positive lymph nodes irrespective of other 
features [1]. Because of the retrospective nature 
of this series with no standardized definition of 
target volumes, radiation dose, and duration of 
HT, these results should be interpreted with cau-
tion. However, they provide support for this 
treatment in selected cases, but should be vali-
dated in prospective clinical trials.

2.5  �Additional Use of Hormone 
Therapy to ART

It is now clearly established that the standard 
nonoperative management for patients with 
locally advanced prostate adenocarcinoma 
includes long-term hormone therapy. Two coop-
erative group trials, RTOG 96–02 and EORTC 
22961, have demonstrated an overall survival 
advantage if these patients, and specifically those 
with additional high-risk factors like Gleason 
score 8–10, are treated for 2–3 years with hor-
mone therapy [10, 41]. It remains unknown 
whether men with high-risk, node-negative pros-
tate adenocarcinoma initially treated with RP and 
pelvic lymph node dissection benefit from addi-
tional adjuvant hormone therapy. The primary 
rationale for the use of hormone therapy post-RP 
is to: (1) improve local control by eradicating dis-
ease in a hypoxic scar that may be radioresistant; 
(2) address micrometastatic disease which may 
have spread to the lymph nodes or distant sites; 
and (3) alter PSA kinetics in patients who will 
eventually relapse [37, 44, 74].

Previous studies have indicated a potential 
benefit from combination therapy for men at high 
risk of recurrence. A secondary analysis of 
Radiation Therapy Oncology Group (RTOG) 
85–31, a phase III trial comparing standard exter-
nal beam RT plus immediate ADT versus RT 
alone for patients with nonbulky prostate cancer, 
found improved biochemical control in patients 
who received combination therapy as compared 
to men treated with RT alone [29]. With a median 
follow-up of 5 years, the progression-free sur-
vival for men treated with combination therapy 
was estimated to be 65 % as compared to 42 % for 
men treated with RT alone (p = 0.002). Similar 
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results were seen in a retrospective study per-
formed at Stanford University [48].

Two further randomized trials into HT-RT 
combination therapy, RTOG-P-0011 and EORTC 
22043, closed prematurely because of poor 
recruitment.

The ongoing RADICALS trial will address 
the question of duration of hormone therapy 
combined with ART [68].

3  �Salvage Radiation Therapy

Salvage radiation therapy (SRT) should be con-
sidered for men presenting with persistent PSA 
after prostatectomy or showing an increase of 
PSA levels after initial postoperative undetect-
able values [5, 9, 18, 20, 70, 85, 92, 93, 104].

It remains uncertain whether a PSA increase 
after RP indicates isolated local disease, distant 
metastatic progression, or both [80]. Therefore, 
the best treatment for recurrent prostate cancer in 
patients with increasing or persisting PSA with-
out clinical evidence of disease still remains con-
troversial. On the other hand, only RT can offer 
the chance of cure to patients with truly localized 
malignant disease after RP.

There are indicators for a higher likelihood of 
local recurrence, e.g. slow PSA rise (PSA dou-
bling time ≥12  months), more than 1 year 
between RP and the detection of PSA in the 
serum, Gleason score <7, and negative surgical 
margins [72]. On the other hand, there are also 
indicators suggesting metastatic disease such as 
short PSA doubling time (<12  months) or 
Gleason score at RP from 8 to 10 [70, 104]. Some 
authors tried to define combinations of risk fac-
tors. For example, patients with a PSA <1 ng/ml 
before RT, and pre-RP Gleason score <7, and a 
long PSA doubling time after progression have a 
high risk of local disease [92]. A predictive model 
for the outcome of RT for PSA progression after 
RP has been proposed and validated [58, 91]. 
Assuming a local nature of the underlying dis-
ease, SRT of the prostatic bed has widely been 
used to treat patients in the absence of biopsy-
proven local recurrence. An established standard 
is conformal radiotherapy to the prostatic fossa 

with a dose of about 66 Gy, aiming to irradiate 
the presumed local recurrence and hence to 
reduce the risk of a “second wave of metastasis” 
leading to clinical progression of disease [26, 38, 
105]. In the light of the well-known problems in 
detecting local recurrence in the prostatic bed, 
radiotherapy to the prostatic fossa is one of the 
rare therapies in which most radiation oncolo-
gists irradiate without a histologic proof of tumor 
recurrence.

3.1  �Role of Investigations in Case 
of Persisting/Rising PSA

Once biochemical failure has been diagnosed, it is 
essential to distinguish between local recurrence 
and systemic metastases in order to plan the best 
therapeutic approach. For this reason, there is a 
strong need for imaging techniques which may be 
able to recognize small lesions and to identify 
their nature (persistent or recurrent neoplastic tis-
sue, healthy residual glandular tissue, and granu-
lation tissue or fibrosis). These techniques should 
be able to detect residual or recurrent disease 
when the PSA serum level is very low (less than 
1 ng/ml) in order to deliver the more relevant ther-
apeutic option as early as possible.

Currently, transrectal ultrasound (TRUS) has 
neither good sensitivity nor good specificity in 
detecting early recurrent cancer [51]. Scattoni 
et al. showed that TRUS-guided biopsy to detect 
local relapse after RP has a limited sensitivity 
(25–54 %) when the PSA serum value is less than 
1 ng/ml [76]. TRUS-guided biopsy of the post-
prostatectomy fossa is not recommended by 
EAU-guidelines in patients with PSA serum level 
less than 1 ng/ml [38].

Over the last few years, technological innova-
tions have allowed the development of superim-
posed imaging, which links anatomic, functional, 
and biological information together. Magnetic 
resonance imaging (MRI) and positron emission 
computed tomography (PET/CT) have proven to 
be useful tools in the early diagnosis of prostate 
cancer recurrence.

The advantages of MRI over TRUS are its 
superior soft-tissue resolution and its ability to 

D. Bottke et al.



237

cover the entire postprostatectomy fossa and 
reveal recurrences that are located beyond the 
region routinely imaged on ultrasound. The com-
bination of an external and an endorectal coil 
improves the ability to detect local recurrence of 
prostate cancer [42]. The anatomic detail and 
wide coverage of the pelvis by MRI facilitates its 
increasing use in directing salvage radiation ther-
apy when a recurrence is demonstrated [56]. 
Additionally, as pelvic lymphadenopathy and 
osseous metastases are routinely evaluated with 
MRI, the most common early metastatic sites of 
prostate cancer are covered by this method.

The reported sensitivity and the specificity of 
MRI for depicting local recurrences by experi-
enced investigators in 82 patients who underwent 
prostatectomy were 87 % and 78 %, respectively. 
PSA levels at MR imaging in patients with clini-
cally proved recurrences ranged from undetect-
able to 10 ng/ml (mean, 2.18 ng/ml) [78].

Panebianco et al. found that a combined tech-
nique of proton magnetic resonance spectro-
scopic imaging (1H-MRSI) and dynamic 
contrast-enhanced magnetic resonance imaging 
(DCE-MRI) at 3 Tesla was a valid tool to detect 
locoregional relapse. It was more accurate than 
Cholin-PET/CT in the identification of small 
lesions in 84 men with low biochemical progres-
sion after RP (PSA serum values ranging from 
0.2 to 2 ng/ml) [67].

Various targets have been addressed by molec-
ular imaging to improve the detection of recurrent 
prostate cancer. For PET imaging, mainly 11C- 
and 18F-labeled choline derivates have been used 
in the past [39, 49]. However, especially in 
patients with PSA values below 3  ng/ml, the 
detection rate is only 40–60 % [7, 23, 49]. 
Recently, molecular probes have been developed 
to target for example the gastrin-releasing peptide 
receptor or the prostate-specific membrane anti-
gen (PSMA), [94, 110]. PSMA is a membrane-
bound enzyme with significantly elevated 
expression in prostate cancer cells in comparison 
to benign prostatic tissue [86]. A newly developed 
compound (coupling 68Ga via the chelator 
HBED-CC to the extracellular PSMA ligand Glu-
NH-CO-NH-Lys) demonstrated a high specificity 
for PSMA expressing tumor cells as well as high 

and specific uptake in a mouse model [32]. A first 
preliminary study in prostate cancer patients 
revealed a higher image contrast and detection 
rate with 68Ga-PSMA- than with 18F-choline-PET/
CT [3]. Afshar-Oromieh et al. performed a retro-
spective analysis in 319 patients with different 
primary treatment including 226 patients with 
recurrent prostate cancer after radical prostatec-
tomy. In 82.8 % of the patients at least one lesion 
indicative of prostate cancer was detected. A 
lesion-based analysis of sensitivity, specificity, 
negative predictive value, and positive predictive 
value revealed values of 76.6 %, 100 %, 91.4 %, 
and 100 %, respectively. Of 116 patients available 
for follow-up, 50 received local therapy after 
68Ga-PSMA PET/CT [2]. Eiber et al. investigated 
the detection rate of 68Ga-PSMA PET/CT in 248 
patients with biochemical recurrence after radical 
prostatectomy. Median PSA level was 1.99 ng/ml. 
The detection rates were 96.8 %, 93.0 %, 72.7 %, 
and 57.9 % for PSA levels of ≥2, 1 to <2, 0.5 to 
<1, and 0.2 to <0.5  ng/ml, respectively. With 
higher Gleason score (≤7 versus ≥8), detection 
efficacy was significantly increased (p = 0.019) 
[33]. 68Ga-PSMA ligand PET/CT shows substan-
tially higher detection efficacy than reported for 
other tracers. Most importantly, it reveals a high 
number of positive findings in the clinically 
important range of low PSA values (<0.5 ng/ml). 
However, case numbers in that PSA range are 
very low in all reports [2, 19, 33, 40].

3.2  �Results of Salvage Radiotherapy/
Prognostic Factors

So far, there are no published data available from 
randomized trials on SRT after RP and the ques-
tion of whether or not SRT can improve survival 
is not answered, yet. Numerous retrospective 
studies focus on biochemical recurrence and there 
is clear evidence for an advantage from early SRT 
for that endpoint. However, the definition of 
“early” varies throughout the literature. European 
guidelines recommend SRT at a PSA <0.5 ng/ml, 
AUA/ASTRO suggest a threshold at 0.2  ng/ml, 
and even lower values (down to 0.05 ng/ml) have 
been proposed [38, 55, 98]).
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Stevenson et al. reported the results of a multi-
institutional cohort of 1540 patients. These 
patients received SRT with a median dose of 
66 Gy. Median follow-up was 53 months. A six-
years biochemical progression-free survival-rate 
of 48 % (95 % CI, 40–56 %) could be achieved 
when the PSA was <0.5  ng/ml compared with 
only 18 %, when the preradiation therapy PSA 
was >1.5 ng/ml. In the whole series, the 6-year 
progression-free survival-rate was 32 % (95 % 
CI, 28–35 %) [91]. The authors identified several 
prognostic factors that were associated with a 
poor response to RT including Gleason score of 
8–10, pre-SRT PSA >2 ng/ml, negative surgical 
margins, postoperative PSA doubling time 
<10 months and seminal vesicle invasion. Patients 
without these adverse features had a 6 year 
progression-free survival of 69 %. Also, some 
subsets of patients with Gleason score 8–10 
would benefit from salvage radiation therapy if 
the pretreatment PSA was <2.0  ng/ml, surgical 
margins were positive and PSA doubling time 
was >10 months [91].

Briganti et al. reported on a multi-institutional 
cohort of 472 node-negative patients who experi-
enced biochemical recurrence after RP.  All 
patients received SRT at a PSA <0.5  ng/ml. In 
univariate analysis, pT-stage, Gleason score and 
margin status were significant predictors of pro-
gression. In multivariable Cox regression, also 
the pre-SRT PSA was a significant predictor (all 
parameters with p < 0.04). The study aimed to 
develop a nomogram predictive for biochemical 
progression. Therefore, the pre-SRT PSA was a 
continuous variable with no discrete value to dif-
ferentiate low versus high risk. Positive margins 
were a high-risk factor in that data set [17].

Lohm et al. reported the results of 151 patients 
receiving SRT at a PSA <0.2  ng/ml. After a 
median follow-up of 82 months, a biochemical 
progression was diagnosed in 83 patients (55 %). 
Multivariate analysis confirmed the impact of 
pre-SRT PSA level, Gleason score, and PSADT 
on biochemical progression-free survival and 
tumor stage on overall survival. The margin sta-
tus was no significant risk factor at all [52]. Also, 
in a cohort of 409 men who had SRT at higher 
PSA levels (range 0.3–1.7 ng/ml), surgical mar-

gins did not reach significance (p = 0.2) in the 
regression model for biochemical failure [43].

Trock et al. conducted a retrospective analy-
sis of a cohort of 675 patients undergoing RP 
from 1982 to 2004. Median follow-up was 9 
years since RP and 6 years since SRT.  They 
show a benefit for prostate cancer-specific sur-
vival after SRT (with or without additional hor-
mone treatment) compared with sole androgen 
deprivation. Particularly, there was an advantage 
for patients who achieved a post-SRT PSA 
<0.2 ng/ml (the undetectable range in that study) 
and for men with a short PSA doubling time 
(<6 months) at recurrence. However, other estab-
lished prognostic features such as pT stage or 
Gleason score failed statistical significance for 
overall survival [101].

Chang et al. determined the PSA of 164 pros-
tatectomy patients 4 months after the administra-
tion of SRT for recurrent prostate cancer. The 
median follow-up was 53.4  months. If at that 
time the PSA was ≥0.2  ng/ml or was incom-
pletely reduced (≥45 % of the pre-SRT PSA), 
then the 5-year rates of clinical recurrence were 
significantly increased [24].

Jackson et  al. identified men with a detect-
able nadir (0.1–0.2  ng/ml) within 6 months 
after SRT as a high-risk group regarding bio-
chemical failure, distant metastases, prostate 
cancer-specific death, and overall mortality. A 
total of 448 patients (15 % seminal vesicle inva-
sion, 50 % extracapsular extension, 46 % posi-
tive margins, 2 % positive lymph nodes) had 
been followed up for median 64 months. 
Clinical/pathological risk factors again failed 
statistical significance in Cox regression analy-
sis when the post-SRT nadir was included [43]. 
A lower pre-SRT PSA was significantly related 
with achieving an undetectable post-SRT nadir. 
The median pre-SRT level was 0.5  ng/ml in 
responders and 0.7 ng/ml in nonresponders and 
a PSA maximum of 18 ng/ml. In multivariable 
analysis, the pre-SRT PSA was a significant 
parameter for biochemical recurrence 
(p = 0.005), metastasis (p = 0.05) and borderline 
significant even for OS (p = 0.07). In a retro-
spective analysis of 306 patients, the applica-
tion of SRT at a PSA <0.2  ng/ml correlated 
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significantly with achieving a post-SRT PSA 
nadir <0.1  ng/ml and with improved freedom 
from progression (median follow-up 7.2 years). 
The post-SRT nadir <0.1 ng/ml correlated sig-
nificantly with less recurrence and with better 
overall survival [5].

There is now strong evidence that achieving a 
post-SRT PSA nadir <0.1 ng/ml enables a better 
overall survival in long-term follow-up. The 
association of the pre-SRT PSA with post-SRT 
nadir indicates indirectly that selected patients 
may have a significant survival benefit from 
SRT.  Moreover, patients whose post-SRT PSA 
declines to the undetectable range may not need 
additional hormonal treatment before secondary 
progress. As a hypothesis, this requires confirma-
tion/validation in the framework of prospective 
clinical trial (Table 2).

3.3  �Total Dose of Salvage 
Radiotherapy

With reference to the three randomized studies, 
a dose of 60–64 Gy for adjuvant RT is consen-
sus in the guidelines [38, 105]. The situation is 
less clear for salvage RT.  To avoid radiation 
toxicity, most SRT studies do not exceed 70 Gy. 
In the guidelines, total doses of “at least 66 Gy” 
are recommended [38, 105]. However, some 
recently published series demonstrated a better 
outcome with higher total doses [9, 47, 85]. 
Bernard et  al. investigated 364 men with sal-
vage radiation therapy after radical prostatec-
tomy after a median follow-up of 6.0  years. 
They defined three dose groups (low, <64.8 Gy; 
moderate, 64.8–66.6  Gy; high, >66.6  Gy). In 
multivariate analysis, they found that compared 
with the high dose level, there was a decreased 
bNED for patients treated with the low dose 
level (HR 0.60) [9]. This was similar to the 
results published by Siegmann et  al. from the 
group in Berlin and Ulm. In their retrospective 
series including 301 patients, 234 received 
66.6 Gy while 67 patients with a PSA decrease 
during salvage radiation therapy were selected 
and irradiated up to 70.2 Gy. In the multivariate 
analysis the total dose was a significant predic-

tor of reduced risk of biochemical progression 
(p = 0.017) [85].

The need for a higher irradiation dose remains 
uncertain; nevertheless it seems justified espe-
cially in patients with histologically confirmed 
local recurrence after radical prostatectomy.

The SAKK 09/10 trial randomized 344 
patients without evidence of residual disease 
between 2011 and 2014 to receive SRT at 70 Gy 
(n = 175) or 64  Gy (n = 169). In 44 % of the 
patients, the RT was applied using a 3D-conformal 
approach and in 56 % of the patients using an 
IMRT technique. The primary endpoint was free-
dom from biochemical failure. The trial was 
closed for accrual after it met its accrual goal of 
350 patients.

A first analysis of the trial reported acute tox-
icity rates and early quality of life. There was no 
significant difference in acute genitourinary and 
gastrointestinal toxicity rates between both arms. 
Generally, changes in health related quality of 
life were minor; however, there was a relevant 
worsening of urinary symptoms in the 70  Gy 
arm. There was no significant difference in acute 
toxicity associated with RT technique [35]. The 
first randomized prospective data regarding free-
dom from biochemical recurrence and late toxic-
ity are awaited in 2017.

3.4  �RT of Pelvic Lymph Nodes?

An important, but unsolved question is the value 
of an additional whole pelvic irradiation com-
pared with prostate bed irradiation alone. Spioto 
from the Stanford University reported on 160 
patients who underwent adjuvant or salvage radi-
ation therapy, out of which 87 had short course 
total androgen suppression. A total of 114 patients 
were considered at high risk of lymph node 
involvement although cN0 (Gleason score >8, 
preoperative PSA level >20 ng/ml, seminal vesi-
cle involvement); 72 underwent whole pelvic 
radiation therapy and 42 underwent prostate bed 
radiation therapy. The median follow up was 
>5  years. Limited- to high-risk patients, there 
was a superior bNED of whole pelvic radiation 
therapy compared with prostate bed radiation 
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therapy (5-year rate 47 % vs. 21 %, p < 0.05) [88]. 
While these data have to be confirmed in a pro-
spective trial, whole pelvic radiation therapy 
combined with modern delivery techniques like 
IMRT can be offered as a promising option for 
high-risk patients [38, 105].

3.5  �Additional Use of Hormone 
Therapy to SRT

Interesting retrospective data have been reported 
from the Mayo Clinic and from the University of 
Michigan [25, 87]. They raise the question of the 
efficacy of an additional androgen deprivation 
during and after SRT.  Choo and coworkers 
reported on a prospective pilot study with 75 
patients treated with SRT + 2-year androgen 
deprivation. With a median follow-up from SRT 
of 6.5  years, all patients achieved an initially 
complete PSA response (<0.2  ng/ml). Relapse-
free survival rate at 7 years was 78 % of the whole 
population [25]. A group of the University of 

Michigan treated all together 630 men for sal-
vage indications after RP. In this group, 66 % had 
high-risk factors. The mean RT dose was 68 Gy 
and 24 % of all patients received concurrent 
androgen deprivation. The median ADT duration 
for these patients was 11 months. With a median 
follow-up of 3 years, the concurrent androgen 
deprivation was shown to be a significant inde-
pendent predictor of progression-free survival in 
the high-risk group (p < 0.05) [87]. Therefore, it 
seems attractive to treat high-risk patients with 
SRT and an additional androgen deprivation. The 
optimal duration of this androgen deprivation 
therapy remains uncertain.

RTOG 96–01 is a randomized, multicenter 
phase III trial, designed to compare anti-androgen 
therapy (bicalutamide monotherapy 150  mg/d) 
plus SRT (n = 384) with a placebo plus SRT alone 
(n = 377) in men with pT3/pT2 R1 N0 M0 
prostate cancer who have an elevated PSA after 
surgery. The primary end-point is overall sur-
vival. The results presented at the 2015 Annual 
Meeting of the American Society for Radiation 

Table 2  Results for salvage radiotherapy after biochemical recurrence from selected studies

Investigator Patients (n)
Median PSA (ng/
ml) Median dose (Gy) bNED

Anscher et al. [4] 89 1.4 66 50 % at 4 years
Bartkowiak et al. [5] 306 0.298 66.6 68 % at 7 years (pre-SRT 

PSA <0.2 ng/ml)
40 % at 7 years (pre-SRT 
PSA ≥0.2 ng/ml)

Bernard et al. [9] 364 0.6 64.8 61 % at 5 years
Briganti et al. [18] 390 0.22 66 82 % at 5 years
Buskirk et al. [20] 368 0.7 64.8 35 % at 8 years
Lohm et al. [52] 151 0.34 66.6 40 % at 7 years
Neuhof et al. [61] 171 1.1 60–66 35 % at 5 years
Ost et al. [66] 136 0.8 76 56 % at 5 years
Pazona et al. [70] 307 0.8 64 40 % at 5 years;

25 % at 10 years
Pisansky et al. [72] 166 0.9 64 46 % at 5 years
Siegmann et al. [85] 301 0.28 66.6 vs. 70.2 65 % at 2 years (66.6 Gy)

88 % at 2 years (70.2 Gy)
Stephenson et al. [92] 501 0.72 64.8 45 % at 6 years
Stephenson et al. [91] 1540 1.1 64.8 32 % at 6 years
Ward et al. [104] 211 0.6 64 34 % at 10 years
Wiegel et al. [109] 162 0.33 66.6 54 % at 3.5 years
Wiegel et al. [107] 74 0.6 66 63 % at 10 years (clinical 

relapse-free)
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Oncology (ASTRO) reveal that the addition of 
anti-androgen therapy to SRT reduces prostate 
cancer death and the development of metastatic 
prostate cancer without increasing radiation tox-
icity. With a median follow-up of 12.6 years, the 
actuarial overall survival at 10 years was 82 % for 
the RT plus HT arm and 78 % for the RT plus 
placebo arm (p = 0.036). The 12-year incidence 
of prostate cancer-related deaths was 2.3 % for 
the RT plus HT arm, compared with 7.5 % for the 
RT plus placebo arm. Late bladder and bowel 
toxicity were low and similar in both groups, 
whereas 70 % of men in the RT plus HT arm 
reported swelling of the breasts, compared with 
11 % in the RT plus placebo arm [82].

The subgroup analysis on overall survival 
and time to metastatic prostate cancer presented 
at the 2016 Genitourinary Cancers Symposium 
indicates that patients most likely to benefit 
have Gleason score 7 or 8–10, pre-SRT PSA 
value of 0.7–4 ng/ml, and positive surgical mar-
gins RP [81].

Carrie et  al. presented at the 2015 ASCO 
Annual Meeting the first results of the GETUG-
AFU 16. The phase III randomized trial assessed 
the efficacy of RT alone versus RT + HT on 
progression-free survival for patients with bio-
chemical recurrence after RP. From 2006 to 2010, 
743 patients were randomized to RT alone (66 Gy 
on prostate bed ± pelvic irradiation according to 
pN status and risk of initial node involvement) or 
RT + goserelin, for 6 months. With a median fol-
low-up of 63.1 months, 216 cases of progression 
were noted (138  in RT versus 78  in RT + HT). 
The intent to treat analysis showed an improved 
5-year PFS of 62.1 % versus 79.6 % for RT and 
RT + HT, respectively (p < 0.0001). The 5-year 
overall survival was 94.8 % for RT versus 96.2 % 
for RT + HT (p = 0.18). Acute toxicities occurred 
more frequently in RT + HT arm (89 % versus 
79 %). No difference was found in grade 3 acute 
toxicities and late toxicities [22].

So far, the current data of both studies are pub-
lished in abstract form only. Until final publica-
tion there is no reason to give an additional 
hormone therapy to all patients. Until now, the 
recommended type of hormone therapy is also 
unclear Nevertheless, experience shows that 

bicalutamide is usually better tolerated than 
LHRH agonists like Goserelin.

RTOG 0534 is investigating the benefit of 
short-term ADT as well as pelvic nodal irradia-
tion in the SRT setting. In this trial, patients will 
be randomized to one of three treatment arms: (1) 
prostatic fossa irradiation alone; (2) prostatic 
fossa + whole pelvic irradiation alone; or (3) 
prostatic fossa + whole pelvic irradiation with 
short-term ADT. The primary endpoints of this 
study are to determine: (1) whether the addition 
of short-term androgen deprivation therapy to 
prostatic fossa irradiation improves freedom 
from progression for 5 years over that of prostatic 
fossa irradiation therapy alone; and (2) whether 
short-term ADT and whole pelvic RT improve 
freedom from progression over that of short-term 
ADT and prostatic fossa irradiation alone for 
men treated with SRT. The target of accrual for 
this trial was 1764 patients and, to date, the study 
is closed to accrual.

4  �Radiation Therapy Techniques

Traditionally, a 4-field technique has been used. 
The conventional treatment volumes were typi-
cally very generous, being approximately 
10 × 10  cm in the anterior-posterior fields with 
the inferior border at the ischial tuberosities. The 
lateral fields extended from the anterior aspect of 
the pubic symphysis and split the rectum 
posteriorly.

After the introduction of modern 3D CRT 
techniques, a major controversy about the target 
volumes of postoperative radiation therapy 
started. Critical evaluation of target volume 
delineation by different authors and participation 
of experienced radiation oncologist showed that 
variations up to 65 % maybe present even in cases 
of adjuvant or salvage radiation restricted to the 
prostatic fossa [54].

In 3D CRT, the target volume should include 
the bladder neck (pulled into the prostate bed), 
the periprostatic tissue and surgical clips, and 
the seminal vesicle bed (including any seminal 
vesicle remnants if present) if initially involved 
or as a confirmed site of recurrence. Some ana-
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tomic landmarks are useful in maximizing/opti-
mizing coverage of the surgical bed: Inferiorly, 
the vesical–urethral anastomosis should be 
included. This anastomosis is the most frequent 
area of positive prostate bed biopsies. By plac-
ing the inferior field edge at the top of the bulb 
of the penis (best seen on magnetic resonance 
imaging) and adding a margin for uncertainties, 
there should be adequate coverage. Laterally, 
the field should extend to about the medial 
aspect of each obturator internus muscle. 
Although the rectum is a landmark posteriorly, 
the relative position of the rectum appears to 
shift after the prostate is removed as well as dur-
ing radiation therapy [34, 60]. For this reason, a 
generous margin from CTV to PTV posteriorly 
is recommended, such as setting an 8-mm mar-
gin with image guidance [69]. The superior 
margin is more subjective. The former prostate 
can extend above the pubic symphysis, but it is 
recommended that the anterior part of the blad-
der be avoided at this level because this is the 
least likely area for extracapsular extension and 
involved margins. Treatment of the seminal ves-
icle bed, lying behind the bladder, is advised for 
pT3b tumors. If vascular clips were used at 
prostatectomy, they are likely to be seen in this 
region. The level of the posterior-superior clini-
cal target volume is somewhat subjective and 
should be guided by the extent of disease at the 
prostate base and by whether or not the seminal 
vesicles were involved.

The recommendations of the RTOG [53] and 
of the EORTC [73] are very helpful in delinea-
tion of the target volume for irradiation of the 
prostatic fossa. However, the definition of the 
target volumes remains difficult. Recently, a 
study assessed the interobserver agreement of 
prostate bed delineation after radical prostatec-
tomy as proposed by the EORTC guidelines. Six 
observers delineated the prostate bed (PB) and 
the original seminal vesicle position (SV) of ten 
patients. Contours were then compared for 
agreement between observers. The mean volume 
of 100 % agreement was only 5.0 (±3.3) ml for 
the PB and 0.9 (±1.5) ml for the SV, whereas the 
mean union of all contours (±1 SD) was 41.1 
(±11.8) ml and 25.3 (±13.4) ml, respectively. 

The overall standard deviation of the outer mar-
gins of the PB ranged from 4.6 to 7.0 mm [64].

Furthermore, Croke et al. showed that none of 
the guidelines adequately covered the prostate 
bed and/or gross tumor based on preoperative 
MRI in a nonselect group of 20 patients. On aver-
age, 38 % of the prostate volume and 41 % of 
gross tumor volume on preoperative MRI were 
not included in the CTV.  This suggests that 
improved target delineation could potentially 
improve outcomes [30].

Wang et al. recently evaluated regions of local 
recurrence after RP in relation to whether these 
would have been covered using the RTOG guide-
lines. They reported that the RTOG CTV con-
tours did not appear adequate posterolaterally 
near the rectum/mesorectal fascia and inferiorly 
at the posterior urogenital diaphragm. Use of the 
CTV MRI should improve coverage of such 
regions [103].

Given the potential for late toxicity after post-
operative radiation therapy, the use of IMRT is 
appealing [6]. As with 3D CRT, a generous defi-
nition of the prostate bed target volume and ade-
quate margins to account for target motion 
(especially due to the variation in rectal and blad-
der filling) and setup uncertainties are critical. 
The theoretical advantages of IMRT over con-
ventional 3D CRT are its geometrically steep 
dose falloff and improved conformity with irreg-
ularly shaped targets (e.g., the superior-posterior 
aspect of the postoperative field). A greater spar-
ing of the superior-anterior part of the bladder, 
the posterior part of the rectum, and the penile 
bulb can be achieved using IMRT, despite using 
the same target volume definition [71]. The com-
parison of a 5-field IMRT and a rotational IMRT 
(for example “Rapid Arc”) technique is displayed 
in Fig. 1.

For optimization of the margins needed for 
delivery of IMRT, IGRT remains a helpful tool. 
Ost and co-workers from Gent University dem-
onstrated a significant reduction of acute toxic-
ity using patient positioning with cone beam 
CT [63]. Sandhu et al. from the University of 
California used IGRT in patients undergoing 
postprostatectomy irradiation. Prostate bed 
localization was done using image guidance 
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based on surgical clips, relative to the refer-
ence isocenter on the digitally reconstructed 
radiographs made during radiation therapy 
planning. They assumed that surgical clips are 
a useful surrogate for the prostate bed and 
therefore measured daily shifts of the position 
of the surgical clips in 3 dimensions. With an 
average (standard deviation) prostate bed 
motion in anterior-posterior, superior-inferior, 
and left-right directions of 2.7  mm (2.1), 
2.4 mm (2.1), and 1.0 mm (1.7), respectively, 
the majority of the patients experienced only 
grade 1 side effects. The authors recommended 
daily IGRT for accurate target localization 
[75]. However the most efficient approach for 
IGRT during the 6–8 weeks of irradiation 
remains controversial [50, 77].

5  �Side Effects and Toxicity of ART/
SRT

The three randomized clinical trials discussed 
above included prospective collection of data on 
gastrointestinal and genitourinary toxicity in the 
two cohorts (ART vs. observation). However, in 
the EORTC and SWOG trials, radiation was 
based on 2D treatment planning which did not 
enable normal tissue sparing to nowadays state-
of-the-art. The toxicity data of both studies are 
therefore no longer relevant.

In contrast, modern 3D based radiation treat-
ment techniques such as IMRT allow for minimi-
zation of dose to the rectum and bladder.

A total of 217 patients from the SWOG thera-
peutic trial patients were eligible and registered 
to a health-related quality of life (HRQL) study. 
Patients completed the SWOG Quality of Life 
Questionnaire at baseline, 6 weeks, 6 months, 
and annually for 5 years. Patients receiving adju-
vant RT reported worse bowel function (through 
approximately 2 years) and worse urinary func-
tion. There were no statistically significant differ-
ences for ED. Global HRQL was initially worse 
for the ART arm but improved over time and was 
better at the end of the period than the global 
HRQL reported for RP alone [57].

Unlike the SWOG trial, the EORTC trial did 
not assess total urinary incontinence; however, in 
an interim analysis there was no significant dif-
ference concerning urinary incontinence between 
the two treatment arms [11].

In the German study, which utilized 3D-based 
radiation treatment planning, the incidence of 
late grade 3 or higher adverse events was only 
0.3 % [106]. One patient in the observation arm 
developed a urethral stricture, compared to two 
patients in the ART arm. Urinary incontinence 
was not assessed in this trial.

A low rate of side effects is of particular 
importance for a therapy without histologic con-
firmation. The side effects of SRT have so far 
been reported to be tolerable. Although in 
general, side effects tend to be underreported in 
retrospective analyses, a proportion of <3 % 
severe late side effects seems to be a realistic esti-
mate. Higher rates of 10 % genitourinary grade 3 
complications, namely anastomotic strictures and 

Fig. 1  5-field-IMRT treatment plan (left) compared with rotational IMRT (right) for prostatic bed irradiation
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bladder neck contractures requiring dilatation, 
reported in a series of 115 patients from the 
Memorial Sloan-Kettering Cancer Center, need 
to be interpreted with caution [45]. It may be dif-
ficult to differentiate side effects of RT from pre-
existing disabilities and sequelae of RP. At least 
equivalent rates of severe genitourinary compli-
cations following RP alone have been reported in 
a SEER data base analysis of 11,522 patients 
published by the same institution [8].

A meta-analysis of 25 studies covers 3282 
patients who received 60–72 (median 65) Gy, 
largely with older albeit 3D-planned techniques. 
Model calculations predict the 5 % incidence in 
both organ systems at 68–69 Gy [62].

In a German cohort of 306 patients, there were 
too few events to test for a dose–response rela-
tionship. However, with the majority of our 
patients receiving 66.6 Gy, a total rate of 1.3 % 
grade 3 complications compares favorably with 
previous studies on conventional 3D-SRT [5].

Goenka et al. reported on 285 patients receiv-
ing post-RP SRT.  The highest doses were 
70–72 Gy in conventional 3D technique (n = 40) 
or IMRT (n = 165). Five-year actuarial rates for 
grade ≥2 GI and GU toxicity were 5.2 % and 
17 %, respectively [36]. Ost et al. applied salvage 
IMRT with 70–79 (median 76) Gy to 136 post-
RP patients. Their respective figures were 8 % 
(GI) and 22 % (GU) [66]. Both studies report 
with 60 months median follow-up. A longer 
observation and additional studies may be neces-
sary to judge conclusively on the potential side 
effects of dose escalation with IMRT. Nevertheless, 
compared to ART with 60–64 Gy, the rate of side 
effects of SRT with ≥70 Gy appears to be higher.

6  �Adjuvant Versus Salvage 
Radiation Therapy

While prospective randomized trials are under-
way to compare SRT and ART, several retrospec-
tive analyses into that question have been 
conducted. In a first report, 75 patients receiving 
ART at a median dose of 60 Gy were compared 
with 71 patients who had SRT at 70 Gy. Although 
49 % of the SRT patients and only 3 % of the ART 

patients received adjuvant HT, the 5‑year post-
RT bNED rate was 66 versus 88 % in favor of 
ART (p < 0.0008) [95].

In a case–control analysis, 361 ART patients 
were compared with 722 non‑ART patients, who 
were selected to match the cases by age, pre‑RP 
PSA, tumor stage, Gleason score, and surgical 
margin status. While 10‑year bNED after ART 
was significantly improved over non‑ART (63 vs. 
45 %), there was no difference in overall survival. 
In the same study, an SRT cohort of 856 patients 
who were treated after biochemical relapse 
(median PSA: 0.8 ng/ml) was followed up over a 
median of 5.9 years. A total of 63 % of the SRT 
patients achieved an undetectable PSA after SRT 
and the hazard ratio for local recurrence after 
SRT was 0.13. However, similar to ART, no 
improved overall survival could be shown after 
SRT [13].

A straight retrospective comparison with sal-
vage (76 Gy) and adjuvant (74 Gy) IMRT patients 
(n = 89 in both arms) who were matched for per-
sonal and tumor characteristics resulted in a sig-
nificant bNED advantage from ART calculated 
either from the time of RP or from the end of RT 
(90 vs. 65 % 3 years post‑RT and 91 vs. 84 % 
post-RP). However, the pre‑RT PSA was a key 
parameter for that difference: a subcohort (n = 38) 
receiving early SRT (at PSA <0.5 ng/ml) had a 
3‑year post‑RT bNED rate of 86 %, quite differ-
ent from the delayed SRT group, who had 46 % 
bNED, but very similar to ART patients. 
Therefore, while overall Kaplan–Meier rates of 
bNED calculated in either mode suggested a ben-
efit from ART, it was concluded that ART and 
early SRT did not yield significantly different 
results. This study included tumor stages from 
pT2 to pT4 and approximately 30 % of the 
patients had received HT [65].

Recently, Trabulsi and colleagues studied a 
group of patients undergoing adjuvant radiation 
therapy with a matched control group undergoing 
salvage radiation therapy after biochemical fail-
ure. Using a multi-institutional database of 2299 
patients, 449 patients with pT3–4N0 disease 
were eligible, including 211 patients receiving 
adjuvant radiation therapy and 238 patients 
receiving salvage radiation therapy. Adjuvant 
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radiation therapy significantly reduced the risk of 
long-term biochemical progression after radical 
prostatectomy compared with salvage radiation 
therapy (5-years freedom from biochemical fail-
ure (FFBF) was 73 % after adjuvant radiation 
therapy compared with 50 % after salvage radia-
tion therapy; p = 0.007). Gleason score ≥8 was a 
significant predictor of FFBF [100].

The largest retrospective case-matching 
study to evaluate ART versus early SRT only 
included pT3 N0 R0/R1 patients. HT was 
excluded. A total of 390 out of 500 observation-
plus-early-SRT patients (median pre‑SRT PSA 
was 0.2  ng/ml) were propensity matched with 
390 ART patients. At 2 and 5 years after sur-
gery, bNED rates were 91 and 78 %, respec-
tively, for ART versus 93 and 82 %, respectively, 
for SRT. Subgroup analyses, too, yielded no sig-
nificant differences for the two approaches. The 
study suggests that timely administration of 
SRT is comparable to ART in improving BCR-
free survival in the majority of pT3pN0 PCa 
patients [18].

When comparing ART with SRT, it must be 
kept in mind that a considerable number of 
ART patients would be relapse-free even with-
out RT. The proportion is likely to be the same 
as in the observation arms of the three random-
ized studies which was approximately 35 % 
after 10 years.

Currently, four prospective randomized trials 
are investigating the therapeutic benefit of early 
SRT with or without androgen-deprivation ther-
apy compared with adjuvant RT: Radiotherapy 
and Androgen Deprivation in Combination After 
Local Surgery (RADICALS), Radiotherapy 
Adjuvant Versus Early Salvage (RAVES), 
GETUG-17, and EORTC 22043–30031. The 
results of these prospective studies will certainly 
contribute to guiding clinical practice in terms of 
indication and timing of postoperative RT.

�Conclusions

Adjuvant radiation therapy (ART) provides 
improved biochemical relapse-free survival, 
and, possibly, overall survival for patients 
with a high-risk of recurrence after prostatec-
tomy, when compared to observation. ART 

seems clearly indicated for patients with com-
bined risk factors like pT3 and positive mar-
gins or positive margins and Gleason score 
7–10.

It remains unknown whether early salvage 
radiation therapy (SRT) initiated after a PSA 
failure is equivalent to ART.  At the present 
time, there are no published randomized trials 
to compare ART versus SRT. To this end, the 
results of the ongoing randomized clinical tri-
als RADICALS, RAVES, GETUG-17 and 
EORTC 22043–30041 that compare ART and 
SRT directly are still awaited. When SRT is 
indicated, it should be initiated as early as pos-
sible (with PSA <0.5 ng/ml). In this situation 
SRT is the only curative therapy option.

The role of AD after adjuvant or salvage 
RT needs further investigation. But in two tri-
als (RTOG 96–01 and GETUG-AFU 16) the 
addition of HT during and after RT signifi-
cantly improved survival. Patients who most 
likely benefit have Gleason score ≥7, pre-SRT 
PSA to a maximum of 4.0 ng/ml and positive 
surgical margins. Up to now, the recom-
mended type of hormone therapy and the opti-
mum duration in this situation is unknown.

Modern radiation therapy techniques like 
IMRT should be used, ideally with image 
guidance. Serious side effects are apparently 
low, thus confirming the suitability of this 
therapeutic approach.
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High-Intensity Focused Ultrasound 
(HIFU) for Prostate Cancer

Albert Gelet, Sebastien Crouzet, Olivier Rouviere, 
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1	 �Introduction

The incidence of prostate cancer is increasing 
worldwide. In Europe, the mortality rate declined 
from 15 per 100,000 in 1995–12.5 per 100,000 in 
2006 [1]. This decline of mortality can be attributed 
to two factors: firstly, since the use of screening 
with prostate-specific antigen, 70 % of these newly 
diagnosed prostate cancers are organ confined and 
therefore suitable for a local, curative therapy; sec-
ondly, better control of the disease was secured 
from a wider adoption of radical prostatectomies 
and the use of combined androgen deprivation and 
radiotherapy for patients with locally advanced dis-
ease. But the morbidity associated with the radical 
treatment of both surgery and radiotherapy are 

significant, suggesting that radical surgery and/or 
radiation therapy should only be offered to men 
who are likely to survive more than 10 years. 
However, the PIVOT trial, started during the PSA 
era, failed to demonstrate a significant survival 
advantage in the radical surgery group compared to 
the observation group [2]. The review of Steyerberg 
et  al. [3] suggests that 49 % of men undergoing 
radical prostatectomy have pathological features in 
the RP specimen consistent with an insignificant 
cancer (organ confined cancer <0.5 ml, no Gleason 
grade 4 or 5 component). Albertsten et al. reported 
the impact of comorbidity on survival among men 
with localized prostate cancer. The results suggest 
that relatively few men diagnosed with moderately 
differentiated localized prostate cancer older than 
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65 years will die as a result of prostate cancer 
within 10 years of diagnosis [4]. Most men with 
either no comorbidity or only one will survive at 
least 10 years, whereas men with two or more 
comorbidities have a high risk of dying as a result 
of a competing medical hazard within this time 
frame. Thus the quest continues for a reliable alter-
native to open surgery or radiation therapy and one 
whose chief objective is to find a procedure as min-
imally invasive as possible.

Klotz et  al. published in 2015 the long term 
results of a large series of patients treated with 
active surveillance (watchful-waiting protocol 
with selective delayed intervention) [5]. Focal 
therapy is an alternative to active surveillance of 
low-risk prostate cancer with the aim of achiev-
ing local control of the cancer, without the asso-
ciated morbidity of radical therapies. HIFU is 
also a very promising technology for focal ther-
apy of prostate cancer.

2	 �Principles

The first description of HIFU was made in 1942 
and the ability to destroy tissue was established in 
1944 [6]. HIFU is a nonionizing and nonsurgical 
physical therapy that produces biological effects 
by thermal and mechanical means. Heating tissue 
denatures proteins and leads to cell death, regard-
less of whether they are normal or abnormal, 
whereas mechanical effects disrupt cells by the 
collapse of microbubbles generated by cavitation. 
In most applications, spherically shaped power 
transducers are used to focus the ultrasound energy 
onto a target point deep within the body. This 
results in thermal tissue coagulation necrosis, cav-
itation, and heat shock. Each sonication heats only 
a small focal target, creating an elementary lesion 
with extreme precision and accuracy (Fig.  1a). 
Subsequently, multiple sonications, side-by-side 
and layer after layer, are necessary to create a vol-
ume of lesions covering a larger volume of tissue 
targeted for ablation (Fig. 1b). The main sonica-
tion parameters are acoustic intensity, duration of 
exposure, on/off duty cycle, the distance between 
two elementary lesions, and the displacement path 
when multiple lesions are made [7].

3	 �HIFU in Prostate Cancers 
Models and First Clinical 
Trials

In 1992, Chapelon et al. established the ultrasound 
parameters required to induce irreversible tissue 
lesions in animals. With the experimental adeno-
carcinoma of a prostate implanted in rats (R 3327 
AT2 Dunning tumor), they demonstrated that 
HIFU could be used to ablate the tumor and cure 
cancer without causing metastasis [8]. In 1993, 
Gelet et al. established that it was possible to induce 
irreversible coagulation necrosis lesions in dog 
prostates using transrectal route without damaging 
the rectal wall [9]. The first in human studies were 
started in 1993 and included men with benign pros-
tate hypertrophy [10, 11]. Beerlage et al. completed 
a phase one study of HIFU before prostatectomy 
demonstrating HIFU being able to deposit a large 
amount of energy into the tissue, resulting in its 
destruction through cellular disruption and coagu-
lative necrosis [12]. The results of phase two pilot 
study were published in 1996 and the preliminary 
results of the first 50 patients in 1999 [13, 14].

4	 �Prostate Modern Imaging: 
A Critical Key for Improving 
HIFU Ablation Outcome

Imaging is beginning to play a critical role in the 
management of prostate cancer patients [15]. 
This role is likely to increase as both imaging and 
HIFU treatment becomes more precise and 
evolves towards focal ablation of selected cancer 
foci. In theory, imaging is useful in four different 
domains: patient selection, treatment planning, 
assessment of HIFU ablation, and detection of 
local recurrences.

4.1	 �Patient Selection 
and Treatment Planning: 
The Need for a Better Prostate 
Cancer Mapping

The first step of patient selection is to rule out the 
presence of lymph node and distant metastases. 
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This step may be optional in low-risk patients, but 
it is critical in other populations such as the patients 
with a local recurrence after radiation therapy. The 
risk of metastases can be assessed by combining 
clinical and biological data such as the digital rec-
tal examination and biopsy findings, the PSA 
value, the PSA doubling time or, in case of recur-
rence, the characteristics of the initial tumor and 
the delay of the biochemical recurrence. Several 
nomograms have been shown to predict the onset 
of metastases and may be useful for clinical deci-
sion-making [16]. As detailed in chapters 7 and 8, 
new MR-based and isotopic techniques can also 
help in detecting clinically occult metastases.

Once the risk of metastases has been reason-
ably ruled out, the second step consists of obtain-
ing a precise mapping of the position of cancer 
foci within the prostate. This is critical for focal 
ablation candidates, but even in case of whole-
gland treatments it helps identify areas where 
complete tissue destruction is critical. Chapter 7 
detailed the progress made in prostate cancer 
detection and localization, particularly since the 
advent of multiparametric MRI (mpMRI). 
MpMRI has a high sensitivity for detecting 

aggressive cancers [17–19]. At our institution, in 
2008 we started a database collecting precise cor-
relation between MR images and prostatectomy 
specimens. Patients were imaged either at 1.5 T 
(n = 71) or 3 T (n = 104). Images were reviewed 
by two independent radiologists and compared to 
histological findings. On a series of 175 consecu-
tive patients, the detection rates for tumors of 
<0.5  cc, 0.5–2  cc, and >2  cc were 21–29 %, 
43–54 %, and 67–75 % for Gleason ≤6 cancers; 
63 %, 82–88 %, and 97 % for Gleason 7 cancers; 
and 80 %, 93 %, and 100 % for Gleason ≥8 can-
cers, respectively (Fig. 2). Results were not sig-
nificantly influenced by the field strength [17].

These results underline a limitation of mpMRI: 
a substantial part of Gleason 6 tumors may be 
undetected. Another limitation lies in the evalua-
tion of the tumor volume. Accurate assessment of 
tumor volume is critical for focal ablation. There 
is a consensus that mpMRI underestimates the 
histological tumor volume [20–22]. However, 
some authors found that the volume underestima-
tion was more marked in case of Gleason ≥7 can-
cers or in case of lesions with a Likert score of 
4–5 [19], while others found the opposite [21]. 

a b

Fig. 1  To treat the prostate, the HIFU transducer is previ-
ously covered with a balloon filled with coupling liquid. 
Then it is inserted into the patient’s rectum and positioned 
close to the rectum wall in such a way that the base of the 
lesion will stop close to the prostate capsula (a). This pre-

cise positioning prevents any rectal wall damage. Prostate 
treatment is performed by the repetition and juxtaposition 
of several elementary lesions. The sum of these elemen-
tary lesions creates a continuous volume where tissue is 
entire destroyed (b)
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Thus, further research is needed to better evaluate 
the safety margin that needs to be used around 
lesions seen on mpMRI in case of focal ablation.

It is of note that mpMRI seems much more 
accurate in delineating intraprostatic local 
recurrences after radiotherapy. Several indepen-
dent groups reported a strong agreement 
between mpMRI and biopsy findings in patients 

with rising PSA after radiotherapy, at the 
patient, lobe, and even sextant level [23–25]. 
The contrast between recurrent cancer and post-
radiation fibrosis seems high, both on diffusion-
weighted imaging and on dynamic 
contrast-enhanced imaging (Fig. 3). As a result, 
mpMRI interpretation is easier and interreader 
agreement is good, even with junior readers 

a

c d

b

Fig. 2  Multiparametric axial MR images (a): T2-weighted 
image; (b): apparent diffusion coefficient (ADC) map com-
puted from diffusion-weighted images (b values: 0 and 
2000  s/mm2); (c): dynamic contrast-enhanced image and 
axial section of the prostatectomy specimen obtained in a 
66 year-old patient with a Gleason 8 prostate cancer of the 
right mid-gland and base at biopsy. MRI images showed a 

highly suspicious lesion located in the posterolateral part of 
the peripheral zone of the right midgland, with hyposignal 
on T2-weighted image (a, arrow), decreased ADC values 
(b, arrow), and early and intense enhancement (c, arrow). 
The analysis of the prostatectomy specimen (d, arrow) was 
confirmative and showed in that area a Gleason 8 cancer. 
The rest of the gland did not contain cancer
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[25]. In the postradiation setting, mpMRI also 
provides prognostic information: in a series of 
46 patients with postradiotherapy local recur-
rences treated with HIFU at our institution, the 
position of the recurrence anterior to the urethra 
(as determined by DCE MRI) was shown to be 
an independent negative predictive factor along 
with the pre-HIFU PSA value [26].

4.2	 �Postoperative Evaluation 
of the Ablated Area

Ideally, imaging could show the prostate volume 
destroyed at the end of the HIFU ablation session 
so that in case of unsatisfactory results, a new 
HIFU ablation could be immediately performed. 
Unfortunately, transrectal ultrasound, used to 
guide HIFU treatment, cannot accurately show 
the ablated area [27].

Gadolinium-enhanced (nondynamic) MRI 
clearly reveals the treated volume as a devascu-
larized zone (corresponding to the central core of 
the coagulation necrosis) surrounded by a periph-
eral rim of enhancement (corresponding to 

edema), but MRI cannot be obtained in the oper-
ating room [28, 29].

We have recently shown that contrast-
enhanced ultrasound (CEUS), using Sonovue™ 
as contrast agent, can show the ablated volume 
immediately at the end of the treatment with an 
excellent correlation with MR and biopsy find-
ings. All prostate sectors showing no enhance-
ment at CEUS at the end of HIFU ablation can 
be considered entirely destroyed. In contrast, 
prostate sectors showing any degree of enhance-
ment can be considered containing living (benign 
or malignant) tissue [30] (Fig. 4). These results 
should allow immediate re-treatment of the parts 
of the gland showing residual enhancement and 
that are within the range of the transducer.

4.3	 �Detection of Post-HIFU Local 
Recurrences

After HIFU ablation, residual prostate is com-
posed of scarring fibrosis and benign prostate 
hyperplastic (BPH) tissue that has not been 
destroyed because of its anterior location.

a b

Fig. 3  Multiparametric MR images (a): T2-weighted 
image; (b): dynamic contrast-enhanced image) obtained 
in a 69-year-old patient with history of radiation therapy 
for prostate cancer 10 years before. The nadir of the PSA 
level after radiation therapy was 0.8 ng/ml. The PSA level 
had slowly increased to 3.21 ng/ml at the time of MRI. MR 

images showed a suspicious lesion of the right midgland, 
with mild hyposignal on T2-weighted imaging (a, arrow-
head) and marked enhancement on dynamic imaging (b, 
arrow). Biopsy showed Gleason 6 recurrent cancer in the 
right midgland
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Because local recurrences (or residual can-
cers) can be treated with a second session of 
HIFU ablation or by radiation therapy [31], it is 
important to detect them early. The precise loca-
tion of these recurrences can also help in select-
ing an appropriate salvage treatment (e.g., 
anterior recurrences may be better treated by 
radiation therapy).

Even if color Doppler can sensitize TRUS 
[32], US-based techniques are not accurate 
enough to detect local recurrences early and 
guide biopsy.

MRI, and particularly DCE MRI, seems to 
provide early detection and accurate localiza-
tion of recurrent cancers that enhance earlier 
and more than post-HIFU fibrosis [33, 34] 
(Fig.  5). However, DCE MRI lacks specificity. 
It is indeed difficult to distinguish recurrent 
cancer from residual BPH tissue. In a retro-
spective study of 65 patients with biochemical 
recurrence after HIFU ablation performed at 
our institution, neither the enhancement pattern 

nor the apparent diffusion coefficient (ADC) 
was able to significantly distinguish BPH nod-
ules from recurrent cancers, even if the latter 
had, on average, higher wash-in rates, lower 
wash-out rates, and lower ADCs (unpublished 
results).

Thus, to date, all patients with rising PSA 
after HIFU ablation should undergo prostate 
MRI, and all areas with early and intense 
enhancement should be biopsied to distinguish 
cancers from BPH residual tissue.

4.4	 �Towards an Increased 
Integration of Imaging 
and Therapy

Imaging is so essential for patient selection, treat-
ment planning and guidance, assessment of tissue 
destruction, and detection of local recurrences 
that it is likely that imaging and therapy will 
become increasingly intertwined in the future. 

a b

Fig. 4  Contrast-enhanced ultrasound (CEUS) axial 
image (a) with corresponding low mechanical index gray-
scale image (dual mode; b), obtained after HIFU ablation 
of a local recurrence of prostate cancer after radiation 
therapy in a 68-year-old patient. CEUS image showed the 

nearly complete devascularization of the gland (large 
arrow), with a small strip of anterior and median residual 
parenchyma that still enhanced (arrowhead). Note that 
tissue destruction is not visible on the gray-scale image
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Two possible technological strategies can be 
foreseen.

The first one is the development of prostate 
cancer HIFU ablation under MR guidance. This 
approach would directly benefit of MR cancer 
detection/location capabilities. It can also pro-
vide real-time temperature monitoring during 
treatment [35]. The volume of tissue ablated 
could be immediately assessed by 
contrast-enhanced MRI and re-treatment would 
be easily possible in case of incomplete tissue 
destruction. This MR-guided integrated approach 
is probably the ideal solution, but will be expen-
sive and will necessitate dedicated scanners.

Another approach, much less expensive, will 
consist in keeping the traditional US guidance, 
but after taking into account preoperative MR 
cancer mapping by using US/MR fusion soft-
ware. The assessment of the ablated volume at 
the end of the treatment will be obtained using 
CEUS, and thus immediate re-treatment will be 
possible.

It is too soon to know which approach will 
prevail in the future.

5	 �HIFU Devices and Techniques

Three commercially available devices are cur-
rently used for the treatment of prostate cancer: 
Sonablate® (Focus surgery Inc., Indianapolis IN, 
USA), Ablatherm®, and Focal One® (EDAP-
TMS SA, Vaulx en Velin, France).

The Sonablate uses a single transducer 
(4  MHz) for both imaging and treatment 
(Fig.  6). Several probes are available with 
many focal lengths (from 25 to 45  mm). The 
size of elementary lesion is 10  mm in length 
and 2  mm in diameter. The Sonablate proce-
dure is conducted in a dorsal position with a 
patient lying on a regular operating table. 
Sonablate uses a single treatment protocol in 
which the power has to be adapted manually by 
the operator. The treatment is usually made in 
three consecutive coronal layers, starting from 
the anterior part of the prostate and moving to 
the posterior part, with at least one probe 
switch during the procedure [36]. The probe 
chosen depends on the prostate size, with 

a b

Fig. 5  Multiparametric MR images (a): T2-weighted 
image; (b): dynamic contrast-enhanced image) obtained 
in a 76-year-old patient with history of HIFU ablation for 
prostate cancer 5 years before. The nadir of the PSA level 
after HIFU ablation was 0.03 ng/ml. The PSA level had 

slowly increased to 1.47 ng/ml at the time of MRI. MR 
images showed an atrophic residual prostate (approxi-
mately 4 cc; a, arrow) with a marked enhancement of its 
anterior and central part (b, arrowhead). Targeted biopsy 
showed recurrent Gleason 6 cancer in this area
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larger glands requiring longer focal length 
probes.

The Ablatherm has both the imaging 
(7.5 MHz) and therapeutic (3 MHz) transducers 
included in a unique endorectal probe focused at 
40 mm (Fig. 7a, b). Ablatherm requires a specific 
bed with a patient on a lateral position. Lateral 
position treatment allows gas bubbles produced 
through the heating of the prostate tissue to rise 
with gravity to a position lateral to the prostate, 
which will reduce the risk of acoustic interfer-
ence with the HIFU waves. The Ablatherm 
includes three treatment protocols with specifi-
cally designed treatment parameters depending 
on the clinical use (standard, HIFU re-treatment, 
and radiation failure). The size of the HFU 
induced lesion can be precisely controlled by 
adjusting the power and the duration of the ultra-
sound pulse. The size of the elementary lesion 
may vary from 19 to 26 mm in length (1.7 mm in 
diameter). HIFU efficacy was mathematically 

modeled [37]. This allows the calculation of the 
optimal acoustic intensity necessary to achieve 
an irreversible necrosis lesion in several clinical 
situations, particularly for an irradiated prostate. 
The Ablatherm integrated imaging offers a real-
time ultrasonic monitoring of the treatment. The 
HIFU probe is robotically adjusted with a perma-
nent control of the distance between the trans-
ducer and the rectal wall. By repeating the shots 
and moving the transducer a precise volume can 
be treated, defined by the operator (planning 
phase). The treatment is made in transversal lay-
ers. The prostate is usually divided into four to 
six volume boundaries and treated from the apex 
to the base, slice by slice, by an entirely computer-
driven probe. The risk of urethrorectal fistula has 
been reduced to almost zero thanks to the refine-
ment of the acoustic parameters and many safety 
features (control of the distance transducer/rectal 
wall, cooling system, patient motion detector). 
The standard treatment parameters used 100 % of 
the acoustic power with a 6-s pulse of energy to 
create each discrete HIFU lesion with a 4-s delay 
between each shots. For HIFU re-treatment, the 
shot duration was reduced to 5 s with the acoustic 
power of 100 % and a 4-s delay between each 
shot. Starting in March 2002, specific 
postradiation treatment parameters were adopted 
(5-s pulse, 5-s waiting period, 90 % of the acous-
tic power). These were developed because of the 
decreased vascularity of the previously irradiated 
tissue. The goal was to optimize the thermal dose 
delivered within the gland while minimizing the 
damage probability to the surrounding tissues, 
and particularly the rectal wall, caused by the 
conductive heat transfer. Finally, postbrachyther-
apy parameters have been developed with 85 % 
of the acoustic powers with 4-s of energy and 5-s 
waiting period. In contemporary series, the inci-
dence of urethrorectal fistula was reported 
between 0 and 0.6 % for primary procedures.

Focal One is a new device specifically 
designed for focal therapy of prostate cancer, 
combining the necessary tools to visualize, tar-
get, treat, and validate the focal treatment 
(Fig. 8a). MR images are imported through the 
hospital’s network or USB drive. The operator 
defines the contours of the prostate and the 

Fig. 6  Sonablate 500
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regions of interests that have been confirmed as 
prostate tumors. The same contouring of the 
prostate is performed on the live ultrasound vol-
ume acquired by the transrectal probe. The soft-
ware proceeds to an “elastic fusion”: the live 
ultrasound volume is considered as the reference 
volume and the MR volume is smoothly deformed 
so the 3D contour of the prostate on the MR vol-
ume matches perfectly the contours of the pros-

tate on the ultrasound volume. The same 3D 
elastic transformation is applied to the ROIs ini-
tially indicated on the MR image so they appear 
at the adequate position on the live ultrasound 
image, guiding the planning process (Fig. 9).

Focal One is equipped with a new generation 
of HIFU probe able to electronically vary the 
focal point along the acoustic axis using a HIFU 
multielement transducer (Fig.  8b). The 

a

b

Fig. 7  Ablatherm integrated imaging (device and probe)
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Dynamic Focusing transducer is made of 16 
isocentric rings that allowed an electronic dis-
placement of the focal point to a maximum of 8 
different points 32–67 mm from the transducer. 
The Dynamic Focusing treatment consists in 
stacking several unitary HIFU lesions (Fig. 9a–
c). The unitary HIFU lesion height is 5 mm and 
stacking two to eight unitary lesions leads to 
necrotic lesion of 10–40 mm height. The shoot-
ing process is 1  s fire at foci and no OFF 
between different foci. Compare to Fixed 
Focusing treatment the Dynamic Focusing 
allow the treatment of bigger prostates with 
maximum lesion height of 40  mm instead of 
26 mm. The wide range of lesion heights (10–
40  mm) allows to a better contouring of the 
prostate. The HIFU treatment of prostate can-
cer should be faster due to the shooting process 
with no time OFF between firings. The last 
advantages of Dynamic Focusing HIFU treat-
ment could be a more homogeneous necrotic 
zone due to a better energy distribution. During 
the HIFU energy delivery process, the operator 
sees a live ultrasound image of what is being 
treated and, if necessary, can readjust the treat-
ment planning. At the end of the treatment pro-
cess, a contrast-enhanced ultrasound volume is 
acquired showing the devascularized areas. 
This CEUS volume can be fused with the treat-
ment planning as well as the initial MR image 

showing immediate concordance between tar-
geted and treated areas.

MRgFUS Devices: Magnetic resonance 
guided focused ultrasound surgery (MRgFUS) 
was recently presented as a method for ablation 
with focused ultrasound under magnetic reso-
nance imaging guidance. This approach has the 
advantage of improved targeting and real-time 
temperature monitoring. To date, two different 
approaches have been used for MRgFUS of the 
prostate: one with a transrectal probe compati-
ble with the ExAblate ® system (InSightec, 
Haifa, Israel) under a 1.5  T GE MRI, and 
another with an MRI-compatible ultrasound 
applicator to deliver controlled thermal therapy 
to the regions of the prostate gland via a trans-
urethral approach (Profound Medical Inc., 
Toronto, Canada). The potential of both tech-
nologies is currently being demonstrated in 
Phase I clinical trials, but only a few studies 
have been conducted in therapy of PCa with 
human patients [38, 39].

6	 �HIFU Contraindications

All HIFU devices are size limited and it is not yet 
possible to treat a prostate gland greater than 
60 cc. In order to reduce the size of the prostate, 
and in particular the distance between the rectal 

a b
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Fig. 8  (a, b) Focal one (device and phase array transducer)
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wall and the prostate’s anterior, a TURP could be 
carried out at the time of HIFU or 2 months 
before the session. TURP dramatically reduces 
the catheter duration after the HIFU [40–44] and 
also reduces the risk of bladder outlet obstruc-
tion, which is one of the main side effects 
observed after HIFU.

The HIFU contraindications included a rec-
tal wall thickness >6 mm (Ablatherm device) or 
>10 mm (Focal One device), a rectal stenosis, 
chronic inflammatory disease of the intestines, 
or intense prostate calcifications not removed 
by the TURP.

7	 �HIFU as Primary Care 
Treatment

The usual recommendations on the choice of 
HIFU for prostate cancer as a primary treat-
ment concern patients with localized prostate 
cancer (clinical stage T1–T2, NX/0 MX/0) for 
whom radical prostatectomies are not an option 
for one the following reasons: age >70 year old, 
life expectancy ≤10 years, major comorbidities 
which preclude surgery, or the simple refusal 
on the part of the patient to undergo one [45, 
46]. Among publications on HIFU as a primary 

a

c

b

Fig. 9  The live ultrasound volume is considered as the 
reference volume and the MR volume is smoothly 
deformed so the 3D contour of the prostate on the MR 
volume matches perfectly the contours of the prostate on 
the ultrasound volume (a) The same 3D elastic transfor-
mation is applied to the ROIs initially indicated on the 

MR image so they appear at the adequate position on the 
live ultrasound image, guiding the planning process (b). 
At the end of the treatment process, a contrast-enhanced 
ultrasound volume is acquired showing the devascularized 
areas (c)
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therapy for prostate cancer, 18 studies report a 
series of at least 50 patients [47–64], while the 
five most recent studies report a series of at 
least 500 patients [65–69]. In most cases, the 
PSA nadir was reached 3–4 months after the 
HIFU treatment. Many studies have demon-
strated that the PSA nadir was a significant pre-
dictor of HIFU failure. Patients with a PSA 
nadir over 0.5  ng/ml must be carefully moni-
tored [56, 62]. A PSA nadir >0.2  ng/ml after 
HIFU has been associated with a four times 
greater risk of treatment failure (as defined by 
cancer on biopsy after HIFU) [65].

Articles published from three European urol-
ogy departments confirmed the long-term effi-
cacy (mean follow-up 76–97 months) of HIFU 
treatment with Ablatherm device [65–67].

Crouzet et  al. reported results of 1002 
patients treated for localized PCa from 1997 to 
2009 [65]. At 10 years, the PCa-specific sur-
vival rates (PCSSR) and metastasis-free sur-
vival rates (MFSR) were 97 % and 94 %, 
respectively. Salvage therapies included exter-
nal beam radiation therapy (EBRT) (13.8 %), 
EBRT+ androgen deprivation (ADT) (9.7 %), 
and ADT alone (12.1 %). Thuroff et  al. pub-
lished outcomes of 709 patients with primary 
localized prostate cancer [66]. Mean follow-up 
was 5.3  years (1.3–14  years). Cancer specific 
survival was 99 %, metastasis-free survival was 
95 %, and 10-year salvage treatment-free rates 
were 98 % in low-risk, 72 % in intermediate-
risk, and 68 % in high-risk patients respectively. 
The HIFU re-treatment rate has been 15 % since 
2005. Ganzer et  al. reported results of a pro-
spective study on 538 consecutive patients who 
underwent primary HIFU for clinically local-
ized PCa [67]. The mean follow-up was 8.1 
years. Metastatic disease was reported in 0.4, 
5.7, and 15.4 % of low-, intermediate-, and 
high-risk patients, respectively. The salvage 
treatment rate was 18 %. PCa-specific death 
was registered in 18 (3.3 %) patients.

Two recent articles confirm the efficacy of 
whole-gland HIFU treatment (median follow-up 
46–78 months) with Sonablate device. Uchida 

et  al. included 918 patients treated with 
Sonablate™ devices during 1999–2012 and fol-
lowed-up for >2 years [68]. The 10-year overall 
and cancer-specific survival rates were 89.6 % 
and 97.4 %, respectively. The 5-year biochemical 
disease-free survival rates in the SB200/500, 
SB500 version 4, and SB500 tissue change moni-
tor groups were 48.3 %, 62.3 %, and 82.0 %, 
respectively (p < 0.0001). Dickinson et  al. 
reported medium-term outcomes in 569 men 
receiving primary whole-gland HIFU [69]. Of 
the 569, 163 (29 %) required a total of 185 redo-
HIFU procedures. Median follow-up was 46 
months. Failure-free survival at 5 years after first 
HIFU was 70 %; it was 87 %, 63 %, and 58 % for 
low-, intermediate-, and high-risk groups, 
respectively.

Complication rates are low with sloughing 
occurring in 0.3–8.6 %. Urethrorectal fistula 
occurs in 0.23–0.7 % in the large studies treated 
with Ablatherm device [65–67]. Erectile dys-
function (ED) occurs in 35–45 % of previous 
potent patients and bladder outlet obstruction 
in 24–28 % [66, 67]. Incontinence rates 
reported in recent studies were: 4–5.5 % grade 
I and 1.5–3.1 % grade II/III [66, 67]. In the 
largest study published [65], severe inconti-
nence and bladder outlet obstruction (BOO) 
decreased with refinement in technology, from 
5.7 % and 10.2 % to 3.1 % and 5.9 %, 
respectively.

In a study from a prospective database, Shoji 
et al. included 326 patients who filled out self-
administered questionnaires on urinary func-
tion, QOL, and sexual assessment [70]. 
Maximum flow rate and residual urine volume 
were significantly impaired at 6 months 
(P = 0.010) after HIFU, even if they returned to 
baseline values at 12 or 24 months after 
HIFU.  At 6, 12, and 24 months after HIFU, 
52 %, 63 %, and 78 %, respectively, of the 
patients who hadn’t received neoadjuvant hor-
monal therapy were potent.

In a prospective study, Li et al. compared the 
IIEF score, penile color Doppler ultrasound, 
penile length, and circumference on patients 
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treated for prostate cancer with HIFU or cryo-
ablation [71]. At 36 months, cryoablation 
patients experienced a lower erectile function 
recovery rate compared to HIFU patients (cryo-
ablation = 46.8 %; HIFU = 65.5 %; P = 0.021).

Finally, the oncologic outcomes achieved in 
large HIFU studies are remarkably consistent 
across series.

8	 �HIFU Re-treatment

In case of incomplete treatment or treatment fail-
ure, HIFU does not result in a therapeutic 
impasse. Unlike radiation, there is no dose limita-
tion and no limited number of sessions. In large 
series, the re-treatment rate is estimated to be 
between 15 % and 42 % [65–67]. The morbidity 
related to repeat HIFU treatment for localized 
prostate cancer has been studied on 223 patients 
with a re-treatment rate of 22 %. While urinary 
infection, bladder outlet obstruction and chronic 
pelvic pain did not significantly differ after one 
or more sessions, a significant increase was 
observed for urinary incontinence and impotence 
in the group which required retreatment [72].

9	 �Salvage EBRT After HIFU 
Failure

In a retrospective study, Pasticier et al. presented 
results of salvage radiation after HIFU [73]. A 
total of 100 patients were included with a median 
follow-up of 33 months. Mean doses of radiation 
were 71.9 ± 2.38Gys. The mean delay between 
HIFU and ERBT was 14.9 ± 11.8 months. Mean 
PSA before salvage ERBT was 2.1 ± 1.8  ng/ml 
and the nadir PSA after ERBT was 0.28 ± 0.76 ng/
ml with 17.4 ± 10.8  months to reach nadir. The 
incontinence rate was the same before and 1 year 
after salvage ERBT.  The progression-free sur-
vival rate was 76.6 % at 5 years, and was 93, 70, 
and 57.5 % for low-, intermediate-, and high-risk 
group respectively. The predicting factors of fail-
ure were the PSA nadir after salvage ERBT and 

the time to reach this nadir. Recently, Munoz 
et al. reported the outcomes of 24 patients treated 
by salvage EBRT after HIFU [74]. The median 
follow-up was 40.3  months. The 3-years bio-
chemical disease-free rate (bDFS) was 77.8 % 
(Phoenix definition). Patients achieving nadir 
PSA ≤ 0.35  ng/ml had a significantly higher 
bDFS (87.7 % at 3-years).

SRT provides satisfactory oncologic control 
after HIFU failure with little (or mild) additional 
toxicity.

10	 �Salvage Surgery After HIFU 
Failure

Salvage surgery is feasible after HIFU but with a 
higher morbidity than after primary surgery. 
Lawrentschuk et al. reported the results in 15 men 
with a rising PSA and biopsy-verified prostate 
cancer after HIFU treatment [75]. Perioperative 
morbidity was limited to one transfusion in a 
patient with a rectal injury. Pathological extensive 
periprostatic fibrosis was found in all patients. 
Postoperative PSA value was undetectable in 14 
patients (93.3 %). Six of ten patients experienced 
no postoperative incontinence at 12 months, but 
with uniformly poor erectile function.

Kane reported short term results of 13 men 
with locally recurrent prostate cancer after HIFU 
undergoing salvage radical laparoscopic surgery 
[76]. There was no perioperative mortality and no 
conversion to open surgery was necessary. None 
of the patients received any transfusion. On histo-
pathologic evaluation, eight patients had extra-
capsular extension (pT3a). Positive surgical 
margins (PSMs) were detected in two patients in 
the pT3a group. Four patients showed mild 
incontinence and used two pads per day. None of 
the patients were potent.

This study confirms that salvage surgery is 
feasible for men in whom whole-gland HIFU 
ablation has failed but has a higher morbidity rate 
than primary surgery. Salvage surgery after 
whole-gland HIFU is feasible but difficult to per-
form due to fibrotic reaction.

High-Intensity Focused Ultrasound (HIFU) for Prostate Cancer
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11	 �Salvage HIFU After EBRT or 
Brachytherapy

11.1	 �EBRT Failure

The rate of positive biopsy after external beam 
radiotherapy (ERBT) for prostate cancer in the 
literature is between 25 and 32 % [77, 78].

There appears to be a role for salvage HIFU 
therapy with curative intents for patients with a 
locally proven recurrence after external-beam 
radiation therapy and no metastasis that are 
usually treated with androgen deprivation [79]. 
Crouzet et  al. examined the outcomes of sal-
vage HIFU in 290 consecutive patients with 
biopsy-confirmed locally radiorecurrent PCa, 
without evidence of metastasis [80]. 
Progression was defined using Phoenix bio-
chemical failure criteria or androgen depriva-
tion (AD) introduction. Local cancer control 
with negative biopsy results was obtained in 
169 patients out of 208 who underwent post-
HIFU biopsies (81 %). The median PSA nadir 
was 0.14 ng/ml. The cancer-specific and metas-
tasis-free survival rates at 7 years were 80 % 
and 79.6 % respectively. The PFSR was signifi-
cantly influenced by three factors: the pre-
HIFU PSA level, the Gleason score and a 
previous AD treatment. With the use of dedi-
cated acoustic parameters, the rate of severe 
side effects decreased significantly from stan-
dard parameters: rectourethral fistula (0.4 %), 
grade II/III incontinence (19.5 %), and bladder 
outlet obstruction (14 %). Rouvière et al. dem-
onstrated [81] that the MRI localization of can-
cer recurrence anterior to the urethra is an 
independent significant predictor of salvage 
HIFU failure after EBRT. Therefore, MRI may 
be useful for patient selection before post-
EBRT salvage HIFU ablation. Similar out-
comes were reported by Berge et al. [82].

Two articles reported outcome of salvage 
HIFU performed with the Sonablate, the bio-
chemical survival rate was 71 % at 9 months and 
52 % at 5 years [83, 84].

Nevertheless, the risk–benefit ratio of salvage 
HIFU compares favorably with those of the other 

available techniques and with less morbidity and 
similar oncological outcomes. In this context, 
HIFU appears to be an effective curative treatment 
option for local recurrence after radiation failure.

11.2	 �Salvage High-Intensity 
Focused Ultrasound 
for Patients with Recurrent 
Prostate Cancer 
After Brachytherapy

Sylvester et  al. reported 15-year biochemical 
relapse-free survival rate and cause-specific sur-
vival following I125 prostate brachytherapy in 
215 patients: 15-year BRFS for the entire cohort 
was 80.4 % and the cancer specific survival rate 
was 84 % [85]. There was no significant differ-
ence between the low- and intermediate-risk 
group. Salvage surgery is a challenging proce-
dure after brachytherapy [86]. Forty-seven 
patients treated with salvage HIFU for biopsy-
proven recurrence after brachytherapy are under 
evaluation in an ongoing clinical trial in Lyon 
(unpublished data); 38 patients underwent 1 
HIFU session and 9 underwent 2 HIFU sessions. 
The mean follow-up is 28 months. The mean 
PSA before HIFU was 4.97 ± 2.9 ng/ml and the 
median nadir PSA is 0.35 ng/ml. The overall sur-
vival rate is 89 %. Cancer specific, metastases-
free, and the additional treatment-free survival 
rates were 94 %, 87 %, and 50 %, respectively. 
For the first patients, we used post-EBRT treat-
ment parameters. Because of the high rates of 
side effects, new treatment parameters for 
brachytherapy failure were developed with a 
decrease in the acoustic dose according to the 
intense prostate fibrosis. Main complications 
were urethrorectal fistula in two patients (4 %) 
and pubic osteitis in one patient (2 %). 
Incontinence grade 2/3 and bladder neck steno-
sis occurred in 17 % and 8.5 % of the cases, 
respectively. Yutkin reported the outcomes of 19 
patients with locally recurrent prostate cancer 
after brachytherapy treated with whole-gland 
HIFU [87]. Thirteen men had grade 3a or 3b 
complications by the Clavien system; there were 
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no grade 4 or 5 complications. The most com-
mon postoperative complication was dysuria, 
which was self-limited. Three men developed 
rectourethral fistulae. The overall continence 
rate was 68.4 %. At a mean follow-up of 
51.6 months, all men were alive. The overall bio-
chemical recurrence-free survival rate was 
73.3 % using the Astro-Phoenix criteria.

The oncologic outcomes of salvage HIFU 
after brachytherapy is similar to the outcomes 
achieved with salvage HIFU after EBRT, but the 
risk of rectal injury seems higher.

12	 �Focal Therapy

HIFU focal therapy is another pathway that must 
be explored when considering the accuracy and 
reliability for PCa mapping techniques. HIFU 
would be particularly suitable for such a therapy 
since it is clear that HIFU results and toxicity are 
relative to treated prostate volume.

12.1	 �Focal Therapy as Primary Care 
Treatment

Active surveillance has been adopted as an 
option for men who have a low-risk prostate can-
cer. The advantages of active surveillance must 
be weighed against the very real possibility of 
missing the “window” to cure some cancers 
because of delayed treatment. In the Canadian 
trial, overall, 30 % of patients have been reclassi-
fied as higher risk and have been offered defini-
tive therapy [88]. Of 117 patients treated 
radically, the PSA failure rate was 50 %, which 
was 13 % of the total cohort. Focal therapy is 
emerging as an alternative to active surveillance 
in the management of low-intermediate risk, 
selected patients. In patient candidates for active 
surveillance, the risk of extracapsular extension 
was found to range from 7 to 19 % and seminal 
vesicle invasion ranged from 2 to 9 %, depending 
on the inclusion of patients with Gleason 7 dis-
ease [89]. Mouraviev et al. identified unilateral 
cancers in 19.2 % of 1184 radical prostatectomy 

specimens [90]. This study suggests, without 
taking into account cancer significance, that 
almost a fifth of the patients who are candidates 
for radical surgery could be amenable to hemia-
blation using thermal therapy targeting one lobe 
of prostate. The literature showed a direct corre-
lation between the Gleason score and the out-
comes after radical surgery [91]. Stamey et  al. 
demonstrated that tumor volume was associated 
with biochemical relapse: recurrence occurs in 
only 14 % of men with a tumor volume of less 
than 2.0  ml [92]. Focal therapy must be used 
only in carefully selected patients (Gleason 6 or 
Gleason 7 3 + 4, small solitary cancer foci) 
included in prospective trials. As discussed 
above, mp-MRI may be useful in the evaluation 
of patients considering active surveillance or 
focal therapy [93]. The concept of a index tumor 
does, however, potentially allow for the use of 
focal therapy on patients with bilateral tumors. 
Some evidence exists which shows the largest 
tumor (the index lesion) is the main driver of 
progression, outcome, and prognosis; small sec-
ondary cancers might be clinically irrelevant 
[94, 95]. HIFU might be one of the best tech-
niques for focal therapy because it is performed 
under real time control using ultrasound or 
MRI. An immediate control of the boundaries of 
the necrosis area is possible using contrast agents 
(either with ultrasound and MRI). HIFU proce-
dures can also be repeated if necessary. Finally, 
salvage standard curative therapies are feasible 
after HIFU (EBRT, surgery or cryoablation).

In 2008, Muto et al. reported the outcomes of 
29 patients treated with Sonablate™ device [96]. 
In selected patients whose cancer was confined 
to only one lobe by multiregional biopsies, the 
total peripheral zone and a half portion of the 
transitional zone were ablated. The PSA level 
decreased from 5.36 ± 5.89 ng/ml to 1.52 ± 0.92 
at 36 months. Twenty-eight patients underwent 
control biopsies 6 months after the procedure: a 
residual cancer foci was found in three patients 
(10.7 %). Seventeen patients underwent control 
biopsies 12 months after the procedure: a resid-
ual cancer foci was found in four patients 
(23.5 %). No significant change was found on 
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IPSS score and maximal flow rate before and 12 
months after the procedure.

The first study (20 patients) of prostate hemia-
blation with HIFU was published in 2011 [97]. 
Inclusion criteria were men with low-moderate 
risk (Gleason = 7, PSA = 15  μg/ml), unilateral 
PCa on TRUS biopsy underwent MRI and 5 mm-
spaced trans-perineal template biopsies to local-
ize disease. Of the men, 25 % had low-risk and 
75 % intermediate-risk cancer. The mean PSA 
pre-HIFU was 7.3 ng/ml. Mean PSA decreased to 
1.5 ng/ml ± 1.3 at 12 months. A total of 89 % of 
the patients had no histological evidence of any 
cancer. Two patients (11.1 %) had positive proto-
col biopsy at 6 months with residual 1  mm 
Gleason 3 + 3: one elected for retreatment and the 
other active surveillance. An erection sufficient 
for penetrative sex occurred in 95 % of the 
patients and 95 % of patients were pad free after 
focal HIFU.

Ahmed et al. reported in 2015, the outcomes 
of 56 patients with multifocal localized prostate 
cancer treated with HIFU focal ablation targeted 
to the index lesion [98]. The mean age was 
63.9 years and median prostate-specific antigen 
(PSA) was 7.4 ng/ml. There were 7 (12.5 %) low-
risk, 47 (83.9 %) intermediate-risk, and 2 (3.6 %) 
high-risk cancers. The median PSA nadir was 
2.4 ng/ml. At 12 months, 42/52 (80.8 %) patients 
had histological absence of clinically significant 
cancer (Gleason <7, <2 positive cores, and no 
cancer core length > 3  mm regardless of grade) 
and 85.7 % (48/56) had no measurable prostate 
cancer (biopsy and/or mpMRI). Two (3.6 %) 
patients had clinically significant disease in 
untreated areas not detected at baseline. Pad-free 
and leak-free plus pad-free continence was pre-
served in 92.3% and 92.0% of patients, respec-
tively. Erections sufficient for intercourse were 
preserved in 76.9 % of patients.

The French Urological Association (AFU) 
has started a multi-institutional study to evaluate 
hemiablation with HIFU as a primary treatment 
for patients >50 years, T1C or T2A, PSA < 10 ng/
ml, Gleason 6 or 7 (3 + 4), in no more than one 
lobe after MRI, random, and targeted biopsies. 
To be included, the tumor must be >6 mm from 

apex and >5  mm from the midline. Only one 
prostatic lobe is treated. The primary outcome 
was the absence of clinically significant cancer 
(CSC) on control biopsy (Gleason <7, <2 posi-
tive cores, and no cancer core length >3  mm 
regardless of grade). Secondary outcomes were 
the presence of any cancer on biopsy, biochemi-
cal response, or radical treatment-free survival 
(RTFS). A total of 111 patients were treated 
(mean age 64.8 ± 6.2  years; mean PSA 
6.2 ± 2.6 ng/ml; 74 % Gleason ≤6; 26 % Gleason 
7). On control biopsy, 12 patients (11.9 %) had a 
CSC (5 ipsilateral; 7 contralateral). Secondary 
treatments were technically uneventful and the 
radical treatment-free survival rate at 2 years 
was 89 %. The mean PSA decrease at 2 years 
was 62.8 %. The rate of adverse events was 
12.6 % Clavien III.  At 12 months, urinary and 
erectile functions were preserved in 97.2 and 
78.4 % of patients. No significant decrease in 
QOL score was observed at 12 months. Similar 
results were reported by Cordeiro Feijoo et  al. 
[99].

Van Velthoven published the first long term 
results of a prospective clinical trial of HIFU 
hemiablation for clinically localized prostate 
cancer [100]. Hemiablation HIFU was primarily 
performed in 50 selected patients with 
biopsy-proven clinically localized unilateral, 
low-intermediate risk prostate cancer in com-
plete concordance with the prostate cancer 
lesions identified by magnetic resonance. The 
median follow-up was 39.5  months. The mean 
nadir PSA value was 1.6 ng/ml, which represents 
72 % reduction compared with initial PSA pre-
treatment value (P < 0.001). Biochemical recur-
rence, according to Phoenix definition, occurred 
in 28 % of patients, respectively. The 5-year 
actuarial metastases-free survival, cancer-spe-
cific survival, and overall survival rates were 93, 
100, and 87 %, respectively. Out of the eight 
patients undergoing biopsy, six patients had a 
positive biopsy for cancer occurring in the 
untreated contralateral (n = 3) or treated ipsilat-
eral lobe (n = 1) or bilaterally (n = 2). A Clavien-
Dindo grade 3b complication occurred in two 
patients. Complete continence (no pads) and 
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erection sufficient for intercourse were docu-
mented in 94 or 80 % of patients, respectively.

After hemiablation HIFU, the rate of clini-
cally significant disease was low and associated 
with low morbidity and preservation of quality of 
life. This treatment strategy does not preclude 
future definitive therapies.

New devices (i.e., Focal One) will make HIFU 
an even more effective treatment option for focal 
therapy. Preliminary results compare favorably 
with those of hemiablation studies [101].

12.2	 �Focal Therapy as Salvage 
Treatment (Focal Salvage 
HIFU)

Early identification of a local relapse after radia-
tion therapy failure is feasible using MRI and tar-
geted biopsies performed soon after the 
biochemical failure (Phoenix criteria). Focal 
Salvage HIFU is a new therapeutic option. The 
aim of focal salvage HIFU (FSH) is to destroy the 
recurrent cancer with a minimal risk of severe 
side effects.

The study of Ahmed et al. demonstrated that, 
focal therapy with HIFU can achieve a local con-
trol of the disease with minimal morbidity in 
patients with unilateral relapse after EBRT [102]. 
Baco and Gelet reported outcomes of 48 men 
with unilateral radio-recurrent prostate cancer 
prospectively enrolled in two European centers 
and treated with hemisalvage HIFU [103]. After 
HSH, the mean PSA nadir was 0.69 ng/mL at a 
median follow-up of 16.3 months. Disease pro-
gression occurred in 16 patients. Of these, four 
had local recurrence in the untreated lobe and 
four bilaterally, six developed metastases, and 
two had rising PSA levels without local recur-
rence or radiological confirmed metastasis. 
Progression-free survival rates at 12, 18, and 24 
months were 83, 64, and 52 %. Severe inconti-
nence occurred in 4 of the 48 patients (8 %), 8 
(17 %) required one pad a day, and 36/48 (75 %) 
were pad-free. The mean IPSS and erectile func-
tion (IIEF-5) scores decreased from a mean of 
7.01–8.6 and from 11.2 to 7.0, respectively.

13	 �Androgen Deprivation 
and Chemotherapy 
Associated with HIFU 
for High-Risk Prostate 
Cancer

13.1	 �Androgen Deprivation

Promising preliminary results on HIFU and hor-
monal deprivation in patients with locally 
advanced disease and/or high-risk PCa have been 
published [61]. At 12 months after the procedure, 
28 patients (93 %) were continent. Seven of the 
30 men (23 %) had a positive prostate biopsy. At 
the 1-year follow-up, only three of the 30 patients 
with high-risk prostate cancer had a PSA level of 
>0.3 ng/m. Long term outcome was unknown.

13.2	 �Chemotherapy

Experimental studies have demonstrated the 
potential of chemotherapy associated with 
HIFU. In a rat model, Paparel et al. evaluated the 
therapeutic effect of HIFU combined with 
Docetaxel on AT2 Dunning adenocarcinoma 
[104, 105]. They showed a synergistic inhibitory 
effect of the HIFU + Docetaxel association.

In an ethical committee approved study, 27 
high-risk patients (Gleason ≥ 4 + 3 and/or PSA 
>15 ng/ml and/or >2/3 of positive biopsy) under-
went HIFU associated with Docetaxel. 
Chemotherapy was delivered 30 min before the 
HIFU treatment. The protocol included a dose 
escalation starting at 30 mg/ml. Fifteen patients 
received 30 mg/m2 of Docetaxel with no adverse 
effects, two patients received 50 mg/m2 with 1 
febrile neutropenia and 1 transient alopecia grade 
1 and the next seven patients received 40 ml/m2 
without adverse effects. A PSA nadir ≤0.30 ng 
was achieved in 15 patients (55.5 %). At 7 years, 
the cancer-specific survival rate and the 
metastasis-free survival rate were estimated at 
90 % (CI:47–98) and 77 % (CI:48–91), respec-
tively. An additional therapy was used in 13 
cases: salvage EBRT alone in five patients, sal-
vage EBRT + AD in two patients, and palliative 
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AD was started in six patients. At 5 years, the 
progression-free survival rate was 48 % (95 %CI: 
27–66). Randomized studies with long term fol-
low-up are required to evaluate the potential role 
of chemotherapy associated with HIFU in high-
risk patients.

�Conclusion

The outcomes achieved for primary care 
patients seem close to those obtained by stan-
dard definitive therapies. HIFU does not rep-
resent a therapeutic impasse: EBRT is a safe 
salvage option after HIFU failure and salvage 
surgery is possible in young and motivated 
patients. On the other hand, HIFU has a con-
siderable potential for local recurrence after 
radiation failure. Recently, some early experi-
ences on focal therapy suggest that HIFU pro-
vides an excellent opportunity to achieved 
local control of the disease in low-intermediate 
risk prostate cancer and in early identified 
local relapse after EBRT.
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Prostate Cryotherapy

Kae Jack Tay, Matvey Tsivian, 
and Thomas J. Polascik

1	 �Introduction

Cryosurgery has been applied in oncologic treat-
ments for over 150 years [1], constantly evolving 
into the modern minimally invasive approach for 
the treatment of prostate cancer (PCa). Today, 
modern cryosurgery is an accepted option for 
both the primary and salvage treatment of local-
ized PCa recognized by the international guide-
lines [2, 3]. Herein we review cryobiology, 
treatment indications, procedure details, as well 
as contemporary results of cryotherapy for PCa.

2	 �Elements of Cryobiology

The basis of cryogenic injury is local tissue 
destruction by subtraction of energy and achieve-
ment of low temperatures. There are three main 
mechanisms that can be considered as the princi-
pal pathways of cryoinjury, and these consist of 
cellular damage caused by ice crystal formation, 
failure of the microcirculation after thawing, and 
the induction of apoptosis and necrosis [4].

The direct cell injury process can be summa-
rized by two topographically distinct processes: 
intracellular and extracellular ice formation. 

Extracellular ice formation subtracts water from 
the extracellular environment and, aside from its 
mechanical damage, induces extracellular hyper-
tonicity that in turn draws water from within the 
cells, dehydrating them and disrupting normal 
enzymatic processes and membrane properties 
[5, 6]. Intracellular ice crystal formation occurs 
secondarily and causes lethal cell disruption. 
These ice crystals mechanically disrupt and dam-
age vital cell structures such as organelles and the 
membrane. While the relative contributions of 
intra- and extracellular ice formations are debat-
able, it is generally recognized that they are syn-
ergistic [7]. During the thawing phase, when 
frozen tissue temperature rises above −40  °C, 
smaller ice crystals fuse to form larger structures 
in a process known as recrystallization, and addi-
tional structural damage is inflicted upon cell 
structures. As thawing proceeds, extracellular ice 
melts and a hypotonic environment is created 
driving overloading water shifts into the cells [6].

Extreme temperatures mainly affect the small 
vessels, damaging the endothelium whereby the 
vessel cell lining sloughs and impedes blood 
flow, thereby inducing a typical inflammatory 
response with permeability of the vessels, disten-
tion of vessel walls, thrombosis, ischemia, and 
necrosis of the supplied tissue [7]. Moreover, 
during the thawing phase of cryotherapy, reperfu-
sion injury enhances endothelial damage stimu-
lating the inflammatory response with release of 
oxygen radicals and augmenting tissue damage.
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Lastly, advances in understanding post-thaw 
molecular events have led to the recognition that 
postthaw apoptosis may occur after the cryoin-
jury due to extrinsic, or membrane-modulated, 
and intrinsic, or mitochondrial-modulated, path-
ways [8]. The extrinsic pathway appears to 
involve the activation of caspases 8 and 9, while 
the intrinsic pathway involves the disruption of 
normal mitochondrial function by upregulation 
of Bax, a proapoptotic protein of the Bcl-2 fam-
ily. It has also been shown that cryoinjury sensi-
tizes cancer, but not normal prostate cells, to 
pathways of apoptosis suggesting a potential 
role for combination strategies in PCa cryosur-
gery to enhance targeted damage to cancerous 
tissue [9–11].

Alongside local mechanisms of destruction, 
cryotherapy may provide an additional aspect to 
cancer control. Since cancerous tissue is not 
removed by the procedure and cancer-specific 
antigens are left in situ, these can theoretically be 
recognized by the immune system and stimulate 
a cancer-specific immune response towards them. 
However, there is controversy regarding the 
nature of such immunologic response with con-
flicting data reported in the literature. While 
some studies support an anticancer response after 
cryoablation, others indicate that immunosup-
pression or tolerance to these antigens may, in 
fact, be induced [12–16]. It appears that the 
nature of the immune response depends on local 
and systemic factors such as cytokines, antigen-
presenting cells, as well as the type of antigen 
presented that comprise the immune system 
response [17].

Below temperatures of −40 °C, recognized as 
the lethal temperature where majority of cell kill 
occurs, virtually all water is transformed to ice 
[18, 19]. Reaching temperatures below this 
threshold has also been shown to ensure effective 
PCa cell destruction [20]. At the periphery of the 
ice ball, where temperatures are not as cold, cryo-
injury may be reversible (at temperatures −20 to 
0 °C) and, rather than harness the full spectrum of 
lethal effects, only induce apoptosis [21]. 
Cryoinjury is also time-dependent as cryoinjury 
progresses with freezing. In general, achieving a 
nadir temperature of at least −40 °C for “a few 

minutes” has been thought to reach a lethal dose 
[22]. It must be noted that the exact dose achieved 
is confounded by biological variability such as 
cell-type (neoplastic versus normal), cell-cycle 
stage, vascular supply (large vessels act as a heat 
sink), and reflex vasoconstrictive variations 
which may influence the generation of a uniform 
cryoablative dose field [4]. These factors must be 
understood by practitioners in order to apply the 
lethal effects of cryoinjury judiciously to achieve 
the desired outcomes.

3	 �Indications for Cryosurgery

Cryosurgery for PCa is a recognized treatment 
option; however, there is no agreement to date 
upon the indications and contraindications for 
this approach and international guidelines remain 
cautious in this regard [2, 23].

In the setting of primary cryotherapy for local-
ized PCa, the American Urological Association 
(AUA) guidelines state that cryosurgery is an 
option for patients who do not desire or are not 
good candidates for conventional surgery [2]. On 
the other hand, the EAU guidelines state that pri-
mary cryotherapy, as with all other primary abla-
tive techniques, should only be applied in a trial 
setting [23].

Doubtlessly, patient and disease characteris-
tics need to be taken into account when consider-
ing cryotherapy as an option for prostate cancer. 
However, the current lack of homogeneous, high-
quality data in the literature, specific to low-, 
intermediate-, and high-risk prostate cancer, has 
hampered the adoption of clear recommendations 
from the major guidelines. As long term out-
comes of primary cryosurgery become available, 
we are likely to see a refinement of the guidelines 
with stronger and more precise recommendations 
made.

There are several technical contraindications 
to cryosurgery that apply both in the primary and 
salvage settings. A history of transurethral resec-
tion of the prostate or similar procedures should 
be considered relative contraindications, as large 
defects in the prostatic fossa may impair the 
effectiveness of the urethral warmer, a device that 
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safeguards against mucosal slough, by prevent-
ing it from coapting with the urethral wall. 
Additionally, major rectal pathology may be con-
sidered a contraindication, particularly if the pro-
cedure cannot be monitored under transrectal 
ultrasound guidance. Moreover, extensive coun-
seling is needed for potent patients expecting to 
maintain erectile function, as potency is typically 
impaired to some degree, similar to other proce-
dures, following whole gland cryoablation. Large 
prostate glands (>60 cc) may be difficult to treat 
due to sheer size alone or interference of the 
pubic arch. The latter obstacle can be overcome 
with either manual positioning of the probes that 
is void of transperineal grid constraints or 
extended lithotomy position of the patient. For 
larger prostates, gland downsizing using hor-
monal agents can be utilized prior to 
intervention.

Cryotherapy in the salvage setting represents 
an attractive alternative to salvage prostatec-
tomy offering reduced morbidity and technical 
challenge [24]. Salvage cryosurgery has been 
used both after external beam radiation and 
interstitial radiotherapy, along with other failed 
primary therapies such as cryoablation, high-
intensity focused ultrasound, etc. Therefore, 
patients with local, biopsy proven recurrence of 
prostate cancer after radiation or other primary 
therapy with no evidence of metastatic disease 
represent potential candidates for salvage cryo-
therapy. Due to a higher chance of seminal ves-
icle invasion, we recommend considering 
seminal vesicle biopsies and lymph node sam-
pling in the evaluation of potential high-risk 
candidates.

Several studies have suggested factors asso-
ciated with greater success of salvage cryother-
apy and these can be summarized as favorable 
disease characteristics: low PSA nadir after pri-
mary treatment, low PSA presalvage cryother-
apy (<4 ng/mL), PSA doubling time >16 months, 
as well as the Gleason grade of the recurrent 
disease [25–27].

In summary, although cryoablation is a recog-
nized option both in the primary and salvage set-
tings for the treatment of localized prostate 
cancer, there is difficulty in reaching a consensus 

on selection criteria and to define ideal candi-
dates for this approach. This is mainly due to the 
paucity of data in the literature and is likely to 
resolve in the near future as more studies on 
cryoablation add their results to the pool of avail-
able information. There is agreement that cur-
rently cryoablation should be considered as a 
treatment option for patients that are not willing 
or are not good candidates for conventional 
surgery.

4	 �Cryoablation Procedure

Herein we describe the general steps of the pro-
cedure using third generation cryotechnology 
that utilizes the Joule-Thompson principle of gas 
expansion and therefore heat delivery and sub-
traction by means of ultrathin needle-like cryo-
probes. Translating the physical principle into 
practice, as compressed gas is delivered to the tip 
of the cryoprobe in a closed circuit and allowed 
to expand through a minute opening (s), gas 
pressure falls, and it changes its physical proper-
ties (internal state). For argon gas, the change of 
state subtracts energy resulting in reduction of 
the temperature and freezing. The opposite is 
true regarding the properties of helium gas that 
upon expansion releases energy to the environ-
ment, thereby generating heat that translates into 
active thawing. The opposite effects of helium 
and argon derive from differences in attractive 
and repulsive forces of the molecules (internal 
energy) of these gasses. A newer cryotechnology 
that has been introduced relies on argon gas as 
the sole cryogen whereby both freezing and 
thawing phases are achieved by regulating the 
properties of this gas, since Joule-Thompson 
coefficients of gasses vary with pressure and 
temperature. At pressures of 3500 PSI, expan-
sion of argon gas results in temperature drop, 
and thus freezing. When this gas is allowed to 
expand under lower pressures (200–500 PSI), 
when Joule-Thompson coefficient of argon is 
very low and only negligible cooling takes place, 
and the gas is used to heat the needle shaft by 
spreading the heat generated by an electrical 
heating source embedded in the needle. This 
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technical modification allows for the use of a 
single gas (argon) for both freezing and thawing 
during cryoablation.

Several cryoablation platforms are commer-
cially available and these consist of a console for 
treatment planning and monitoring that receives 
information from the probes and regulates the 
freezing/thawing phases. The console is con-
nected to peripherals such as a urethral warming 
catheter, a transrectal ultrasound mounted on a 
stepper, cryoprobes, and temperature sensors. 
Gas tanks (argon with or without helium) are 
connected to the system. On the console monitor, 
the live information from the treatment is inte-
grated with ultrasound imaging in real time 
which allows for precise monitoring of the proce-
dure as well as input from temperature sensors 
and cryoprobes. For treatment planning, the 
desired ice coverage can be precisely sculptured 
by varying the configuration of the probes as well 
as by using different probes generating different 
shapes and sizes of ice balls. The probes are posi-
tioned in the gland through a transperineal grid 
template under ultrasonographic guidance to pro-
duce a series of overlapping ice balls that cover 
the entire gland or regions to be treated

Typically, cryoablation is performed as an out-
patient procedure under spinal, locoregional, or 
general anesthesia. With the patient in lithotomy 
position, cryoprobes are positioned under tran-
srectal ultrasonographic guidance using both sag-
ittal and transverse views. In addition to 
cryoprobes, temperature sensor probes are placed 
to allow for precise monitoring of ice ball devel-
opment. These thermocouples can be positioned 
in Denonvillier’s fascia, the urinary sphincter, 
and/or the neurovascular bundles to monitor the 
freezing process and avoid injury to adjacent 
structures. Once the probes are in place, flexible 
cystoscopy is used to verify the integrity of the 
urethra and bladder and to place a super-stiff 
guidewire for the introduction of the urethral 
warming catheter placed by Seldinger technique. 
A double freeze/thaw cycle is performed and 
monitored by ultrasonography and readings from 
the temperature probes. At the end of the proce-
dure, the urethral warming device is replaced 
with a urethral catheter, although some prefer 

placing a suprapubic cystostomy to ensure ade-
quate bladder drainage in the postoperative 
period. Acute swelling and inflammatory pro-
cesses following cryoablation typically resolve 
within 1–2 weeks. In our experience, most 
patients are able to void spontaneously by 1 week 
after treatment.

5	 �Primary Cryotherapy: 
Complications

Cryoablation of the prostate is a minimally inva-
sive surgical technique and its morbidity profile 
has been extensively studied. Table 1 provides a 
summary of the reported complications. The 
majority of the postoperative events reported in 
the literature are self-limiting. Transient penile 
and scrotal swelling and paresthesia have been 
reported to occur within 2–3 weeks in up to 
10 % of patients, and typically resolve in 2–6 
months [31, 42]. Major complications are rare 
with a reported incidence of rectourethral fistula 
ranging from 0 to 2.4 %, urethral sloughing 
occurring in <5 % with the use of urethral warm-
ing devices, and incontinence requiring pads 
being reported in less than 10 % with most cases 
resolving spontaneously. It remains unclear 
whether urge or stress incontinence is the pre-
dominant type since only one study did distin-
guish between the types of incontinence: Caso 
et  al. reported that 10.4 % of men had urge 
incontinence, 2.8 % had stress incontinence, and 
in 1.9 % it was mixed [39]. Notably, only 4.7 % 
of men in this study required the use of pads at 
1 year. Similarly, episodes of urinary retention 
have been reported in <5 % of patients following 
cryoablation [30, 35], albeit the definitions of 
urinary retention vary and most retention epi-
sodes are transitory and resolve within several 
weeks of surgery. Urethral stricture rates are 
approximately 2.5 % (compared to 8.4 % with 
radical prostatectomy) [43].

Incontinence and erectile dysfunction are 
among the most widely used measures of func-
tional outcomes following treatments for local-
ized PCa. For cryoablation, erectile dysfunction 
occurs in the majority of patients treated with 
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whole gland ablation although some studies 
report that many patients did remain potent 
(Table 1). A recent study using the Surveillance 
Epidemiology End Results (SEER) database 
reported on complications of primary cryother-
apy derived from Medicare claims [44]; the 
authors estimate 20.1 % of erectile dysfunction 
following cryotherapy, along with 9.8 % 
incontinence.

An accurate assessment of the rates of erectile 
dysfunction and urinary incontinence is ham-
pered by the varying definitions of these outcome 
measures and only scattered use of validated 
instruments to adequately identify these condi-
tions. For future studies it is of paramount impor-
tance to use validated tools (e.g. questionnaires) 
to evaluate both erectile function and 
continence.

Kimura et  al. used validated tools to assess 
urinary function after cryoablation and found 
that while urinary function and bother scores 

dropped immediately following cryoablation, 
they recovered steadily and persistently in a 
12-month period [45]. Notably, men with preop-
erative moderate to severe urinary symptoms 
and larger prostate volumes showed improve-
ment of urinary symptoms after cryosurgery. 
Another study reported excellent voiding func-
tion outcomes with no apparent change in uri-
nary function scores after primary cryoablation 
[32]. Malcolm and colleagues reviewed quality 
of life outcomes comparing brachytherapy, 
robotic and open radical prostatectomy, and 
cryotherapy [46]. These authors have shown that 
cryotherapy as well as brachytherapy were asso-
ciated with a better health-related quality of life, 
especially that related to urinary function and 
bother along with sexual bother as assessed by 
validated tools. When directly compared to 
brachytherapy, cryoablation resulted in worse 
sexual function scores for up to 12 months while 
urinary scores were similar; however, after 18 

Table 1  Complication rates after primary cryoablation of the prostate using third generation technology

Complication rates (%)

Reference
# 
patients Slough

Perineal 
pain

Urinary 
retention UTI/sepsis

Urethral 
stricture Fistula Incontinence ED

Bahn [28] 210 NR NR 3 NR NR 2.4 9 41
Shinohara 
[29]

102 NR 3 23 3/3 NR 1 4 (15a) 86

Han [30] 106 5 2.6 3.3 0 NR 0 3 87
Wake [31] 100 1 NR 20 NR 2 0 8 NR
DiBlasio 
[32]

78 NR NR NR NR 1 NR 7.7 84.6

Cohen [33] 98 2 NR NR NR NR 0 0 NR
Prepelica 
[34]b

65 NR 0 3.1 NR NR 0 3.1 NR

Hubosky 
[35]

89 2 6 4 1/0 NR 1 2 NR

Donnelly 
[36]

117 NR NR 15.4 NR NR NR 32.5 70.9

Chin [37]c 33 NR 32 NR NR NR NR 7 29
Lian [38] 102 4.9 NR 0 NR 0 0 4 64.1
Caso [39] 106 2.8 3.8 3.8 5.7/0 NR 0 4.7 NR
Rodriguez 
[40]

108 5.6 11.1 NR NR NR 0.9 5.6 98.1

Ward [41] 366 NR NR 6 NR NR 1.1 2.6 69.6

UTI urinary tract infection, ED erectile dysfunction, NR not reported
aIncluding patients who underwent transurethral resection of prostate following cryoablation
bHigh-risk patients
cLocally-advanced disease
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and 24 months, cryoablation has shown consis-
tently better urinary domain scores compared to 
brachytherapy [35].

Kimura and colleagues [47] assessed erectile 
function outcomes using validated question-
naires and found that 77.4 % of patients had 
moderate to severe erectile dysfunction follow-
ing cryoablation and suggested that the use of 
erectile aids may assist in the recovery of 
potency to preoperative levels. Similarly, Ellis 
et al. [48] have suggested that penile rehabilita-
tion strategies (regular use of vacuum devices 
and oral agents) after cryoablation may increase 
potency rates. In fact, the authors report steady 
recovery of erectile function over time with 
over 50 % of preoperatively potent patients 
regaining erections sufficient for intercourse 
over a 4-year follow-up [48]. Despite encourag-
ing reports, more studies are needed to deter-
mine the appropriate strategies to enhance both 
urinary and sexual function in men undergoing 
cryoablation.

6	 �Salvage Cryotherapy: 
Complications

The complication profile of salvage cryotherapy 
for radiorecurrent prostate cancer appears to be 
similar to that in the primary setting with higher 
rates of events (Table 2). Urethral mucosal slough-
ing remains a rare event using third generation 
technology and has been reported in <2 % of 
patients. Specifically, fistula rates appear to be 
higher, up to 3.4 % as well as incontinence rates 
that remain in most series under 10 % compared 
to an incontinence rate of approximately 3 % in 
primary series. In the few series reporting erectile 
function outcomes, only a minority of patients 
regain potency. However, many patients are impo-
tent due to their prior primary treatment. These 
results favorably compare to conventional salvage 
radical prostatectomy series [24] suggesting that 
salvage treatment with cryosurgery may be con-
sidered as a relatively low morbidity option, par-
ticularly in maintaining urinary continence.

7	 �Primary Cryotherapy: 
Oncological Outcomes

Oncological outcomes reported in the literature 
are summarized in Table  3. The various defini-
tions of biochemical recurrence make it very 
challenging to adequately compare the different 
series emphasizing the need for a consensus on 
the matter. Conventional criteria of biochemical 
failure adopted for radical prostatectomy are 
most likely not suitable for cryoablation since a 
portion of PSA producing tissue is intentionally 
spared periurethrally due to the use of urethral 
warming devices and therefore undetectable PSA 
levels are not always achievable. Similarly, bio-
chemical failure criteria used in radiation oncol-
ogy are likely not suitable as well since an 
effective ablation of the entire gland is carried out 
and most PSA-producing tissue is destroyed. 
Many of the earlier, and thus longer-running 
series, have used the ASTRO criteria, and data 
from the COLD registry now support the use of 
the Phoenix (nadir PSA + 2) criteria to define bio-
chemical failure [58]. Biochemical disease-free 
survival (bDFS) has been reported at 5 years in 7 
studies showing consistent results of approxi-
mately 75 % in general series and 48–60 % in 
series comprising higher-risk cohorts [32, 36, 40, 
41, 54, 56, 57].

To date, only two studies reported 10-year 
oncological outcomes following primary cryoab-
lation [59, 60]. Both studies are based on early 
cohorts of patients (1990s) often treated with liq-
uid nitrogen and therefore may not represent 
accurately the outcomes of third generation tech-
nology. Cohen et al. [59] reported on biochemical 
disease-free survival in 370 men treated with pri-
mary cryosurgery before 1999. The authors have 
found that in low-, intermediate-, and high-risk 
groups bDFS at 10 years were 80.5, 74.2, and 
45.5 %, respectively. Cheetham et al. [60] focused 
on overall and cancer-specific survival. They 
report on 25 patients treated between 1994 and 
1999 with 10 years of follow-up where only 2 
patients died of prostate cancer compared to 8 
deaths attributed to other causes.
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Oncological outcomes of primary cryoabla-
tion are strongly dependent on disease 
characteristics. Logically, favorable disease char-
acteristics translate to better bDFS rates and this 
is corroborated with the observed data: Those 
with clinically low-risk cancer, lower pretreat-
ment PSA, lower prostate volume, lower clinical 
stage, and Gleason score have better outcomes 

[28, 35, 61]. Post treatment, Caso et al. [62] have 
evaluated predictors of biopsy-proven recurrence 
after primary cryotherapy and found that on mul-
tivariate analysis only time of undetectable PSA 
(TUPSA) was associated with both biochemical 
and biopsy-proven disease-free survival suggest-
ing that TUPSA may be used as a potential infor-
mative tool during follow-up. Additionally, 

Table 2  Complication rates after salvage cryoablation using third generation cryotechnology

Complication rates (%)

Reference
# 
patients Slough

Perineal 
pain

Urinary 
retention UTI/sepsis

Urethral 
stricture Fistula Incontinence ED

Ng [25] 187 NR 14 21 10 2.1 2 40 NR
Han [49] 29 NR NR NR NR NR 0 7 NR
Ismail [27] 100 2 4 2 NR NR 1 13 86
Pisters [50]a 279 NR NR NR NR NR 1.2 4.7 69.2
Ghafar [42] 38 0 39.5 0 2.6 NR 0 7.9 NR
Cresswell 
[51]

20 NR NR 4 NR NR 0 4 86

Bahn [52] 59 NR NR NR NR NR 3.4 8 NR
Kvorning 
Ternov [53]

30 10 23.3 10 NR 10 3.3 46 NR

UTI urinary tract infection, ED erectile dysfunction, NR not reported
aSeries includes a portion of cases treated using second generation technology

Table 3  Oncologic outcomes of primary cryoablation

Reference # patients Definition
bDFS 1–2 
years

bDFS 3 
years

bDFS 5 
years

bDFS 7 
years

bDFS 8 
years

Hubosky [35] 89 ASTRO 94 % – – – –
≤0.4 70 % – – – –

DiBlasio [32] 78 ASTRO 97.9 % 95.7 % 71.1 % – –
Prepelica [34]a 65 ASTRO 83.3 % – – – –
Cresswell [51] 31 ≤0.5 60 % – – – –
Donnelly [36] 117 Phoenix – 82.9 % 75 % – –
Bahn [28]b 590 ASTRO – – – 89.5 % –
Jones [54]b 1198 ASTRO – – 77.1 % – –
Lian [38] 102 <0.5 92.2 % – – – –
Chin [55]c 62 Phoenix – – – – 17 %
Guo [56]c 75 Phoenix – – 48 % – –
Ward [41]c 366 Phoenix – 65 % 52 % – –
Rodriguez [40] 108 Phoenix – – 75 – –
Tay [57]d 300 Phoenix 77.2 % – 59 % – –

bDFS biochemical disease-free survival
aHigh-risk patients
bContains a proportion of patients treated with earlier generation technology
cMajority/all clinical T3 disease
dClinically localized, high-grade patients

Prostate Cryotherapy



280

among men with high-grade clinically localized 
disease, Tay et al. demonstrated a worse progno-
sis in men failing to achieve a PSA nadir < 0.4 ng/
ml [57]. As the experience with primary cryo-
therapy matures, we are likely to be able to iden-
tify additional factors associated with oncologic 
outcomes and produce predictive models as well 
as more accurate recommendations on patient 
selection for this approach.

It is also important to compare cryotherapy to 
other, well-standardized approaches for the treat-
ment of localized PCa. Two randomized clinical 
trials comparing cryosurgery to radiation were 
published yielding conflicting results. Chin et al. 
[37] found cryoablation to be inferior to external 
beam radiation in bDFS. However, a similar trial 
by Donnelly et  al. [36] concluded that the two 
approaches have comparable oncological effi-
cacy. This discrepancy may be due to differences 
in study designs: Chin et  al. included only 
patients with locally advanced PCa while 
Donnelly and colleagues excluded bulky disease 
from their study. While the trial by Donnelly 
et al. had a greater sample size, the design was 
noninferiority. Ultimately, both trials suffered 
from insufficient accrual leading to difficulty in 
meeting their primary endpoints. Nonetheless, 
the experience from these two trials suggests that 
primary cryotherapy may be more suited to treat-
ing localized prostate cancer rather than locally 
advanced disease. This observation is mirrored in 
the COLD registry report from Ward et al. exam-
ining 366 patients with cT3 prostate cancer with 
a rather low 3- and 5-year estimated bDFS of 65 
and 52 % [41]. At 8 year follow-up of their trial, 
Chin et  al. report a 17 % disease free survival 
with cryotherapy compared to 59 % with external 
beam radiation [55].

It appears from the available data that the 
oncological outcomes of primary cryotherapy are 
acceptable and competitive with other primary 
treatments for PCa, provided that treatment is 
used in patients with clinically localized disease. 
The outcomes in this group may yet improve fur-
ther with better selection using advanced imag-
ing techniques. Yet, it is paramount to emphasize 
the need to standardize reporting regarding the 
definition of biochemical failure, report more 

biopsy-based outcomes, and to follow up patients 
for a longer period of time.

8	 �Salvage Cryotherapy: 
Oncological Outcomes

The data on oncological outcomes following sal-
vage cryotherapy for radiorecurrent PCa are 
affected by the same difficulties of the lack of 
consistency in the definition of biochemical fail-
ure and therefore the inability to perform an 
effective comparison between the published 
results. The summary of the literature is provided 
in Table 4.

Despite various definitions of biochemical 
failure, it is apparent that bDFS at 1 year can be 
as high as 86 %. Long term data suggest that with 
a strict definition of PSA ≤ 0.5 ng/mL following 
salvage cryosurgery, 59 % of patients are disease-
free at 7 years [52] and these results are compa-
rable to >55 % bDFS at 5 years from other studies 
[25, 50]. Recently, Cheetham et al. [60] reported 
on 10-years data regarding outcomes after sal-
vage cryoablation focusing on overall and cancer-
specific survival. In their report, 8 out of 51 
patients (15.7 %) who underwent salvage cryo-
therapy died of PCa over 10 years. Williams et al. 
[65] reported on 176 men undergoing salvage 
cryotherapy with long-term follow-up; the 
authors found that 47 %, 39 %, and 39 % of 
patients were disease-free at 5, 8, and 10 years, 
respectively. This study has also evaluated 
metastasis-free survival, indicating 87 % at 5 and 
82 % at 10 years.

Several studies attempted to identify prognos-
tic factors associated with the outcome of salvage 
cryoablation. A report from the COLD (Cryo On 
Line Data) registry analyzed 455 patients and 
found that PSA nadir levels <0.6 ng/mL after sal-
vage cryotherapy were associated with better 
cancer control outcomes offering 80 % bDFS at 1 
year and 67 % bDFS at 3 years, whereas higher 
PSA nadirs were associated with progressively 
worsening outcomes [66]. In this study, it was 
also determined that Gleason scores of the recur-
rent cancer correlated with the outcome. These 
findings were confirmed when follow-up was 
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extended to 5-years, with a posttreatment PSA 
nadir <0.4 ng/ml being the most objective predic-
tor of bDFS at 5 years [67]. Another prognostica-
tor is disease burden (the ratio of positive cores to 
prostate volume) [68]. One study showed that 
preradiation PSA, Gleason score, as well as pre-
salvage PSA level and postsalvage PSA nadir 
were associated with biochemical disease-free 
survival [65]. The authors showed that patients 
with presalvage Gleason score of ≤6 had a 54 % 
bDFS at 10 years, underlining the importance of 
disease characteristics in defining cancer control 
outcomes.

Spiess and colleagues [69] developed a nomo-
gram that quantifies the risk of biochemical fail-
ure after salvage cryotherapy based on initial 
PSA level, Gleason score, and clinical stage. This 
tool may be useful to generate realistic expecta-
tions with regards to the probability of biochemi-
cal failure in candidates for salvage cryoablation. 
However, further validation is required.

9	 �Focal Therapy: Maintaining 
Quality of Life

Technological advances, specifically those that 
brought cryotherapy to be recognized as an 
option in the treatment of prostate cancer, have 
enabled physicians to rethink treatment schemes 
and potentially move away from whole gland 
treatments towards a targeted, partial ablation of 
the gland [70, 71]. The concept of focal therapy 

relies on a selective, targeted destruction of 
known cancer while sparing the uninvolved tis-
sue, thereby potentially reducing morbidity and 
improving quality of life compared to traditional 
treatment forms. The concept of focal therapy for 
PCa has gained interest and popularity, especially 
in the era of growing evidence that overdiagnosis 
and overtreatment of prostate cancer is becoming 
a pressing public concern [72].

Advances in imaging of the prostate, namely 
magnetic resonance and novel ultrasound tech-
niques, are permitting the physician to visualize 
PCa foci within the prostate and characterize 
those with a guided, targeted biopsy. The same 
imaging technology can then potentially be used, 
in appropriate candidates to guide the targeted 
ablation of these lesions while leaving intact the 
remainder of the prostate.

Early results of focal therapy are promising, 
albeit based on a small number of single institu-
tion, small-sized, studies and one community-
based registry analysis [73–81]. Despite 
heterogeneous reporting of complications 
(Table  5), in general, continence and erectile 
function outcomes appear to be quite good. The 
rates of rectourethral fistulae and other similar 
complications appear to be lower than that 
reported in whole gland series as well. 
Biochemical disease-free survival is again sub-
ject to varying definitions. In addition, bDFS 
becomes less reliable as the portion of prostate 
left untreated increases. The reported bDFS rates 
range from 71 to 98 %. Correspondingly, as the 

Table 4  Oncologic outcomes of salvage cryoablation

Reference # patients Definition bDFS 1 year
bDFS 3 
years

bDFS 5 
years

bDFS 7 
years

Ng [25] 187 Nadir + 2 – – 56 % –
Ghafar [42] 38 Nadir + 0.3 86 % 74 % – –
Ismail [27] 100 ASTRO 83 % 59 % – –
Cresswell [51] 20 ≤0.5 66.7 % – – –
Bahn [52]a 59 ≤0.5 – – – 59 %
Pisters [50]a 279 ASTRO – – 59 % –
Williams [63]b 176 Phoenix – – 47 % 39 %
Castro Abreu [64] 25 Phoenix – – 86.5 % –

bDFS biochemical disease-free survival
aIncludes earlier generation technology
bDefinition of recurrence was a composite of biochemical, radiological, and histological
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volume of prostate left untreated increases, the 
problem of undergrading and understaging the 
cancer prior to treatment is magnified, particu-
larly in series where patients are selected using 
conventional 12-core biopsies. In order to deal 
with this problem, several studies have manda-
tory prostate biopsies at a set follow-up interval. 
The actual biopsy rates in these “mandatory rebi-
opsy” series are, on average, about 79 %, with a 
positive biopsy rate of approximately 20 % 
(Table 6). Li et al., leveraging on the concept of 
gland preservation, reported on 91 men undergo-
ing salvage focal prostate cryoablation, reporting 
bDFS of 95.3 % at 1 year, 72.4 % at 3 years, and 
46.5 % at 5 years. However, in this series, while 
potency preservation was superior to whole gland 
salvage ablation, the rates of rectourethral fistula 
and incontinence appeared similar [82].

There remains a lack of consensus on the 
appropriate candidates and selection methods for 
focal therapy, as well as tools to be used in posta-
blation follow-up. Despite the hurdles, the focal 
therapy approach is being investigated inten-
sively and international consensus panels are pro-
viding guidance. Randomized trials are under 
way to set stage for the introduction of this 
intriguing therapeutic option.
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Salvage Prostate Brachytherapy 
for Postradiation Local Failure

Gilles Créhange, I-Chow Hsu, Albert J Chang, 
and Mack Roach III

1	 �Introduction

For a long time, one drawback of both prostate 
external-beam radiotherapy (EBRT) and brachy-
therapy was linked to the risk of morbidity asso-
ciated with any local salvage therapy such as 
radical prostatectomy. For this reason, some 
patients may choose primary radical prostatec-
tomy, following which salvage local EBRT still 
remains a possible curative salvage option, as 
recommended by many urologists. Life-long 
androgen deprivation therapy (ADT) was the 
standard of care for patients with rising PSA lev-
els after primary radiotherapy [1, 2]. However, 
ADT is associated with a number of toxicities, 
such as erectile dysfunction, decreased libido, 
gynecomastia, hot flashes, osteoporosis, and met-
abolic syndrome. An alternative that has recently 

emerged is intermittent life-long androgen depri-
vation, which in theory results in an improvement 
in quality of life compared to continuous andro-
gen deprivation therapy, though this may not be 
the case [3–5]. However, all patients are doomed 
to progress to castrate-resistant prostate cancer 
and develop metastases, making this treatment 
palliative only.

2	 �Natural History 
of Postradiation Local 
Failure

In a large prostate cancer registry of 5277 men 
initially treated with radical prostatectomy or 
external-beam radiotherapy, patients with recur-
rent disease were more likely to have bone metas-
tases (15 % vs. 1 %, p < 0.01), higher prostate 
cancer-specific mortality (45 % vs. 0 %, p < 0.01) 
and overall deaths (19 % vs. 3 %, p < 0.01) than 
those without recurrence [1].

Among patients who have salvage therapy, only 
7 % die whereas 25 % die if there is no salvage [1, 
2]. This observation paves the way for more cura-
tive intent salvage therapies. Before the advent of 
modern functional imaging, such as multiparamet-
ric MRI and MR spectroscopy, and salvage thera-
pies, most of these failures were treated with 
life-long palliative hormones (93.5 %) [1].

There is a strong relationship between failure 
to eradicate all intraprostatic cancer cells and the 
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subsequent appearance of metastases [6]. It is 
hypothesized that this relationship may be 
explained by two processes: first, the local persis-
tence of cancer cells in the prostate may be a 
prognostic marker of distant metastases associ-
ated with a more aggressive pathobiology; and 
second, by the reseeding theory [7]. In the first 
case, any local salvage intervention may be 
judged unhelpful, while in the latter, the late 
wave of metastases may be avoided by eradicat-
ing potentially shedding cells with a local salvage 
intervention.

In a cohort of 1427 and 42 patients treated 
with external-beam radiation therapy (EBRT) 
and interstitial brachytherapy, respectively, Coen 
et al. found large differences in distant metastasis-
free survival at 10 and 15 years when local con-
trol was achieved (77 %, and 72 %, respectively) 
when compared to patients with locally persistent 
disease (61 %, and 37 %, respectively). The 
median time to the appearance of metastasis was 
longer in patients who failed to achieve local con-
trol, 54 months, which is in keeping with a late 
wave of metastases in the reseeding theory [8].

2.1	 �Patterns of Local Failure 
After Prostate EBRT

After EBRT, a positive biopsy can occur in 
14–91 % of rebiopsied patients [9]. The associa-
tion of a positive rebiopsy with higher PSA nadirs 
and higher PSA at the time of biopsy supports the 
use of PSA as a surrogate marker of residual 
prostate cancer. A positive rebiopsy has been 
associated with both local and distant failure in 
several series. Crook et al. reported a 30 % posi-
tive rebiopsy rate at 30 months [10]. Dugan et al. 
found that for T3 to T4 tumors, the positive rebi-
opsy rate 2 years after radiation was 8 % for 
patients with PSA levels less than 1.0 versus 
63 % if the PSA level was greater than 1 at the 
time of biopsy [11]. In their prostate dose-
escalated EBRT program, Zelefsky et al. reported 
significantly lower rates of positive rebiopsy in 
patients receiving higher doses: 7 %, 48 %, 45 %, 
and 57 % after 81 Gy, 75.6  Gy, 70.2  Gy, and 
64.8 Gy, respectively [12]. Similar results were 

observed by Shipley et al. in a randomized trial 
comparing 75.6 GyE of protons to 67.2 GyE for 
T3 to T4 tumors: 28 % versus 45 % of positive 
rebiopsies, respectively [13].

In another randomized trial by Huang et  al., 
125 patients with prostate biopsy at 2 years after 
EBRT, among whom 86 patients had pre- and 
posttreatment sextant biopsies, were analyzed 
[14]. Compared with the distribution of positive 
biopsies before EBRT, the authors found that after 
EBRT persistent prostate tumor cells increased 
from the base to the apex. These findings suggest 
that daily image guidance and MRI-based delin-
eation may help to prevent apical failures.

Multiple studies of salvage prostatectomy 
after failure following external-beam radiother-
apy have provided useful information on the sites 
of recurrence within the prostate. Huang et  al. 
described 70 cancer foci after 46 radical prosta-
tectomies [15]. All the foci were in the peripheral 
zone: at the apex in 93 % of the patients, at the 
mid-gland in 93 %, and at the base in 50 % of the 
patients. Leibovici et  al. found that the base, 
apex, and base + apex were involved in 46 %, 
74 % and 46 % of the specimens, respectively, in 
50 salvage radical prostatectomies after radiation 
therapy [16]. Median tumor volume was 1.27 cm3 
(range 0.05 to 12.96). While two thirds of the 
patients had a single cancer focus at relapse, 
bilateral involvement was found in three quarters 
(74 %) and within 5.0  mm of the urethra in 
another three quarters. These results must warn 
physicians against focal salvage therapy in 
patients without a comprehensive workup that 
includes multiparametric MRI and 3D transperi-
neal biopsy-based mapping.

Of note, they also found that 28 % of patients 
with local failure on salvage radical prostatec-
tomy after EBRT had microscopic involvement 
of the seminal vesicles [15].

2.2	 �Patterns of Local Failures 
After Prostate Brachytherapy

Based on their cohort of 2223 patients treated 
with low-dose-rate (LDR) prostate brachytherapy, 
the group from Vancouver, British Columbia  
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estimated that <2.7 % would have true local fail-
ure, indicating that this rate might be lower than 
that after radical prostatectomy [17].

In another large cohort, 1,562 men with local-
ized prostate cancer were treated with permanent 
prostate brachytherapy. Among the 508 who 
underwent rebiopsy 2 years after prostate brachy-
therapy [18], 44 % percent of those with a posi-
tive biopsy at 2 years had negative results on 
subsequent biopsy, while only 2.2 % of patients 
with negative 2-year biopsies went on to show 
positive results. With a median follow-up of 
6.7 years (max 14.6 years), only 39 (7.7 %) had a 
final positive biopsy. Independent predictors of a 
positive biopsy on multivariate analysis were 
low-dose prostate brachytherapy and no hor-
monal therapy. However, in both of these series, 
the investigators were very experienced and it 
remains unclear whether this reflects the pattern 
of failure among community physicians. An early 
report by Stone and Stock suggests that there is a 
learning curve and that in the earlier years dosim-
etry is likely to be problematic [19].

In a study at the University of California San 
Francisco (UCSF), in a cohort of patients with a 
positive sextant rebiopsy at biochemical failure 
after primary prostate brachytherapy with iodine 
seeds, we found that 75 % of cold areas were 
located at the apex, 62.5 % at the base, and 54 % 
at the base + apex. Cold areas were found to cor-
relate with positive posttreatment biopsies [20]. 
Of note, this sextant mapping of postbrachyther-
apy failures was similar to that observed in post-
EBRT failures [16].

Among patients with biopsy-proven failure, 
Stone et al. found that 20 % had seminal vesicle 
involvement [18]. Thus, biopsies of the seminal 
vesicles should be strongly encouraged in patients 
with local failure who are referred for local sal-
vage therapy.

3	 �Imaging in Postradiation 
Local Failure

While failures after primary EBRT and/or pros-
tate brachytherapy could be due to a more chal-
lenging delineation of the base and apex on 

planning CT or US, other studies have reported 
that more than 90 % of patients with a proven 
local failure have recurrences in an area that 
overlaps the site of the primary index lesion [21–
23]. The latter observations may suggest that an 
inadequate radiation dose was initially delivered 
to the primary index site, thus leading to local 
failure. The above has implications not only with 
regard to reducing the trauma and risk of infec-
tion due to posttreatment biopsies by reducing 
the number of biopsy samples needed, but also 
with regard to improving the detection and con-
firmation yield from biopsies, as they can be tar-
geted to the visible lesion on MRI.  A more 
compelling argument in favor of the accurate and 
sensitive localization of recurrent disease within 
the prostate is that targets for focal salvage ther-
apy can be identified. Nevertheless, even with 
multiparametric MRI performed by experienced 
GU radiologists with a high volume of prostate 
MRI spanning two decades, the UCSF found that 
an additional intraprostatic but noncapsular mar-
gin of 5 mm around the index lesion should be 
added in the case of a focal plan so as to include 
95 % of the pathological tumor volume as deter-
mined on radical prostatectomy [24]. In other 
words, caution must be paid to ultrafocal salvage 
brachytherapy because excessively tight volumes 
could lead to higher rates of failure by geographi-
cal misses.

With the introduction of multiparametric 
MRI, it is now feasible to identify areas of failure 
within the prostate. In a study by Haider et  al., 
DCE-MRI was compared with T2-weighted MRI 
in identifying locally recurrent prostate cancer 
after external-beam radiotherapy [25]. All of the 
patients had a sextant biopsy in the wake of bio-
chemical relapse. DCE-MRI was significantly 
better than T2-weighted MRI in terms of sensi-
tivity (72 % vs. 38 %), positive predictive value 
(46 % vs. 24 %), and negative predictive value 
(95 % vs. 88 %) (Fig.  1). Specificities were 
similar for both modalities (85 % vs. 80 %). In 
another study that correlated spatial recurrence, 
as identified on endorectal MRI, with whole-
mount salvage prostatectomy specimens, there 
was strong correlation between the two, confirm-
ing that MRI can accurately visualize recurrent 
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disease [23]. However, an important limitation is 
that even previously untreated patients with 
biopsy-proven disease may have a negative 
MRI. This point highlights the fact that a previ-
ously irradiated prostate with a negative MRI 
may be more suitable for focal therapy than a pre-
viously untreated gland.

In keeping with the MRI studies cited above, 
Chopra et al. at the Princess Margaret Hospital in 
Toronto found that most of the patients (95 %) 
had recurrences at the original site of the index 
lesion on imaging or in regions with a prostate 
core length involved on biopsy >40 % while 44 % 
also experienced recurrences in regions of non-
dominant core involvement <40 % and/or regions 
with a negative biopsy at baseline [22].

Due to the lower accuracy of prostate T-staging 
only after local radiation therapy, choline PET may 

guide radiation oncologists in focal optimization of 
the dose distribution. However, choline PET should 
not be recommended alone when mapping local 
failure as multiparametric MRI is superior for 
focal-only salvage brachytherapy (Fig. 1) [26–28].

4	 �Salvage Brachytherapy 
for Postradiation Local 
Failure

4.1	 �Selection of Patients 
for Salvage Brachytherapy

In one of the first published experiences in 
patients treated with salvage prostate LDR 
brachytherapy for local relapse, Beyer et  al. 
demonstrated a 5-year actuarial freedom from a 

a b

c d

Fig. 1  Post-external-beam radiation therapy local failure of the left lobe assessed on multiparametric MRI and 
18F-fluorocholine PET-CT before (a) and (c) after (b) and (d) focal salvage LDR brachytherapy with iodine seeds
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second relapse of 53 % [29]. A low presalvage 
PSA value (≤10 ng/mL) and a low pathological 
grade were found to be associated with better 
disease-free survival [46].

The group from Mount Sinai Hospital in 
New York found that the 10-year freedom from 
biochemical failure and cancer-specific survival 
rates following salvage prostate brachytherapy 
were 54 % and 96 %, respectively [30]. Patients 
with a presalvage PSA < 6 ng/mL had improved 
biochemical control. Clearly, the wide range of 
PSA control rates after salvage brachytherapy 
across different studies primarily reflects differ-
ences in patients’ characteristics. The selection 
of patients is critical to ensure that salvage 
brachytherapy, with its associated risk of com-
plications, is not offered to patients with meta-
static disease [31].

In a review of salvage therapies after prostate 
EBRT including salvage cryotherapy, radical 
prostatectomy, and brachytherapy, Nguyen et al. 
suggested more stringent selection criteria for 
salvage brachytherapy to identify patients who 
are more likely to have an isolated local relapse 
[31]. These criteria include at baseline a clinical 
T1c or T2 tumor, a Gleason score of 6 or less, and 
a PSA less than 10  ng/mL (i.e. favorable risk 
group of patients at baseline) as well as a pre-
treatment PSA velocity <2.0 ng/mL per year at 
baseline, interval between prior radiotherapy and 
biochemical failure >3 years, PSA doubling time 
>12 months, negative bone scan and pelvic imag-
ing studies, and positive rebiopsy.

In a study of 2694 prostate cancer patients 
who underwent dose-escalated EBRT (75.6–
86.4 Gy) with a median follow up of 10 years, 
the group from the Memorial Sloan Kettering 
Cancer Center identified 609 with biochemical 
failure. In these patients, the median time from 
biochemical failure to the occurrence of distant 
metastases and to death from prostate cancer 
was 5.4  years and 10.5  years, respectively. 
Patients with a Gleason score of 8 or higher, 
T3b to T4 disease at baseline or a PSA doubling 
time of less than 3 months and an interval 
between the end of radiotherapy and biochemi-
cal failure of less than 3 years were more likely 
to develop clinical progression. Patients with 

distant metastases were more likely to die from 
their prostate cancer [32]. Patients with two risk 
factors had a significantly higher incidence of 
distant metastases and prostate cancer specific 
mortality following biochemical failure than 
those with zero or one risk factor. These find-
ings provided opportunities for a more aggres-
sive salvage intervention in selected patients 
[33]. Peters et al. evaluated prognostic factors in 
a cohort of 62 men with local failure after radio-
therapy with a median follow-up of 6 years after 
salvage LDR prostate brachytherapy. Among 
patients with a PSA doubling time >30 months 
and a disease-free interval >60 months, the bio-
chemical control rates at 3 years with whole-
gland salvage LDR brachytherapy were >75 %. 
A PSA doubling time of >24  months and 
>33 months, respectively, gave a >80 % proba-
bility of prostate cancer specific and overall sur-
vival 8 years after whole-gland salvage 
I-125-brachytherapy while a PSA doubling time 
of 12 months was associated with a 50 % prob-
ability of survival at 8 years [34, 35].

A consensus of experts on this topic found a 
majority of agreement on the following patient 
and tumor criteria for selecting patients for sal-
vage brachytherapy: age less than 80 years, life 
expectancy >5 years, <T3b, GS < 8, whatever the 
Gleason score at relapse, PSA doubling time 
greater than 6 months, no maximal prostate vol-
ume, MR-guided biopsies, evaluation of local 
and distant disease using choline PET and pelvic 
MRI, and an interval between primary radiother-
apy and salvage brachytherapy over 2 years [36]. 
Given the inconsistency in evaluating the postra-
diation Gleason score, some prognostic markers, 
such as the Ki67 proliferation index and DNA 
repair kinase (DNA-PKcs), have been shown to 
correlate with survival outcomes [37–39]. The 
Ki67 proliferation index with immunostaining 
was shown to correlate with the pathological 
Gleason score, and thus in postradiation biopsies, 
it may help to better identify patients with a clini-
cally more aggressive local relapse. DNA repair 
kinase DNA-PKcs is another potential driver of 
cell migration, invasion, and metastasis [39]. 
Table 1 illustrates the characteristics of patients 
and the disease that may guide physicians in 
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selecting patients for salvage prostate brachy-
therapy [40].

4.2	 �Salvage LDR Prostate 
Brachytherapy

Salvage brachytherapy has been mostly devel-
oped and reported in patients with local recur-
rence after external-beam radiotherapy. Most 
studies delivered salvage brachytherapy to the 
whole gland, rather than parts of the gland, using 
iodine-125 seeds with doses ranging between 
90 Gy and 144 Gy (Table 2) [29, 30, 41–46].

Among the preliminary results of salvage 
prostate permanent implants with seeds, the first 
report published in 1999 by Beyer et al. found a 
53 % control rate at 5 years in 17 patients treated 
with this strategy after a primary EBRT of 63 Gy 
(median dose) [29]. The late genitourinary mor-
bidity was not insignificant, with 24 % inconti-
nent at 5 years. The early series by Grado et al. 
reported in 49 patients treated with salvage pros-
tate brachytherapy after 66 Gy of primary EBRT 
that 5-year disease-free survival and disease-
specific survival rates were 34 % and 79 %, 
respectively. Genitourinary morbidities were 
infrequent as were rectal ulcer and colostomy 
rates (4 % and 2 %, respectively) [43].

A series of larger reports published since 2007 
showed higher biochemical control rates (50–
70 % with 3–5 years of follow-up) with lower 
rates of gastrointestinal or genitourinary toxicity 
and rare grade 3 or higher toxicity [41, 42, 44, 
46–48]. Surprisingly, the only prospective phase 
II trial with MRI-guided salvage brachytherapy 
demonstrated a higher than expected rate of gas-
trointestinal toxicity (8 % of proctitis requiring 
Argon plasma coagulation and 12 % of fistula) 
[47]. Twelve of the 25 patients selected (48 %) 
had undergone primary prostate brachytherapy 
with seeds.

A few small series have reported the outcomes 
of salvage LDR prostate brachytherapy after 
prior prostate LDR brachytherapy, most of which 
mixed primary EBRT and brachytherapy with 
seeds [30, 45, 47, 49]. The University of 
California San Francisco (UCSF) found 71 % of 

biochemical control rates at 3 years with no grade 
3 or higher toxicity using a focal salvage prostate 
permanent implant with iodine seeds [44]. Lacy 
et al. reported biochemical control in one half of 
the patients at 5 years with salvage focal LDR 
prostate brachytherapy after primary LDR 
brachytherapy with one rectourethral fistula and 
one bladder neck contracture only among the 21 
patients [50].

In the long term, after salvage prostate LDR 
brachytherapy, the group from Mount Sinai 
Hospital in New York found that the 10-year free-
dom from biochemical failure and cancer-specific 

Table 1  Patient selection for salvage brachytherapy for 
local failure

Recommended To be discussed

Primary 
disease

<cT3
<GS 8–10
PSA < 20 ng/mL

T3a or T3b
cN+/pN+
GS ≤ 6
PSA < 10 ng/mL
PSA velocity < 2 ng/
mL/year

Local 
failure

Biopsy-proven 
prostate failure
Life 
expectancy > 10 
years
< clinical T3 by 
DRE (if LDR)
Interval between 
the end of primary 
radiotherapy and/
or ADT > 3 years
PSA <10 ng/mL
PSADT > 6 
months
GS <7 (on a 
rebiopsy sample 
without significant 
RT effects, 
otherwise 
whatever the 
Gleason score)
Negative bone 
scan and pelvic 
CT
IPSS < 10

Life expectancy > 5 
years but 
comorbidities
Negative biopsy of 
seminal vesicles (if 
LDR)
Choline PET/CT (No 
mets)
Rectoscopy (No 
severe radiation 
effects)
Cystoscopy (No 
severe radiation 
effects)
Transperineal 3D 
biopsy mapping (if 
focal salvage)
Multiparametric MRI 
(if focal salvage)
Urinary flow 
max > 10–12 ml/s
No recent TURP

GS Gleason score, PSA prostate specific antigen, Mets 
metastases, DRE digital rectal examination, LDR low 
dose rate, ADT androgen deprivation therapy, PET/CT 
positron emission tomography/computed tomography, 
MRI magnetic resonance imaging, IPSS International 
Prostate Symptom Score, TURP transurethral resection of 
the prostate
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survival rates with salvage prostate brachyther-
apy were 54 % and 96 %, respectively, with only 
3 % fistula [30].

Although urinary incontinence appears to be 
much less frequent after salvage brachytherapy 
than after salvage radical prostatectomy (41 %) 
or cryosurgery (36 %), patients who receive sal-
vage brachytherapy face a 17 % risk of grade 3 or 
4 genitourinary complications and a fistula risk 
that ranges from 0 to 11 %. Such treatments must 
be handled only by teams with expertise in pros-
tate brachytherapy and after the careful selection 
of patients (see referred paragraph above). In the 
United States, the prospective multi-institutional 
phase II study by the Radiation Therapy Oncology 
Group (RTOG 0526: NCT00450411) of whole-
gland iodine-125 seed brachytherapy to a dose of 
140 Gy has completed accrual, and the results are 
expected soon. In France, results from a prospec-
tive multicenter single-arm study (CAPRICUR) 
with whole-gland iodine-125 seeds brachyther-
apy (90 Gy) with a simultaneous focal MR-guided 
brachytherapy boost (144 Gy) and rectal spacer 
are also expected soon (NCT01956058) (Fig. 2).

4.3	 �Salvage HDR Prostate 
Brachytherapy

Given the improved outcomes achieved in more 
recent salvage LDR reports, a growing number 
of salvage HDR brachytherapy studies have 
been also published since 2007, but data remains 
limited as compared with LDR brachytherapy 
[51–53]. Only a few centers have published 
their preliminary experience of delivering 22 to 
36 Gy in 2–6 fractions over 1 or 2 implants. The 
group from UCSF has published the largest 
study with salvage whole-gland HDR prostate 
brachytherapy using 6 fractions of 6  Gy in 2 
separate implants 1 week apart [51]. With a 
5-year median follow-up, half of the patients 
survived without any biochemical relapse and 
very few toxicities (2 % grade 3 acute and late 
genitourinary toxicities with no grade 3 or 
higher acute or late gastrointestinal toxicity). Of 
note, neoadjuvant or concomitant short-course 
hormonal therapy was prescribed to 24 out of 

the 52 patients. Some authors also reported 
promising results with few toxicities with 2 
fractions of 11 Gy in 1 implant with a 6 h inter-
val in between or 13.5 Gy over 2 implants, 1–2 
weeks apart (Fig. 3) (Table 3) [52, 54].

4.4	 �Dose and Techniques

Doses delivered during primary EBRT in series 
reporting outcomes of salvage brachytherapy 
were commonly ≤72  Gy [29, 42, 45, 47, 49]. 
Only a few reports in the dose escalation era have 
evaluated the feasibility of salvage brachytherapy 
for isolated local relapses only [52, 53, 55]. 
Nevertheless, data from salvage focal brachy-
therapy after a first brachytherapy would suggest 
its feasibility with no increased risk of harm or 
toxicity [44, 50]. In this setting, a composite plan 
which sums the dose distribution from the pri-
mary plan and the salvage plan would be ideal to 
predict late urethral and rectal toxicities, but this 
remains technically challenging. Given the afore-
mentioned, late toxicity may certainly be related 
to salvage implant volumes, favoring partial 
implants, whenever possible. Although a major-
ity of physicians with experience in prostate 
brachytherapy indicated they would never take 
the primary dose into account when deciding the 
retreatment [36], the most important precautions 
to take into account before salvage brachytherapy 
are how much additional dose can be given safely 
and where should the additional dose be deliv-
ered to, with more careful attention paid to sur-
rounding tissues than is the case for dose 
prescription in primary brachytherapy.

Regarding the technique, most physicians 
consider both HDR and LDR prostate brachy-
therapy with seeds suitable for salvage brachy-
therapy. No recommendation is given on the 
complementary dose that would be required to 
cure a local relapse but the same dose as the pri-
mary brachytherapy is often given [51].

One may hypothesize that if radiotherapy fail-
ure is related to a radioresistant relapse, either 
dose escalation or modifying the dose rate or the 
dose per fraction may help circumvent resistance 
to the first treatment.

Salvage Prostate Brachytherapy for Postradiation Local Failure
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When Pd103 and I125 are used for LDR brachy-
therapy, the doses delivered range between 
90–110  Gy and 109–180 Gy, respectively [29, 
30, 41, 42, 44–47, 49]. Rose et al. from Vancouver 
(British Columbia, Canada) found that all five 
patients with significant toxicities (28 %) after 
salvage LDR brachytherapy had a higher whole-
prostate D90% (median, 151 Gy; range, 135–180 
Gy) than did those without late complications 
(median, 134 Gy; range, 105–165 Gy) [56]. 
There are no recommendations on the required 
activity of the seeds but as the prostate shrinks 
over the years, mostly resulting in small prostate 
volumes at the time of relapse, a lower than usual 
activity per seed may be considered.

Concerning protection of previously irradi-
ated healthy organs surrounding the prostate, 
every effort must be centered on protection of the 
rectum to avoid any risk of fistula.

The group from Utrecht (the Netherlands) has 
assessed the relationship between the volume of 
rectum reirradiated and the likelihood of grade 3 
or higher gastrointestinal toxicity in a cohort of 
48 patients treated with salvage prostate perma-
nent implant with iodine-125 seeds (D90% = 145 

Gy; median primary EBRT radiation dose: 64.4–
76  Gy in 28–35 fractions and LDR with I125 
seeds: 145 Gy) [57]. Fistulas (rectourethral and 
rectovesical) were defined as either grade 3 or 
grade 4 when they required elective or emergency 
surgery, or ICU hospitalization, respectively. Of 
the 60 patients evaluable for late gastrointestinal 
toxicity, 20 % had Argon plasma coagulation for 
radiation proctitis. One patient had a grade 3 rec-
tal ulcer, two patients a grade 3 rectourethral fis-
tula, two patients a grade 3 rectovesical fistula, 
and one patient a grade 4 rectovesical fistula. No 
late gastrointestinal toxicity occurred in the sub-
group of 28 patients treated with focal salvage 
brachytherapy. Although patients with focal sal-
vage brachytherapy had a GTV median D90 > 200 
Gy, this did not translate into higher rectal 
D0.1 cc or D1cc or D2cc when compared with 
whole-gland salvage plans.

Regarding patients treated to the whole gland, 
intraoperative rectal dose metrics were signifi-
cantly poorer in patients with late grade 2 or 
higher gastrointestinal toxicity. The following 
intraoperative rectal constraints were found to 
have 100 % sensitivity with maximum specificity 

a b

Fig. 2  Salvage whole-gland LDR prostate brachytherapy 
with iodine seeds with a focal simultaneous integrated 
boost (SIB) in the CAPRICUR study. (a): post-EBRT 
T2-weighted MRI; (b): post-EBRT DCE-MRI, the white 
arrow shows the left lobe median peripheral zone nodular 

relapse; (c): T2-weighted MRI-based delineation of the 
prostate (red) and the local relapse (yellow) with hyal-
uronic acid gel at the rectum-prostate interface (white); 
(d): MRI-based dosimetry of the whole-gland salvage 
post implant with I125 seeds

G. Créhange et al.
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in predicting rectal toxicity: D0.1  cc < 160 Gy, 
D1cc < 120 Gy, D2cc < 100  Gy and 
V100% < 0.35 cc (compared to D0.1 cc < 200 Gy, 
D2cc < 145  Gy and V100% < 1  cc in a primary 
prostate permanent implant according to the 
American Brachytherapy Society) [58].

Our group in Dijon (Burgundy, France) has 
assessed the cumulative rectal biological effec-
tive dose (BED) by cumulating the first primary 
dose of escalated EBRT and a salvage prostate 
permanent implant with iodine seeds [55]. We 
found that focal salvage allowed a lower rectal 
BED when compared with whole-gland salvage 
brachytherapy. Nevertheless, rectal hot spots 
remain possible even with a focal approach. Only 
a rectal spacer may significantly decrease hot 
spots (Fig. 2).

Regarding urinary function, the older the 
patient, the worst the urinary function. Given 
this, one might hypothesize that patients treated 
with salvage brachytherapy are older than 
patients with primary brachytherapy. Peters 
et al. found that older patients had a higher rate 
of grade 3 or higher genitourinary toxicity [59]. 
Whole-gland salvage brachytherapy provides 
higher rates of grade 3 or higher genitourinary 
toxicity while fewer urinary toxicities occur 
with focal plans [59]. A volume of urethra 
receiving 100 % of the prescribed dose as deter-
mined on US planning the day of the implant 
higher than 0.4 cc seems to be related to signifi-
cant rates of genitourinary toxicities, such as 
urethral strictures and/or urinary retention 
while the dose to the bulbomembranous urethra 

a b

c d

Fig. 3  Salvage focal HDR brachytherapy for a local 
relapse of base of the left lobe and the left seminal vesicle 
after a primary whole-gland prostate permanent implant 
with iodine seeds. Figure shows US-based axial images of 
a salvage focal HDR (2 fractions of 13.5 Gy) performed in 

Dijon (C and D), for a patient with a left biopsy-proven 
seminal vesicle local recurrence diagnosed on 
18F-fluorocholine PET-CT (a, b) with 2 positive cores of 
the left base of the prostate on 3D mapping transperineal 
biopsies

Salvage Prostate Brachytherapy for Postradiation Local Failure
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does not. Peters et al. also advised to keep the 
bladder D2cc below 70 Gy.

With HDR brachytherapy, the UCSF reported 
good PSA control with low toxicity in their expe-
rience using 36 Gy in 6 fractions [51, 60]. Other 
groups have reported promising results with 
fewer fractions or implants with a shorter follow-
up (32 Gy in 4 fractions or 22 Gy in 2 fractions 
over 1 implant) [52, 54].

5	 �Role of Hormones

Short-term and long-term ADT have definitely 
proved to improve survival outcomes in localized 
or locally advanced prostate cancer treated with 
exclusive radiotherapy [61–64].

A randomized trial from Quebec demon-
strated lower positive rebiopsy rates in patients 
treated with neoadjuvant hormone suppression 
followed by radiation. Thus, neoadjuvant ADT 
can play a role in improving the local eradication 
of residual prostate cancer cells with radiation 
therapy [65].

In the RTOG 9408 phase III trial, a post hoc 
analysis of 831 patients with postradiation rebi-
opsy showed that positive postradiation rebi-
opsy was associated with increased rates of 
distant metastases and diminished disease-spe-
cific survival in patients treated with definitive 
EBRT and with diminished overall survival in 
patients with high-grade tumors [66]. The rate 
of positive rebiopsy in patients treated with 
short-term ADT combined with external-beam 
radiotherapy was half that in patients treated 
with radiation alone (39 % vs. 21 %), suggesting 
the radiosensitizing effect of hormones and their 
impact on local control. In the absence of data 
from salvage radical prostatectomy after ADT 
and radiation therapy vs. radiation therapy 
alone, these results may be used to select or 
counsel patients for additional hormone therapy 
in the case of local relapse with a higher risk of 
radioresistance or early distant progression. 
Nevertheless, one should keep in mind that bio-
logical interactions between ADT and LDR/
HDR brachytherapy remain less well under-
stood than those between ADT and EBRT.

Some experts claim that even if patients may 
have been given salvage ADT at the time of bio-
chemical relapse, hormonal therapy should not 
be given concomitantly or adjuvantly with sal-
vage brachytherapy [36]. Prostate shrinkage 
observed shortly after neoadjuvant ADT may 
also increase urethra and rectal doses at the time 
of the salvage brachytherapy plan.

An intriguing point was raised by colleagues 
from London, who found in a few patients who 
underwent salvage prostate brachytherapy for 
hormone-resistant local failure that sensitivity to 
hormones may be reversed at the time of failure 
after salvage brachytherapy, suggesting that if 
radiation is delivered to hormone-resistant 
clones, microscopic metastatic disease may 
recover sensitivity to androgen deprivation ther-
apy [67]. This report suggests that even if some 
patients may not be definitely cured with salvage 
brachytherapy, the strategy may postpone the 
occurrence of castration-resistant prostate 
cancer.

�Conclusions

Salvage brachytherapy for postradiation local 
failure is rapidly growing worldwide but 
patients should still be referred to experienced 
academic centers. In 2015, the National 
Comprehensive Cancer Network (NCCN) 
proposed salvage brachytherapy as a validated 
therapeutic option in patients with isolated 
local postradiation failure [68]. Although the 
prognosis of patients treated with a salvage 
treatment for postradiation local failure is still 
worse than that after a first biochemical fail-
ure, nearly 75 % of patients seem biochemi-
cally controlled in the first 3–4 years following 
salvage brachytherapy with more than half of 
the patients with no biochemical failure at 10 
years with a low risk of late sequelae. Data of 
prospective phase II studies are expected soon 
to validate the reproducibility and feasibility 
of this strategy in experienced hands only. The 
notion that a patient who had first-line pelvic 
radiotherapy should not undergo secondary 
salvage radiation due to the risk of rectal fistu-
las and diffuse hemorrhagic cystitis has 
become obsolete.
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Follow-Up After Radical 
Treatments and Relapse

Friederike Haidl and Axel Heidenreich

1	 �Introduction

Organ confined and locally advanced prostate 
cancer can be treated by various surgical or 
radiooncological methods [1, 2]. In addition, 
nonsurgical treatment options such as focal 
MRI-based HIFU treatment and cryosurgery 
are becoming more popular although these 
methods are currently not guideline recom-
mended due to small patient numbers and only 
short-term follow-up [1, 2]. For all local thera-
pies, the type and the frequency of follow-up 
procedures depends on the local extent of the 
cancer and the potentially available treatment 
options.

Following all nonsurgical treatment options, 
radical salvage prostatectomy might be per-
formed in well selected relapsing patients with a 
high chance of locally recurrent but organ con-
fined prostate cancer [3]. These patients need a 
specific and different follow-up from patients 
who underwent RP for treatment-naive PCA.

Relapse rates of patients who have undergone 
maximum local therapy including radical prosta-

tectomy and salvage radiation therapy of the 
prostatic fossa represent another cohort of men 
who will need an individualized follow-up in 
order to identify additional potentially available 
local treatment strategies.

It is the purpose of the current chapter to sum-
marize the follow-up procedures after local radi-
cal treatment of PCA based on an individualized, 
risk-adapted model which depends on tumor 
biology, patient comorbidities, patient age, and 
patient wishes.

2	 �Why to Perform Follow-Up?

Follow-up strategies after local radical prostate 
cancer therapy aim to reach two goals: [1] early 
detection of local or systemic relapse which 
might enable second-line therapy to improve 
long-term prognosis and [2] early detection of 
treatment related side effects to allow early 
intervention and thereby to improve quality of 
life for the patients. Early detection of both 
oncological relapse and functional impairment 
will allow a profound discussion with the 
patient and his family concerning active treat-
ment or watchful waiting. It remains to be 
shown, however, that early treatment of micro-
metastatic disease has a fundamental impact on 
long-term survival.
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3	 �Methods of Follow-Up

Follow-up examinations after radical prostatec-
tomy might include digital rectal examination, 
evaluation of PSA serum levels and imaging 
studies such as computed tomography of the 
abdomen and small pelvis, bone scintigraphy or 
positron emission tomography (PET/CT). It 
depends on individual tumor characteristics 
which method or which combination of studies 
might be best to early detect the presence and the 
location of relapse [4].

4	 �Prostate Specific Antigen 
(PSA) Monitoring

PSA is the most sensitive marker to identify 
relapsing PCA in patients following RP. It is gen-
erally recommended that the first PSA should be 
obtained about 6 weeks following RP.  At this 
time, PSA should have decreased to non detect-
able serum levels and any PSA above measurable 
PSA is an indicator for persisting local prostate 
cancer elements or micrometastatic lymph node 
or systemic spread [5, 6].

Recurrent PSA is an indicator of relapsing dis-
ease and it usually precedes clinical relapse by 
months to years depending on the biological 
aggressiveness of the individual cancer [7, 8].

A single, elevated PSA serum levels should 
always be confirmed twice at 4-week intervals 
before therapeutic consequences in terms of 
second-line therapy are drawn.

Following RP, PSA relapse is defined by two 
consecutive PSA values ≥ 0.2  ng/ml. The back-
ground of this definition is the finding of a retro-
spective study demonstrating as a subsequent 
increase in PSA in 49 %, 62 %, and 72 % of 
patients with PSA levels of 0.2, 0.3, and 0.4 ng/
mL, respectively [9].

The use of ultrasensitive PSA assays in daily 
routine is discussed controversially due to its 
unclear prognostic value. About two thirds of 
men with postoperative ultrasensitive PSA lev-
els > 0.05 ng/ml remain free of biochemical dis-
ease at 5 years. However, if a continuous PSA 

rise from < 0.1 ng/ml to > 0.1 ng/ml is observed, 
treatment failure can be anticipated and early sal-
vage therapy might be initiated [10, 11].

Early salvage treatment might improve onco-
logical outcome especially in men with high 
probability of local relapse [12].

Time interval between RP and PSA rise and 
PSA kinetics play an important role in the poten-
tial localization of residual disease and on its 
second-line treatment. Slowly increasing PSA 
levels most probably indicate local recurrence, 
whereas rapidly rising PSA serum levels with a 
doubling time well below 1 year indicate lymph 
node involvement or systemic disease.

Local failure following RP might be predicted 
with an 80 % probability by a PSA increase > 3 
years after RP, a PSA DT > 11 mos, a Gleason 
score < 7, and stage ≤ pT3a pN0, pTx R1. Systemic 
failure following RP might be predicted 
with > 80 % accuracy by a PSA increase < 1 year 
after RP, a PSA DT of 4–6 mos, a Gleason score of 
8–10, and stage pT3b, pTxpN1. In a cohort of 148 
men with rising PSA and a PSA DT < 12 mos fol-
lowing local treatment, the PFS was associated 
with Gleason grade (p = 0.006), PSA at time of 
treatment (p < 0.001) and PSA DT (p < 0.001) [13]. 
The median PFS was 19 mos, with a 3- and 5-year 
metastasis PFS of 32 % and 16 %, respectively.

5	 �PSA Relapse After HIFU 
and Cryotherapy

Following cryosurgery, an objective assessment 
of PSA outcome is not easy because of the lack of 
internationally accepted PSA nadir PSA levels 
defining relapse. With regard to modern cryosur-
gery techniques, a threshold PSA level of 0.5 ng/
ml might be best used to define relapsing disease 
based on the data of Long et al. [14]. The authors 
retrospectively evaluated the oncological out-
come of 975 PCA patients at three different risk 
groups. At a mean follow-up of 2 years, the bio-
chemical disease-free survival rates were calcu-
lated for PSA nadir levels of 1.0  ng/ml and 
0.5 ng/ml, respectively with the following relapse 
rates at 5 years:
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•	 76 % and 60 %, respectively, for the low-risk 
group

•	 71 % and 45 %, respectively, for the 
intermediate-risk group

•	 61 % and 36 %, respectively, for the high-risk 
group

With regard to HIFU, the Stuttgart criteria (> 
PSA nadir + 1.2  ng/mL) have been proposed to 
define biochemical relapse [15]. However, these 
data are only valid for patients who have under-
gone whole gland HIFU therapy. In patients who 
have undergone focal therapy, PSA threshold lev-
els which might define relapse are discussed con-
troversially [16].

Once PSA relapse has been identified follow-
ing HIFU or cryosurgery, local versus systemic 
recurrence must be differentiated which should 
be done by multiparametric MRI of the prostate 
and PSMA- PET/CT (see below).

6	 �Digital Rectal Examination

Locally recurrent PCA without concomitant PSA 
rise can be detected in patients with undifferenti-
ated PCA and low PSA serum levels at time of 
diagnosis. Since the combination of both DRE 
and PSA represents the most useful combination, 
it should be performed in every single patient [4].

7	 �When and How Long 
to Perform Follow-Up  
Studies?

The first PSA serum level should be checked 6 
weeks postoperatively to exclude PSA persis-
tence. Thereafter, the frequency of follow-up 
examinations should be tailored according to the 
individual risk profile [1, 2].

The risk of PSA relapse in low-risk disease is 
extremely low during the first 20 years of follow-
up and it does not exceed 10 %. Therefore, it 
might be sufficient to use a “relaxed” follow-up 
strategy with PSA serum levels measured 6 
weeks, 3 months, and 6 and 12 months postoper-

atively followed by 6 months intervals if no 
relapse was detected.

In the high-risk group, biochemical PFS 
(BPFS) at 5- and 10-years follow-up ranged 
between 35–51 % and 24–39 %, respectively, 
while the CSS at 5-, 10-, and 15-years follow-up 
was 96 %, 84–88 %, and 66 %, respectively [17–
20]. It is obvious that follow-up strategies need to 
be different depending on the risk profile of the 
tumor.

In a recent retrospective study including more 
than 5000 patients after RP, three risk groups 
with different annual hazard rates of biochemical 
recurrence could be identified [21]. The low-risk 
group comprised 23.7 % of the patients with an 
annual hazard rate of only 0–2.6 % throughout 
the follow-up period. Therefore, follow-up exam-
inations at 6–2 months might be sufficient. The 
low-risk group was defined as PSA < 11  ng/ml, 
clinical stage T1c and pathological Gleason 
score ≤ 6 plus organ-confined disease and nega-
tive surgical margins. The high-risk group com-
prised 19 % of the total patient cohort and it 
includes patients with PSA > 22 ng/ml, patholog-
ical seminal vesicle invasion or clinical stage T3 
disease, or pathological Gleason score 8–10 or 
positive lymph nodes. Annual hazard rates are as 
high as 32 throughout follow-up so that these 
patients need close and continuous follow-up 
examination at 3 months intervals. The 
intermediate-risk group comprised 57 % of the 
patients and the annual hazard rates were between 
1.3 and 7.2 throughout the follow-up period.

Similar data have been produced by a recent 
German multicentric retrospective study com-
prising 956 patients with pT2 disease and posi-
tive surgical margins but without adjuvant 
treatment [22]. The mean follow-up was 48 
months and biochemical recurrence was observed 
in 25.4 % of patients. In multivariate analysis, 
Gleason score (GS) of the prostatectomy speci-
men was the only significant parameter for 
BCR. Median time to recurrence for GS ≤ 6 was 
not reached; 5-year BCR-free survival was 82 %; 
and they were 127 months and 72 % for GS 3 + 4, 
56 months and 54 % for GS 4 + 3, and 27 months 
and 32 % for GS 8–10.
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In patients with pT3a PCA and positive surgi-
cal margins without adjuvant treatment, bio-
chemical relapsed occurred in 39.7 % of patients 
after a mean follow-up of 48 months [23]. In 
multivariate analysis, Gleason score was the only 
independent prognostic factor (p < 0.001) for 
BCR.  Five-year BCR-free survival rates were 
74 %, 70 %, 38 %, and 51 % with Gleason score 6, 
3 + 4 = 7a, 4 + 3 = 7b, and 8–10, respectively. The 
mean time to PSA relapse was not reached in 
patients with Gleason score 6 and it was 100 
months in patients with a Gleason Score 7a indi-
cating that long time intervals can be safely per-
formed during follow-up without negative 
consequences on oncological outcome. In 
patients with Gleason score 7b and 8–10, the 
mean time interval until PSA relapse was in the 
range of 65 and 43 months, respectively, indicat-
ing that PSA follow-up examinations must be 
performed more frequently at 3–6 months 
intervals.

Follow-up strategies also need to take into 
consideration if RP was performed as monother-
apy or if fit was combined with adjuvant radiation 
therapy in the presence of positive surgical mar-
gins or adjuvant androgen deprivation therapy for 
the management of lymph node metastases or a 
triple combination of surgery, RT, and ADT in 
case of a high-risk profile.

8	 �Imaging Studies 
During Follow-Up

There is no indication to perform routine imaging 
studies in patients without PSA relapse and in the 
absence of symptoms of clinical progression. It 
must be remembered that PSA failure after RP 
might precede clinical metastases by up to 7–8 
years [10, 11].

The indication for any imaging study should 
be based on its potential therapeutic conse-
quences. E.g., in patients with oligometastatic 
disease, local treatment of pelvic lymph node 
metastases by salvage lymphadenectomy or 
localized radiation therapy might be an option in 
order to prolong time to initiation of systemic 
therapy [24, 25].

If, however, the patient is no candidate for such 
a localized salvage procedure, imaging studies at 
low PSA serum levels do not make sense since 
these will not change the therapeutic strategy. In 
such a scenario, it might be better to follow the 
patient with serial measurements and no imaging 
study until a certain PSA threshold value or until 
the development of clinical symptoms.

Systemic androgen deprivation therapy can be 
postponed to PSA levels as high as 5 ng/ml in the 
presence of prostatectomy Gleason score < 8 and/
or a PSA doubling time with no negative impact 
on survival or metastasis-free survival as com-
pared to early ADT [26]. In patients with Gleason 
score 8–10 and/or a PSA-DT < 12 months, early 
ADT is associated with an improved metastasis-
free survival.

However, baseline imaging studies should be 
performed once systemic will be started to be 
able to evaluate objective remission or progres-
sion during treatment.

It is common sense that skeletal scintigraphy 
and computed tomography of the abdomen/pel-
vis are not helpful with a positive finding in < 5 % 
except in patients with PSA serum levels > 20 ng/
ml or a PSA velocity > 2  ng/ml/year [27, 28]. 
Another study demonstrated that the probability 
of a positive bone scan is less than 5 % if the PSA 
level is < 7 ng/ml. The sensitivity of an abdominal 
and pelvic CT scan is in the range of 11–15 % 
even in patients with a PSA level > 20 ng/ml and 
a PSA velocity of 1.8 ng/ml/year. Based on these 
data it becomes evident that we need more sensi-
tive methods to early detect low volume 
metastases.

Positron-emission tomography has been suc-
cessfully used in many human cancers for early 
identification of local, locoregional, or systemic 
recurrences. In PCA, there are few, even if prom-
ising, published data on the clinical efficacy of 
PET in detecting locoregional recurrences after 
RP, especially in situations of a PSA 
value > 1.0 ng/ml [29, 30]. As recently reported 
by Giovaccini et  al. [31], the accuracy of PET 
correlates with PSA values, PSADT, and other 
pathological features. Certainly, a PSADT < 3 
months can be regarded as a strong predictor of 
PET positivity.
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In patients with biochemical failure after RP, 
PET/CT detection rates are only 5–24 % when 
the PSA level is < 1 ng/mL, but rises to 67–100 % 
when the PSA level is > 5 ng/mL. Similarly, PET/
CT sensitivity seems much higher when the PSA 
velocity is high or the PSA-DT is short. In a 
recent meta-analysis, Choline PET/CT detection 
rates were 65 % (95 % CI, 58 %–71 %) when the 
PSA-DT was < 6 months, and were 71 % (95 % 
CI, 66 %–76 %) and 77 % (95 % CI, 71 %–82 %) 
when the PSA velocity was > 1 and > 2  ng/mL/
year, respectively [32].

However, even in patients with PSA val-
ues > 2  ng/mL and negative imaging studies, 
11C-choline PET/CT is positive in only 28 % of 
patients. Choline PET/CT is generally not rec-
ommended for patients with prostate specific 
antigen (PSA) levels <1–2  ng/ml or for initial 
staging [29–31].

11C-Choline PET/CT may detect multiple 
bone metastases in patients showing a single 
metastasis on bone scan and may be positive for 
bone metastases in up to 15 % of patients with 
biochemical failure after RP and negative bone 
scan [32]. The specificity of 11C-Choline PET-CT 
is also higher than bone scan with less false posi-
tive and indeterminate findings.

The prostate specific membrane antigen 
(PSMA) is generally overexpressed in prostate 
cancer (PCA), correlating with the Gleason score 
[33, 34]. PSMA is therefore considered as a tar-
get for radionuclide imaging and therapy [35].

Positron emission tomography/computed 
tomography (PET/CT) using 68Ga-labeled ligand 
[68Ga]PSMA-HBED-CC was recently presented 
as a novel imaging modality for the detection of 
prostate cancer (PCA) recurrence and/or metasta-
ses [36, 37]. Initial studies showed that [68Ga]
PSMA-HBED-CC-PET/CT might be able to 
offer a high rate of lesion detection, even at very 
low prostate specific antigen (PSA) levels or in 
staging at initial diagnosis [36, 37].

In a recent study, [68Ga]PSMA-HBED-CC 
PET/CT was positive in 44 %, 79 %, and 90 % of 
patients with PSA levels of ≤1, 1–2, or ≥2 ng/ml. 
Especially at low levels this compares favorably 
to choline PET/CT, e.g., in a recent large series 
[29] the lesion detection rates in 1000 patients 

undergoing choline PET/CT at these same levels 
were 31 %, 43 %, and 81 %, respectively. In 
another series of 325 patients, Chondrogiannis 
et al. [30] reported detection rates of ~28 % and 
~35 % for patients with PSA levels of 0.1–0.5 and 
0.5–1.5 ng/ml, respectively. Based on the various 
studies, [68Ga]PSMA-HBED-CC PET/CT is a 
novel and promising imaging modality for pros-
tate cancer patients which compares favorably to 
the current de-facto standard of choline PET/CT. 
[68Ga]PSMA-HBED-CC PET/CT can yield clini-
cally useful diagnostic results even in patients 
with very low PSA levels as has been also 
reported by the groups of Verburg et al. [38] and 
Eiber et al. [39].

In a group of 167 consecutive patients, PET/
CT was positive in 44 %, 79 %, and 90 % of 
patients with PSA levels of ≤1, 1–2, or ≥2 ng/ml, 
respectively. Patients with high PSA levels 
showed higher rates of locally recurrent 
(p < 0.001) lesions or bone metastases (p = 0.03). 
Patients with a shorter PSA doubling time 
(PSAdt) significantly more often showed distant 
metastases in the paraaortal lymph nodes 
(p = 0.028), bones (p = 0.014), and organs 
(p = 0.028). Gleason score was not related to 
imaging findings except for the frequency of 
bone metastases (p = 0.048). Based on results of 
biopsies, surgeries or radiation therapy in 29/167 
patients sensitivity, specificity, positive and nega-
tive predictive value were 100 %, 40 %, 88 % and 
100 %, respectively. Eiber et al. reported similar 
results.

Recently, a direct comparison of the diagnos-
tic value of 18FEC-PET/CT and 68Ga-PSMA-
PET/CT was performed in patients with PSA 
relapse following RP who all underwent pelvic 
salvage lymphadenectomy [25].

In 30/38 18FEC and 22/27 68Ga-PSMA patients 
≥1 focus of PCA was identified in postsurgical 
histology, leading to a per-patient PPV of 78.9 % 
for 18FEC and 81.5 % for 68Ga-PSMA. In 18FEC 
and 68Ga-PSMA patients, a total of 378 and 308 
lymph nodes and local lesions were removed, 
respectively. For 18FEC and 68Ga-PSMA, the 
respective sensitivity (95 % confidence interval) 
was 71.2 % (64.5–79.6 %) and 86.9 % (75.8–
94.2 %), specificity 86.9 % (82.3–90.6 %) and 
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93.1 % (89.2–95.9 %), PPV 67.3 % (57.7–75.9 %) 
and 75.7 % (64.0–98.5 %), NPV 88.8 % (84.4–
92.3 %) and 96.6 % (93.5–98.5 %) and accuracy 
82.5 % (78.3–86.8 %) and 91.9 % 
(88.7 %–95.1 %). In their series, 68Ga-PSMA 
PET/CT shows a better performance than the cur-
rent de-facto PET/CT standard tracer 18FEC with 
a significantly higher NPV and accuracy. Due to 
these results, 68Ga-PSMA-PET/CT should be 
recommended as imaging study of choice even at 
PSA levels < 1.0 ng/ml.

If 68Ga-PSMA-PET/CT identifies local 
relapse, its anatomically exact localization is 
needed before salvage treatment and/or if this 
localization changes treatment planning. 
Especially with the introduction of PSMA-PET/
CT, the finding of remnants of prostatic tissue or 
seminal vessels is not quite unusual [40]. These 
local relapses might be managed by surgical 
resection or by radiation therapy.

Dynamic contrast-enhanced MRI produces 
sensitivities and specificities of 84–88 % and 
89–100 %, respectively, at mean PSA serum lev-
els of 0.8–1.9  ng/ml [41, 42]. In patients with 
PSA level < 0.5  ng/mL, the results are contro-
versial in 2 studies. Whereas one found a sensi-
tivity of only 13 % in men with PSA 
level < 0.3  ng/mL [43], the second series 
reported a sensitivity of 86 % in patients with 
PSA level < 0.4  ng/mL [44]. Based on these 
data, MRI does not represent the primary imag-
ing study of choice in men with biochemical 
failure and low PSA serum levels.

9	 �Follow-Up for Treatment-
Related Side Effects

Increased life expectancy in PCA makes post-
treatment quality of life a key issue. For patients 
after RP, incontinence and erectile dysfunction 
are of major concern. In order to counsel the 
patient adequately, every surgeon should know 
his/her own results with regard to functional 
outcome following RP which makes continuous 
follow-up by standardized questionnaires nec-
essary. Health-related QoL (HRQoL) refers to 
the impact of disease and treatment on well-

being and physical, emotional, and social func-
tioning, including daily functioning. HRQoL is 
measured using standardized questionnaires, 
which provide an objective assessment of gen-
eral and disease-specific domains. It is, how-
ever, of utmost importance to define and to 
assess condition-specific outcomes that matter 
to patients. Recently, Martin et  al. defined a 
standard set of patient-centered outcomes for 
men with localized PCA [45]. They suggested 
to include information about treatment 
approaches, baseline characteristics of the 
patients and the cancer, acute complications, 
survival, and disease control, as well as the 
patient-reported health status using the stan-
dardized EPIC-26 questionnaire [46].

10	 �Summary

Follow-up strategies after local radical prostate 
cancer therapy aim to reach two goals: (1) early 
detection of local or systemic relapse which 
might enable second-line therapy to improve 
long-term prognosis and (2) early detection of 
treatment related side effects to allow early inter-
vention and thereby to improve quality of life for 
the patients. As described above, PSA monitor-
ing is the cornerstone of follow-up after radical 
prostatectomy. PSA should be undetectable 6 
weeks postoperatively and any PSA rise might 
be an indicator for relapsing cancer. Imaging 
studies at PSA levels < 1.0  ng/ml in terms of 
PSMA-PET/CT scans are only indicated if the 
results will be associated with therapeutic conse-
quences such as salvage lymphadenectomy. In 
all other cases, imaging studies such as com-
puted tomography of the abdomen/pelvis or 
bone scans are only indicated as baseline study 
prior to initiation of androgen deprivation ther-
apy or in case of new symptoms which might be 
related to metastases.

Concerning the follow-up of treatment related 
side effects, erectile dysfunction and inconti-
nence are of major concern to the patient. As 
pointed out, every center and every surgeon 
should now his/her own functional and oncologi-
cal results so that patients need to be followed 
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continuously. As proposed recently, the EPIC-26 
questionnaire and the Charlson Comorbidity 
Score seem to represent the most valid tool for 
follow-up strategies [45–47].
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1	 �Introduction to Topic

Over the past years, many different approaches to 
the treatment of advanced, metastatic carcinoma 
of the prostate have been introduced, and with 
impressive speed. Today, endocrine therapy, in the 
form of androgen deprivation (ADT), as first sug-
gested by Charles Huggins, is still the standard 
treatment and is always the first step in any sys-
temic therapy for metastatic, hormone-sensitive 
carcinoma of the prostate [1]. Charles Huggins 
and Clarence V Hodges were awarded the Nobel 
Prize for Physiology and Medicine in 1966 for 
their research in 1941 into the effects of androgens 
on prostate carcinoma cells [2]. Andrew V Schally 
developed the LHRH agonists and, together with 
Roger Guillemin, received the Nobel Prize in 1977 
for their research on peptide hormone production 
in the brain. In 1971, Schally et al. were the first to 
isolate and elucidate the structure and synthesis of 
the hypothalamic “luteinizing hormone releasing 
hormone” (LHRH) [3–5]. Recognizing the impor-
tance of the hypothalamic-pituitary-gonadal axis 
in the growth of prostate carcinoma cells and the 
elucidation of gonadotropin releasing hormone 
(GnRH) resulted in the gradual development of 
hormone therapy for carcinoma of the prostate in 

the last century. Numerous agonistic and antago-
nistic therapeutic substances that intervene in the 
testosterone synthesis feedback loop have been 
established in clinical practice. Despite decades of 
clinical use, much controversy still reigns over the 
best approach to ADT (surgical vs. medical), the 
best time to start treatment (immediate or delayed), 
the type of ADT (simple vs. total), and the modal-
ity and duration of treatment (intermittent or con-
tinuous) [6]. Moreover, the gold standard of ADT 
alone as first-line therapy may well be modified 
soon thanks to study findings published in 2015 
that so far show – at least for patients with meta-
static carcinoma of the prostate – statistically sig-
nificant and clinically relevant advantages of 
first-line therapy of ADT combined with chemo-
therapy rather than ADT alone [7–9]. Curative 
treatment of metastatic disease is still not yet pos-
sible. This applies to both carcinoma of the pros-
tate, which is metastatic at the time of diagnosis, 
and to recurrences of disease after initial treatment 
with curative intent (including salvage therapy).

This chapter describes and discusses surgical 
and medical aspects of first-line ADT, and looks 
at possible future developments in the light of 
recent study findings with a combination of ADT 
and docetaxel-based chemotherapy.
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2	 �Fundamental Aspects 
of Hormone Manipulation 
in Carcinoma of the Prostate

The growth of the prostate cells is androgen-
dependent. Testosterone is converted into the bio-
logically active metabolite dihydrotestosterone 
(DHT) by the enzyme 5-alpha reductase. DHT 
binds to the androgen receptor of the prostate cell 
and in so doing mediates a general proliferation 
of androgen-dependent tissue. At the same time, 
it also suppresses programmed cell death (apop-
tosis). The synthesis of testosterone is controlled 
by a negative feedback mechanism of the 
hypothalamic-pituitary-gonadal axis and takes 
place mainly (about 95 %) in the Leydig cells in 
the testes and to a small extent (about 5 %) in the 
adrenal cortex. LHRH is formed in the hypothal-
amus and triggers the release of the gonadotropin 
luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH) in the anterior lobe of the pitu-
itary. LH stimulates androgen synthesis in the 
Leydig cells of the testes. The adrenal formation 
of testosterone is also controlled by the pituitary 
via adrenocorticotropic hormone (ACTH), which 
mediates the release of corticosteroids and andro-
gens from the reticular zone.

Therapeutic intervention in the androgen-
mediated growth of prostate tumor cells can either 
take the form of reducing the body’s own andro-
gen synthesis to the castration level or blocking 
the androgen receptors in the target organ, or 
both. The combination of these two approaches 
achieves the maximum androgen blockade 
(MAB), also termed complete or total ADT. The 
castration level of testosterone defined more than 
40 years ago used in most studies so far is <50 ng/
dl. A lower threshold value of <20 ng/dl that can 
be determined with modern laboratory methods is 
closer to the actual testosterone level achieved 
after castration [1, 10]. The activity of the enzyme 
5-alpha reductase can also be limited so that less 
testosterone is converted into biologically active 
DHT. Complete inhibition of the 5-alpha reduc-
tase isoenzymes is, however, not possible, which 
means that monotherapy with a 5-alpha reductase 
inhibitor is not suitable for the treatment of 
hormone-sensitive, metastatic carcinoma of the 

prostate. All antiandrogenic approaches have in 
common the problem that they can cause muscu-
lar atrophy and osteoporosis to differing extents. 
Concomitant vitamin D and calcium, and physical 
exercise are therefore recommended. The differ-
ent possibilities for first-line therapy with surgical 
and medical hormone manipulation are discussed 
in the next sections.

3	 �Surgical Androgen 
Deprivation

Surgical androgen deprivation is achieved by 
(subcapsular) bilateral orchiectomy. Since the 
introduction of the LHRH agonists, surgical cas-
tration has played an increasingly smaller role in 
everyday clinical practice, but is definitely not 
obsolete. Surgery according to Riba consists of 
enucleation of the hormone-secreting testicular 
parenchyma via a small scrotal incision leaving 
the spermatic cord, epididymis, and testicular 
coat intact. The scrotal cavity is therefore not 
empty after surgery. The testosterone level falls 
to the castration level (<50  ng/ml) within 12  h 
after surgery [1, 6]. Surgical castration is an 
effective, rapid, safe, and simple form of ADT, 
which sets a high standard for other (medical) 
therapy options to achieve [1]. It does not depend 
on patient compliance and is comparatively 
cheap. The principal disadvantage of surgical 
castration is that it is not reversible and does not 
permit intermittent ADT.  Orchiectomy also 
causes mental stress in some men. In a study by 
Cassileth et al., most of the men with advanced 
prostate carcinoma opted for medical castration 
with goserelin and only about 20 % for surgical 
castration [11]. In a small study, Bonzani et  al. 
found an advantage in favor of surgical castration 
for general quality of life [12]. Surgical and med-
ical castration with LHRH analogs appear to be 
equieffective with regard to tumor control [13, 
14]. A study by Sun et al. showed that surgical 
castration may offer advantages over long-term 
treatment with LHRH analogs with regard to 
adverse reactions, and in particular the fracture 
risk and cardiac complications [14]. This 
retrospective, nonrandomized study did, however, 
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have some limitations. A further study showed a 
similar or slightly increased fracture risk with 
orchiectomy, depending on the number of doses 
of the LHRH analog [15].

4	 �Medical Androgen 
Deprivation

4.1	 �LHRH Agonists

After Schally et al. isolated hypothalamic LHRH 
and elucidated its structure and synthesis for the 
first time in 1971, they went on to develop the 
endocrine therapy of carcinoma of the prostate 
based on LHRH agonists throughout the 1980s [5, 
16–18]. Thousands of LHRH analogs have been 
synthesized over the past few decades, but only a 
few are of importance in urological tumor ther-
apy. The most important agents are triptorelin, 
leuprorelin, buserelin, and goserelin, which all 
have receptor affinities and therefore biological 
activities many times higher than physiological 
LHRH [5]. They are therefore referred to as 
superagonists. Long-term administration of 
LHRH agonists downregulates the pituitary 
LHRH receptors and decreases LH and FSH con-
centrations in the blood. As a result of this, the 
testosterone level drops to the castration level 
after 3–4 weeks [1, 5]. A transient increase in 
pituitary hormone secretion occurs in the first few 
days after the first administration, which in turn 
leads to an increase in testosterone synthesis. This 
initial stimulation of testosterone synthesis is 
referred to as the “flare-up phenomenon,” and in 
patients with metastatic carcinoma of the prostate 
it can become clinically evident in progressive 
bone pain and problems with urination, even 
extending up to compression of the spinal cord 
with symptoms of hemiplegia [1, 6]. An antian-
drogen therefore has to be given for a short period 
at the beginning of treatment with an LHRH ago-
nist to prevent such symptoms. Recommendations 
as to the best time to start the antiandrogen  – 
before LHRH administration or at the same time – 
and the duration of treatment are not consistent. 
The current EAU Guidelines recommend a 
4-week course of antiandrogen started at the same 

time as the LHRH agonist or 1 week before start-
ing the LHRH agonist in symptomatic patients 
[1]. Important advantages of medical castration 
with LHRH analogs over surgical castration are 
that it is reversible and is well accepted by patients 
with injections at up to 6-monthly intervals [5]. A 
depot preparation, histrelin, is even available with 
a duration of effect of 12 months. The histrelin 
implant is placed in the nondominant upper arm 
under local anesthetic and is renewed each year 
[19]. Adverse reactions of LHRH agonist treat-
ment are possible hypercoagulability, hot flushes, 
loss of libido, and impotence. Moreover, long-
term ADT is associated with osteoporosis and a 
subsequent increased fracture risk [20, 21]. With 
regard to tumor control, LHRH analog treatment 
is as effective as orchiectomy [13].

4.2	 �LHRH Antagonists

Abarelix, in 2004, and degarelix, in 2008, were 
the first LHRH antagonists approved for the 
treatment of advanced carcinoma of the prostate 
[22]. They also cause androgen deprivation, but 
with a different mechanism of action from that of 
the LHRH agonists. The LHRH antagonists 
directly and competitively block the pituitary 
LHRH receptors and in this way cause an imme-
diate and significant decrease in FSH and LH 
concentration, which in turn leads to a decrease 
in the testosterone level to the castration level 
[22]. The testosterone concentration drops rap-
idly and no flare-up phenomenon (testosterone 
surge) occurs, as with the LHRH agonists [23]. 
Adjunctive treatment with an antiandrogen at the 
beginning of treatment is therefore not necessary. 
The most widely used and best researched antag-
onist is degarelix [22, 24–26]. It is administered 
monthly by subcutaneous injection, with a load-
ing dose of 240 mg, followed by 80 mg monthly. 
Degarelix is as effective at maintaining the 
decreased testosterone level for 1 year as the 
LHRH agonist leuprolide [24]. The castration 
level and a decrease in PSA were achieved more 
rapidly than with leuprolide. Furthermore, studies 
indicate that the PSA progression-free survival 
period with degarelix may be longer than with 
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leuprolide, which may also be accompanied by a 
delayed occurrence of castration resistance [22]. 
The adverse reaction profile of the LHRH antag-
onists is mainly due to the androgen deprivation. 
Severe systemic allergic reactions may also occur 
under treatment with abarelix [22, 27]. An 
increased incidence of local reactions at the 
injection site has been reported under degarelix, 
especially after the first injection [24]. Systemic 
anaphylactic reactions have, however, not been 
observed under degarelix. It has to be injected 
monthly, which means that it is less convenient in 
the clinical setting than the long-acting depot 
preparations of some LHRH agonists [1]. The 
LHRH antagonists offer the greatest advantage in 
patients who need immediate treatment so that 
the castration level is reached as soon as possible. 
This may be the case in patients with boney 
metastases threatening to attack the spinal canal 
or local complaints due to obstructive carcinoma 
of the prostate. Studies indicate that a better 
response in laboratory terms is achieved under 
degarelix than under leuprolide in patients with a 
high baseline PSA value of >20  ng/ml [28]. 
Switching to an LHRH agonist as treatment pro-
gresses is possible. The tolerance and effects on 
the testosterone concentration of an oral LHRH 
antagonist (relugolix) have been tested in a recent 
Phase I study [29]. It appears that oral adminis-
tration may be an option in the future.

4.3	 �Antiandrogens

Antiandrogens competitively block the periph-
eral androgen receptors and thereby inhibit the 
effects of circulating testosterone [1, 30]. 
Steroidal and nonsteroidal forms are available, 
depending on their chemical structure. 
Cyproterone acetate (CPA), megestrol acetate, 
and medroxyprogesterone acetate are steroidal 
antiandrogens. Flutamide, nilutamide, and 
bicalutamide are nonsteroidal antiandrogens.

4.3.1	 �Steroidal Antiandrogens
In addition to the above-mentioned inhibitory 
effects of the antiandrogens on the peripheral 
androgen receptor, the steroidal antiandrogens 

also have inhibitory effects on gonadotropin 
secretion due to their progesterone-like active 
components [30]. The decreased release of LH 
also results in a decrease in testosterone concen-
tration under continuous therapy with steroidal 
antiandrogens. The first widely used antiandro-
gen was CPA, a synthetic derivative of hydroxy-
progesterone [30]. It was associated with a 
similar incidence of decreased libido and erectile 
dysfunction as castration [30, 31]. Data compar-
ing CPA as monotherapy and castration with 
regard to tumor control and survival are limited, 
and partially contradictory [30, 32–34]. 
Furthermore, no dose-finding studies have been 
conducted for CPA monotherapy, so that the 
effective dose is not known [1]. No significant 
differences for general or tumor-specific survival 
were seen in a study comparing CPA and flu-
tamide monotherapy in metastatic carcinoma of 
the prostate. The results, however, are only of 
limited validity as the patient numbers were so 
small [32]. Because of its central antigonado-
tropic effect, CPA can be used to alleviate hot 
flushes under ADT.

4.3.2	 �Nonsteroidal Antiandrogens
The nonsteroidal antiandrogens act exclusively 
on the androgen receptor and have no direct 
gonadotropic effect [6]. They are therefore 
referred to as pure antiandrogens. The competi-
tive blockade of the androgen receptors inhibits 
the effects of the peripheral androgens. An 
increase in LH secretion under monotherapy with 
a nonsteroidal antiandrogen brings about a para-
doxical increase in testosterone synthesis [30, 
31]. Libido and potency may be preserved.

Nilutamide is not approved for monotherapy 
of carcinoma of the prostate [1]. No studies com-
paring the efficacy of nilutamide monotherapy 
and castration have been performed. Adverse 
reactions such as visual disturbances, alcohol 
intolerance, interstitial pneumonitis, and hepato-
toxicity appear to outweigh the benefits of treat-
ment [1, 6].

As monotherapy, flutamide, which has been in 
use for many years, had similar efficacy to surgi-
cal castration and exerted a maximum androgen 
blockade (MAB) in two comparative studies 
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[30, 35]. Its active metabolite has a short half-life 
and it is therefore given in a three-times-daily 
regimen. Due to the absence of dose-finding 
studies, the most effective dosage is not known. 
Adverse reactions that are relatively frequent are 
diarrhea and potentially severe hepatotoxicity.

The recommended standard dose of bicalu-
tamide as monotherapy is 150  mg/day. At this 
dosage, it achieved a similar PSA response to 
castration [36]. To avoid the flare-up phenome-
non at the start of treatment with an LHRH ago-
nist, short-term adjunctive treatment with an 
antiandrogen is recommended (Table 1). For this 
indication, the bicalutamide dosage is 50 mg/day.

For a discussion of monotherapy with nonste-
roidal antiandrogens, and their side effects and 
treatment, see the section “Monotherapy with 
antiandrogens” in this chapter.

4.4	 �Estrogens

Estrogens bring about an inhibition of testicular 
testosterone synthesis. In the past, diethylstilbes-
trol was used to treat advanced carcinoma of the 
prostate as an alternative to orchiectomy. Studies 
showed similar efficacy with both [37]. The con-
siderable incidence of thromboembolic and car-
diovascular adverse reactions has resulted, 
however, in only very restricted use of estrogens 
at present. The incidence of these adverse reac-
tions was not able to be reduced, or at least only 

partially, by either parenteral estrogen adminis-
tration (polyestradiol phosphate) to avoid the 
hepatic first-pass metabolism, or the prophylactic 
administration of anticoagulants with low-dose 
diethylstilbestrol [38, 39]. Estrogens are not rec-
ommended as first-line therapy.

5	 �Therapeutic Strategies

5.1	 �Simple Versus Maximum 
Androgen Blockade

The combination of medical or surgical castration 
with the administration of an antiandrogen is 
referred to as maximum, complete, or total andro-
gen blockade. Via the adjunctive administration 
of an antiandrogen, this approach combines the 
deprivation of testicular testosterone synthesis 
with an additional blockade of adrenally synthe-
sized androgens. It was suggested that this would 
improve the response to therapy in metastatic 
carcinoma of the prostate [6]. In 1982, a good 
response to a combination of an LHRH agonist 
and a pure androgen was reported. Such a combi-
nation was not established at the time, and this 
was followed by numerous studies comparing 
MAB with medical or surgical castration as 
monotherapy [40]. Even today, the findings are 
still contradictory [1, 41]. Some studies showed a 
statistically significant survival advantage of 
MAB over castration alone. The NCI Intergroup 
Study INT-0036 compared daily subcutaneous 
injections of leuprolide with and without flu-
tamide and showed an improvement in overall 
survival of 7 months in favor of MAB [42, 43]. 
The results of this study are, however, not uncon-
troversial. In the absence of flare-up prophylaxis 
and because of possible suboptimal compliance 
with the then daily injection regimen, there was, 
for example, some discussion as to whether an 
initial flare-up and even possibly a second flare-
up might have had a negative influence on the 
outcome in the LHRH monotherapy group [41]. 
Since no flare-up phenomenon occurs after orchi-
ectomy, one criticism was that a comparison of 
MAB for androgen deprivation alone should ide-
ally be made with orchiectomy, to provide a 

Table 1  “Flare-up” prevention

Use of 
Antiandrogens Recommendation

“Flare-up” 
prevention

In M1 patients treated with an 
LHRH agonist offer short-term 
administration of antiandrogens to 
reduce the risk of the “flare-up” 
phenomenon
Start antiandrogens used for 
“flare-up” prevention on the same 
day as an LHRH analogue is started 
or for up to 7 days before the first 
LHRH analogue injection in 
symptomatic patients
Treat for 4 weeks

Recommendations of EAU-guidelines for hormonal treat-
ment of metastatic carcinoma of the prostate [1]
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reliable basis for the efficacy of MAB. Exactly 
this was investigated in the NCI Intergroup Study 
INT-0105 with a comparison of orchiectomy plus 
flutamide as MAB with orchiectomy plus pla-
cebo [44]. Although a small survival advantage 
of just under 4 months was found in favor of the 
MAB in this study, the difference was not statisti-
cally significant. Results of the EORTC 30853 
Study were published several times in the 1990s 
[45–47]. During long-term follow-up, a statisti-
cally significant overall survival advantage over 
orchiectomy was shown for goserelin plus flu-
tamide (MAB). However, a large meta-analysis 
comprising 27 studies did not show any statisti-
cally significant advantage for overall survival 
with MAB [48, 49]. Only for the two antiandro-
gens flutamide and nilutamide given as part of 
MAB was it possible to show a statistically sig-
nificant survival advantage of just less than 3 % – 
with questionable clinical relevance, however. 
Indeed, in a critical review on the suitability of 
Phase III studies for the evaluation of MAB vs. 
castration, the authors state that the statistically 
significant survival advantage for flutamide is no 
longer present if the studies that did not include 
prophylaxis with an antiandrogen against flare-
up at the start of LHRH agonist treatment are 
excluded [41]. Investigations into quality of life 
under MAB showed that it was associated with 
more adverse reactions and poorer quality of life 
than castration alone [50]. Treatment costs are 
also higher for MAB than for monotherapy. 
MAB is not generally recommended in the cur-
rent guidelines for the treatment of metastatic 
carcinoma of the prostate. The potential benefit 
of MAB should be weighed up against the associ-
ated side effects [1].

5.2	 �Immediate Versus Delayed 
Therapy

It is generally agreed that ADT should be started 
immediately in patients with symptomatic meta-
static carcinoma of the prostate (M1) [1]. The cur-
rent EAU Guidelines also recommend, regardless 
of symptoms, that treatment should be started 
immediately in patients with metastatic carcinoma 

of the prostate to delay tumor-related complica-
tions; the possibility of a delayed start of treat-
ment should, however, also be discussed with the 
patient [1]. Reference is also made to the ASCO 
Guidelines, which give no clear recommendation 
either for or against immediate androgen depriva-
tion and attribute this to the contradictory present 
state of knowledge [51]. Also controversial is the 
ideal time to begin androgen deprivation in 
patients with locally advanced, nonmetastatic car-
cinoma of the prostate who do not qualify for 
curative treatment and for patients with histologi-
cally confirmed lymph node metastases following 
radical prostatectomy.

The first “Veterans Administration Cooperative 
Urological Research Group” (VACURG) Study 
showed no survival advantage for immediate 
orchiectomy versus placebo in  locally advanced 
or metastatic carcinoma of the prostate after 9 
years. This study was, however, underpowered 
with regard to sample size and, like other earlier 
studies with similar aims, was carried out in the 
pre-PSA era [37, 52]. A Cochrane Review com-
prising 4 studies was only able to demonstrate a 
small, statistically significant survival advantage 
for an immediate start of treatment compared to a 
delayed start of ADT after 10 years’ follow-up 
[53]. Tumor-specific survival showed no signifi-
cant difference. Also, the SAKK 08/88 Study did 
not show a statistically significant difference 
between an immediate and delayed start of ADT, 
either for overall survival or tumor-specific sur-
vival [54]. The first interim analysis of a study by 
the “Medical Research Council” showed a statis-
tically significant advantage in favor of early ADT 
for overall survival, but this was not maintained 
during the remainder of the study, as shown by a 
later analysis with a longer follow-up period [54, 
55]. In patients with locally advanced nonmeta-
static carcinoma of the prostate, the EORTC 
30891 Study showed a moderate, statistically sig-
nificant advantage in favor of an immediate start 
of ADT, also in the final evaluation after a 12-year 
follow-up [56]. Tumor-specific and symptom-free 
survival did not differ statistically significantly 
between the two study arms after 7.8  years of 
follow-up [52]. The evaluation also showed that 
patients with a baseline PSA value of >50 ng/ml 
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had a higher risk of dying of carcinoma of the 
prostate than those with a baseline value of <8 ng/
ml [57]. For baseline PSA values in the range of 
8–50 ng/ml, a time to doubling of the PSA value 
(PSAdt) of <12  months was associated with a 
markedly increased risk of dying of carcinoma of 
the prostate. The authors concluded that above 
all  patients with PSA values of >50  ng/ml and/
or  a PSAdt <12  months could benefit from 
immediate ADT.

A possible advantage for immediate ADT in 
patients with lymph node metastases after radical 
prostatectomy was seen in a study, but the num-
ber of patients in the study was small [58].

In conclusion, the advantages and disadvan-
tages of immediate and delayed ADT should be 
discussed with each patient individually, based 
on the present state of knowledge (Table 2).

5.3	 �Continuous Versus 
Intermittent Hormone 
Deprivation

The basis for intermittent hormone deprivation 
(IAD) is to simulate intermittent castration with 
normalization of the testosterone levels in 
the  therapy-free intervals. IAD can only be 

performed with drugs that cause medical castra-
tion, essentially therefore LHRH agonists and 
antagonists. It was hoped that IAD, compared to 
continuous ADT, would reduce therapy-related 
adverse reactions with a subsequent improve-
ment in quality of life in the therapy-free inter-
vals and lower treatment costs. It was also 
thought that IAD might delay the occurrence of 
castration resistance, which almost always 
occurs under continuous ADT after a certain 
period [59]. A further advantage of IAD might 
also be an osteoprotective effect. With this 
approach it is also necessary to take into account 
that while the baseline testosterone level drops 
relatively quickly after treatment initiation, it 
usually takes some time to return to normal again 
in the therapy-free intervals [60]. Numerous 
studies investigated whether these hoped-for 
advantages would actually be realized with IAD 
while still achieving oncological results as good 
as with continuous treatment. The study proto-
cols, types of androgen deprivation applied, and 
results were not consistent. Only a few studies 
enrolled only patients with metastatic carcinoma 
of the prostate, others also included locally 
advanced tumors or recurrent tumors after pri-
mary treatment with curative intent. One large-
scale noninferiority study showed a difference in 
overall survival of 5.1 versus 5.8 years in favor 
of continuous ADT [59]. The results were not 
conclusive for methodological reasons and sta-
tistically significant inferiority was not able to be 
shown for either of the two treatments. Several 
recent meta-analyses and reviews of the current 
literature reach the conclusion that IAD is not 
inferior to continuous ADT in locally advanced 
or metastatic carcinoma of the prostate [60–63]. 
This appears to apply to overall survival, tumor-
specific survival, and progression-free survival. 
Furthermore, advantages with regard to quality 
of life were shown, especially for sexual and 
physical activity [60]. Overall, however, the 
advantages do not seem to be as great as assumed. 
Hot flushes occur less frequently under IAD [62, 
64]. Treatment costs can be reduced by using 
IAD [1]. Not all authors of the reviews and meta-
analyses cited made recommendations regarding 
the value of IAD. Some recommend it as a thera-

Table 2  Immediate versus delayed castration

Population Recommendation

M1 symptomatic Offer immediate castration to 
palliate symptoms and reduce the 
risk for potentially catastrophic 
sequelae of advanced disease 
(spinal cord compression, 
pathological fractures, ureteral 
obstruction, extra-skeletal 
metastasis)

M1 asymptomatic Offer immediate castration to 
defer progression to a 
symptomatic stage and prevent 
serious disease progression-
related complications
Discuss delayed castration with a 
well-informed patient since it 
lowers the treatment side-effects, 
provided the patient is closely 
monitored

Recommendations of EAU-guidelines for hormonal treat-
ment of metastatic carcinoma of the prostate [1]
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peutic alternative, and others see IAD as a valid 
standard therapy. The current EAU Guidelines 
state that IAD might be an option following a 
successful induction phase [1].

Not all patients qualify for IAD, as was shown 
by the SWOG 9346 Study [59]. An initial 
response to ADT is decisive. The following treat-
ment schedule based on empiric data can be used 
for IAD [1]. If an adequate decrease in PSA to 
values <4  ng/ml occurs in patients with meta-
static disease in the first 3–6 months after the 
start of ADT, the ADT can be temporarily inter-
rupted to start the IAD.  Frequent and regular 
laboratory investigations must be made in the 
therapy-free interval. If the PSA value increases 
to 10–20  ng/ml or clinical progression occurs 
during the break from ADT, the ADT should be 
restarted. The patient can undergo several ther-
apy cycles until castration resistance occurs. 
Patients with a high metastatic burden at baseline 
and/or a high PSA value may not be ideal candi-
dates for IAD.

IAD is no longer an experimental approach to 
treatment and, regardless of current recommen-
dations in guidelines, is already a not infrequently 
used strategy in everyday clinical practice. The 
advantages and disadvantages of IAD as opposed 
to continuous ADT should be discussed with 
each patient individually in the light of the pres-
ent state of knowledge (Table 3).

5.4	 �Monotherapy 
with Antiandrogens

The nonsteroidal pure antiandrogens act exclu-
sively on the androgen receptor and have no 
direct gonadotropic effects [6]. With regard to the 
antiandrogen class, bicalutamide appears to have 
the most favorable adverse reaction profile [30]. 
Compared to orchiectomy and MAB, monother-
apy with bicalutamide showed clinically relevant 
advantages with regard to maintaining quality of 
life, mainly in the areas of sexual interest and 
physical activity [6, 65]. Relatively frequent 
adverse reactions with bicalutamide are gyneco-
mastia and breast tenderness. The frequency and 
extent can be reduced or alleviated by prophylac-

tic irradiation of the breast [1]. Antiestrogen pro-
phylaxis is also recommended. Surgical 
mastectomy can be considered as a last resort. 
Hot flushes occur much less frequently under 
treatment with nonsteroidal antiandrogens than 
after castration [65]. Libido and potency may be 
preserved.

The standard dosage of bicalutamide for 
monotherapy is 150  mg/day. A PSA response 
similar to that of castration was achieved with 
this dosage [36]. One study showed a slight but 
statistically significant survival advantage of cas-
tration over bicalutamide monotherapy in the 
treatment of metastatic carcinoma of the prostate 
[66]. In subgroup analyses, this result depended 
on the PSA value and tumor burden at study 
entry. With a PSA value <400 ng/ml, survival in 
both groups was similar, and in patients with a 
high tumor burden (defined by the number of 
bony metastases), survival after orchiectomy 
seemed to be better [30, 67]. According to a 
recent Cochrane analysis, the current literature 
indicates that antiandrogen monotherapy is infe-
rior to medical or surgical castration for the treat-
ment of metastatic carcinoma of the prostate with 
regard to overall survival, clinical progression, 

Table 3  Intermittent treatment

Intermittent 
treatment Recommendation

M1 asymptomatic Offer intermittent treatment to 
highly motivated, well-informed, 
and compliant men, with a major 
PSA response after the induction 
period

Threshold to start 
and stop ADT

Stop treatment when the PSA 
level is <4 ng/ml after 6–7 
months of treatment (induction 
period)
Resume treatment when the PSA 
level is >10–20 ng/ml (or to the 
initial level if <20 ng/ml) or 
disease progresses clinically

Follow up Strict follow-up is mandatory, 
with clinical examination every 
3–6 months
The more advanced the disease, 
the closer the follow-up should 
be

Recommendations of EAU-guidelines for hormonal treat-
ment of metastatic carcinoma of the prostate [1]
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and number of discontinuations of treatment 
because of adverse reactions [68]. The effects on 
tumor-specific survival and biochemical progres-
sion remained unclear and the evidence with 
regard to GRADE is only moderate. Survival and 
the duration of progression-free survival were 
similar in both study arms in the treatment of 
locally advanced, nonmetastatic carcinoma (M0) 
of the prostate [65].

The current EAU Guidelines do not recom-
mend antiandrogen monotherapy for the treat-
ment of metastatic carcinoma of the prostate 
(M1) [1]. Under certain circumstances, however, 
bicalutamide monotherapy may be considered 
for selected patients with nonmetastatic disease 
after individual discussion of the advantages and 
disadvantages, for example, if medical or surgi-
cal castration is not an option and quality of life 
aspects are of primary importance. In this situa-
tion, the patient should be made aware of the 
potential risk of poorer overall survival (Table 4).

6	 �New Developments

6.1	 �First-Line Combination 
of Chemotherapy 
with Hormone Therapy

For many years, the standard therapy for meta-
static hormone sensitive carcinoma of the pros-
tate has been ADT in the form of medical or 
surgical castration. The early addition of cyto-
toxic chemotherapy with docetaxel to the ADT 
has been investigated in three large Phase III 
studies [7–9, 69–71].

The GETUG-AFU-15 Study was the first pro-
spective, randomized comparison of ADT versus 
ADT plus docetaxel given for up to 9 cycles [7, 70, 
71]. Overall survival in the overall study sample 
was about 14 months longer with chemohormonal 

therapy, but this difference was not statistically 
significant. With a median follow-up of 7 years, a 
statistically significant advantage of initial chemo-
hormonal therapy was seen for progression-free 
survival. Subgroup analyses showed that this was 
observed in particular in patients with a high tumor 
burden.

The CHAARTED Study (Chemohormonal 
Therapy versus Androgen Ablation Randomized 
Trial for Extensive Disease in Prostate Cancer) 
also compared ADT and ADT combined with 
docetaxel (75 mg/m2 KOF, every 3 weeks, maxi-
mum of 6 cycles) [9]. About twice as many 
patients were randomized to treatment as in the 
GETUG-AFU-15 Study. A recent publication 
states that after a median follow-up period of 
28.9 months, median survival in the entire study 
sample was 13.6 months longer in the combina-
tion therapy group. This survival advantage 
amounted to as much as 17 months in the sub-
group of patients with high volume disease. The 
survival advantage in patients with high volume 
disease was not only statistically significant but 
was also clinically relevant and is certainly 
impressive. At the time of publication, median 
survival had not yet been reached in either study 
arm in the subgroup of patients with low volume 
disease. A much longer follow-up period will 
therefore be necessary to show whether there was 
also a survival advantage in these patients. High 
volume disease was defined in the CHAARTED 
Study as the presence of visceral metastases and/
or at least 4 boney metastases, with at least one of 
these outside the pelvis or on the spine.

Survival data from the largest randomized 
study, the STAMPEDE Study (Systemic Therapy 
in Advancing or Metastatic Prostate Cancer: 
Evaluation of Drug Efficacy) were published in 
2015 [8, 69]. The STAMPEDE Study is a multi-
arm study testing several different treatment 
options against ADT as standard therapy, with no 
differentiation between high and low volume dis-
eases. Evaluation of the results for ADT plus 
docetaxel (maximum of 6 cycles) compared with 
ADT alone showed a 10-month overall survival 
advantage (81 versus 71 months) for the chemo-
hormonal therapy in the whole group after a 
median follow-up of 43 months. Overall survival 

Table 4  Antiandrogen monotherapy

Population Recommendation

M1 patients Do not offer antiandrogen 
monotherapy

Recommendations of EAU-guidelines for hormonal treat-
ment of metastatic carcinoma of the prostate [1]
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was as much as 15 months longer (60 versus 45 
months) in the subgroup of patients with meta-
static carcinoma of the prostate.

Not all of these studies are complete, and their 
results are not directly comparable because of 
differences between the patients recruited, and 
overall survival in the treatment arms with ADT 
alone shows considerable differences in some 
cases. A meta-analysis did, however, show that 
there was a statistically significant advantage for 
chemotherapy with docetaxel over ADT alone in 
the treatment of metastatic carcinoma of the 
prostate [72]. The authors conclude that com-
bined chemohormonal therapy should be consid-
ered the new standard for the treatment of 
metastatic hormone-sensitive carcinoma of the 
prostate. Worthy of mention is that the meta-
analysis reports on a total of 16 deaths in the con-
text of treatment with docetaxel. In general, the 

toxic potential of additive chemotherapy is not 
inconsiderable and should be borne in mind when 
deciding on the therapeutic option chosen.

The current EAU Guidelines recommend 
that all patients with metastatic carcinoma of 
the prostate should be offered combined che-
mohormonal therapy at the time of diagnosis 
[1]. ADT alone should be offered to patients 
who are not suitable for chemotherapy or reject 
it. According to the present state of knowledge, 
particularly patients with high volume disease 
will benefit from this approach. It is a sensible 
approach to discuss all options in all patients 
with advanced metastatic hormone-sensitive 
carcinoma of the prostate at an interdisciplinary 
tumor board, and then to speak to the patients 
individually about the possibility of receiving 
combination chemohormonal therapy [73] 
(Tables 5 and 6).

Table 5  First-line combination of chemotherapy with hormone therapy

Treatment type Recommendation

Castration combined with chemotherapy Offer castration combined with chemotherapy (docetaxel) to all 
patients with newly diagnosed M1 disease and who are fit enough 
for chemotherapy

Castration alone Offer castration alone to patients unfit for, or unwilling to consider, 
castration combined with chemotherapy

Recommendations of EAU guidelines for hormonal treatment of metastatic carcinoma of the prostate [1]

Table 6  Results of the CHAARTED, STAMPEDE, and GETUG-AFU-15 studies in the entire study populations 
[9, 69, 71]

CHAARTED STAMPEDE
GETUG-
AFU-15

Number of patients 
(n)

790 1776 385

Number of cycles of 
docetaxel 75 mg/m2

6 6 9

Follow-up (months) 28.9 43 83.9
ADT ADT & D ADT ADT & D ADT ADT & D

Number of patients 
(n)

393 397 1184 592 193 192

Overall survival 
(months)

44.0 57.6 71 81 48.6 62.1

ADT androgen deprivation treatment, D docetaxel

T. Gramann and H.-P. Schmid



323

References

	 1.	Heidenreich A, Bastian PJ, Bellmunt J, et  al. EAU 
guidelines on prostate cancer. Part II: treatment of 
advanced, relapsing and castration-resistant prostate 
cancer. Eur Urol. 2014;65(2):467–79.

	 2.	Huggins C, Hodges CV. Studies on prostate cancer. 
I. The effect of castration, of estrogen and of androgen 
injection on serum phosphatases in metastatic carci-
noma of the prostate. Cancer Res. 1941;1:293–7.

	 3.	Schally AV, Kastin AJ, Arimura A.  Hypothalamic 
follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH)-regulating hormone: structure, physi-
ology, and clinical studies. Fertil Steril. 
1971;22(11):703–21.

	 4.	Schally AV, Arimura A, Baba Y, et al. Isolation and 
properties of the FSH and LH-releasing hormone. 
Biochem Biophys Res Commun. 1971;43(2):393–9.

	 5.	Schally AV. Luteinizing hormone-releasing hormone 
analogues and hormone ablation for prostate cancer: 
state of the art. BJU Int. 2007;100:2–4.

	 6.	Heidenreich A, Pfister D, Ohlmann CH, et  al. 
Androgendeprivation in der Therapie des 
Prostatakarzinoms. Urologe A. 2008;47(3):270–83.

	 7.	Gravis G, Fizazi K, Joly F, et al. Androgen-deprivation 
therapy alone or with docetaxel in non-castrate meta-
static prostate cancer (GETUG-AFU 15): a ran-
domised, open-label, phase 3 trial. Lancet Oncol. 
2013;14(2):149–58.

	 8.	 James ND, Spears MR, Clarke NW, et  al. Survival 
with newly diagnosed metastatic prostate cancer in 
the “docetaxel era”: data from 917 patients in the con-
trol arm of the STAMPEDE Trial (MRC PR08, 
CRUK/06/019). Eur Urol. 2015;67(6):1028–38.

	 9.	Sweeney CJ, Chen YH, Carducci M, et  al. 
Chemohormonal therapy in metastatic hormone-
sensitive prostate cancer. N Engl J  Med. 
2015;373(8):737–46.

	10.	Oefelein MG, Feng A, Scolieri MJ, et al. Reassessment 
of the definition of castrate levels of testosterone: 
implications for clinical decision making. Urology. 
2000;56(6):1021–4.

	11.	Cassileth BR, Soloway MS, Vogelzang NJ, et  al. 
Patients’ choice of treatment in stage D prostate can-
cer. Urology. 1989;33(5):57–62.

	12.	Bonzani RA, Stricker HJ, Peabody JO. Quality of life 
comparison of lupron and orchiectomy. J  Urol. 
1996;155 Suppl 5:611A.

	13.	Vogelzang NJ, Chodak GW, Soloway MS, et  al. 
Goserelin versus orchiectomy in the treatment of 
advanced prostate cancer: final results of a random-
ized trial. Urology. 1995;46(2):220–6.

	14.	Sun M, Choueiri TK, Hamnvik OR, et al. Comparison 
of gonadotropin-releasing hormone agonists and 
orchiectomy: effects of androgen-deprivation therapy. 
JAMA Oncol. 2016;2(4):500–7. doi:10.1001/
jamaoncol.2015.4917.

	15.	Shahinian VB, Kuo YF, Freeman JL, et  al. Risk of 
fracture after androgen deprivation for prostate can-
cer. N Engl J Med. 2005;352(2):154–64.

	16.	Schally AV. Luteinizing hormone-releasing hormone 
analogs: their impact on the control of tumorigenesis. 
Peptides. 1999;20(10):1247–62.

	17.	Redding TW, Schally AV. Inhibition of prostate tumor 
growth in two rat models by chronic administration of 
D-Trp6 analogue of luteinizing hormone-releasing 
hormone. Proc Natl Acad Sci U S A. 1981;78(10): 
6509–12.

	18.	Tolis G, Ackman D, Stellos A, et al. Tumor growth 
inhibition in patients with prostatic carcinoma treated 
with luteinizing hormone-releasing hormone ago-
nists. Proc Natl Acad Sci U S A. 1982;79(5): 
1658–62.

	19.	Schlegel PN. Efficacy and safety of histrelin subder-
mal implant in patients with advanced prostate cancer. 
J Urol. 2006;175(4):1353–8.

	20.	Wilson HC, Shah SI, Abel PD, et al. Contemporary 
hormone therapy with LHRH agonists for prostate 
cancer: avoiding osteoporosis and fracture. Cent 
European J Urol. 2015;68(2):165–8.

	21.	Ross RW, Small EJ. Osteoporosis in men treated with 
androgen deprivation therapy for prostate cancer. 
J Urol. 2002;167(5):1952–6.

	22.	Van Poppel H, Klotz L. Gonadotropin-releasing hor-
mone: an update review of the antagonists versus ago-
nists. Int J Urol. 2012;19(7):594–601.

	23.	Van Poppel H, Nilsson S. Testosterone surge: ratio-
nale for gonadotropin-releasing hormone blockers? 
Urology. 2008;71(6):1001–6.

	24.	Klotz L, Boccon-Gibod L, Shore ND, et al. The effi-
cacy and safety of degarelix: a 12-month, compara-
tive, randomized, open-label, parallel-group phase III 
study in patients with prostate cancer. BJU Int. 
2008;102(11):1531–8.

	25.	Van Poppel H, Tombal B, de la Rosette JJ, et  al. 
Degarelix: a novel gonadotropin-releasing hormone 
(GnRH) receptor blocker-results from a 1-yr, multi-
centre, randomised, phase 2 dosage-finding study in 
the treatment of prostate cancer. Eur Urol. 
2008;54(4):805–13.

	26.	Gittelman M, Pommerville PJ, Persson BE, et al. A 
1-year, open label, randomized phase II dose finding 
study of degarelix for the treatment of prostate cancer 
in North America. J Urol. 2008;180(5):1986–92.

	27.	Debruyne F, Bhat G, Garnick MB. Abarelix for inject-
able suspension: first-in-class gonadotropin-releasing 
hormone antagonist for prostate cancer. Future Oncol. 
2006;2(6):677–96.

	28.	Tombal B, Miller K, Boccon-Gibod L, et  al. 
Additional analysis of the secondary end point of bio-
chemical recurrence rate in a phase 3 trial (CS21) 
comparing degarelix 80 mg versus leuprolide in pros-
tate cancer patients segmented by baseline character-
istics. Eur Urol. 2010;57(5):836–42.

First-Line Hormonal Manipulation: Surgical and Medical Castration with LHRH

http://dx.doi.org/10.1001/jamaoncol.2015.4917
http://dx.doi.org/10.1001/jamaoncol.2015.4917


324

	29.	MacLean DB, Shi H, Faessel HM, et  al. Medical 
Castration using the Investigational Oral GnRH 
antagonist TAK-385 (Relugolix): phase 1 Study in 
Healthy Males. J  Clin Endocrinol Metab. 
2015;100(12):4579–87.

	30.	Anderson J. The role of antiandrogen monotherapy in 
the treatment of prostate cancer. BJU Int. 
2003;91(5):455–61.

	31.	 Iversen P, Melezinek I, Schmidt A. Nonsteroidal anti-
androgens: a therapeutic option for patients with 
advanced prostate cancer who wish to retain sexual 
interest and function. BJU Int. 2001;87(1):47–56.

	32.	Schröder FH, Whelan P, de Reijke TM, et  al. 
Metastatic prostate cancer treated by flutamide versus 
cyproterone acetate. Final analysis of the “European 
Organization for Research and Treatment of Cancer” 
(EORTC) Protocol 30892. Eur Urol. 
2004;45(4):457–64.

	33.	Moffat LE. Comparison of Zoladex, diethylstilbestrol 
and cyproterone acetate treatment in advanced pros-
tate cancer. Eur Urol. 1990;18 Suppl 3:26–7.

	34.	Thorpe SC, Azmatullah S, Fellows GJ, et al. A pro-
spective, randomised study to compare goserelin ace-
tate (Zoladex) versus cyproterone acetate (Cyprostat) 
versus a combination of the two in the treatment of 
metastatic prostatic carcinoma. Eur Urol. 
1996;29(1):47–54.

	35.	Boccon-Gibod L, Fournier G, Bottet P, et al. Flutamide 
versus orchiectomy in the treatment of metastatic 
prostate carcinoma. Eur Urol. 1997;32:391–6.

	36.	Tyrrell CJ, Denis L, Newling D, et  al. Casodex 
10–200 mg daily, used as monotherapy for the treat-
ment of patients with advanced prostate cancer. An 
overview of the efficacy, tolerability and pharmacoki-
netics from three phase II dose-ranging studies. 
Casodex Study Group. Eur Urol. 1998;33(1):39–53.

	37.	Byar DP.  The veterans administration cooperative 
urological research group’s studies of cancer of the 
prostate. Cancer. 1973;32(5):1126–30.

	38.	Hedlund PO, Damber JE, Hagerman I, et al. Parenteral 
estrogen versus combined androgen deprivation in the 
treatment of metastatic prostatic cancer: part 2. Final 
evaluation of the Scandinavian Prostatic Cancer 
Group (SPCG) Study No. 5. Scand J Urol Nephrol. 
2008;42(3):220–9.

	39.	Klotz L, McNeill I, Fleshner N. A phase 1–2 trial of 
diethylstilbestrol plus low dose warfarin in advanced 
prostate carcinoma. J Urol. 1999;161(1):169–72.

	40.	Labrie F, Dupont A, Belanger A, et al. New hormonal 
therapy in prostatic carcinoma: combined treatment 
with an LHRH agonist and an antiandrogen. Clin 
Invest Med. 1982;5(4):267–75.

	41.	Collette L, Studer UE, Schröder FH, et al. Why phase 
III trials of maximal androgen blockade versus castra-
tion in M1 prostate cancer rarely show statistically 
significant differences. Prostate. 2001;48(1):29–39.

	42.	Crawford ED, Blumenstein BA, Goodman PJ, et  al. 
Leuprolide with and without flutamide in advanced 
prostate cancer. Cancer. 1990;66 Suppl 5:1039–44.

	43.	Crawford ED, Eisenberger MA, McLeod DG, et al. A 
controlled trial of leuprolide with and without flu-
tamide in prostatic carcinoma. N Engl J  Med. 
1989;321(7):419–24.

	44.	Eisenberger MA, Blumenstein BA, Crawford ED, 
et al. Bilateral orchiectomy with or without flutamide 
for metastatic prostate cancer. N Engl J  Med. 
1998;339(15):1036–42.

	45.	Denis LJ, Carnelro de Moura JL, Bono A, et  al. 
Goserelin acetate and flutamide versus bilateral orchi-
ectomy: a phase III EORTC trial (30853). EORTC 
GU Group and EORTC Data Center. Urology. 
1993;42(2):119–29.

	46.	Denis LJ, Keuppens F, Smith PH, et  al. Maximal 
androgen blockade: final analysis of EORTC phase III 
trial 30853. EORTC Genito-Urinary Tract Cancer 
Cooperative Group and the EORTC Data Center. Eur 
Urol. 1998;33(2):144–51.

	47.	Denis L, Robinson M, Mahler C, et al. Orchidectomy 
versus Zoladex plus Eulexin in patients with meta-
static prostate cancer (EORTC 30853). J  Steroid 
Biochem Mol Biol. 1990;37(6):951–9.

	48.	Prostate Cancer Trialists Collaborative Group. 
Maximum androgen blockade in advanced prostate 
cancer: an overview of the randomised trials. Lancet. 
2000;355(9214):1491–8.

	49.	Prostate Cancer Trialists’ Collaborative Group. 
Maximum androgen blockade in advanced prostate 
cancer: an overview of 22 randomised trials with 3283 
deaths in 5710 patients. Lancet. 
1995;346(8970):265–9.

	50.	Moinpour CM, Savage MJ, Troxel A, et al. Quality of 
life in advanced prostate cancer: results of a random-
ized therapeutic trial. J  Natl Cancer Inst. 
1998;90(20):1537–44.

	51.	Loblaw DA, Virgo KS, Nam R, et al. Initial hormonal 
management of androgen-sensitive metastatic, recur-
rent, or progressive prostate cancer: 2006 update of an 
American Society of Clinical Oncology practice 
guideline. J Clin Oncol. 2007;25(12):1596–605.

	52.	Studer UE, Whelan P, Albrecht W, et al. Immediate or 
deferred androgen deprivation for patients with pros-
tate cancer not suitable for local treatment with cura-
tive intent: European Organisation for Research and 
Treatment of Cancer (EORTC) Trial 30891. J  Clin 
Oncol. 2006;24(12):1868–76.

	53.	Wilt T, Nair B, MacDonald R, et  al. Early versus 
deferred androgen suppression in the treatment of 
advanced prostatic cancer. Cochrane Database Syst 
Rev. 2002(1):CD003506. doi:10.1002/14651858.
CD003506.

	54.	Studer UE, Hauri D, Hanselmann S, et al. Immediate 
versus deferred hormonal treatment for patients with 
prostate cancer who are not suitable for curative local 
treatment: results of the randomized trial SAKK 
08/88. J Clin Oncol. 2004;22(20):4109–18.

	55.	The Medical Research Council Prostate Cancer 
Working Party Investigators Group. Immediate versus 
deferred treatment for advanced prostatic cancer: initial 

T. Gramann and H.-P. Schmid

http://dx.doi.org/10.1002/14651858.CD003506
http://dx.doi.org/10.1002/14651858.CD003506


325

results of the medical research council trial. Br J Urol. 
1997;79(2):235–46.

	56.	Studer UE, Whelan P, Wimpissinger F, et  al. 
Differences in time to disease progression do not 
predict for cancer-specific survival in patients receiv-
ing immediate or deferred androgen-deprivation ther-
apy for prostate cancer: final results of EORTC 
randomized trial 30891 with 12 years of follow-up. 
Eur Urol. 2014;66(5):829–38.

	57.	Studer UE, Collette L, Whelan P, et al. Using PSA to 
guide timing of androgen deprivation in patients with 
T0-4 N0-2 M0 prostate cancer not suitable for local 
curative treatment (EORTC 30891). Eur Urol. 
2008;53(5):941–9.

	58.	Messing EM, Manola J, Sarosdy M, et al. Immediate 
hormonal therapy compared with observation after 
radical prostatectomy and pelvic lymphadenectomy 
in men with node-positive prostate cancer. N Eng 
J Med. 1999;341(24):1781–8.

	59.	Hussain M, Tangen CM, Berry DL, et al. Intermittent 
versus continuous androgen deprivation in prostate 
cancer. N Engl J Med. 2013;368(14):1314–25.

	60.	Magnan S, Zarychanski R, Pilote L, et al. Intermittent 
vs continuous androgen deprivation therapy for pros-
tate cancer: a systematic review and meta-analysis. 
JAMA Oncol. 2015;1(9):1261–9.

	61.	Brungs D, Chen J, Masson P, et al. Intermittent andro-
gen deprivation is a rational standard-of-care treat-
ment for all stages of progressive prostate cancer: 
results from a systematic review and meta-analysis. 
Prostate Cancer Prostatic Dis. 2014;17(2):105–11.

	62.	Botrel TE, Clark O, dos Reis RB, et al. Intermittent ver-
sus continuous androgen deprivation for locally 
advanced, recurrent or metastatic prostate cancer: a sys-
tematic review and meta-analysis. BMC Urol. 2014;14:9.

	63.	Niraula S, Le LW, Tannock IF. Treatment of prostate 
cancer with intermittent versus continuous androgen 
deprivation: a systematic review of randomized trials. 
J Clin Oncol. 2013;31(16):2029–36.

	64.	Calais da Silva FE, Bono AV, Whelan P, et  al. 
Intermittent androgen deprivation for locally advanced 
and metastatic prostate cancer: results from a ran-
domised phase 3 study of the South European 
Uroncological Group. Eur Urol. 2009;55(6):1269–77.

	65.	 Iversen P, Tyrrell CJ, Kaisary AV, et al. Bicalutamide 
monotherapy compared with castration in patients 

with nonmetastatic locally advanced prostate cancer: 
6.3 years of followup. J Urol. 2000;164(5):1579–82.

	66.	Tyrrell CJ, Kaisary AV, Iversen P, et al. A randomised 
comparison of “Casodex” (bicalutamide) 150  mg 
monotherapy versus castration in the treatment of 
metastatic and locally advanced prostate cancer. Eur 
Urol. 1998;33(5):447–56.

	67.	Kaisary AV, Iversen P, Tyrrell CJ, et al. Is there a role 
for antiandrogen monotherapy in patients with meta-
static prostate cancer? Prostate Cancer Prostatic Dis. 
2001;4(4):196–203.

	68.	Kunath F, Grobe HR, Rücker G, et al. Non-steroidal 
antiandrogen monotherapy compared with luteinising 
hormone-releasing hormone agonists or surgical cas-
tration monotherapy for advanced prostate cancer. 
Cochrane Database Syst Rev. 2014(6):CD009266. 
doi:10.1002/14651858.CD009266.pub2.

	69.	James ND, Sydes MR, Clarke NW, et al. Addition of 
docetaxel, zoledronic acid, or both to first-line long-
term hormone therapy in prostate cancer 
(STAMPEDE): survival results from an adaptive, 
multiarm, multistage, platform randomised controlled 
trial. Lancet. 2016;387:1163–77.

	70.	Gravis G, Boher JM, Joly F, et al. Androgen depriva-
tion therapy (ADT) plus docetaxel (D) versus ADT 
alone for hormone-naïve metastatic prostate cancer 
(PCa): long-term analysis of the GETUG-AFU 15 
phase III trial. Genitourinary Cancers Symposium. 
J Clin Oncol. 2015;33(7): 140.

	71.	Gravis G, Boher JM, Joly F, et  al. Androgen 
Deprivation Therapy (ADT) plus docetaxel versus 
ADT alone in metastatic non castrate prostate cancer: 
impact of metastatic burden and long-term survival 
analysis of the randomized phase 3 GETUG-AFU15 
trial. Eur Urol. 2016;70(2):256–62.

	72.	Vale CL, Burdett S, Rydzewska LH, et al. Addition of 
docetaxel or bisphosphonates to standard of care in 
men with localised or metastatic, hormone-sensitive 
prostate cancer: a systematic review and meta-
analyses of aggregate data. Lancet Oncol. 
2016;17(2):243–56.

	73.	Strebel RT, Sulser T, Schmid HP, et  al. 
Multidisciplinary care in patients with prostate can-
cer: room for improvement. Support Care Cancer. 
2013;21(8):2327–33.

First-Line Hormonal Manipulation: Surgical and Medical Castration with LHRH

http://dx.doi.org/10.1002/14651858.CD009266.pub2


327© Springer International Publishing Switzerland 2017 
M. Bolla, H. van Poppel (eds.), Management of Prostate Cancer, 
DOI 10.1007/978-3-319-42769-0_22

Chemotherapy and Androgen 
Receptor-Directed Treatment 
of Castration Resistant Metastatic 
Prostate Cancer

S. Osanto and S.A.C. Luelmo

1	 �Introduction

Metastatic prostate cancer is sensitive to andro-
gen deprivation in the majority of men. However, 
castration resistance inevitably occurs after a 
median of 18–24 months. Relatively few chemo-
therapeutic agents have been proven to be of ben-
efit to patients. Single agent chemotherapeutic 
trials published in the late 1980s to early 1990s in 
men with castration-resistant disease found a 
response rate to various chemotherapeutic agents 
of less than 10 % in men with measurable disease 
with a median survival of 10–12 months [38].

2	 �Chemotherapy in Castration 
Resistant Prostate Cancer

2.1	 �Mitoxantone

In the early 1990s, PSA tests became available 
and have since been incorporated as response 
measurement in trials.

Two trials investigated the combination of 
mitoxantrone 12 mg/m2on day 1 every 3 weeks 
plus daily prednisone 10  mg compared to 

prednisone alone. The first study investigated 
quality of life (clinical benefit consisting of a 
decrease in pain and use of analgesics) in 161 
men with metastatic prostate cancer and found a 
significantly better pain control in the combina-
tion arm (Table  1, 29 % vs. 12 %, p < 0.0001) 
[36]. There was no difference in PSA response 
and overall survival.

In the second randomized trial, 242 patients 
received hydrocortisone 40 mg/day or the combi-
nation of mitoxantrone 14 mg/m2 on day 1 every 
3 weeks plus hydrocortisone 40  mg daily 
(Table 1) [14]. The combination led to improved 
pain control, but there was no significant differ-
ence in overall survival between the combination 
of mitoxantrone and hydrocortisone and hydro-
cortisone alone.

In 1996, the American Food and Drug 
Administration (FDA) approved the use of the 
combination of mitoxantrone and prednisone for 
the treatment of symptomatic patients with 
hormone resistant prostate cancer. Mitoxantrone 
plus corticosteroids (prednisone or hydrocorti-
sone) was considered the standard of care for pal-
liation not for extending survival in metastatic 
castration-resistant prostate cancer (mCRPC) 
patients.

A multicenter randomized phase III trial in 
121 men with asymptomatic, progressive, CRPC 
compared mitoxantrone intravenously once every 
3 weeks plus 10 mg prednisone daily with pred-
nisone alone and confirmed absence of survival 
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benefit for the combination of mitoxantrone and 
prednisone over prednisone alone (Table 1) [8].

2.2	 �Taxanes

2.2.1	 �Paclitaxel and Docetaxel
An early trial by the Eastern Cooperative Oncology 
Group in 23 patients administered a 24-h infusion 
of 135–150 mg/m2 paclitaxel every 3 weeks [27]. 
Paclitaxel treatment induced considerable toxicity, 
including neutropenic sepsis in 26 % of patients 
and two toxic deaths, but no ≥50 % PSA declines 
and only a 4.3 % measurable response rate.

In a second study, in which 17 patients were 
treated with weekly paclitaxel, 150 mg/m2 for 6 
out of 8 weeks (6  weeks on, 2 weeks rest), a 
higher PSA decline rate of 39 %, a 50 % measur-
able response rate, and a median survival of 
13.5 months was observed [37].

Docetaxel administered as a single agent 
administered either weekly or every 3 weeks, 
resulted in PSA decline rates in approximately 
50 % of patients and measurable disease response 
rates ranging between 28 and 40 % [4, 7, 25].

2.2.2	 �Pivotal Phase III Trials Leading 
to Registration of Docetaxel 
in 2004

Two landmark phase III randomized trials, 
TAX327 and SWOG 99–16, were reported in 
2004. They both demonstrated that docetaxel-
based treatment administered every 3 weeks pro-
longs median OS by 2–3 months for men with 
mCRPC when compared with the palliative stan-
dard of care mitoxantrone and prednisone 
(Table 1) [23, 34]. The results of these two piv-
otal studies replaced mitoxantrone-based therapy 
as standard treatment.

TAX 327, a randomized phase III trial, was a 
three-arm trial with 1004 patients which included 
the standard arm (mitoxantrone combined with 
prednisone) and two experimental arms 
(docetaxel combined with prednisone at varying 
doses) (Table 1). Half of the men did not respond 
to docetaxel and did not benefit from chemother-
apy and were only at risk for potential docetaxel-
related toxicity.

The median survival was 16.5 months in the 
mitoxantrone group, 18.9  months in the group 
given docetaxel every 3 weeks, and 17.4 months 
in the group given weekly docetaxel. No signifi-
cant difference in survival was observed of 
docetaxel once every 3 weeks compared with 
docetaxel once per week.

Among these three groups, 32 %, 45 %, and 
48 % of men, respectively, had at least a 50 % 
decrease in the serum PSA level (p < 0.001 for 
both comparisons with mitoxantrone). With 
regard to pain relief: 22 %, 35 % (p = 0.01), and 
31 % (p = 0.08), respectively, had reductions in 
pain; and 13 %, 22 % (p = 0.009), and 23 % 
(p = 0.005), respectively, had improvements in 
the quality of life.

Adverse events were more common in the 
groups that received docetaxel. There were sig-
nificantly more grade 3–4 adverse events with 
docetaxel administered every 3 weeks when 
compared with mitoxantrone and with once-per-
week docetaxel. In the once-per-week docetaxel 
arm, clinical benefit was generally greater albeit 
not statistically significant, than that of mitoxan-
trone treatment and lower than that with docetaxel 
every 3 weeks. Using the Functional Assessment 
of Cancer Therapy–Prostate, functional status 
was significantly better with docetaxel adminis-
tered every 3 weeks (22 %) or once per week 
(23 %) in comparison to mitoxantrone (13 %; 
p = .009 and .005, respectively).

The Southwest Oncology Group (SWOG) 
study 99–16 compared a 5-day course of estra-
mustine 280  mg orally three times a day com-
bined with docetaxel 60  mg/m2 to continuous 
prednisone and mitoxantrone 12  mg/m2 in 770 
men (Table 1). Dose escalation was permitted to 
70 mg/m2 and 14 mg/m2 for docetaxel and mito-
xantrone, respectively.

In an intention-to-treat analysis, the median 
overall survival was longer in the group given 
docetaxel and estramustine than in the group 
given mitoxantrone and prednisone (17.5 months 
vs. 15.6  months, p = 0.02 by the log-rank test), 
with a 20 % reduction in the risk of death (hazard 
ratio for death was 0.80; 95 % confidence inter-
val, 0.67–0.97). Grade 3 or 4 neutropenic fevers 
(p = 0.01), nausea and vomiting (p < 0.001), and 
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cardiovascular events (p = 0.001) were more 
commonly observed in patients receiving 
docetaxel and estramustine than among those 
receiving mitoxantrone and prednisone. Pain 
relief was similar in both groups.

These two landmark studies TAX327 and 
SWOG 99–16 led to the registration of docetaxel 
for the treatment of castration-resistant prostate 
cancer.

2.2.3	 �Optimal Dose and Schedule 
of Docetaxel

Although the optimal dose and scheduling of 
docetaxel has not been assessed unequivocally 
and the administration dose and schedule of 
docetaxel may be associated with clinical out-
come, the 75 mg/m2 i.v. every 3 weeks TAX327 
regimen is most widely used by clinicians. 
Interestingly, a Finnish study suggested that 
50 mg/m2 docetaxel administered i.v. on days 1 
and 15 of a 4-week cycle was superior to 75 mg/
m2 docetaxel administered i.v. on day 1 of a 
3-week cycle [15]. Overall survival was 
19.5  months in the 2-weekly group (95 % CI, 
15.9–23.1) versus 17 months in the 3-weekly 
group (95 % CI, 15.0–19.1), which was statisti-
cally significant (HR = 1.4; 95 % CI, 1.1–1.8; 
p = .021), and time to progression was 15.8 months 
(95 % CI, 13.6–18.1) and 14.6 months (95 % CI, 
13.2–16.0), respectively (HR = 1.3; 95 % CI, 1.0–
1.6; P = .047).

Another docetaxel trial reported that docetaxel 
administered every 2 versus every 3 weeks was 
associated with a longer time to treatment failure 
(5.6 vs. 4.9  months; p = .016) and fewer grade 
3–4 toxicities. These findings suggest that more 
frequent docetaxel dosing might improve tolera-
bility, efficacy, or both.

2.2.4	 �Prognostic and Predictive 
Factors

Four independent baseline factors (pain, visceral 
metastases, anemia, and bone scan progression) 
predicted PSA decline of ≥30 % within 3 months 
of treatment with chemotherapy could be identi-
fied after analysis of the TAX327 trial data [3]. 
Three risk groups were developed with a median 
OS of 25.7  months (zero to one risk factors), 

18.7 months (two risk factors), and 12.8 months 
(three to four risk factors). These predictors of 
survival may be useful for prognostication as 
well as for stratification in and interpretation of 
clinical trials and sample size planning.

2.3	 �Estramustine

Estramustine phosphate, an ester of estradiol and 
microtubule-associated proteins binding mus-
tard, leads to inhibition of cell mitosis and lowers 
plasma testosterone levels. Estramustine is an old 
drug which has been used many years in the 
clinic before the registration of docetaxel. 
Estramustine administered orally at a dose of 
10 mg/kg/day has a response rate ranging from 
19 to 69 % in metastatic CRPC [22]. Based on 
preclinical data showing synergy between estra-
mustine and chemotherapeutic agents such as 
vinblastine, etoposide, paclitaxel, and docetaxel, 
estramustine has also been used in combination 
with cytotoxic agents. Combination of estramus-
tine and vinblastine, vinorelbine, paclitaxel, and 
docetaxel were tested in various studies. Several 
phase II and III studies investigated whether 
addition of estramustine to chemotherapy leads 
to an improvement in clinical outcome. Data 
from randomized clinical trials that compared 
chemotherapy regimens with and without estra-
mustine published between 1966 and 2004 were 
analyzed [12]. Hemoglobin (p < 0.0001), use of 
chemotherapy plus estramustine (p = 0.008), per-
formance status (p = 0.002), and serum PSA con-
centrations (p = 0.04) were associated 
independently with overall survival. Overall sur-
vival was significantly better in patients who 
received chemotherapy plus estramustine 
(adjusted hazard ratio [HR] 0.77 [95 % CI 0.63–
0.93], p = 0.008) with an estimated absolute 
increase in overall survival of 9.5 % (SE 4.0) at 1 
year after randomization. Patients who received 
chemotherapy plus estramustine had a better 
PSA response than those who received chemo-
therapy without estramustine (RR 0.53 [0.38–
0.72], p < 0.0001) but experienced more grade 3 
or grade 4 thromboembolic events. It was con-
cluded that the clinical benefits did not outweigh 

Chemotherapy and Androgen Receptor-Directed Treatment of Castration Resistant Metastatic Prostate Cancer



332

the additional risk of adverse events including 
thromboembolic events.

2.4	 �First-Line Chemotherapy: 
Phase III Randomized Clinical 
Trials of Docetaxel 
Combinations

Several new agents have been evaluated in com-
bination with docetaxel plus prednisone in ran-
domized phase III trials in chemo-naïve CRPC 
patients (Table 1).

2.4.1	 �GVAX
Prostate GVAX consists of two prostate cancer 
cell lines, LNCaP and PC3, transfected with a 
GM-CSF gene. A phase III trial comparing GVAX 
immunotherapy for prostate cancer in combina-
tion with docetaxel to docetaxel plus prednisone 
was initiated in 2005. The study was designed to 
enroll 600 patients with a primary endpoint of 
superiority in overall survival. CRPC patients with 
pain requiring opioid analgesics were treated with 
docetaxel (75 mg/m2 q 3 weeks × 10 cycles) plus 
GVAX or docetaxel plus prednisone 10 mg daily 
in the control arm. CG1940/CG8711 (500 million 
cells prime/300 million cells boost doses q 3 
weeks × 10 cycles) was administered 2 days fol-
lowing each docetaxel infusion in the experimen-
tal arm followed by maintenance immunotherapy 
alone (q 4 weeks). The study was prematurely ter-
minated after accrual of 408 patients due to an 
imbalance in deaths, with 67 deaths in the 
docetaxel/GVAX arm and 47 deaths in the 
docetaxel plus prednisone arm [32]. Two phase III 
studies of single-agent prostate GVAX in patients 
with CRPC were also terminated early.

2.4.2	 �ASCENT-2
In preclinical experiments, DN-101 (high-dose 
calcitriol, the active form of vitamin D) was 
shown to upregulate apoptosis and inhibit cell 
proliferation in prostatic cancer cell lines treated 
with chemotherapy, including docetaxel. A large, 
randomized phase II study (ASCENT-1 
[Androgen-Independent Prostate Cancer Study 
of Calcitriol Enhancing Taxotere 1], with 250 

patients) of weekly docetaxel and prednisone 
with or without DN-101 did not meet its primary 
endpoint of a prespecified increase in PSA 
response, but there was better OS in the DN-101 
arm with reduced toxicity. In the ASCENT-2 
study, DN-101 given with weekly docetaxel was 
compared with standard 3-weekly docetaxel, the 
best arm of the TAX 327 study (Table  1) [31]. 
The study was terminated with 953 patients 
recruited after an interim analysis showed more 
deaths in the experimental arm (hazard ratio 
[HR], 1.33 for OS; P = .019). ASCENT treatment 
was associated with shorter survival than the con-
trol. This difference might be due to either weekly 
docetaxel dosing, which, in a prior study, showed 
a trend toward inferior survival compared with an 
every-3-weeks regimen, or DN-101 therapy.

2.4.3	 �Endothelin receptor 
antagonists

Endothelin-1 and the endothelin A (ET(A)) 
receptor have been implicated in prostate cancer 
progression in bone. 

This study aimed to determine whether the 
specific ET(A) receptor antagonist, zibotentan, 
prolonged overall survival (OS) in patients with 
castration-resistant prostate cancer and bone 
metastases who were pain-free or mildly symp-
tomatic for pain. Patients were randomized 1:1 to 
zibotentan 10 mg/day or placebo, plus standard 
prostate cancer treatment. The primary endpoint 
was OS. In this large, randomized, placebo-con-
trolled phase III trial, treatment with zibotentan 
10 mg/day did not lead to a statistically signifi-
cant improvement in OS in this patient popula-
tion. Zibotentan had an acceptable safety profile 
(Table 1) [21].

Atrasentan, another endothelin recetor antag-
onist in combination with docetaxel was com-
pared to placebo in a phase III trial including 498 
CRPC patients. No improvement in overall sur-
vival or progression free survival was seen when 
adding atrasentan to the standard docetaxel 
(Table 1).

2.4.4	 �Dasatinib
Src kinases regulate osteoclast functions and may 
play a role in the development of bone metasta-
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ses. Preclinical observations suggested an asso-
ciation between src kinase activity and decreased 
sensitivity to androgen ablation. The addition of 
src-inhibitor dasatinib to docetaxel in a phase III 
placebo-controlled trial in 1,522 men with meta-
static castration-resistant prostate cancer did not 
improve overall survival. Median time to PSA 
progression was also similar in the placebo and 
dasatinib groups. There was a small, nonsignifi-
cant difference in the time to first skeletal-related 
event in favor of the dasatinib arm (HR 0.81, 
95 % CI 0.64–1.02) (Table 1) [2].

2.4.5	 �Antiangiogenic Drugs
The observation that increased microvessel den-
sity, increased expression of VEGF, high plasma 
and urine levels of VEGF are associated with 
poorer OS in men with CRPC, led to enthusiasm 
to study the addition of angiogenesis inhibitors to 
chemotherapy. Combinations of docetaxel and 
angiogenesis-inhibitors have been studied exten-
sively in mCRPC patients.

2.4.6	 �Bevacizumab
Based on encouraging phase II data, the CALGB 
90401 clinical trial compared docetaxel, predni-
sone, and bevacizumab with docetaxel and pred-
nisone in 1,050 men with prognostically favorable 
mCRPC [17]. The primary endpoint was OS, 
which was not significantly different between the 
control and experimental arms (HR, 0.91; 
p = 0.18). Bevacizumab led to significant 
improvements in secondary endpoints 
progression-free survival (PFS) and PSA 
response rate. Compared to docetaxel control, 
there were significantly more grade 3–4 adverse 
effects (75 % vs. 56 %; P < 0.001) in the bevaci-
zumab combination arm and a higher percentage 
deaths related to toxicity (3.8 % vs. 1.1 %).

2.4.7	 �VEGF Trap Aflibercept 
and Lenalomide

Two other large, randomized clinical trials evalu-
ated antiangiogenic agents in combination with 
docetaxel and prednisone.

The VENICE trial (Aflibercept in Combination 
With Docetaxel in Metastatic Androgen 
Independent Prostate Cancer) evaluating afliber-

cept (VEGF trap) explored whether the combina-
tion of docetaxel and prednisone with aflibercept 
which targets a broader spectrum of angiogenic 
mediators than bevacizumab (VEGF-A, VEGF-B, 
and placental growth factor) was superior to 
docetaxel/prednisone alone (Table 1) [35].

Lenalidomide, a less toxic analog of thalido-
mide with immunomodulatory and antiangiogenic 
properties, has been evaluated in combination with 
docetaxel and prednisone in the Mainsail trial 
(Study to Evaluate Safety and Effectiveness of 
Lenalidomide in Combination With Docetaxel and 
Prednisone for Patients With Castrate-Resistant 
Prostate Cancer; Table  1). Overall survival with 
the combination of lenalidomide, docetaxel, and 
prednisone was significantly worse than with 
docetaxel and prednisone for chemotherapy-naive 
men with metastatic, castration-resistant prostate 
cancer (Table 1) [24].

Other antiangiogenic agents include mono-
clonal antibodies targeting αvβ3 and αvβ5 inte-
grin receptors expressed on endothelial cells, 
i.e., CNTO 95 (intetumumab) and etaraci-
zumab. These have been evaluated in phase II 
clinical trials for men with mCRPC. In a phase 
II trial for first-line CRPC, patients were treated 
with docetaxel plus prednisone and were ran-
domized between placebo or intetumumab 
every 3 weeks. All the endpoints including OS, 
PFS, and PSA response favored placebo over 
intetumumab [13].

2.4.8	 �Custirsen
Clusterin is a chaperone protein associated with 
treatment resistance and upregulated by apop-
totic stressors such as chemotherapy. Clusterin is 
upregulated in tumor cells after chemotherapy, 
hormonal therapy, and radiation therapy, and is 
overexpressed in prostate and other types of can-
cers. Clusterin production has been linked to 
treatment resistance and shorter survival.

Custirsen is a second-generation antisense 
that inhibits clusterin production, inhibits tumor 
growth, and reduces resistance to other treat-
ments, e.g., chemotherapy. The SYNERGY trial 
evaluated docetaxel +/− custirsen as first-line 
therapy in men with mCRPC (N = 1022). In 2014, 
OncoGenex announced that the phase III 
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SYNERGY trial showed that the addition of 
custirsen to standard first-line docetaxel/predni-
sone therapy did not meet the primary endpoint 
of improvement in overall survival in men with 
mCRPC compared to docetaxel/prednisone alone 
(median survival 23.4  months vs. 22.2  months, 
respectively; hazard ratio 0.93 and one-sided p 
value 0.207).

3	 �Second Line Treatment in Men 
with mCRPC Progressing 
After First-Line Chemotherapy

Since the two pivotal docetaxel/prednisone 
phase III randomized clinical trials demonstrat-
ing OS benefit in first-line treatment, the use of 
chemotherapy in the postdocetaxel setting has 
represented an unmet medical need. Various 
new cytotoxic drugs have been evaluated in sec-
ond line in men with mCRPC progressing after 
first-line chemotherapy (e.g., satraplatin, 
cabazitaxel).

3.1	 �TROPIC Trial: Cabazitaxel 
with Prednisone

Cabazitaxel is a next-generation taxane, 
selected for clinical development based on its 
ability to overcome docetaxel resistance and its 
ability to cross the blood–brain barrier in pre-
clinical animal models. For patients who expe-
rienced progression during or shortly after 
docetaxel treatment, a phase III trial comparing 
cabazitaxel plus prednisone versus mitoxan-
trone plus prednisone reported a significant OS 
benefit of 15.1 versus 12.7  months (P < .001) 
and median PFS of 2.8 versus 1.4 months with 
cabazitaxel (HR, 0.74; 95 % CI, 0.64–0.86; 
P < .001) [10]. This was the first time that a sec-
ond-line chemotherapy had shown a survival 
benefit.

QOL benefit was not clearly demonstrated 
(small nonsignificant improvement in pain com-
pared with mitoxantrone was seen, although rates 
of pain palliation in both arms were low; overall 
or prostate-specific QOL was not assessed). 

Grade 3–4 adverse events were more frequent 
with cabazitaxel compared to mitoxantrone: 
grade 3–4 neutropenia (82 % vs. 58 %; p not 
reported), with a concomitant increase in severe 
infections. Febrile neutropenia (8 % vs. 1 %; p 
not reported) and diarrhea (6 % vs. 1 %; p not 
reported) were greater in the cabazitaxel arm. 
More deaths were reported within 30 days of last 
drug administration in the cabazitaxel arm than in 
the mitoxantrone arm (18 patients (5 %) vs. 9 
patients (2 %)).

Cabazitaxel with prednisone resulted in an OS 
benefit in men who have received prior docetaxel, 
without a substantial improvement in pain or 
QOL possibly due to increased toxicity from 
cabazitaxel.

Preliminary results of a large European com-
passionate use programme (CUP) and expanded 
access programme (EAP) showed that the 
adverse event (AE) profile is manageable in rou-
tine practice in both younger (<70  years) and 
elderly patients (70–74 years and ≥75  years) 
with mCRPC. Prophylactic G-CSF use was more 
common in older men, as recommended by 
international guidelines. In multivariate analysis, 
age ≥ 75 years, treatment cycle 1 and a neutro-
phil count <4000/mm3 before cabazitaxel injec-
tion were associated with an increased risk of 
developing grade ≥3 neutropenia and/or neutro-
penic complications. In the presence of these 
factors, G-CSF significantly reduced this risk by 
30 %.

Pooled phase I/II safety data suggested that 
doses of cabazitaxel <25 mg/m2 showed a signifi-
cantly decreased incidence of neutropenia. 
Postmarketing requirements asked for a compar-
ative trial between 20  mg/m2 and 25  mg/m2 of 
cabazitaxel in mCRPC patients. A phase III ran-
domized, open-label, noninferiority trial, 
PROSELICA, has been performed comparing the 
efficacy and toxicity of cabazitaxel 20  mg/m2 
plus prednisone versus cabazitaxel 25  mg/m2 
plus prednisone in the postdocetaxel space. The 
results reported at ASCO 2016 showed that the 
noninferiority endpoint in OS of 20  mg/m2 of 
cabazitaxel versus 25  mg/m2 was met, while 
25  mg/m2 resulted in more high grade toxicity 
than 20 mg/m2.
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3.2	 �Head-to-Head Comparison 
of Docetaxel Plus Prednisone 
with Cabazitaxel 
Plus Prednisone in First Line 
Chemotherapy Setting

The FIRSTANA trial comparing cabazitaxel plus 
prednisone at 20 and 25 mg/m2 versus docetaxel 
(75  mg/m2) plus prednisone in patients with 
chemotherapy-naïve mCRPC has recently com-
pleted enrollment. At ASCO 2016, the results of 
this randomized trial of “Cabazitaxel vs docetaxel 
in chemotherapy-naive (CN) patients with 
metastatic castration-resistant prostate cancer 
(mCRPC): A three-arm phase III study 
(FIRSTANA)” were presented (A. Oliver Sartor, 
Abstract Number: 5006). The RCT demonstrated 
no superiority of cabazitaxel 20 or 25 mg/m2 plus 
prednisone over docetaxel 75 mg/m2 plus predni-
sone in chemo-naïve patients with overall survival 
being identical in all three groups of patients.

3.3	 �Sunitinib Plus Prednisone

The clinical value of adding vascular endothelial 
growth factor receptor tyrosine kinase inhibitor 
(VEGFR-TKI) sunitinib was tested in a phase III 
trial. The SUN 1120 (Sunitinib Plus Prednisone 
in Patients With Metastatic Castration-Resistant 
Prostate Cancer After Failure of Docetaxel 
Chemotherapy) phase III clinical trial evaluated 
the antiangiogenic agent sunitinib in men with 
advanced mCRPC who progressed after treat-
ment with docetaxel. Overall, 873 patients with 
progressive mCRPC after docetaxel-based che-
motherapy were randomly assigned to receive 
sunitinib (n =584) or placebo (n = 289). Patients 
also received oral prednisone 5 mg twice daily. 
The primary endpoint was overall survival (OS); 
secondary endpoints included progression-free 
survival (PFS). Two interim analyses were 
planned. The interim analysis by the data moni-
toring committee (DMC) found that the combi-
nation of sunitinib with prednisone was unlikely 
to improve OS when compared with prednisone 
alone and the trial was terminated after the sec-
ond interim analysis for futility reasons.

After a median overall follow-up of 
8.7  months, median OS was 13.1  months and 
11.8  months for sunitinib and placebo, respec-
tively (hazard ratio [HR], 0.914; 95 % CI, 0.762–
1.097; stratified log-rank test, p = .168) [20]. PFS 
was significantly improved in the sunitinib arm 
(median 5.6 vs. 4.1 months; HR, 0.725; 95 % CI, 
0.591–0.890; stratified log-rank test, p < .001). 
Toxicity and rates of discontinuations because of 
adverse events (AEs; 27 % vs. 7 %) were greater 
with sunitinib than placebo.

Based on this phase III trial, the role of antian-
giogenic therapy in mCRPC is questionable.

3.4	 �Satraplatin Plus Prednisone

Satraplatin, an oral platinum analog was tested in 
a phase III trial in 950 mCRPC patients who pro-
gressed after one prior chemotherapy regimen 
[33]. Patients were randomized (2:1) to receive 
oral satraplatin 80 mg/m2 on days 1–5 of a 35-day 
cycle and prednisone 5 mg twice daily or placebo 
and prednisone 5 mg twice daily. No difference 
was seen in the primary endpoint overall survival 
(HR = 0.98; 95 % CI, 0.84–1.15; p = .80). The sec-
ondary endpoint time to pain progression (TPP) 
was significantly better for satraplatin compared 
to placebo (HR = 0.64; 95 % CI, 0.51–0.79; 
p < .001). A 33 % reduction (hazard ratio 
[HR] = 0.67; 95 % CI, 0.57–0.77; p < .001) was 
observed in the risk of progression or death with 
satraplatin versus placebo irrespective of prior 
docetaxel treatment. Satraplatin was generally 
well tolerated, with myelosuppression and gas-
trointestinal disorders occurring more frequently 
with satraplatin than with placebo.

3.5	 �Novel Cytotoxic Agents 
and Overcoming Mechanisms 
of Resistance to Chemotherapy, 
e.g., by Inhibition of PARP

Epothilones are a class of chemotherapy that tar-
get microtubule disassembly, similar to taxanes. 
Results from phase II studies demonstrating a 
positive impact on serum prostate-specific 
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antigen for patupilone and sagopilone, current 
epothilones in development, along with those of 
ixabepilone, are comparable with historical 
response rates to docetaxel. A phase II first-line 
study with sagopilone plus prednisone showed a 
PSA response rate of 37 % [5]. A phase II trial of 
weekly ixabepilone in CRPC patients who were 
either chemo naive, had received a prior taxane, 
or two previous chemotherapeutic lines showed 
PSA response rates of 34 %, 28 %, and 22 %, 
respectively [18]. Epothilones could be effica-
cious as an additional therapy in patients who 
respond to docetaxel chemotherapy.

Inhibiting the enzyme poly (ADP-ribose) 
polymerase (PARP) by small molecule inhibitors 
in tumors which have a defect in the homologous 
DNA recombination pathway, most characteristi-
cally due to BRCA mutations, may show efficacy 
in preselected patient cohorts. Olaparib, a highly 
potent PARP inhibitor, produced a response rate 
of 33 % in all patients and the response rate was 
88 % among patients with tumors with defects in 
DNA repair genes.

In a phase II trial reported by Mateo et al. [19], 
50 patients were treated with the PARP inhibitor 
olaparib at 400  mg twice daily. All patients had 
received prior treatment with docetaxel, 98 % with 
abiraterone (Zytiga) or enzalutamide (Xtandi), and 
58 % with cabazitaxel. The primary endpoint was 
response rate, defined as objective response, 
reduction in prostate-specific antigen level of 
≥50 %, or confirmed reduction in circulating 
tumor cell counts. Targeted next-generation 
sequencing, exome and transcriptome analysis, 
and digital polymerase chain reaction testing were 
performed on tumor biopsies from all patients.

Overall, response was observed in 16 of 49 
evaluable patients (response rate = 33%, 95 % con-
fidence interval = 20–48 %). Next-generation 
sequencing identified homozygous deletions, del-
eterious mutations, or both in DNA-repair genes, 
including BRCA1/2, ATM, Fanconi’s anemia 
genes, and CHEK2, in 16 (335) of the 49. Of these, 
14 (88 %, p < .001 vs. patients negative for bio-
markers) had a response to olaparib, including 
each of seven patients with BRCA2 loss (four with 
biallelic somatic loss, three with germline muta-
tions) and four of five with ATM aberrations.

Median radiologic PFS was 9.8  months in 
biomarker-positive patients versus 2.7 months in 
biomarker-negative patients (p < .001). Median 
OS was 13.8 versus 7.5  months (p = .05). The 
most common grade 3 or 4 adverse events were 
anemia (20 %) and fatigue (12 %).

In January 2016, the US Food and Drug 
Administration (FDA) granted Breakthrough 
Therapy designation (BTD) for the oral poly 
ADP-ribose polymerase (PARP) inhibitor 
Lynparza™ (olaparib), for the monotherapy 
treatment of BRCA1/2 or ATM gene mutated 
mCRPC patients who have received a prior 
taxane-based chemotherapy and at least one 
newer hormonal agent (abiraterone or 
enzalutamide).

4	 �Novel hormonal treatment

4.1	 �Abiraterone, an Androgen 
Biosynthesis Inhibitor

Biosynthesis of extragonadal androgen may con-
tribute to the progression of castration-resistant 
prostate cancer.

Abiraterone acetate is converted in  vivo to 
abiraterone, an androgen biosynthesis inhibitor, 
that inhibits 17 α-hydroxylase/C17,20-lyase 
(CYP17). This enzyme is expressed in testicu-
lar, adrenal, and prostatic tumor tissues and is 
required for androgen biosynthesis. CYP17 
catalyzes two sequential reactions: 1) the con-
version of pregnenolone and progesterone to 
their 17α-hydroxy derivatives by 
17α-hydroxylase activity and 2) the subsequent 
formation of dehydroepiandrosterone (DHEA) 
and androstenedione, respectively, by C17, 20 
lyase activity. DHEA and androstenedione are 
androgens and are precursors of testosterone. 
Inhibition of CYP17 by abiraterone can also 
result in increased mineralocorticoid produc-
tion by the adrenals.

Androgen sensitive prostatic carcinoma 
responds to treatment that decreases androgen 
levels. Androgen deprivation therapies, such as 
treatment with GnRH agonists or orchidectomy, 
decrease androgen production in the testes but do 
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not affect androgen production by the adrenals or 
in the tumor.

A phase III double-blind multicenter trial test-
ing the efficacy of abiraterone was performed in 
1,195 patients whose metastatic prostate cancer 
had previously been treated with one of two che-
motherapy regimens that included docetaxel. 
Among the 797 patients randomly assigned to 
receive abiraterone acetate plus the corticosteroid 
prednisone, median overall survival was 
14.8 months. Among the 398 who received pred-
nisone plus placebo, median survival was 
10.9 months [9].

After an interim analysis, the Independent 
Data Monitoring Committee recommended 
unblinding the trial and offering abiraterone ace-
tate to patients in the placebo arm. Based on this 
trial the Food and Drug Administration (FDA) 
approved abiraterone in April 2011 for men with 
metastatic castration-resistant prostate cancer 
that had previously been treated with a chemo-
therapy regimen containing docetaxel.

In another phase III double-blind multicenter 
trial, 1,088 patients were randomized to receive 
abiraterone acetate (1000  mg) plus prednisone 
(5  mg twice daily) or placebo plus prednisone 
[28]. The COU-AA-302 study was unblinded 
after a planned interim analysis showing 43 % of 
the expected deaths had occurred. The median 
radiographic progression-free survival was 
16.5  months with abiraterone–prednisone and 
8.3 months with prednisone alone (hazard ratio 
for abiraterone–prednisone vs. prednisone alone, 
0.53; 95 % confidence interval [CI], 0.45–0.62; 
P < 0.001). Over a median follow-up period of 
22.2 months, overall survival was improved with 
abiraterone–prednisone (median not reached, vs. 
27.2 months for prednisone alone; hazard ratio, 
0.75; 95 % CI, 0.61 to 0.93; P = 0.01) but did not 
cross the efficacy boundary. Abiraterone–predni-
sone showed superiority over prednisone alone 
with respect to time to initiation of cytotoxic che-
motherapy, opiate use for cancer-related pain, 
prostate-specific antigen progression, and decline 
in performance status. Grade 3 or 4 
mineralocorticoid-related adverse events and 
abnormalities on liver-function testing were more 
common with abiraterone–prednisone.

In December 2012, the FDA expanded the 
approval of abiraterone (ZYTIGA®) (in com-
bination with prednisone) to treat men with 
metastatic castration-resistant prostate cancer 
who have not previously undergone 
chemotherapy.

In the final analysis of the pivotal Phase III trial 
abiraterone acetate + prednisone achieved a 
median overall survival (OS) of almost 3 years 
(34.7  months median overall survival) for abi-
raterone acetate + prednisone versus 30.3 months 
with placebo plus prednisone, achieving a 
4.4 months improvement in median overall sur-
vival compared with placebo plus prednisone 
[29]. Coprimary endpoint—overall survival: haz-
ard ratio (HR) = 0.81; 95 % CI: 0.70, 0.93; 
P = 0.0033. Coprimary endpoint—rPFS: at the 
prespecified rPFS analysis, median not reached 
for ZYTIGA® + prednisone versus a median of 
8.28 months for placebo + prednisone; HR = 0.425; 
95 % CI: 0.347, 0.522; P = 0.0001.

4.2	 �Enzalutamide and Other 
AR-Inhibitors

Enzalutamide (formerly called MDV3100) tar-
gets multiple steps in the androgen receptor sig-
naling pathway, the major driver of prostate 
cancer growth. Enzalutamide, a synthetic, non-
steroidal pure oral, once-daily androgen receptor 
inhibitor, has been investigated in various early 
and phase III trials. In the AFFIRM study 1,199 
postdocetaxel mCRPC patients were randomized 
in a 2:1 ratio to receive enzalutamide 160 mg or 
placebo once daily. Patients were stratified 
according to performance-status score and pain 
intensity [30]. Enzalutamide was shown to be 
superior over placebo in the primary endpoint of 
overall survival; 18.4  months (95 % confidence 
interval [CI], 17.3 not yet reached) versus 
13.6 months (95 % CI, 11.3–15.8) with a hazard 
ratio for death in the enzalutamide group of 0.63 
(95 % CI, 0.53 to 0.75; p < 0.001) as well as the 
secondary endpoints of PSA level response rate 
(54 % vs. 2 %, p < 0.001), the soft-tissue response 
rate (29 % vs. 4 %, p < 0.001), the quality-of-life 
response rate (43 % vs. 18 %, p < 0.001), the time 
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to PSA progression (8.3 vs. 3.0 months; hazard 
ratio, 0.25; p < 0.001), radiographic progression-
free survival (8.3 vs. 2.9  months; hazard ratio, 
0.40; p < 0.001), and time to the first skeletal-
related event (16.7 vs. 13.3 months; hazard ratio, 
0.69; p < 0.001). A higher incidence of all grade 
fatigue (34 vs. 29 %), diarrhea (21 vs. 18 %), hot 
flashes (20 vs. 10 %), musculoskeletal pain (14 
vs. 10 %), and headache (12 vs. 6 %) was seen in 
the enzalutamide group than in the placebo group 
with a lower incidence of grade 3 or higher 
adverse events (45 vs. 53 %). In the enzalutamide 
group five of the 800 patients (0.6 %) were 
reported to have seizures; no seizures were 
reported in the placebo group. In August 2012, 
the FDA initially approved enzalutamide 
(XTANDI), for use in patients with metastatic 
CRPC who previously received docetaxel 
(chemotherapy).

Subsequently, enzalutamide was also tested in 
1,717 mCRPC patients before chemotherapy [6]. 
In the PREVAIL trial, enzalutamide 160 mg daily 
was compared with placebo (not with chemother-
apy as the study population consisted of men 
with  asymptomatic or minimally symptomatic 
advanced prostate cancer who usually do not have 
chemotherapy at this stage). This in contrast to the 
comparator arm prednisone, which has activity in 
mCRPC patients, in the pre-docetaxel phase III 
COU-AA-302 study testing abiraterone.

Coprimary endpoints for the PREVAIL study 
were radiographic progression-free survival and 
overall survival. Treatment with enzalutamide 
resulted in a significant improvement in radio-
graphic PFS at 12 months of 65 % compared with 
14 % in the placebo group (81 % risk reduction; 
hazard ratio in the enzalutamide group, 0.19; 
95 % confidence interval [CI], 0.15–0.23; 
p < 0.001). At the planned interim analysis con-
ducted after 540 deaths, the median follow-up for 
survival was approximately 22 months. At that 
time 72 % in the enzalutamide group and 63 % in 
the placebo group were still alive resulting in a 
29 % decrease in risk of death (hazard ratio, 0.71; 
95 % CI, 0.60–0.84; p < 0.001). The estimated 
median overall survival was 32.4 months in the 
enzalutamide group compared with 30.2 months 
in the placebo group. Enzalutamide was superior 

with respect to all secondary endpoints, including 
time until the initiation of cytotoxic chemother-
apy (hazard ratio, 0.35), time until the first 
skeletal-related event (hazard ratio, 0.72), a com-
plete or partial soft-tissue response (59 % vs. 
5 %), time until prostate-specific antigen (PSA) 
progression (hazard ratio, 0.17), and a rate of 
decline of at least 50 % in PSA (78 % vs. 3 %) 
(p < 0.001 for all comparisons). Enzalutamide 
significantly decreased the risk of radiographic 
progression and death and delayed the initiation 
of chemotherapy in men with metastatic prostate 
cancer.

Updated results show that enzalutamide 
delayed the radiographically detected progres-
sion of the disease by 81 % (rPFS: hazard ratio 
[HR], 0.19; p < .0001) with a disease control rate 
in soft tissue of 59 % (20 % complete responses 
and 39 % partial responses) compared with 5 % in 
patients on placebo. On average, patients treated 
with enzalutamide received chemotherapy about 
17 months later than those in the placebo arm 
(28 months vs. 10.8 months; HR, 0.35; p < .0001).

In 2014, the FDA approved enzalutamide for 
use in men with metastatic CRPC who have not 
received chemotherapy. Enzalutamide is gener-
ally well tolerated and results in relatively few 
side effects.

Next-generation AR inhibitors, such as 
ARN-  509 and ODM-201 with more potent 
AR-inhibitory capacity than enzalutamide, are 
currently being tested in various clinical trials.

4.3	 �Acquired Resistance 
Mechanisms

Prostate cancer cells demonstrate “addiction” to 
androgen receptor (AR) signaling in all stages of 
disease progression, but it has now been shown 
that various molecular alterations indicating 
treatment resistance may arise in patients treated 
with AR-directed therapies. Second-generation 
androgen receptor antagonist enzalutamide and 
abiraterone are major breakthroughs in the treat-
ment of mCRPC, but primary resistance occurs 
in approximately 20–40 % of patients typified by 
failure to exhibit a PSA response or clinical or 

S. Osanto and S.A.C. Luelmo



339

radiological improvements. Moreover, in all 
patients who respond initially in time resistance 
will develop. Various mechanisms may account 
for resistance under selection pressure by abi-
raterone and enzalutamide. Examples are gene 
amplification of androgen receptor and/or CYP17 
upregulation, emergence of AR splice variants 
and AR point mutations.

4.3.1	 �AR and CYP17 Upregulation
AR gene amplification and protein overexpres-
sion have been observed in a high proportion of 
tumors during treatment with androgen depri-
vation therapy (ADT) and this may account for 
resistance to novel antiandrogens such as abi-
raterone and enzalutamide. AR amplification 
and AR gene aberrations were also noted in cir-
culating cell-free DNA and this was associated 
with resistance to enzalutamide and abiraterone 
in mCRPC.  Upregulation of CYP17 or other 
androgen-synthetic enzymes also seems to play 
a role in resistance to novel antiandrogens. 
Intratumoral CYP17A1 upregulation was asso-
ciated with tumor relapse in preclinical 
studies.

4.3.2	 �AR Splice Variants
Alternative splicing of AR mRNA resulting in 
AR splice variants has been put forward as a 
mechanism for the resistance to both enzalu-
tamide and abiraterone. Multiple AR splice 
variants have now been reported. Such AR 
splice variants encode for a truncated AR pro-
tein that lacks the C-terminal ligand binding 
domain (LBD) while retaining the trans-acti-
vating N-terminal domain. Thus, the truncated 
AR protein is no longer able to bind the ligand 
but is still constitutively active as transcription 
factors and able to promote the activation of 
target genes (as it would do after ligand 
binding).

Following inhibition of the AR pathway with 
abiraterone and enzalutamide, such selection 
pressure results in expression of ARV7 and other 
splice variants.

Antonarakis and coworkers [1] elegantly dem-
onstrated the prognostic value of AR-V7. In 
mCRPC patients about to start abiraterone or 

enzalutamide treatment, AR-V7 mRNA expres-
sion could be detected in their circulating tumor 
cells (CTCs).

PSA responses (PSA decline ≥50 %), 
progression-free survival (PFS), and OS were 
compared between patients positive for AR-V7 
and patients without AR-V7 expression. Eighteen 
of the 62 patients (29 %) tested positive for 
AR-V7 at baseline (12 of 31 enzalutamide-
treated patients and 6 of 31 abiraterone-treated 
patients). None of these 18 AR-V7-positive 
patients had a PSA response with enzalutamide 
or abiraterone, compared with AR-V7-negative 
patients who had a 53 and 68 % PSA response 
rate to enzalutamide and abiraterone, respec-
tively. PFS and OS were also decreased for the 
AR-V7-positive patients. The study results indi-
cated that AR-V7 detection in CTCs might be 
associated with primary resistance to novel anti-
androgen therapies and suggested that expression 
of alternative AR splice variants is increased as a 
consequence of continued androgen-directed 
therapies. AR-V7 testing had been performed in 
CTCs which means that only a proportion of cir-
culating tumor cells are tested whereas at the site 
of the metastases tumor cells displaying other 
types of resistance may exist in vivo.

Efstathiou et  al. [11] evaluated 60 men with 
mCRPC for AR-V7 expression at the protein 
level from bone marrow biopsies prior to treat-
ment with enzalutamide and after 8 weeks of 
therapy. Given the high incidence of the splice 
variant expression noted in this study, AR-V7 
appears to be a frequent cause of drug resistance 
to enzalutamide in this setting. AR-V7 can thus 
be reliably measured in both tissue and circulat-
ing tumor cells derived from mCRPC patients, 
and detection of AR-V7 in mCRPC has potential 
clinical utility as a treatment selection marker.

4.3.3	 �AR Point Mutations and Other 
Mechanisms of Resistance, 
Including Escape via Other 
Tumor Histologies

AR point mutations have also been found in 
CRPC patients undergoing hormonal therapy and 
novel antiandrogens during progression. Another 
mechanism of resistance by which tumors escape 
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to AR inhibition may be the upregulation or 
induction of the glucocorticoid receptor (GR), 
which could subsequently form the driver path-
way in mCRPC patients exposed to AR blockade. 
Other mechanisms of resistance may lead to 
changes in the histological type of the tumor 
cells, e.g., emergence of small cell carcinoma 
whether this results from transformation to 
another type of cell or results from selection of 
preexisting tumor cell clones. Another cell type 
may be the recently reported intermediate atypi-
cal carcinoma (IAC). The prognosis for patients 
harboring the IAC histology approximates that of 
small cell cancer and is more unfavorable than 
that of the classical adenocarcinoma histology. 
Other mechanisms of tumor cell scape may be 
induction of expression of programmed death-
ligand 1 (PD-L1) on tumor cells as has been 
observed in enzalutamide-resistant prostate 
cancer cell lines and increased amounts of 
circulating PD-L1/2-positive dendritic cells. 
Clinical trials with checkpoint inhibitors in 
enzalutamide-refractory mCRPC and in AR-V7-
positive mCRPC are currently ongoing.

4.3.4	 �Novel Drugs That May 
Overcome Resistance to Second 
Generation Androgen-Receptor 
Inhibitors

Galeterone (Gal) is a small molecule that disrupts 
androgen receptor (AR) signaling via inhibition 
of CYP17, AR antagonism, and AR degradation. 
Galeterone may overcome resistance to current 
therapy resulting from upregulation of full-length 
AR, splice variants AR and AR mutations, and is 
now tested in clinical trials.

5	 �Overall Conclusion

Since 2004, there have been rapid advancements in 
the treatment of CRPC with two chemotherapeutic 
agents and several other novel agents which dem-
onstrated OS improvement being approved for 
CRPC. Various combinations of docetaxel with tar-
geted agents have been extremely disappointing 
and docetaxel had proven to be a poor partner with 
regard to combinations with other classes of agents.

Interestingly, molecular targeting of previ-
ously treated mCRPC patients with a defect in 
DNA repair genes with the PARP inhibitor olapa-
rib led to a high response rate has been shown to 
be an effective approach.

Novel therapies such as abiraterone and 
enzalutamide that maximally decrease androgen 
receptor (AR) signaling activity in metastatic 
castration-resistant prostate cancer (mCRPC) 
meant a major step forward in prostate cancer 
therapeutics and have been added to our arma-
mentarium in recent years. Even though abi-
raterone and enzalutamide have demonstrated 
significant survival benefits in mCRPC patients, 
a significant proportion of patients have primary 
resistance to these agents and virtually all patients 
develop secondary resistance. AR-dependent and 
AR-independent mechanisms, including 
upregulation of AR and cytochrome P450 
17α-hydroxylase/17,20-lyase (CYP17), induc-
tion of AR splice variants, AR point mutations, 
upregulation of glucocorticoid receptor, activa-
tion of alternative oncogenic signaling pathways, 
neuroendocrine transformation, and immune eva-
sion via programmed death-ligand 1 upregula-
tion, may be drivers of therapeutic resistance.

There is an unmet need to develop biomarkers 
to select patients who may benefit from a particu-
lar therapy. Ongoing trials using agents with 
novel mechanisms of action may further revolu-
tionize the therapeutic landscape. In the coming 
years we will hopefully be able to add new agents 
to the current armamentarium.
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1	 �Introduction

The bone is by far the most common site for 
metastasis in prostate cancer (PCa) with around 
70–80 % patients with advanced disease having 
bone involvement on imaging and an even greater 
proportion displaying micro-metastases on 
autopsy [1]. Bone involvement in PCa leads to 
profound local consequences in terms of bone 
integrity, and can be associated with significant 
morbidity. Improvements in survival have been 
seen as newer, systemic treatments emerge for 
metastatic PCa, but all these currently remain 
non-curative and do not specifically address the 
local consequence of metastatic bone disease. 
This means that patients with bone metastatic 
PCa carry the risk of skeletal morbidity for lon-
ger, the reduction of which is of paramount 
importance in order to maintain a good quality of 
life [2]. The use of bone-targeted agents are cen-
tral to modalities used to achieve this aim 
because, not only do they address the local conse-
quences of bone metastases, but the newer agents 
have direct effects on the tumour itself at this site.

Even outside the bone metastatic setting, key 
PCa treatments including androgen-deprivation 
therapy (ADT) and corticosteroids contribute to sig-

nificant decreases in bone mineral density (BMD) 
collectively termed cancer treatment-induced bone 
loss (CTIBL), which is associated with an increased 
risk of fractures and other skeletal morbidity. The 
use of bone-targeted agents has emerged as an 
important tool in the preservation of bone health 
among these patients, as they have been shown to 
increase BMD and reduce fracture risk [3].

This chapter describes the current understand-
ing of the cellular and molecular pathophysiol-
ogy of bone disease, its consequences and the 
current and emerging evidence for the use of 
bone-targeted agents in clinical practice.

2	 �Pathophysiology of Bone 
Metastases from Prostate 
Cancer

Initially proposed by Paget in 1889, the ‘seed and 
soil’ theory describes the preferential interaction 
between metastatic cancer cells (seeds) with the 
environment (soil) at specific organs to facilitate 
their growth and forms the basis of our current 
understanding of cancer metastasis to bone. The 
bone microenvironment comprises a mineralised 
extracellular matrix (ECM) and a range of specific 
cells that are regulated by various systemic and 
paracrine factors that provide a perfect milieu that 
PCa cells are able to co-opt and utilise for their 
growth and survival [4]. Using a molecular mecha-
nism similar to that utilised by haemotopoietic 
stem cells (HSCs) for homing to their bone marrow 

A.T. Salawu (*) • C. Handforth • J.E. Brown 
Academic Unit of Clinical Oncology, University of 
Sheffield, Weston Park Hospital,  
Whitham Road, Sheffield S10 2SJ, UK
e-mail: a.salawu@sheffield.ac.uk

mailto:a.salawu@sheffield.ac.uk


344

niche, PCa tumour cells disseminated in the circu-
lation express the chemokine receptor CXRCR4, 
which interacts with the chemoattractant protein 
CXCL12 expressed by endothelial cells and osteo-
blasts present in the bone microenvironment. On 
arrival in the HSC niche, evidence suggests that the 
PCa cells act as molecular parasites that out-bind 
HSCs for receptors such as ANXA2 with which 
they remain anchored within their niche and release 
factors that drive HSCs differentiation to progeni-
tor cell pools or into the peripheral circulation [5]. 
Additional interactions between PCa tumour cell 
surface proteins such as αvβ3 integrins with bone 
marrow extracellular matrix (ECM) proteins have 
been shown to promote colonisation and survival. 
Local influences of the bone microenvironment 
including physical factors such as hypoxia and low 
pH trigger molecular signalling via the HIF-1a, 
NF-kB and AP-1 pathways, which have been 
shown to promote PCa cell growth [4].

Normal bone metabolism involves continu-
ous, tightly regulated remodelling that balances 
bone matrix resorption by osteoclasts with matrix 
formation by osteoblasts. The key molecular 
signalling mechanism that promotes osteoclast 
activation involves an interaction between the 
receptor activator of nuclear factor-kB (RANK) 
that is expressed on the surface of osteoclast pre-
cursors with its ligand (RANKL), a soluble factor 
that is produced by mainly by osteoblasts [4]. 
Negative regulation exists in the form of osteo-
protegerin, a soluble decoy receptor to RANKL 
that is also produced by osteoblasts in response to 
factors (such as oestrogens and androgens) and 
inhibits osteoclast activation and bone resorption 
by preventing RANKL-RANK interaction [4].

PCa cells present in bone secrete several fac-
tors such as parathyroid hormone-related protein 
(PTHrP), which stimulates osteoblastic release of 
soluble RANKL. The resultant RANKL-RANK 
signalling causes increased osteoclastogenesis 
and resorption of the mineralised bone ECM, with 
breakdown of type 1 collagen fibres and the 
release of stores of calcium and growth factors 
such as TGFβ. The release of TGFβ in turn causes 
increased proliferation of tumour cells and further 
PTHrP secretion, thus setting up a self-propagating 
‘vicious cycle’ that promotes growth of bone 

metastasis with attendant osteolysis. Further, evi-
dence suggests that tumour cells can exhibit 
‘osteomimicry’, whereby they acquire osteoclas-
tic properties themselves or promote formation of 
giant, multinucleated cells from osteoclast precur-
sors with increased bone resorptive function [4].

PCa cells also release factors that directly or 
indirectly influence an increase in osteoblast activ-
ity. Tumour cells secrete Endothelin-1 (ET1), a 
soluble factor that directly stimulates osteoblast 
activity via the ETA receptor pathway. Interestingly 
N-terminal fragments of PTHrP bear strong 
sequence homology with ET1, suggesting that they 
may also play a role in osteoblast activation, while 
TGFβ has also been shown to promote osteoblast 
growth [6]. The result is that PCa bone metastases 
have a predominantly sclerotic appearance on 
radiologic imaging in spite of clear evidence of 
increased bone resorption [6]. Further, PCa bone 
metastases are associated with an increase in mark-
ers of both bone formation and resorption reflect-
ing elevated both osteoclast and osteoblast activity 
(discussed later in this chapter).

3	 �Consequences of Metastatic 
Bone Disease in Prostate 
Cancer

3.1	 �Clinical and Socioeconomic 
Implications

The clinical sequelae of PCa bone metastases arise 
predominantly as a result of increased bone resorp-
tion. They include severe bone pain; pathological 
fractures necessitating surgery or radiotherapy; 
spinal cord and nerve root compression, bone mar-
row infiltration and hypercalcaemia. These can 
also have significant health implications for 
patients in terms of their physical, emotional and 
functional well-being in the form of fatigue, pain, 
depression, anxiety, impaired mobility and reduced 
independence, as well as an increased risk of mor-
tality. With increased survival rates of metastatic 
PCa patients, the cumulative effect is that of 
increased stress on health and social care systems.

Objective measures of skeletal morbidity 
from bone metastases include the frequency or 

A.T. Salawu et al.



345

time to development of skeletal-related events 
(SREs) and symptomatic skeletal events 
(SSEs). SREs by definition include pathologi-
cal fractures, (symptomatic or incidental find-
ing), spinal cord compression, necessity for 
radiation to bone (for pain or impending frac-
ture) or surgery to bone. SSEs are very similar 
to SRE by definition, but exclude asymptomatic 
pathologic fractures [7]. SREs and SSEs have 
been defined for use as composite endpoints for 
clinical trials of bone-targeted agents. SRE/
SSEs occur with a very high frequency in 
patients with bone metastases from PCa with 
one study report showing that up to half of 
patients experience at least one SRE within 2 
years in the absence of treatment with bone-
targeted agents and that an increased risk of 
further SREs exists following an initial event 
[8]. In addition, the degree of skeletal involve-
ment, an increase in bone turnover markers and 
progression of disease are all factors that 
increase the risk of SRE [8].

3.2	 �Biochemical Consequences

The cellular and metabolic processes involved in 
bone matrix resorption and formation result in 
the release of proteins, peptide fragments and 
mineral components of the bone ECM into the 
circulation, which can be measured in blood and 
urine. These bone turnover markers may be 
broadly divided into markers of bone resorption 
and bone formation. Examples of bone resorption 
markers include the N- and C- terminal cross-
linked telopeptide breakdown products of type I 
collagen, termed NTX and CTX respectively and 
measurable in both serum and urine. Bone forma-
tion markers measureable in serum include bone-
derived alkaline phosphatase (BALP) which is 
released by osteoblasts during matrix formation, 
and the N- and C-terminal propeptides formed by 
cleavage of type I procollagen to native collagen 
(P1NP and P1CP, respectively).

Several studies have demonstrated correlation 
between bone turnover marker levels and the 
extent of bone disease in PCa both before and 
during treatment and suggested that they may be 

used to identify either a need for treatment with 
bone-targeted agents, or treatment failure [9]. 
Bone turnover markers have also been found to 
be predictive of the risk of SREs and overall sur-
vival and have potential to be used as surrogate 
end points in clinical trials. However, these 
require further evaluation in large prospective 
studies before they can be validated for this pur-
pose. Routine clinical use of bone turnover mark-
ers to monitor response to bone-targeted agent 
treatment is also currently limited, as a result of 
diurnal and interlaboratory variations in mea-
sured levels that require further research and 
optimisation so they can be standardised.

4	 �Bone-Targeted Agents 
in Prostate Cancer: 
Bisphosphonates

4.1	 �Mechanisms of Action, Mode 
of Administration and Side 
Effects

Bisphosphonates are a group of compounds that 
contain two phosphonate groups and have a 
molecular structure similar to pyrophosphate. 
This molecular similarity confers on them a high 
affinity for mineralised bone matrix where they 
bind to hydroxyapatite and accumulate. 
Bisphosphonates are subsequently released dur-
ing bone resorption and ingested by osteoclasts, 
with resultant inhibition of osteoclast bone 
resorptive function. The molecular mechanism 
by which they achieve this inhibition depends on 
whether or not they contain nitrogenous groups. 
Non-nitrogen-containing bisphosphonates (such 
as clodronate) disrupt cellular energy metabolism 
leading to osteoclast apoptosis. The more potent 
nitrogen-containing bisphosphonates (such as 
ibandronate, pamidronate, zoledronate) inhibit 
the HMG CoA reductase pathway and prevent 
the formation of metabolites required for lipid 
modification of G-proteins required for normal 
cytoskeletal function that is key to osteoclasto-
genesis, survival and bone resorptive ability [10]. 
Bisphosphonates that have been evaluated in 
phase 3 trials of PCa include alendronate, 
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etidronate, pamidronate, clodronate and zoledro-
nate. Some bisphosphonates (such as clodronate) 
are administered orally and others by the intrave-
nous route such as zoledronate, which is given as 
a 30-min intravenous infusion. Zoledronate is not 
metabolised and around 40 % of the drug is 
excreted unchanged by the kidneys in the first 24 
h with the rest bound to bone tissue and slowly 
released into circulation.

Bisphosphonates in clinical use and in trials are 
generally well tolerated with few and infrequent 
adverse effects. Orally administered bisphospho-
nates such as clodronate may incur gastrointestinal 
side effects and, for zoledronate, dose modifica-
tions may be required in mild to moderate renal 
impairment (creatinine clearance 30–60  L/min) 
and it is contraindicated in patients with creatinine 
clearance <30 L/min. Other reported side effects 
of intravenous bisphosphonates include flu-like 
symptoms and hypocalcaemia.

A rare, but potentially serious side effect of 
potent bisphosphonates, for example, zoledro-
nate, is osteonecrosis of the jaw (ONJ). This is 
defined as an area of exposed jaw bone that per-
sists for more than 8 weeks in patients without 
previous craniofacial radiation [11]. Its severity 
can range from mild pain, swelling or infection 
that can be treated conservatively with mouth-
washes and antibiotics, to severe symptoms that 
require surgical debridement and bone resection. 
Risk factors identified for ONJ development 
include higher frequency and longer duration of 
BP use, poor baseline dental hygiene, invasive 
dental procedures such as extractions, systemic 
comorbidities and concomitant use of corticoste-
roids [11]. Precautionary dental health measures 
are now recommended for patients receiving 
potent bisphosphonates such as zoledronic acid.

4.2	 �Bisphosphonates 
in Prevention of SREs 
in Patients with Metastatic 
Castrate-Resistant Prostate 
Cancer (mCRPC)

In the Zoledronic acid 039 trial, 643 patients with 
mCRPC were randomised to receive 4-weekly IV 

zoledronate at a dose of 4 mg or 8 mg or placebo 
(Table 1). The primary endpoint of SRE incidence 
was 38 % in the zoledronate arms after 24 months 
compared with 49 % in the placebo arm (p = 0.028) 
[8]. Time to first SRE and the rate of development 
of SREs per year in both groups also showed 
favourable results in the zoledronate arms 
(p = 0.009 and p = 0.005, respectively) and contin-
ued administration of zoledronate following one 
SRE was shown to reduce the risk of further SREs 
by approximately 36 % (risk ratio [RR] 0.64, 95 % 
confidence interval [CI] 0.485–0.845; p = 0.002). 
This efficacy response was accompanied by a 
sharp reduction in bone resorption markers, with 
urinary NTX to creatinine (uNTX:Cr) ratios fall-
ing by approximately 70 % within the first month 
of zoledronate treatment, independent of dose, 
and remaining suppressed. This demonstration of 
efficacy led to its approval for reduction of SRE 
risk in mCRPC by the European Medicines 
Agency (EMA) and United States Food and Drug 
Administration (US FDA). No significant benefit 
with zoledronate was however seen in imaging or 
biomarker parameters of progression free survival 
(PFS) or in overall survival (OS) [8]. In their com-
bined analysis of three phase 3 trials involving 
around 5700 patients, Saad and colleagues 
reported 1.3 % frequency of ONJ in patients 
receiving zoledronic acid, the majority of which 
was treated conservatively [11].

Less potent bisphosphonates are not widely 
used routinely for SRE prevention in PCa.

4.3	 �Zoledronate in Castration-
Sensitive Patients

CALGB 90202 was a phase 3 randomised pla-
cebo controlled trial that evaluated zoledronate in 
the castration-sensitive, PCa bone metastasis set-
ting [12]. Patients in the experimental arm were 
given IV zoledronate every 4 weeks and all 
patients were switched to this arm on develop-
ment of castration resistance. It recruited 645 out 
of a planned 680 patients and recorded 299 of an 
expected 470 SREs before it was terminated pre-
maturely due to withdrawal of sponsor support. 
The median time to first SRE was 31.9 vs. 
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29.8 months in the zoledronate and placebo arms, 
respectively (hazard ratio [HR]: 0.97; p = 0.39) 
and therefore did not support the use of BP prior 
to castration resistance in PCa patients with bone 
metastases (Table 1).

The STAMPEDE trial is a large, multiarm, 
multistage trial in castrate-sensitive PCa patients 
in which all patients receive ADT.  The trial is 
ongoing, but has recently reported data from the 
zoledronate arms (Table 1). The results show that 
addition of zoledronate to first-line hormonal 
therapy did not improve failure-free or OS in PCa 
patients with high risk, locally advanced or meta-
static disease (HR 0.93, 95 % CI 0.77–1.11; 
p = 0.416) [13]. While the study reported a sig-
nificant OS advantage with the addition of six 
cycles of docetaxel (75 mg/kg every 3 weeks) in 
this patient population (HR 0.76, 95 % CI 0.62–
0.92; p = 0.005), concurrent administration of 
zoledronate did not show additional benefit (HR 
1.06, 95 % CI 0.86–1.30; p = 0.593) and is there-
fore not recommended [13].

4.4	 �Attempts to Use 
Bisphosphonates to Prevent 
Bone Metastases

Oral clodronate at a daily dose of 2080 mg failed 
to show significant benefit in the time to develop-
ment of bone metastases or symptomatic bone 
progression-free survival in non-metastatic PCa 
patients (MRC PC04 trial) [14] or castration-
sensitive PCa patients with bone metastases 
(MRC PC05 trial) [15], respectively (Table  1). 
While long term overall survival analysis sug-
gested some benefit in the bone metastatic setting 
(HR 0 · 77, 95 % CI 0 · 60–0 · 98; p = 0 · 032), sig-
nificantly more frequent gastrointestinal side 
effects were reported in the clodronate groups of 
both trials and attention was focused on other 
more potent BPs such as zoledronate (zoledronic 
acid or ZA).

To evaluate its efficacy in prevention of bone 
metastases, non-metastatic CRPC patients with 
rising PSA levels (at least 3 consecutive rises) 
enrolled in the zoledronate 704 trial (Table  1) 
were randomised to receive either IV zoledronate 

4 mg every 4 weeks or placebo [16]. While this 
study had to be terminated prematurely after 
recruitment of only 398 out of a planned 991 
patients due to a low event rate, it contributed 
important insights into the design of future trials 
of bone-targeted agents. The reported rate of 
development of bone metastases was only 33 % 
after 2 years (median bone metastasis-free sur-
vival of 30 months). It was noted however that a 
high baseline PSA (>10 ng/ml) or rapidly rising 
PSA were independent predictors of shorter bone 
metastasis-free survival and even OS [16]. A sub-
sequent phase 3 trial (ZEUS) was conducted in 
high-risk localised PCa (Gleason Score 8–10, 
node-positive disease or PSA >20) that involved 
1433 men randomised to receive either IV zole-
dronate 4 mg every 3 months for 4 years or obser-
vation only [17] (Table  1). Zoledronate did not 
show a significant reduction in the primary out-
come measure, which was the proportion of 
patients that developed bone metastases [17].

5	 �Bone-Targeted Agents 
in Prostate Cancer: RANKL-
RANK Inhibition

5.1	 �Denosumab

Denosumab is a fully humanised monoclonal 
IgG2 antibody that targets RANKL. It binds com-
petitively to RANKL, preventing its interaction 
with RANK on osteoclast precursors thereby 
inhibiting their differentiation and activation in a 
molecular mechanism identical to the physiologi-
cal regulation of osteoclast function by OPG [10]. 
It is administered as a subcutaneous bolus injec-
tion and at doses of 60 mg or higher every 4 weeks. 
Its clearance is independent of renal and hepatic 
function and following discontinuation, and it has 
a mean half-life of approximately 28 days.

5.2	 �Denosumab and Prevention 
of SREs

Denosumab was compared with zoledronate in a 
phase 3 randomised trial (Protocol 103) that 

Bone-Targeted Therapies in Prostate Cancer



350

aimed to evaluate its efficacy in the reduction of 
skeletal morbidity in bone metastatic CRPC 
(Table 1). A total of 1904 patients were assigned 
randomly to receive either IV zoledronate 4 mg 
or SC denosumab 120 mg every 4 weeks, with 
the time to first on-study SRE as the primary end-
point [20]. A statistically significant reduction in 
the time to first on-study SRE was seen with 
denosumab compared to zoledronate (20.7 vs. 
17.1  months; HR 0.82, 95 % CI 0.71–0.95; 
p = 0.0002 for non-inferiority and 0.008 for supe-
riority). Patients in the denosumab arm also had a 
delayed time to first and subsequent SRE in a 
multievent analysis (HR 0.82, 95 % CI 0.71–
0.94; p = 0.008). There were fewer SSEs with 
denosumab (25.4 % vs. 30.4 %; HR 0.78; p < 0.01) 
and greater decrease in the uNTX: Cr ratio 
(−40.3 % vs. −28 %; p < 0.0001) and BALP 
(−7.9 % vs. −4.8 %; p < 0.0001) after 13 weeks of 
treatment. There was however no significant dif-
ference in PFS or OS between the groups [20].

Denosumab and zoledronate share common 
side effects, the most important of which are ONJ 
and hypocalcaemia. In the Protocol 103 trial, 
hypocalcaemia was more frequent (13 % vs. 6 %; 
p < 0.0001) among patients on denosumab 
although many of these were asymptomatic and 
only observed biochemically [20]. However, bio-
chemical monitoring is recommended and, in 
clinical practice, calcium and vitamin D supple-
mentation is given routinely while on treatment 
to ameliorate this side effect. Denosumab caused 
ONJ with a similar frequency as zoledronate 
(1.1 % vs. 0.7 % per 100 patient years) in the 
blinded phase of the 103 trial, but subsequent 
analysis of the open-label extension phase 
reported that the incidence rate rises with contin-
ued denosumab treatment to around 4.1 % per 
100 patient years [22].

While the evidence suggests that denosumab 
is superior to zoledronate for the prevention of 
SREs and SSEs in metastatic CRPC, is more con-
veniently administered and has become part of 
the standard of care, data about the sequencing of 
these agents are currently limited [7]. A phase 2 
trial that involved 111 patients with bone metas-
tases from various cancers (including 50 with 
PCa) who had persistently elevated uNTX levels 

despite BP treatment showed that those whose 
were switched to SC denosumab 180 mg every 4 
or 12 weeks achieved uNTX suppression more 
frequently than those who remained on bisphos-
phonate treatment (69 % vs. 19 % at 13 weeks) 
[23]. No additional toxicity was reported, sug-
gesting that a transition from zoledronate to 
denosumab, particularly in cases of suspected 
treatment failure is a practicable strategy that has 
potential SRE benefits that will need to be proven 
by larger prospective trials [7].

5.3	 �Denosumab and Prevention 
of Bone Metastases

The Denosumab 147 trial evaluated a possible 
role for denosumab in the prevention of bone 
metastases in 1432 men with localised castrate-
resistant PCa with PSA > 8  ng/ml and/or PSA 
doubling time <10 months (Table 1). They were 
randomised to receive either SC denosumab 
120  mg or placebo every 4 weeks. Denosumab 
showed a favourable effect on the primary end 
point of bone metastasis-free survival (29.5 vs. 
25.2  months; HR 0.85; 95 % CI 0.73–0.98; 
p = 0.028) and drastic reduction in BTMs 
(uNTX:Cr ratio decreased by 68 % and BALP by 
49 %), but no significant improvement was seen in 
PFS or OS [18]. An ONJ frequency of 4.6 % was 
reported in the denosumab arm and it failed to get 
US FDA approval for this indication on the basis 
of an unfavourable risk-benefit ratio [18]. It was 
however noted in a subset analysis that patients 
with aggressive PSA kinetics such as a doubling 
time of <6 months had a shorter time to develop-
ment of bone metastasis and appeared to benefit 
significantly more from denosumab treatment 
(18.3 vs. 25.9 months; HR 0.77; p = 0.006) [18].

6	 �Bone-Targeted Agents 
in Prostate Cancer: 
Radiopharmaceuticals

Although external beam radiation is still very 
important in symptomatic treatment of bone 
metastases, a range of alpha- and beta-emitting 
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bone-seeking systemic radiopharmaceuticals are 
available. They emit high energy alpha and/or 
beta particles that cause DNA double-strand 
breaks that lead to apoptosis. Although they are 
administered systemically (IV route), their selec-
tive toxicity derives from their affinity for areas 
of the bone with high turnover. Alpha emitters in 
particular have a short range of penetration of 
their ionising radiation, which limits damage to 
normal bone marrow and is therefore a major 
advantage [7].

6.1	 �Strontium-89 (Sr-89) 
and Samarium-153 (Sm-153)

Sr-89 is a divalent ion similar to calcium that is 
incorporated into bone ECM, preferentially at 
sites of metastatic disease and emits beta parti-
cles that deliver an energy of 1.5  MeV with a 
penetration range of around 3 mm in bone. It is 
excreted via the renal route and has a long half-
life of 50.5  days. Sr-89 chloride was the first 
radiopharmaceutical approved for use in bone 
metastatic CRPC after early studies demonstrated 
a quick, sustained pain response in about a third 
of these patients [24].

Sm-153 conjugated to ethylenediaminetetra-
methylenephosphonic acid (Sm-153-EDTMP) 
forms a complex with hydroxyapatite that accu-
mulates in areas of high bone turnover. Bone 
metastases retain around 5 times more Sm-153-
EDTMP than normal bone, and it emits mostly 
beta particles with maximum energy of 0.81 MeV 
and average penetration of approximately 
0.8 mm. Its beta decay is associated with around 
28 % gamma emission that can be detected by 
nuclear imaging cameras. It is renally excreted 
but has a much shorter half-life than Sr-89 of 
1.9  days. It showed rapid and sustained pain 
response in bone metastatic CRPC and is licensed 
for this indication [24].

Neither agent however showed significant 
improvement in survival and their use is limited 
by myelosuppression, which is somewhat milder 
with Sm153. They have therefore been largely 
confined to use in pain palliation in metastatic 
PCa bone disease and are only suitable for use in 

patients in whom baseline myelosuppression, 
exposure to recent radiation (in the preceding 2 
months), impending spinal cord compression 
and significant renal impairment have been 
excluded [24].

6.2	 �Radium-223 (Ra-223 or 
Alpharadin)

A major practice-changing development has 
recently emerged using Ra-223, which is a 
calcium-mimetic that forms complexes with 
ECM hydroxyapatite in areas of high bone turn-
over. It decays with a half-life of 11.4 days with 
95 % of its energy released as alpha particles. 
These deliver high energy radiation (5.78 MeV) 
but have a very short range of penetration 
(<100 μm) in bone that translates to only mild, 
reversible myelosuppression as observed in 
Phase 1 studies. A phase 2 study recruited men 
with mCRPC, rising PSA and multiple or at least 
one painful bone metastasis. Treatment with 
Ra-223 (at 50  kBq/kg) was found to have an 
acceptable haematological toxicity profile, lon-
ger time to PSA progression, greater reduction in 
BALP levels and a better pain response than 
external beam radiotherapy [24].

This led to the phase 3 trial (ALSYMPCA) in 
which 921 patients with symptomatic bone 
metastases from CRPC and no visceral disease 
were randomised 2:1 to receive either 4-weekly 
IV Ra-223 for 24 weeks or placebo (Table 1). OS 
was chosen as the primary endpoint based on 
encouraging results from the phase 2 study [21]. 
The results showed that there was a significant 
improvement in OS seen with Ra-223 (14.9 vs. 
11.3 months; HR 0.70; p < 0.001), the first of its 
kind with a bone-targeted agent that led to early 
trial termination for efficacy [21] as well as fast 
track approval by the US FDA [24]. Ra-223 also 
showed favourable results with the secondary 
end points of this trial, including an increased 
time to first SSE (15.6 vs. 9.8 months; HR 0.66; 
p < 0.001) and time to PSA rise (HR 0.64, 95 % 
CI 0.54–0.77: p < 0.001). The overall rates of 
myelosuppression were comparable in both trial 
arms. Grade ≥3 thrombocytopaenia was slightly 
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more frequent in the Ra-223 arm, but on sub-
group analysis, this was found to be predomi-
nantly among patients who had prior treatment 
with docetaxel [21]. While its role in PCa patients 
with asymptomatic bone metastases is yet to be 
determined, phase 3 trials in this patient popula-
tion are ongoing (discussed below).

Of patients in the treatment arm of the 
ALSYMPCA trial, around 41 % (250 patients) 
were already on BP therapy prior to recruitment 
and this was continued as best standard of care. 
Concurrent administration of the two bone-
targeted agents was presumed to be safe given 
the different mechanisms of action and adverse 
effect profiles of the two agents. Subgroup anal-
ysis showed that the survival benefit of Ra-223 
was independent of BP use [21]. However, a 
greater delay in SSE was noted in those patients 
who received concurrent BP (19.6 vs. 
10.2  months; HR 0.49; p = 0.00048) compared 
with those who did not (11.8 vs. 8.4 months: HR 
0.77; p = 0.07), suggesting a synergistic effect of 
the two bone-targeted agents on skeletal morbid-
ity. Very little data are currently available on the 
combination of Ra-223 with denosumab (it was 
yet to be approved at the start of the ALSYMPCA 
trial) but for the same reasons as with BPs, there 
does not appear to be any evidence for discon-
tinuation of denosumab on initiation of Ra-223 
treatment [7].

7	 �Combination of Bone-
Targeted Agents with Other 
Systemic Therapeutic Agents

7.1	 �Combination with Cytotoxic 
Agents

In current clinical practice, concomitant adminis-
tration of direct osteoclast-targeted (zoledronate) 
and cytotoxic agents such as docetaxel is com-
mon and appears to be well tolerated. Additional 
benefits of the combination over docetaxel alone 
were evaluated in a phase 3 trial (TRAPEZE) in 
which 757 CRPC patients with bone metastases 
treated with docetaxel and prednisolone were 
randomised to receive zoledronate, SR-89, both 

bone-targeted agents, or no additional bone-
targeted agents (Table 1). The primary endpoint 
of PFS was not achieved and there was no OS 
benefit with addition of either agent, but the zole-
dronate group did have a significantly increased 
SRE-free interval (HR 0.76, 95 % CI 0.63–0.93; 
p = 0.008) and there were no additional toxicities 
reported [19]. There is no clear evidence address-
ing the combination of denosumab and docetaxel, 
but as with zoledronate they appear to be well 
tolerated in clinical practice.

Both docetaxel and Ra-223 independently 
show OS benefit in CRPC with painful bone 
metastases. Combining both agents would there-
fore suggest potential additive or even synergistic 
benefit, but tolerability in view of their overlap-
ping side effect of myelosuppression is a source 
of concern. This is being investigated in a Phase 
1/2a clinical trial, early results from which sug-
gest however that the combination is well toler-
ated and may cause a greater reduction in BALP 
compared with single agent treatment [25]. In 
terms of sequencing these treatments, subgroup 
analysis in the ALSYMPCA trial showed that 
prior docetaxel exposure (57 % of patients) added 
no OS advantage over being docetaxel-naïve 
[21]. The time to first SSE was however signifi-
cantly delayed in these patients (HR 0.62; 
p = 0.0009) compared to the docetaxel-naïve sub-
group in whom it did not reach significance (HR 
0.77; p = 0.12). Grade ≥3 thrombocytopaenia and 
neutropaenia were reported slightly more 
frequently among patients who had previously 
received docetaxel (9 % and 3 %, respectively) 
compared with the docetaxel naive patients (3 % 
and 1 %, respectively), but this was considered to 
be within acceptable limits [7].

7.2	 �Combination with Novel 
Hormone-Targeted Agents

The introduction of androgen-axis-targeted agents 
(AATAs) including enzalutamide and abiraterone 
have been practice-changing developments in the 
systemic management of metastatic CRPC. While 
bone-targeted agents have been shown to improve 
pain from bone disease in metastatic CRPC, they 
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may also have benefit in delaying the onset of 
pain. This is supported by an unplanned analysis 
following the COU-AA-302 trial (Table  1) that 
evaluated abiraterone with prednisolone vs. pred-
nisolone alone in asymptomatic docetaxel-naïve 
metastatic CRPC patients, which showed that the 
patients who were on concomitant bone-targeted 
agents had a delayed time to opioid use (HR 0.80; 
p = 0.036) and improved survival (HR 0.75; 
p = 0.012) [26]. Importantly, the currently avail-
able bone-targeted agents have no overlapping 
side effects with AATAs. Combinations of enzalu-
tamide and abiraterone with Ra-223  in similar 
patient populations will therefore be evaluated in 
the phase 3 PEACE trial (NCT02194842) and 
ERA 223 trial (NCT02043678), respectively [7].

8	 �Bone Health in Prostate 
Cancer

Maintaining bone health is an important consid-
eration for men with both localised and meta-
static PCa in view of CTIBL that results 
primarily as a result of androgen deprivation 
therapy (ADT), the cornerstone of treatment 
prior to development of castration resistance. 
Androgens and oestrogens are vital in the physi-
ological maintenance of bone mass and ADT 
reduces their serum levels to less than 5 % and 
20 % of normal, respectively, with accelerated 
bone loss as a consequence [27]. Further, CTIBL 
in PCa is often superimposed upon normal age-
related loss of BMD as the highest incidence is 
in the seventh decade [28]. Fracture risk is dou-
bled with a 10–15 % reduction in BMD [29]. 
ADT results in a 5–10 % decrease in BMD dur-
ing the first year, with subsequent gradual 
decline over years of continued treatment. Men 
receiving ADT have been shown to be five times 
as likely to develop a fracture than healthy age-
matched controls. Long-term ADT also results 
in sarcopenia, further increasing the risk of frac-
ture as it often occurs along with reduced mobil-
ity and falls. Development of one fracture 
predisposes to future fractures, has a profound 
impact on quality of life and is associated with 
significant increase in risk of mortality [30].

Assessment of BMD should therefore be 
undertaken in all men prior to the initiation of 
ADT with subsequent monitoring in line with 
current ESMO guidelines. Dual emission X-ray 
absorptiometry (DXA) scans are suitable for 
this as they are widely available, use low dose 
radiation and identify men with osteopenia (T 
score < −1) and osteoporosis (T score < −2.5) 
who are at risk of fracture. The WHO FRAX 
tool can be used to estimate baseline 10-year 
risk of fracture and may be a more sensitive 
measure of those likely to benefit from initia-
tion of bone-targeted agents [31]. Several 
important lifestyle modifications are recom-
mended in order to minimise CTIBL in PCa. 
These include smoking cessation, avoidance of 
excessive alcohol consumption and regular 
exercise. In addition to improving BMD, exer-
cise may also reduce the incidence of sarcope-
nia and improve both fatigue and quality of life. 
Calcium and vitamin D supplementation is also 
advisable as PCa patients are frequently 
deficient.

Bone-targeted agents may also be used to 
ameliorate CTIBL in PCa. BPs are licensed for 
the treatment of osteoporosis and evidence sug-
gests that BPs are superior to placebo in the pre-
vention CTIBL [32] and may also reduce the 
vertebral fracture risk. The strength of available 
studies in PCa is however limited by small size, 
heterogeneous populations, variations in the 
type and frequency of BP administration and 
different follow-up schedules. Large prospec-
tive studies are required to determine the extent 
of the benefits associated with BP use in this 
setting, and to compare the efficacy of different 
BPs, particularly with regard to fracture rates. 
Denosumab has been shown to increase BMD 
and reduce the incidence of vertebral fractures 
when compared to placebo [33] and is currently 
specifically licensed for the prevention of ADT-
associated bone loss. Selective oestrogen recep-
tor modulators such as raloxifene and toremifene 
may also increase BMD and reduce the risk of 
fracture while on ADT. They however confer a 
significant risk of thromboembolic events in 
older patients and are not used in routine clini-
cal practice.
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9	 �Conclusions and Future 
Directions

Elucidation of the molecular interactions within 
the bone microenvironment and the mechanisms 
responsible for bone metastasis have resulted in 
the development of several targeted agents that 
are effective in reducing skeletal morbidity in 
metastatic PCa. Some of these agents have also 
shown additional benefits such as improvement 
in overall survival and even delay in the develop-
ment of bone metastasis when used in the selected 
patient populations. While the current roles of 
these agents promises less morbidity for patients, 
optimisation of combination and sequencing 
strategies for bone-targeted agents and other sys-
temic antitumour agents has the potential to fur-
ther improve management options. A number of 
clinical trials are planned or already in progress 
to address these questions.

Application of recent technological advances 
in genomic analysis methods, for example, next-
generation sequencing for candidate identifica-
tion and genome editing techniques such as the 
CRISPR/Cas9 system for translational animal 
model development promises newer insights into 
the molecular mechanisms that drive PCa bone 
disease in the near future. This will facilitate the 
development of novel therapeutic-targeted agents 
as well as predictive biomarkers, which will 
guide precision treatment of PCa in the bone as 
well as other metastatic sites.

Box 1: Summary and Guidelines for Use of 

BTAs in Prostate Cancer

Non-Metastatic PCa

•	 Clinical trials do not support a role for 
BTAs in delaying metastasis, PFS or 
OS

•	 In non-metastatic CRPC with aggres-
sive PSA kinetics, there is limited evi-
dence that Denosumab may delay the 
development of bone metastases

•	 Routine BTAs are therefore not recom-
mended as standard of care outside of 
the clinical trial setting

Metastatic Castration -Sensitive PCa

•	 Clinical trials do not support a role in 
improving PFS or OS

•	 BTAs are not recommended as standard 
of care outside the clinical trial setting

Metastatic Castrate-resistant PCa

•	 Clinical trials of Zoledronate, 
Denosumab and Radium 223 all show 
reduction in the risk of SRE/SSEs

•	 Available evidence suggests that it is 
safe to switch from zoledronate to deno-
sumab with potential benefit

•	 Sr-89 and Sm-153 have symptomatic 
benefit but are limited by myelotoxicity 
and have been largely superseded by 
Ra-223

•	 Ra-223 was shown to improve overall 
survival in patients with symptomatic, 
predominantly bone metastases

•	 Zoledronate and Denosumab are recom-
mended for patients with bone metasta-
ses and should be started at diagnosis of 
bone metastases and continued while 
they remain fit for treatment

•	 Ra-223 is recommended for patients 
with symptomatic bone disease without 
visceral metastases

Bone health while on ADT

•	 BMD monitoring is recommended in 
patients on ADT

•	 Lifestyle modifications including regu-
lar exercise, smoking cessation and 
alcohol reduction can ameliorate CTIBL 
and improve quality of life

•	 BP can be used to treat osteoporosis
•	 Denosumab is licensed for prevention of 

ADT-associated bone loss

A.T. Salawu et al.



355

References

	 1.	Bubendorf L, Schöpfer A, Wagner U, et al. Metastatic 
patterns of prostate cancer: an autopsy study of 1,589 
patients. Hum Pathol. 2000;31(5):578–83.

	 2.	Vasudev NS, Brown JE. Medical management of met-
astatic bone disease. Curr Opin Support Palliat Care. 
2010;4(3):189–94.

	 3.	Coleman RE, Rathbone E, Brown JE. Management of 
cancer treatment-induced bone loss. Nat Rev 
Rheumatol. 2013;9(6):365–74.

	 4.	Weilbaecher KN, Guise TA, McCauley LK. Cancer to 
bone: a fatal attraction. Nat Rev Cancer. 
2011;11(6):411–25.

	 5.	Shiozawa Y, Pedersen EA, Havens AM, et al. Human 
prostate cancer metastases target the hematopoietic 
stem cell niche to establish footholds in mouse bone 
marrow. J Clin Invest. 2011;121(4):1298–312.

	 6.	David Roodman G, Silbermann R.  Mechanisms of 
osteolytic and osteoblastic skeletal lesions. Bonekey 
Rep. 2015;4:753.

	 7.	Gartrell BA, Coleman R, Efstathiou E, et al. Metastatic 
prostate cancer and the bone: significance and thera-
peutic options. Eur Urol. 2015;68(5):850–8.

	 8.	Saad F, Gleason DM, Murray R, et al. A randomized, 
placebo-controlled trial of zoledronic acid in patients 
with hormone-refractory metastatic prostate carci-
noma. J Natl Cancer Inst. 2002;94(19):1458–68.

	 9.	Brown JE, Sim S. Evolving role of bone biomarkers 
in castration-resistant prostate cancer. Neoplasia. 
2010;12(9):685–96.

	10.	Kardamakis D, Vassiliou V, Chow E. Bone metastases 
: a translational and clinical approach. 2014. http://
search.ebscohost.com/login.aspx?direct=true&scope
=site&db=nlebk&db=nlabk&AN=664555.

	11.	Saad F, Brown JE, Van Poznak C, et al. Incidence, risk 
factors, and outcomes of osteonecrosis of the jaw: 
integrated analysis from three blinded active-
controlled phase III trials in cancer patients with bone 
metastases. Ann Oncol: Off J  Eur Soc Med Oncol/
ESMO. 2012;23(5):1341–7.

	12.	Smith MR, Halabi S, Ryan CJ, et  al. Randomized 
controlled trial of early zoledronic acid in men with 
castration-sensitive prostate cancer and bone metasta-
ses: results of CALGB 90202 (alliance). J Clin Oncol: 
Off J Am Soc Clin Oncol. 2014;32(11):1143–50.

	13.	James ND, Sydes MR, Clarke NW, et al. Addition of 
docetaxel, zoledronic acid, or both to first-line long-
term hormone therapy in prostate cancer 
(STAMPEDE): survival results from an adaptive, 
multiarm, multistage, platform randomised controlled 
trial. Lancet. 2016;387(10024):1163–77.

	14.	Mason MD, Sydes MR, Glaholm J, et al. Oral sodium 
clodronate for nonmetastatic prostate cancer–results of 
a randomized double-blind placebo-controlled trial: 
Medical Research Council PR04 (ISRCTN61384873). 
J Natl Cancer Inst. 2007;99(10):765–76.

	15.	Dearnaley DP, Sydes MR, Mason MD, et al. A double-
blind, placebo-controlled, randomized trial of oral 

sodium clodronate for metastatic prostate cancer 
(MRC PR05 Trial). J  Natl Cancer Inst. 
2003;95(17):1300–11.

	16.	Smith MR, Kabbinavar F, Saad F, et al. Natural history 
of rising serum prostate-specific antigen in men with 
castrate nonmetastatic prostate cancer. J Clin Oncol: 
Off J Am Soc Clin Oncol. 2005;23(13):2918–25.

	17.	Wirth M, Tammela T, Cicalese V, et al. Prevention of 
bone metastases in patients with high-risk nonmeta-
static prostate cancer treated with zoledronic acid: 
efficacy and safety results of the Zometa European 
Study (ZEUS). Eur Urol. 2015;67(3):482–91.

	18.	Smith MR, Saad F, Coleman R, et al. Denosumab and 
bone-metastasis-free survival in men with castration-
resistant prostate cancer: results of a phase 3, ran-
domised, placebo-controlled trial. Lancet. 
2012;379(9810):39–46.

	19.	James ND, Pirrie S, Barton D, et al. Clinical outcomes 
in patients with castrate-refractory prostate cancer 
(CRPC) metastatic to bone randomized in the facto-
rial TRAPEZE trial to docetaxel (D) with strontium-
89 (Sr89), zoledronic acid (ZA), neither, or both 
(ISRCTN 12808747). J  Clin Oncol. 2013;31 
(18_suppl):LBA5000.

	20.	Fizazi K, Carducci M, Smith M, et al. Denosumab versus 
zoledronic acid for treatment of bone metastases in men 
with castration-resistant prostate cancer: a randomised, 
double-blind study. Lancet. 2011;377(9768):813–22.

	21.	Parker C, Nilsson S, Heinrich D, et al. Alpha emitter 
radium-223 and survival in metastatic prostate cancer. 
N Engl J Med. 2013;369(3):213–23.

	22.	Stopeck AT, Fizazi K, Body JJ, et al. Safety of long-
term denosumab therapy: results from the open label 
extension phase of two phase 3 studies in patients 
with metastatic breast and prostate cancer. Support 
Care Cancer. 2016;24(1):447–55.

	23.	Fizazi K, Bosserman L, Gao G, Skacel T, Markus 
R. Denosumab treatment of prostate cancer with bone 
metastases and increased urine N-telopeptide levels 
after therapy with intravenous bisphosphonates: 
results of a randomized phase II trial. J  Urol. 
2009;182(2):509–15; discussion 515–506.

	24.	El-Amm J, Aragon-Ching JB. Targeting bone metas-
tases in metastatic castration-resistant prostate can-
cer. Clin Med Insights Oncol. 2016;10 Suppl 
1:11–9.

	25.	Morris MJ, Hammers HJ, Sweeney C, et al. Safety of 
radium-223 dichloride (Ra-223) with docetaxel (D) in 
patients with bone metastases from castration-
resistant prostate cancer (CRPC): A phase I Prostate 
Cancer Clinical Trials Consortium Study. J  Clin 
Oncol. 2013;31(15_suppl):5021.

	26.	Rathkopf DE, Smith MR, de Bono JS, et al. Updated 
interim efficacy analysis and long-term safety of abi-
raterone acetate in metastatic castration-resistant 
prostate cancer patients without prior chemotherapy 
(COU-AA-302). Eur Urol. 2014;66(5):815–25.

	27.	LeBlanc ES, Nielson CM, Marshall LM, et  al. The 
effects of serum testosterone, estradiol, and sex hormone 

Bone-Targeted Therapies in Prostate Cancer

http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk&AN=664555
http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk&AN=664555
http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk&AN=664555


356

binding globulin levels on fracture risk in older men. 
J Clin Endocrinol Metab. 2009;94(9):3337–46.

	28.	Brown JE, Sherriff JM, James ND. Osteoporosis in 
patients with prostate cancer on long-term androgen 
deprivation therapy: an increasing, but under-
recognized problem. BJU Int. 2010;105(8):1042–3.

	29.	Faulkner KG.  Bone matters: are density increases 
necessary to reduce fracture risk? J Bone Miner Res. 
2000;15(2):183–7.

	30.	Oefelein MG, Ricchiuti V, Conrad W, Resnick 
MI. Skeletal fractures negatively correlate with over-
all survival in men with prostate cancer. J  Urol. 
2002;168(3):1005–7.

	31.	Kanis JA, McCloskey E, Johansson H, Oden A, Leslie 
WD. FRAX(®) with and without bone mineral den-
sity. Calcif Tissue Int. 2012;90(1):1–13.

	32.	Serpa Neto A, Tobias-Machado M, Esteves MA, et al. 
Bisphosphonate therapy in patients under androgen 
deprivation therapy for prostate cancer: a systematic 
review and meta-analysis. Prostate Cancer Prostatic 
Dis. 2012;15(1):36–44.

	33.	Smith MR, Egerdie B, Hernández Toriz N, et  al. 
Denosumab in men receiving androgen-deprivation 
therapy for prostate cancer. N Engl J  Med. 
2009;361(8):745–55.

A.T. Salawu et al.



357© Springer International Publishing Switzerland 2017 
M. Bolla, H. van Poppel (eds.), Management of Prostate Cancer, 
DOI 10.1007/978-3-319-42769-0_24

Immunotherapy and Targeted 
Therapies in Advanced Castration 
Resistant Prostate Cancer
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1	 �Introduction

Over the last decade, the management of PC has 
become increasingly complex and controversial 
for both early and advanced disease. Androgen 
deprivation therapy (ADT) remains a mainstay of 
treatment in a noncurative setting but progression 
to castration-resistant PC (CRPC), where the 
ADT is not anymore useful, eventually occurs. 
Exploring other therapeutics is key to further 
improving the quality and quantity of life of our 
patients.

In the last few years, cancer immunotherapy 
has changed the natural history and treatment 
strategies of a number of solid tumors, including 
melanoma, lung cancer, renal cell carcinoma, and 
bladder cancer. Immunotherapy is now becoming 
a mainstay in the management strategy for this 
type of patients. PC was historically not consid-
ered immunogenic in its nature, and first attempts 
to stimulate an immune response in the prostate 
cancer were unsuccessful [1, 2]. However, PC 

generates a variety of tumor-associated antigens, 
as PSA, prostatic acid phosphatase, and prostatic-
specific membrane antigen, which are potentially 
capable of producing a clinical response through 
inducing immunogenicity [3]. In fact, PC was the 
first solid tumor to demonstrate improved sur-
vival with a cancer-specific vaccine [4], encour-
aging researchers to further explore 
immunotherapy in prostate cancer and other solid 
tumors.

In this chapter, we will start discussing the 
basic biology of PC, focusing on issues that 
relates to immune environment and immune 
response in PC to then outline some of the immu-
notherapy approaches that have been approved 
and the investigational ones that are currently 
being studied. We will emphasis on the immuno-
logic biomarkers that can help us on the selection 
of patients. Finally, we will explore some others 
targeted therapies that are currently available for 
PC treatment.

2	 �Rationale

The concept that the immune system acts as a 
tumor suppressor was introduced in the early 
twentieth century by Ehrlich [5]. Since then, sev-
eral studies have provided evidence supporting 
the role of immunity in cancer development, pro-
gression and suppression, conceptually under the 
term “immune surveillance” [6].
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In order to better understand immunotherapy, 
we will first briefly discuss the normal response 
of the human immune system. This system can be 
classified into subsystems, such as the innate 
immune system [7] versus the adaptive immune 
system [8], or humoral immunity versus cell-
mediated immunity. Both divisions have been 
shown to be involved in tumor immune 
surveillance.

2.1	 �Innate Immune System

The innate response is usually triggered when 
foreign organisms or particles are identified by 
pattern recognition receptors [9] or when dam-
aged or stressed cells send out alarm signals. 
Thus, innate immune cells are responsible for 
the initial response [10]. The main components 
of this type of immune response include macro-
phages, natural killer cells, and antigen-
presenting cells. The macrophages are initially 
recruited and can be classified as pro-
inflammatory M1 (CD68+) cells and anti-
inflammatory M2 (CD163+) cells [11]. Inducers 
or inhibitors of these different types of macro-
phages are now targets of the new immunthera-
peutic agents. In the cancer context the 
relationship between M1 and M2 cells can 
become unbalanced [12], resulting in a gain of 
M2 cells. A recent study reported that in local-
ized PC, the prevalent macrophage phenotype 
was M1, whereas in PC with extracapsular 
extension, M2 macrophages were more fre-
quently seen [13]. These findings, together with 
another observation of reduced infiltration of 
CD68+ macrophages, associated with higher 
clinical stage and lymph node positivity, indi-
cate that reduced numbers of macrophages with 
cytotoxic capabilities parallel more aggressive 
disease [14].

Natural killer cells (NK) are the responsible of 
targeting tumor cells without prior sensitization. 
They recognize altered cells by detecting the loss 
of human leukocyte antigen (HLA) class I mole-
cules (a change that is associated with injured 
cells) or by recognition of specific ligands (tumor 
associated antigens or TAAs) that are expressed 

by these altered cells [15]. In PC these include 
the serine protease prostate-specific antigen 
(PSA), prostate-specific membrane antigen 
(PSMA), prostatic acid phosphatase (PAP), 
mucin-1 (MUC-1), prostate stem cell antigen 
(PSCA), and NY-ESO-1 [16]. Preclinical data 
show that PC cells induce the expression of 
inhibitory receptor (ILT2/LILRB1) and down-
regulate the expression of activating receptors 
NKp46 (NCR1), CD16 (FCGR3) and NKG2D 
(KLRK1) by NK cells, thus preventing their rec-
ognition of tumor cells. Notably, blood levels of 
NKp46 also decrease in PC patients and are 
inversely correlated with levels of PSA, PC [17].

Antigen-presenting cells (macrophages and 
dendritic cells)(APC) are the link between the 
innate and adaptive immunity. The role of these 
professional antigen-presenting cells is to get 
ready the naïve T cells for being activated when 
contacting with foreign antigens.

Cancer employs numerous immune escape 
strategies such as down regulation of HLA class I 
antigens and beta-2 microglobulin to escape kill-
ing by cytotoxic T cells.

2.2	 �Adaptive Immune System

This division of the immune system is composed 
of T and B lymphocytes which develop highly 
specialized functions via cell surface or secreted 
effector molecules. The main effector cells in 
cancer immune response are the CD8+ cytotoxic 
T-lymphocytes. The TAAs (peptide fragments 
from the initial tumor cell destruction by innate 
effectors) can activate this type of lymphocytes, 
undergoing clonal expansion after that. CD4+ T 
cells (helper T cells) induce antibody production 
in B cells and activate macrophages [18]. CD4+ 
T cells can be divided in: Th1 (involved in intra-
cellular immunity), Th2 (involved in 
extracellular-humoral immunity), Th17, and 
regulatory T cells. The last ones are able to sup-
press effector T cells in order to maintain 
immune tolerance [19]. CD8+ T cells constitu-
tively express cytotoxic T-lymphocyte-associated 
protein 4-CTLA-4 (a well-known immunother-
apy target [20, 21]).
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T cells recognize antigens presented by the 
MHC on the surface of cancer cells through their 
T-cell receptor. Activation of T cells requires two 
signals: first antigens need to be presented on the 
setting of HLA receptor and second a signal 
delivered by the B7 stimulatory molecules in 
APC is required interacting with CD28 receptor 
on T cells. In order to maintain self-tolerance and 
prevent hyperactivation, there is a co-inhibitory 
signal that binds B7 with greater affinity, inacti-
vating T cells-like CTAL-4. The interaction 
between CTLA-4 and the costimulatory mole-
cules happens primarily in the priming phase of a 
T-cell response within lymph nodes. Activated T 
cells can also upregulate programmed cell death 
protein 1 (PD1), a cell surface receptor that is 
expressed on T cells and pro-B cells. The PD1 
inhibitory receptor is expressed by T cells during 
long-term antigen exposure and results in nega-
tive regulation of T cells. Inflammatory signals in 
the tissues induce the expression of PD1 ligands, 
downregulate the activity of T cells binding 
PD1 in lymphocytes, and thus limit collateral tis-
sue damage in the light effect her face of a T-cell 
response in peripheral tissues.

Regulatory T cells can be found in large pro-
portions of tumor infiltrating lymphocytes (which 
has been associated with poor prognosis of cer-
tain cancers [22], including prostate cancer). 
Early studies reported that greater tumor infiltra-
tion of CD4+ T-reg cells can predict poorer prog-
nosis [23] in PC, and a high tumor infiltration of 
forkhead box P3- (foxp3-) expressing cells 
(T-regs) was also found to correlate with higher 
baseline PSA levels [24]. This data suggest that 
therapeutic blockade of these cells may induce 
beneficial clinical responses.

2.3	 �Androgen Deprivation 
and Immune System 
Response

Early results in this field show that neoadjuvant 
androgen deprivation (before PC surgery) results 
in a CD4+ T cell infiltration into the gland [25]. 
Contrarily, the analysis of a postcastration PC tis-
sue reveals a CD8+ T cell infiltration [26]. These 

findings are also observed in mice models, where 
it was found that androgen ablation decreases 
CD4+ T cell tolerance to a PC-associated anti-
gen, showing that clonotypic CD4+ T cells could 
respond to specific vaccination after androgen 
deprivation but not in intact, tumor-bearing mice 
[27]. Moreover, androgen deprivation is related 
to an increase in the number of cells expressing 
the co stimulatory molecules B7.1 and B7.2, 
which are necessary for effective T cell activation 
[28]. According to these data hormone ablation 
may have an additive effect with immunotherapy, 
taking in consideration the timing of treatments 
(obtaining better results if the immunotherapy is 
given prior to castration) [29].

2.4	 �Tumor Immune Scape 
(Immunoediting)

As described in the beginning of the chapter, 
functional cancer immunosurveillance process 
indeed exists that acts as an extrinsic tumor sup-
pressor. However, it has also become clear that 
the immune system can facilitate tumor progres-
sion, at least in part, by sculpting the immuno-
genic phenotype of tumors as they develop. The 
recognition that immunity plays a dual role in the 
complex interactions between tumors and the 
host prompted a refinement of the cancer immu-
nosurveillance hypothesis into one termed “can-
cer immunoediting.” Tumor cells are normally 
suppressed by the immune system, however, as 
part of tumor immunoediting, they sometimes 
gain properties to escape detection and present 
themselves as disease [5]. This modern hypothe-
sis, first put forth by Schreiber, describes the 
three phases (elimination, equilibrium, and 
escape) where the balance between the tumor and 
the immune system is discussed. In the first stage, 
the immune system recognizes and eliminates the 
high immunogenic tumor cells by effectors such 
as NK cells or CD8+ T-lymphocytes. This can 
result in the selection of tumor cells with reduced 
immunogenicity and thus become resistant to 
immune effectors, leading the process to the 
equilibrium phase (where the elimination of 
tumor cells is balanced by the selection of less 
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immunogenic variants, known as functional dor-
mancy) [30]. As tumor size increases, tumor-
derived soluble factors help to modify the 
microenvironment causing several mechanisms 
of immune escape. Some of them are the increas-
ing extracellular matrix that binds tumor antigens 
(reducing the amount of TAAs) or the attraction 
of immature DCs which inhibit T cell activation 
[31]. New immunological therapies try to force 
the tumor backs towards either the equilibrium 
phase or, in the best scenario, to the elimination 
stage (meaning a complete response of the 
disease).

Sipuleucel T is one potential example that 
immunoediting plays a role in the immunother-
apy of prostate cancer. Despite a benefit seen in 
terms of overall survival, it has been quite worri-
some as patient’s tumors very rarely shrink on 
this treatment with few objective responses 
described.

If we think about the cancer immunoediting 
hypothesis, maybe what is happening is not 
elimination, but maybe the vaccine is just 
pushing patients back toward an equilibrium 
phase, where both tumor and an antitumor 
response are present, but neither one is really 
winning.

In conclusion, all these data show that PC 
remains an attractive target for immunotherapy. 
This type of treatment can also be potentially 
useful in the biochemical recurrence setting, 
where the immunosuppressive mechanisms (such 
as TReg cells, myeloid-derived suppressor cells) 
and transforming growth factor-β (TGFβ) [32], 
usually seen associated with an advanced tumor 
stage-, are expected to be at a minimum at this 
stage.

Another characteristic of PC which can pre-
dict a good response to immunotherapy is that 
it is a slowly progressing disease, allowing suf-
ficient time for the immunologic response to be 
build [33]. In terms of a potential risk of 
adverse events with a prostate cancer-specific 
immunotherapy, we can take into account that 
the prostate is a nonessential organ for life, 
meaning that even if immunotherapy destroys 
normal prostatic tissue, it would not be 
life-threatening.

3	 �Approved Agents

3.1	 �Immunomodulating 
Properties of Standard 
(“Nonimmunotherapy-
Based”) Agents

It is now believed that many conventional treat-
ments for prostate and others cancers have bene-
ficial immunological effects, making 
combinatorial trials an attractive strategy. ADT, 
radiation therapy and chemotherapy (which was 
broadly viewed as immunosuppressive in the 
past), might to some extent boost an antitumor 
response, modulating immune cells and their 
milieu. For example, ADT may produce changes 
in the patient immune system and an additive 
effect with immunotherapy might be expected.

In the setting of chemotherapy and targeted 
therapies, multiple studies (both in murine and in 
human models) have shown that various agents 
(such as the VEGF TKI sunitinib, specific inhibi-
tors of BRAFV600E, gemcitabine, 5-fluorouracil or 
doxorrubicin-cyclophosphamide) can promote a 
more active anticancer immune environment by 
enhancing dendritic cell function and decreasing 
inhibitory T cell populations such as regulatory T 
cells (Tregs) and myeloid-derived suppressor 
cells (MDSCs) [34–39].

There are also some early studies with taxanes 
(widely used in advanced PC) that report their 
capability of modulation the immune system in 
tumor-bearing mice [40] and in human samples 
of nonsquamous cell carcinoma [41], breast can-
cer [42], or melanoma [43]. For example, in a 
phase II clinical trial [44] published in 2012, the 
levels of circulating MDSC were assessed in 41 
women diagnosed with HER-2 neu-negative 
breast cancer in stages II-IIIa. They received 
three chemotherapeutic drugs: doxorubicin-
cyclophosphamide followed by docetaxel every 3 
weeks followed by NOV-002, a disodium gluta-
thione disulfide. In this study, 15 out of 39 
patients achieved a pCR.  It was found that 
patients who achieved pathologic complete 
response (pCR) had lower levels of circulating 
MDSC (Lin−HLA-DR−CD11b+CD33+) in the 
blood compared to patients who did not achieve 
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pCR.  The authors contended that MDSC sup-
pression may increase the efficacy of chemother-
apy regimens currently used in the clinic.

There is increasing evidence that radiation 
therapy may induce or help synergize immuno-
therapeutic effects on PC [45]. Evidence for an 
immunological effect of radiotherapy is provided 
by data showing that the tumoricidal effects of 
radiation require CD8+ T cells. It seems that the 
uptake of dying tumor cells by APCs plays an 
important role [46] where new antibody speci-
ficities appear following radiotherapy treatment 
[47], as well as the induction of a proinflamma-
tory microenvironment by this type of treatment 
[48]. Radiation may modulate host immunity by 
increasing CD8+ effector T cells and dendritic 
cells at the radiation site; increasing antigen 
availability; inducing immune stimulating cyto-
kines such as Type 1 interferon and chemokines 
and reducing immunosuppressive cell popula-
tions such as MDSCs [49–51]. Some recent work 
has also shown that HMGB1 (high mobility 
group box 1) released from dying tumor cells can 
function as a TLR4 agonist, activating APCs in 
either the tumor parenchyma or in the lymph 
nodes [33, 45].

It has been also described in case reports from 
several cancers [52] that radiation therapy may 
induce tumor cell death through a rare indirect 
out-of-field phenomenon described as the absco-
pal effect [53], in which distant metastatic lesions 
regress following radiation to an unrelated pri-
mary treatment field. The etiology of this sce-
nario is not well known but evidence suggests 
that is immune mediated [54].

Identification of the optimal dose, fraction-
ation regimens, and timing are an important issue 
to be planned in future clinical trials.

A study of TRAMP (Transgenic 
Adenocarcinoma of the Mouse Prostate) mice 
demonstrated optimal mitigation of tolerance with 
a tumor vaccine at 3–5 weeks following radiother-
apy, when tumor burden is at its lowest [56].

Following these observations, there is a 
remarkable potential for synergistic combina-
tions of radiation therapy with such immune-
based agents. Several preclinical studies support 
this notion in terms of the antitumor response. 

This concept has been evaluated clinically in a 
randomized trial of men undergoing primary 
radiotherapy for PC [57], that will be described in 
Sect. 4.2.

3.2	 �Sipuleucel-T (Provenge)

Sipuleucel-T is an autologous cellular immuno-
therapy, approved in 2010 by the US Food and 
Drug Administration (FDA) for the treatment of 
asymptomatic or minimally symptomatic meta-
static castrate-resistant PC [58]. It has been 
shown to increase overall survival [59] and gen-
erate antigen-specific immune responses that cor-
relate with increased overall survival [60]. 
Similar to traditional vaccines, cellular immuno-
therapy tries to engage the immune system by 
activating effector T cells and dampening immu-
nosuppressive factors, facilitating the infiltration 
of lymphocytes into the tumor microenviron-
ment. The concept of this type of treatment 
approach was originated in lymphoma, where 
antigen-loaded, autologous APCs showed clini-
cal promise [61].

Sipuleucel-T is a personalized product that is 
individually manufactured for each patient with 
PC. First, leukopheresis is carried out, and mono-
cytes are enriched in the leukopheresis product 
through density–gradient centrifugation. 
Autologous cells are cultured in vitro with a pro-
prietary protein cassette (PA2024) that couples 
the vaccine target (prostatic acid phosphatase, 
PAP; chosen based on preclinical studies in a 
murine model [62]) to the granulocyte–macro-
phage colony-stimulating factor (GM-CSF), 
before intravenous administration. The infusion 
contains at least 50 million autologous activated 
CD54+ dendritic cells, and a variable number of 
T cells, B cells, natural killer cells, and others 
[63]. Treatment is repeated three times over 4–6 
weeks [33, 64]. Once infused, it is thought that 
these autologous monocytes present the PAP 
antigen to host T cells (PAP-specific CD4+ and 
CD8+ T cells), resulting in the T-cell activation 
and proliferation [65] (Fig. 1).

An analysis of culture during the manufacture 
process showed an increase in APC activation 
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cytokines (macrophage inflammatory protein 
(MIP)-1a and -1b; interleukin (IL)-1a, IL-23), T 
cell activation markers (IL-2, IL-3, IL-4, IL-5, 
IL-10, and IL-17) and APC/T cell activation-
associated cytokines (IL-12, tumor necrosis 
factor-TNF) [60]. The GM-CSF component of 
the fusion protein is an immune modulatory cyto-
kine that stimulates the development and matura-
tion of APCs, including type 1 dendritic cells 
(DC1), the subset responsible for initiation of 
cytotoxic immune responses [65, 66].

Sipuleucel-T is the first antigen-specific 
immunotherapy approved for cancer treatment. 
Three Phase III studies have been completed.

The first sipuleucel-T phase-3 trials (D9901 
and D9902A) used the traditional measure of 
response, time to disease progression (TTP) as 
the primary endpoint. The improvement in the 
primary end point TTP did not achieve statistical 
significance [67]. There was, however, a signifi-
cant benefit in the prespecified endpoint of 3-year 
survival with sipuleucel-T versus placebo in 
D9901 (median survival benefit 4.5  months; 

p = 0.01; hazard ratio [HR] 0.586; 95 % confidence 
interval [CI] 0.39–0.88), suggesting that sipuleu-
cel-T may provide a survival advantage to asymp-
tomatic HRPC patients. The subsequent IMPACT 
(IMmunotherapy Prostate AdenoCarcinoma 
Treatment) trial met its primary end-point of sig-
nificantly improved overall survival (OS) with 
sipuleucel-T versus placebo (median survival 
benefit 4.1  months: 25.8  months versus 
21.7 months; p = 0.03; HR 0.78; 95 % CI 0.61–
0.98) [4]. This trial, where 512 patients with 
asymptomatic or minimally symptomatic meta-
static castration-resistant PC were studied, served 
as the basis for the licensing approval of sipuleu-
cel-T.  Overall, in an integrated analysis of sur-
vival across the three trials (D9901, D9902A, and 
IMPACT; n = 737), sipuleucel-T provided a sur-
vival benefit compared with placebo (p < 0.001; 
HR 0.735 [95 % CI 0.613–0.882]) [68]. The 
greatest magnitude of benefit was observed 
among patients with better baseline prognostic 
factors, particularly among patients with lower 
baseline PSA values [69].

Patient’s white blood cells
harvested by leukapheresis

Short-term culture with
protein ‘cassette’

Shipping

APC

Cells infused BACK
into patient (IV)

Inactive T cell

Recombinant PAP
antigen combines
with resting APC

APC takes up
antigen

Fully activated APC
= sipuleucel-T

Antigen is processed
and presented on
surface of APC

Tumour cell

Active T cell

Sipuleucel-T activates T cells Activated T-cells proliferate
and attack tumour cells

PAP

GM-CSF

Fig. 1  The predicted mechanism of action and stages of Sipuleucel-T treatment for patients with castration-resistant 
prostate cancer (CRPC)
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Although the median survival time was greater 
for sipuleucel-T-treated patients over placebo in 
all the trials, no difference in progression-free 
survival was observed between the two groups. 
Possible explanations relate to how progression 
is defined (in which a responding scenario can be 
interpreted as progression) or the idea that the 
treatment gradually slows down progression, 
being reflected in prolongation of overall sur-
vival, but short-term improvements are not appar-
ent [14].

In the study, sipuleucel-T was generally well 
tolerated. Adverse events were reported more 
commonly by patients in the treatment group than 
in the placebo. These included chills, fever, myal-
gia, headache, influenza-like illness, hyperhidro-
sis, hypertension, and groin pain, most of which 
occurred within 1 day after infusion and resolved 
in a few days. Grade 3/4 adverse events were 
uncommon, being reported in 23 of 338 patients 
(6.8 %) in the sipuleucel-T group and 3 of 168 
patients (1.8 %) in the placebo group (Fig. 2).

Sipuleucel-T has also been studied in the 
neoadjuvant setting with the single-arm phase 
2 NeoACT (NEOadjuvant Active Cellular 
immunotherapy) trial. It was undergone in 42 
patients with localized and treatment-naive PC 
prior to radical prostatectomy to characterize 
the immune infiltrate in this type or tumor 
before and after treatment with sipuleucel-T, 
and not to look at patient-specific outcomes 
[70]. The NeoACT trial was the first to demon-

strate that sipuleucel-T induced a local immune 
effect, with an increased T and B cell infiltra-
tion (such as CD3+ cells, CD4+ cells, CD8+ 
cells, CD4+/FOXP3 + -T helper, and CD20+ 
cells) at tumor interface after treatment with 
Sipuleucel-T.  In addition, an examination of 
peripheral blood mononuclear cells revealed a 
significant change in antigen-specific T-cell 
circulation at 12 weeks postradical prostatec-
tomy relative to baseline. This fact was also 
shown in a subsequent study where it was 
examined whether sipuleucel-T altered adap-
tive T cell responses by expanding preexisting 
T cells or by recruiting new T cells to prostate 
tissue [71]. Next-generation sequencing of the 
T cell receptor (TCR) genes from blood or 
prostate tissue was used to quantitate and track 
T cell clonotypes in these treated subjects with 
PC. A significantly greater diversity of circu-
lating TCR sequences in subjects with PC 
compared with healthy donors was seen, sup-
porting the hypothesis that sipuleucel-T treat-
ment facilitates the recruitment of T cells into 
the prostate.

Despite all the controversy, sipuleucel-T is the 
first anticancer therapeutic vaccine that has dem-
onstrated an overall survival improvement in 
solid cancer patients. It is also interesting the way 
that this approach can be adaptable to other tumor 
types by changing the nature of the immunogen– 
the antigen coupled to GM-CSF in the fusion 
protein.
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36 months survival: 32.1%
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Fig. 2  Kaplan-Meier 
estimates of overall 
survival from the 
phase III (IMPACT) 
trial of sipuleucel-T  
in patients with 
metastatic CRPC
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Key clinical trials based on the four selected immunotherapies for prostate cancer.

Drug Trial design
Number of 
patients Phase Key finding Reference

Sipuleucel-T Randomized, double-
blind, placebo-controlled 
trial for asymptomatic 
metastatic CRPC

127 III Improved OS by 
sipulcucel-T compared 
to placebo (25.9 versus 
21.4 months)

Pasero et al. [17]

Randomized, double-
blind, placebo-controlled 
trial for asymptomatic 
metastatic CRPC

98 III Improved OS by 
sipuleucel-T compared 
to placebo (19 versus 
15.7 months)

Zhu and Paul 
[18]

Randomized, double-
blind, placebo-controlled 
trial for asymptomatic 
metastatic CRPC

512 III Improved OS by 
sipuleucel-T compared 
to placebo (25.8 versus 
21.7 months)

Wing and 
Sakaguchi [19]

Ipilimumab Randomized, double-
blind, placebo-controlled 
trial for metastatic 
CRPC after docetaxel

799 III No difference in OS 
between the two 
groups, but trend of 
improved PFS rate by 
ipilimumab at 6 
months (30.7 % versus 
18.1 %)

Wei et al. [20]

Prostvac-VF Randomized placebo-
controlled trial of 
Prostvac-VF for 
metastatic CRPC

125 II Improved OS by 
Prostvac-VF compared 
to control vector 
placebo (25.1 versus 
16.6 months)

Hodi et al. [21]

Nonrandomized trial for 
chemotherapy-naive 
CRPC

32 II Improved OS by 
Prostvac-VF compared 
to historical controls 
(Halabi nomogram): 
(26.6 versus 
17.4 months)

Nishikawa and 
Sakaguchi [22]

GVAX Randomized trial of 
GVAX with docetaxel 
versus docetaxel with 
prednisone in taxane-
naïve patients with 
symptomatic CRPC

408 III Trial terminated early 
due to excess deaths in 
GVAX plus docetaxel 
group compared to 
control (docetaxel plus 
prednisone) (67 versus 
47), and shorter 
median OS (12.2 
versus 14.1 months).

Dalgleish et al. 
[23]

Randomized trial of 
GVAX with docetaxel 
versus docetaxel with 
prednisone in taxane-
naïve patients with 
asymptomatic CRPC

626 III Trial terminated early 
based on futility 
analysis showing 
<30 % chance of 
meeting primary 
endpoint (improved 
OS)

Dunn et al. [24]

Tse et al. [14]

4	 �Investigational Agents

Multiple immune approaches beyond sipuleucel-
T are under development, including monoclonal 
antibodies against immune checkpoints as well 

as antigen-directed therapies. Moreover, combi-
nations of these immunotherapies and conven-
tional therapies are also under investigation. In 
addition, finding the ideal setting and timing for 
these therapies is also a priority. It is at early 
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stages of the disease when the immune system of 
patients may be more intact. That might be the 
best setting where to apply this approach.

4.1	 �PROSTVAC-VF Tricom

The use of viral vectors is a promising area in treat-
ing cancer. Using this approach, with proven effi-
cacy in infectious disease, might have several 
advantages as they can mimic natural infection and 
lead to the induction of potent immune responses 
against the tumor antigens they encode. An 
increased number of tumor antigens are available 
for intersection into these vectors. The poxvirus-
based vaccines are the most established and well 
studied. One example of these vaccines is 
PROSTVAC®-VF, which employs a recombinant 

poxvirus-based vector encoded with PSA and 
TRICOM (three immune co stimulatory molecules: 
B7.1, ICAM-1, and LFA-3). Vaccination is often 
enhanced by the subcutaneous co administration of 
GM-CSF, which acts to further boost immune func-
tion [72]. The rationale behind this treatment is that 
the virus will directly infect the APCs (resulting in 
expression of the costimulatory molecules), or 
somatic cells (epithelial and/or fibroblasts) at the 
site of injection, leading to cell death and subse-
quent uptake of cellular debris containing PSA by 
the APCs [14]. APCs will lead to the promotion of 
a T cell-mediated immune response that destroys 
PSA-expressing cancer cells. The vaccine virus-
based vector is followed by fowl pox virus-based 
vector boots, helping to overcome the host antivec-
tor antibody responses to the original vector and 
maintaining the level of immunity (Fig. 3).

Infection Necrosis

Epithelial cells Cellular debris
[including PSA]

Infection

Maturation

Immature APC

Antigen
uptake

CD4- T cell

CD8- T cell

PSA peptide

MHC class II

TCR

MHC
class I

Activated
APC

Cytokine
help

Lysis

Prostate tumour

Fig. 3  The ProstVac VF ‘vaccine’ consists of a DNA plasmid encoding the target antigen (PSA) and a series of co-stim-
ulatory molecules. Then viral vectors are injected intradermally, where they probably infect the patient’s epithelial cells. 
This in turn leads to epithelial cell death, following which the cellular debris (including the target antigen PSA) is taken up 
by host antigen´presenting cells (APCs) and presented to host CD4+ and CD8+ T cells. The incorporation of CD80 into 
viral vector facilitates the activation of T cells, through the provision of a co-stimulatory signal for T cell activation
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The therapy has been studied in two phases II 
trials. The first one enrolled 32 patients and eval-
uated PSA-specific T-cell responses as the 
primary endpoint, finding a trend towards 
increased overall survival and a decreased in reg-
ulatory T-cell (Treg) suppression in patients with 
longer survival [18]. These data suggest that 
PSA-specific T-cell responses and Treg function-
ality can be used as prognostic markers of effi-
cacy in future trials. The largest phase II 
randomized 125 patients with minimally symp-
tomatic, metastatic castration resistant PC to 
treatment or control vectors. The primary end 
point of progression-free survival was similar 
between 82 patients treated with 
PROSTVAC®-VF and 40 patients who received 
placebo. However, with 3 years of follow-up, 
patients receiving the vaccine had an 8.5 month 
improvement in median OS [73]. The therapy 
was well-tolerated. Most adverse effects were 
injection site reactions, with only a few patients 
experiencing associated systemic symptoms such 
as fatigue, nausea, or fever.

Based on this information, a phase III trial was 
designed, with and without GM-CSF, in asymp-
tomatic or minimally symptomatic, 
chemotherapy-naïve, men with metastatic castra-
tion resistant PC with or without GM-CSF 
(NCT01322490). This three-arm trial has overall 
survival as primary endpoint, and the accrual is 
already completed (n = 1200) with results matur-
ing (Fig. 4).

Another type of vaccine that has been studied 
is the whole-cell-based vaccine or GVAX 
(BioSante). It is an allogenic cell-based PC vac-
cine that is composed of both homono-sensitive 

(LNCaP) and naive (PC3) PC cell lines and that 
have been genetically modified to constitutively 
secrete GM-CSF and irradiated to prevent cell 
replication [74]. The whole tumor cell is used as 
the antigen, facilitating both humoral and cellular 
immune responses, with GM-CSF enhancing this 
process by functioning as chemo attractant for 
dendritic cells [75]. The use of allogeneic tumor 
cells as the main component also has advantages 
in being faster and less expensive to manufacture 
as compared to autologous cells. Initial phase I/II 
studies confirmed clinical activity [74]. One 
phase II trial involving 55 men with 
chemotherapy-naive metastatic CRPC showed a 
trend of increased survival time by GVAX in a 
dose-dependent fashion. Another phase II clini-
cal trial comprised of 80 men with the same clini-
cal characteristics, treatment with high dose was 
associated with longer median survival time 
(35  months) as compared with those given 
medium dose (20 months) and low dose therapy 
(23.1  months). The proportion of patients that 
generated an antibody response to either cell line 
had a median survival of 34 months (n = 30), 
compared to 16 months for those who did not 
(n = 6), suggesting that immune reaction is asso-
ciated with better clinical outcomes.

These results lead to two phase III clinical tri-
als (VITAL-2 and VITAL-1). VITAL-2 was a 
multicenter, randomized, controlled phase 3 clin-
ical trial designed to evaluate the safety and effi-
cacy of GVAX immunotherapy for prostate 
cancer used in combination with docetaxel che-
motherapy compared to the use of docetaxel che-
motherapy and prednisone in hormone-refractory 
prostate cancer (HRPC) patients with metastatic 

Non/minimally
symptomatic
metastatic

castration resistant
prostate cancer

PROSTVAC-(V)(F)TRICOM
+ low dose adjuvant GM-CSF

PROSTVAC-(V)(F)
TRICOM

Adjuvant placebo

Vector Placebo
Adjuvant placebo

N=1200

Standard
of Care

S
U
R
V
I
V
A
L

No
Crossover

Fig. 4  Phase III 
ProstVac VF +/- 
GM-CSF trial study 
design
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disease who were symptomatic with cancer-
related pain. The primary endpoint of the trial 
was an improvement in survival. The trial ended 
after the Independent Data Monitoring Committee 
(IDMC) observed an imbalance in deaths 
between the two treatment arms of the study. 
VITAL-2 enrolled 408 patients. The IDMC based 
its recommendation on 114 deaths of which 67 
occurred in the GVAX plus docetaxel combina-
tion treatment arm and 47 deaths occurred in the 
docetaxel control arm [76]. VITAL-1, the other 
Phase 3 clinical trial of GVAX immunotherapy 
for prostate cancer, was designed to compare 
GVAX cancer immunotherapy as a monotherapy 
to docetaxel chemotherapy plus prednisone in 
earlier stage HRPC patients with metastatic dis-
ease who were asymptomatic with respect to 
cancer-related pain. The primary endpoint of the 
trial was an improvement in survival. The trial 
was fully enrolled in 2007 with 626. The study 
was terminated trial based on the results of a pre-
viously unplanned futility analysis conducted by 
the study’s IDMC which indicated that the trial 
had less than a 30 % chance of meeting its pre-
defined primary endpoint of an improvement in 
survival.

Despite these disappointing results, GVAX is 
currently being trialed in combination with other 
immunotherapies, for example, Ipilimumab [77] 
or mitoxantrone [78] for PC.

4.2	 �Immune Checkpoint Blockade

As previously mentioned, immune responses are 
kept in balance by immune checkpoints that 
oppose co-stimulatory pathways. Alteration of 
these pathways in tumor cells can provoke send-
ing negative signal into the binding T cells, thus 
leading to its exhaustion (Fig. 5).

4.1	 �Anti-CTLA-4 Therapies
Several phase II trials have investigated the role 
of ipilimumab in PC. A phase I/II study evalu-
ated ipilimumab at up to 10 mg/kg dose with or 
without radiotherapy in patients with metastatic 
CRPC who received no more than one prior 
chemotherapy. PSA decline and radiographic 

responses were observed in all dose cohorts 
[79]. A subsequent phase II study randomized 
43 chemotherapy naive CRPC patients to ipili-
mumab at 3  mg/kg versus ipilimumab and 
docetaxel [80]. These trials lead to plan two 
phase III trials, which have been completed 
accrual. The first study evaluated the impact of 
ipilimumab and radiation (in an effort to prime 
an initial antitumor immune response) versus 
radiation alone in the postdocetaxel setting 
looking for an overall survival (OS) advantage. 
The study’s primary endpoint of OS did not 
reach statistical significance with median OS at 
11.2  months with ipilimumab and 10 months 
with the placebo (HR = 0.85; 95 % CI = 0.72–
1.00; p = 0.053). Median progression-free sur-
vival favored ipilimumab over placebo 
(HR = 0.70; 95 % CI = 0.61–0.82) as did pros-
tate-specific antigen (PSA) response rates. A 
post hoc analysis was done showing that 
patients with favorable prognosis (three base-
line factors defined by: alkaline phosphatase 
level, hemoglobin level and no visceral metas-
tases) may derive clinical benefit from ipilim-
umab [81]. The results of the second study that 
evaluates ipilimumab versus placebo in meta-
static CRPC patients who have not received 
chemotherapy are still pending (NCT01057810) 
(Fig. 6).

Tremelimumab, another monoclonal anti-
body, has been studied in a phase I trial in PSA-
recurrent setting. It does show dose-limiting 
toxicities (diarrhea and skin rash) and PSA dou-
bling time prolongation was observed in 3/11 
patients [82].

4.2	 �Anti-PD1 Therapies
PD1 has been less well studied in PC, although it 
was found that the CD8+ T cells that infiltrate the 
prostate gland in men with cancer seem to express 
PD1 [83].

An earlier phase I study of nivolumab in mul-
tiple cancer types enrolled 17 patients with 
castration-resistant PC, but no objective responses 
were seen in these patients [84]. Also, there is a 
phase II trial in the metastatic PC setting, cur-
rently ongoing, studying the efficacy of pembro-
lizumab after androgen-deprivation therapy 
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(NCT02312557). Besides, there are some studies 
that are focused on the combination of immuno-
therapy (pembrolizumab) with other types of 
treatment, such as radium-223, in castration-
resistant PC with bone metastases (Investigator 
initiated trail at Dana Farber)

Pidilizumab, another PD-1 antibody, is being 
evaluated in a phase II trial for the treatment of 

androgen-independent PC in combination with sip-
uleucel-T and cyclophosphamide (NCT01420965).

A promising field of PC treatment is the combi-
nation of radiation and immunotherapy. This con-
cept has been evaluated in the previously mentioned 
phase III clinical trials that combines ipilimumab 
and radiotherapy and also, in a small randomized 
trial of men undergoing primary radiotherapy [57]; 
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Fig. 5  Schematic of immune checkpoint interactions on T cells and effect of monoclonal antibody inhibition
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Fig. 6  Phase III trial which evaluates radiation +/- ipilimumab in the post-docetaxel setting. Study design
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13 out of 17 patients in the radiotherapy and immu-
notherapy combination treatment group had a 
greater than threefold increase in the number of 
PSA-specific T cells, whereas no increase in the 
number of PSA-specific T cells was noted in the 
group that received radiotherapy alone.

New emerging immune checkpoint targets 
have been identified and include LAG-3, TIM-3, 
VISTA, and co-stimulatory molecules OX40, 
ICOS, and 4-1BB [85]. In addition, new next 
generation sequencing techniques sequencing 
could help to identify a spectrum of mutation fre-
quencies that can respond to immunotherapy. 
Some select patients with advanced heavily pre-
treated PC might harbor microsatellite instability 
making them more suitable for PD1/PDL1 block-
ade (P.Nelson, ASCO 2016).

4.3	 �Biomarkers in PC

Due to the emerging development of new ther-
apies, including immune agents, predictive and 
surrogate biomarkers will be needed. Such bio-
markers could identify responders in the ear-
lier phases of treatments, in which the full 
effects are often not apparent before weeks to 
months after initiation. Because OS is a more 
reliable endpoint than PFS with immunother-
apy, such biomarkers could provide intermedi-
ate surrogate endpoints for trials (while final 
end points would otherwise take years to com-
plete). Multiple categories of immune bio-
markers have already been investigated in PC, 
in the following table there is a selection of 
these [86].
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Immunotherapy with check point inhibitors is 
now a newly rediscovered therapeutic strategy in 
PC that was initially dismissed. Like in colorectal 
cancer, in selected patients these agents might be 
of benefit.

5	 �Targeted Therapies

In the field of PC, bevies of novel therapeutics 
with distinct mechanisms of action have been 
recently tested. Unfortunately although prelimi-
nary data were promising, in unselected patients, 
no one of these new agents has been able to pro-
vide clinically meaningful benefit. Here, we 
briefly report some new therapies that can poten-
tially be useful in PC treatment if the adequate 
target patient population is identified. An exam-
ple has been the potential benefit seen with PARP 
inhibitors is select patient harboring DNA repair 
genomic alterations (see Sect. 5.8)

5.1	 �Angiogenesis Inhibitors

Angiogenesis mechanisms play an important role 
in cancer. It is also well known that a high micro-
vascular density in prostate gland is a poor prog-
nostic factor in PC [87]. There are several 
angiogenesis-related agents which have been 
studied, such as thalidomide [88], bevazicumab 
[89], lenalidomide [90], sorafenib 
(NCT00619996) [91], most of them with no suc-
cess in phase III trials.

5.2	 �Next-Generation Androgen 
Synthesis Inhibitors 
and Androgen Receptor 
Signaling Inhibitors

PC progression usually occurs despite continued 
castration in patients receiving standard andro-
gen deprivation therapy. There are several mech-
anisms that have been implicated in castration 
resistance; such as, overexpression of AR, andro-
gen synthesis by PC cells; alterations in expres-
sion of coactivators and corepressors of AR 

signaling; and constitutively active, ligand-
independent AR splice variants [92]. There are 
currently several androgen synthesis inhibitors in 
development beyond the ones already approved 
abiraterone and enzalutamide [93]. AR antago-
nist in development like ARN-509, competitively 
inhibits AR signaling in the setting of AR 
overexpression, with potentially improved effi-
cacy compared with enzalutamide in xenograft 
models. Phase III studies with ARN-509 are 
ongoing (NCT01946204).

5.3	 �HSP90 Inhibitors (Olanespib)

The transcriptional activity of steroid receptors, 
including AR, is dependent on interactions with 
the HSP90 chaperone machinery, this is way 
some early studies are checking the utility of 
HSP90 inhibitors, specially on PC with androgen 
receptor variant 7 [94].

5.4	 �mTOR (Mammalian Target 
of Rapamycin) Inhibitors 
(Everolimus, RAD 001)

MTOR inhibition appears to reverse dysregula-
tion of Akt system, thus avoiding the effect of 
PTEN mutation, which is a common characteris-
tic in 50 % of advanced PC [95].

5.5	 �EGFR (Epidermal Growth 
Factor Receptor)-Tyrosine-
kinase Inhibitors (Gefitinib, 
Erlotinib, Pertuzumab)

There are several studies published with poor 
results, although in vitro test results were promis-
ing [96, 97].

5.6	 �mRNA-Based Therapies

Such as oblimersen, a Bcl-2 antisense oligonucle-
otide, with negative results in a phase II trial per-
formed in patients with castration-resistant PC [98].
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5.7	 �Histone Deacetylase 
Inhibitors (HDACs)

HDACs are part of a transcriptional corepressor 
complex that influences various tumor suppres-
sor genes, included in PC scenario [99]. There 
are some examples of HDACs that have been 
studied in this disease with controversial results, 
such as vorinostat (with a phase II trial where it 
showed significant toxicities that limited efficacy 
assessment in the patient population) [100].

5.8	 �PARP (poly(ADP-ribose) 
Polymerase) Inhibitors

Previous PC genomic sequencing efforts have 
identified genetic aberrations, including muta-
tions in DNA repair genes. The researchers 
hypothesized that olaparib, which targets those 
tumor cells that are particularly vulnerable to 
DNA repair defects, may work in this subset of 
PC patients. A phase II trial [TOPARP, 
NCT01682772], which is currently recruiting 
patients will try to determine if this approach can 
be useful in PC.

�Conclusions

PC is a target for immunotherapy approaches. 
It has a unique natural history characterized 
by a relatively indolent course, which allows 
immunotherapies, time to achieve an effect 
via stimulation of the immune machinery. It 
was the first type of solid cancer where an 
immunotherapy drug was the standard of care 
(sipuleucel-T) upon improving survival. Since 
that achievement, there are multiple novel 
therapeutics under investigation (off the shelf 
vaccines such as PROSTVAC-VF, GVAX; 
checkpoint inhibitors; or novel homegrown 
vaccines). However, still some questions 
remain according to the immune approach: 
timing and combination with other modalities 
of treatment need to be explored. Establishing 
the optimal combination and sequencing of 
treatment will prove crucial. Also, it is impor-
tant to keep on finding predictive immune bio-
markers as the response is often gradual, and 

the usual monitored clinical markers are not 
always affected immediately after treatment 
initiation. Identifying the best method to mea-
sure and quantify such immune responses 
remains a challenge because of the difficulty 
in obtaining an adequate quantity of samples 
and the limitations of current functional 
assays.

New technologies or platforms, such as T 
cells receptor (TCR) clonotyping, chimeric 
antigen receptor T-cell therapies (CARTs), 
computational analysis approach, or home 
grown vaccines, are welcomed in this fight 
against PC.

Achieving long-term remission in most 
treated patients is an ambitious goal for the 
scientific community and requires the integra-
tion of several modalities in a rational combi-
nation therapeutic approach.
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How to Interpret Numeric Results 
in Publications?

Laurence Collette

1	 �Introduction

The number of specialist medical journals and 
the number of scientific publications relating to 
the medical interventions against cancer increase 
constantly. Just for 2015, PubMed search for the 
year 2015 with Medical Subject Heading term 
“prostatic neoplasm/therapy” in the human spe-
cies revealed 1657 citations of which 158 were 
clinical trials (including 112 controlled ones) and 
123 other comparative studies. Interestingly 74 
systematic reviews were published that year that 
included 22 formal meta-analyses.

Obviously a practising clinician will hardly 
find the time to appraise such amount of informa-
tion, and this does not include the more recent 
findings reported in abstract format at interna-
tional and national congresses! And importantly, 
even if one would have the ability to take in all 
that new information, this would still not be suf-
ficient, because of the presence of intentional or 
unintentional bias in the way the data are reported 
and interpreted.

However, every clinician needs to make up his 
mind about the value of emerging treatments and 

therapeutic interventions. Most clinicians today 
are familiar with the hierarchy of clinical evi-
dence ([30], http://www.cebm.net/wp-content/
uploads/2014/06/CEBM-Levels-of-Evidence-
2.1.pdf) and will rightly give more weight to 
reports from more controlled and preferably ran-
domized studies than to those of non-randomized 
or ill-controlled observational studies. The medi-
cal reader may however be less aware of the other 
various biases that may be introduced at every 
step of a clinical experiment, all of which have 
the potential to undermine the validity of the 
results. Bias may be inherent to the trial design 
itself, or may result from systematic differences 
in the way the endpoints are assessed, in the pro-
cess of data collection and in the methods used 
for data analysis that together or separately result 
in observed differences in outcome being errone-
ously attributed to an impact of the experimental 
treatment. Bias may also take the form of system-
atic favouritism in the way results are reported or 
in the way they are interpreted in the discussion 
and conclusion of the report. We will illustrate 
with examples from the prostate cancer research 
field, a number of misuses of statistics and vari-
ous types of bias that exist with the aim to help 
you identify them when appraising a clinical trial 
report at congresses or in journal.

To ensure the clarity of these examples, we 
will however start by demystifying a few basic 
statistical concepts that are commonly found in 
clinical study reports.

L. Collette
European Organisation for Research and Treatment 
of Cancer, Headquarters, Statistics Department,  
Avenue Emmanuel Mounier 83/11,  
B-1200 Brussels, Belgium
e-mail: Laurence.collette@eortc.be

http://www.cebm.net/wp-content/uploads/2014/06/CEBM-Levels-of-Evidence-2.1.pdf
http://www.cebm.net/wp-content/uploads/2014/06/CEBM-Levels-of-Evidence-2.1.pdf
http://www.cebm.net/wp-content/uploads/2014/06/CEBM-Levels-of-Evidence-2.1.pdf
mailto:Laurence.collette@eortc.be


380

2	 �Statistical Concepts 
Demystified

To illustrate the concepts, we will use the hypo-
thetical example of a randomized phase III trial 
in advanced prostate cancer. Phase III random-
ized trials are designed to compare two or more 
forms of therapies by quantification of their 
respective effect on one or several pre-specified 
evaluation criteria, the primary endpoint(s). In 
this example, we take overall survival as single 
primary endpoint. We consider a superiority 
study: the trial is built to test if the overall sur-
vival with a new oral compound “WonderPill” is 
superior to that achieved with the current stan-
dard (intravenous) treatment “MarvelDrug”.

2.1	 �Do the Trial Results Apply 
to My Practice?

Patients who enter a clinical trial are regarded as 
forming a (pseudo-random) sample from the tar-
get patient population of interest, thought to be 
susceptible of benefit from the new treatment. The 
clinician is not as interested in the treatment effect 
observed in the study sample as he is to extrapo-
late the results to the broader population of 
patients from whom the study sample is (hope-
fully) representative (Fig. 1) and to know whether 
the study results are broadly applicable to the 
patients he/she is seeing in his/her practice.

The clinical trial is a controlled experiment 
that is carried out according to a protocol that 
defines all circumstances of the patient manage-
ment (eligibility criteria to the study, examina-
tions, frequency of visits, treatments, diagnostic 
of disease progression) but also the methodologi-
cal circumstances of the trial (treatment alloca-
tion method, data collection, data cleaning 
processes, endpoint adjudication, statistical anal-
ysis methods, etc.,) as well as legal or ethical 
aspects. From the methodological perspective, 
the WonderPill vs. MarvelDrug study protocol 
should ensure that the two studied groups will 
differ only by the treatment they were given, only 
this (which is achieved through randomization 
and “control”, i.e., compliance to the detailed 

protocol) will allow to causally attribute observed 
differences between the two survival curves to 
the treatment difference.

However, one should keep in mind that proto-
col eligibility criteria (that often require that 
patients be free of severe comorbidity, be in good 
performance status, etc.) define the target popula-
tion of interest in a rather restrictive way and that 
the protocol also specifies a very specific clinical 
practice (diagnostic methods, imaging and other 
examinations, frequency of follow-up). This per 
se may be detrimental to generalization of the 
trial results to clinical practice.

In reading a study report, it is also essential to 
carefully consider the description of the “Patient 
Characteristics” (in a table and in Results) to 
assess if the patient population actually recruited 
to the study covered the whole range of the popu-
lation eligible according to the study protocol.

If a subset of the target population is under-
represented (e.g., only low burden disease entered 
the trial and high burden disease were rarely 
recruited), the results may not apply to the entire 
target population (evidence in this case would 
mostly apply to low burden disease). In addition, 
one should read all other aspects of the report 
with that same question of applicability of results 
in the clinic in mind. Results may not be directly 
applicable if for instance the diagnostic and fol-
low-up work-up in routine practice is not as 
intensive as the ones in the trial, or if different 
imaging or diagnostic devices were used that 
bare very different predictive values than the 
ones in use in your practice.

We illustrate this with the report by Briganti 
et  al. [9] that shows that among patients with 
node-positive disease, those with up to two posi-
tive nodes experienced excellent cancer-specific 
survival, which was significantly higher com-
pared to that of patients with more than two posi-
tive nodes. The authors suggest that this should be 
considered in the next revision of the TNM clas-
sification. However, they clearly state that their 
results were obtained in a series of patients in 
whom pathological nodal staging was based on an 
extensive lymph node dissection. The mean num-
ber of nodes removed in their series was 13.9, 
which is significantly higher compared to limited 
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nodal dissection series, with mean number of 
nodes removed as low as 5.8. Because the number 
of positive nodes that can be found during patho-
logical assessment is directly related to the num-
ber of nodes available for examinations; it would 
be incorrect to blindly apply the threshold of two 
positive lymph nodes when less extended lymph 
node dissection is performed.

2.2	 �The Truth About P-Values 
and Significance Level

The cornerstone of phase III clinical trials is the 
eventual statistical test that is used to assess the 

effect of the treatment on the outcome of interest. 
In our next example (Fig. 1), a statistical test is 
performed to determine if the impact of 
WonderPill on overall survival differs from that of 
MarvelDrug. The value of the statistical test itself 
(a test statistic) is then converted into a P value.

The null hypothesis (denoted as “H0”) states 
that overall survival in the two treatment groups 
is equal and that any observed difference in 
would be solely due to random fluctuations due 
to sampling (“chance”). The P value measures 
the likelihood that the difference observed in the 
study is due to such chance fluctuations alone, in 
absence of any effective difference, when there is 
no systematic bias between the groups being 

Random allocation to clinical trial

Target Population Study Sample

WonderPill

R

Trial 

Results of the trial:
H0: no difference vs H1: difference (2-sided)

Hazard Ratio=0.81(95 % CI:0.58–1.14)
P = 0.22, based on 140 events   

Inference

Generalization of the
trial results to the target
population from whom
the study sample is
representative

How well do the trial
result apply to my own
clinical practice? 
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Fig. 1  A hypothetical phase III clinical trial testing the superiority of WonderPill over MarvelDrug for overall survival 
in advanced prostate cancer
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compared. The alternative (denoted by “H1” or 
“Ha”) hypotheses that observations in the sample 
at hand are influenced by some non-random 
cause, which, thanks to the control made through 
the study protocol and adherence to it, can legiti-
mately be identified as the treatment the patient 
received.

When there are compelling reasons to a priori 
believe that the difference will only occur in one 
direction (generally favouring the experimental 
treatment), one-sided tests and P-values are used. 
When it is expected that differences may occur in 
both directions, two-sided tests are then used.

In our example (Fig. 1), we use a two-sided 
test. Comparison of the survival curves yielded a 
P-value of 0.22 for an observed hazard ratio of 
0.81. This indicates that if the two treatments 
were truly equivalent, we would still have 22 % 
chance of observing a difference of similar or 
larger magnitude than the one observed, due to 
random fluctuations only. P-values can take any 
value between 0 and 1, as any probability 
measure.

When this probability P is low enough, we 
make the judgement that the likelihood of the 
observations at hand under H0 is so low (i.e., the 
evidence against H0 is strong enough) that we 
conclude that some non-zero difference in the 
effects of WonderPill and MarvelDrug is truly 
present.

Because we need to make a dichotomous deci-
sion: either there is a difference or there is not, we 
will select a threshold (α, the statistical signifi-
cance level, usually taken to be 0.05 for two-
sided tests and 0.025 for one-sided tests) and we 
require P < α to decide that P is “low enough” to 
declare that a non-null treatment effect is present. 
The choice of the significance level alpha, usu-
ally 0.05, is an entirely arbitrary cut-off. It means 
that we are willing to accept a 5 % chance of 
incorrectly concluding that a difference is present 
(Table 1) where none is. Thus by definition using 
the 5 % significance level, on average 5 % of per-
fectly conducted trials with new treatments that 
have no added benefit over standard treatment 
will lead to false positive findings. In practice, 
however, when P < α, one will never know if it is 
a true or a false-positive finding. Only repeated 

trials may tell. In our example, P = 0.22 is greater 
than 0.05; thus, we cannot reject H0.

P-values are often misinterpreted. Indeed, P 
does not measure the probability that the observed 
difference is true (in our example P = 0.22 does 
not mean that there is 22 % chance that the true 
HR = 0.81)! The P-value only quantifies the like-
lihood that such a difference arises by chance 
alone, in absence of systematic bias between the 
groups and in absence of any real effect.

Next, P-values are influenced by the size of 
the sample and amount of information at hand: 
the larger the sample size, the greater the preci-
sion, and thus the lower the P-value associated 
with a given observed treatment effect size. Thus, 
theoretically, any size of treatment effect can be 
made statistically significant by sufficiently 
increasing the sample size!

Furthermore, P-values directly refer to the 
summary and test statistic used. Two alternative 
rank-tests (Logrank or Wilcoxon), applied to the 
same survival data, may not give the same 
conclusion!

Last, statistical significance is no guarantee 
for the clinical relevance of the treatment effect. 
Indeed, P-values only indicate that a non-zero 
treatment effect is present. The medical relevance 
of the results must be assessed from the estimated 
magnitude of treatment effect, through its point 
estimate and its associated 95 % confidence 
interval.

The confidence interval, calculated from the 
observed data, gives a range of plausible values 
for the unknown true treatment effect with 
which the data are compatible. Its width gives 
an impression of the precision of the results 

Table 1  Hypothesis testing for a difference

Reality (unknown)

Our conclusion H0 is true (there 
is no difference)

H0 is not true 
(there is a 
difference)

P ≥ α: Accept H0 
(conclude there is 
no difference)

Correct decision False negative 
(β)

P < α: Reject H0 
(conclude there is 
a difference)

False positive 
(α)

Correct decision 
(power 1-β)

L. Collette



383

(with narrower intervals obtained in studies 
having larger event numbers). If the trial was to 
be repeated independently under same condi-
tions and a 95 % confidence interval calculated 
each time, then on average 95 % of these inter-
vals would contain the true HR.  We will see 
below that a significant P-value may also be 
obtained when the true treatment effect is 
smaller than the minimum clinically relevant 
treatment effect specified in the trial sample 
size calculation.

2.3	 �The Statistical Power Is Not 
a Number!

Table 1 above shows that a second type of errone-
ous conclusion may occur during statistical infer-
ence, namely, the false-negative conclusion that 
H0 is true when it is not (type-II error β). This 
error is directly related to the statistical power of 
the test, or probability to correctly conclude to a 
non-null treatment effect when a non-trivial 
effect is present.

A common misbelief is that the statistical 
power is a number (80 % or 90 %). However, the 
statistical power is a function of the true (and 
unknown!) treatment effect. The size of a trial is 
indeed calculated to ensure a sufficiently high 
(≥80 %) power of rejecting the null hypothesis 
under a specific alternative that a (preferably 
minimum) clinically meaningful difference of 
interest is effectively present.

In our example randomized trial comparing 
WonderPill versus MarvelDrug, the study 
would need to be sized to produce 640 deaths, 
in order to have 80 % power to detect a treat-
ment effect hazard ratio of 0.80 (which corre-
sponds to a median increase from 18.5 months 
with MarvelDrug to 23.1 months survival with 
WonderPill). In this example using a time to 
event endpoint, the information contained in a 
study is measured in terms of the number of 
events, not the number of patients. Therefore 
two studies that differ in number of patients 
and total duration may provide the same power, 
as long as the data in both are analysed when 
the 640 events are observed.

Figure  2a shows how the statistical power 
decreases as the size of the true (unknown) 
treatment effect decreases. For a trial of given 
size (number of events) the risk of erroneously 
concluding to no treatment effect thus increases 
as the size of the true treatment effect decreases. 
For the trial results given in Fig.  1, Fig.  2b 
shows that with 140 events, the trial has no more 
than 25 % chance to declare statistically signifi-
cant a treatment effect of size HR = 0.80 when 
present. Thus, the non-significant P-value 
obtained in the results does not prove that the 
two treatments are equivalent. The trial was 
merely inconclusive due to inadequate statisti-
cal power, a common feature in the urological 
literature [8] as well as in the oncological litera-
ture [3].

Figure  2a also shows that the likelihood of 
detecting a non-null treatment effect (i.e., getting 
a significant P-value P < α) with a study that was 
sized to detect a target HR of 0.80, is still 50 % 
when the true treatment effect is 0.85 and 25 % 
when the true treatment effect is 0.90! Thus, sta-
tistical significance may also be attained for true 
treatment effects that are smaller than the mini-
mum clinically important difference pre-specified 
as the target effect size of interest. I indeed, sta-
tistically significant superiority tests only reject 
the hypothesis that the effect size is null. One 
should not mistake the estimated treatment effect 
with the true treatment effect.

2.4	 �Meaningless P-Values

Statistical significance based on P-value is 
often reported in the medical literature to sup-
port claims of association between two mea-
surements, such as a continuous biomarker and 
a surrogate measure of activity such as a mea-
sure of tumour size or another expression of 
another biomarker such as Ki-67. In that case, 
the association is measured by a correlation 
coefficient (ρ). Most often, only the p-value is 
reported and the researcher overlooks the 
actual hypothesis that this claim supports. 
Indeed, most often, the quoted P-value relates 
to a test that the correlation is not null (i.e., H1: 
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ρ > 0 against H0: ρ = 0). Figure 3 illustrates the 
patterns of association between two biomark-
ers that correspond to various values of the cor-

relation coefficient. Importantly, few 
observations are needed to guarantee statistical 
power for this kind of hypothesis test, so that 
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with 200 observations, statistical significance 
may be reached for ρ = 0.15 and with just 50 
observations, as is common in early biomarker 
studies, statistical significance may be reached 
at ρ = 0.30, a value that effectively does not 
suggest a very meaningful degree of associa-
tion between the two studied measurements.  
It would be more meaningful to test the hypoth-
esis that the correlation is greater than some 
relevant threshold ρ0, selected in the range 
above 0.5, depending on the research 
objectives.

3	 �Reading the Literature 
with a Critical Eye

The reasoning involved when reading a publica-
tion is, from the statistical point of view, very 
similar to that of designing and conducting a 
clinical trial to its end. When reading a scientific 
paper, the reader should first identify the pri-
mary and planned secondary objectives of the 
research, then read the methods and the results, 
and then make his own judgement about their 
value. This should be done before reading/writ-
ing the discussion and conclusion! Indeed, 
biased reporting is not uncommon and argu-
ments in a discussion may seem very persuasive 
although the evidence supporting them is lack-
ing in the results.

We will now illustrate some of the most com-
monly encountered biases.

3.1	 �Impressing with Numbers

When reading research reports, the reader will 
naturally be more impressed by numerically 
larger numbers. There exists a variety of ways of 
numerically reporting the difference between the 
treatments in a randomized comparative trial, 
some of which may impress more than others. 
Table  2 below summarizes the survival results 
with 10-year median follow-up in the EORTC 
22863 phase III trial of external irradiation with 
or without long-term androgen suppression for 
prostate cancer with high metastatic risk by 
Bolla et al. [7].

If all of the following statements are correct 
statements, some certainly suggest a stronger 
magnitude of treatment difference than others:

	(a)	 Median survival of the combined treatment 
group is 158 % of the median with irradiation 
alone.

	(b)	 A 58 % improvement in median survival with 
androgen suppression.

	(c)	 A 40 % reduction in risk of death with andro-
gen suppression.

	(d)	 A 18.3 % absolute improvement in 10-year 
overall survival rate.

	(e)	 A 46 % relative improvement in 10-year sur-
vival rate.

	(f)	 Irradiation alone had a 67 % higher risk of 
death.

	(g)	 The number needed to treat for 10-year over-
all survival is 5.5 patients.
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Fig. 3  The correlation 
coefficient and the 
corresponding patterns 
observed in the data
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For those interested, this is how the figures 
were computed, based on Table 2.

	(a)	 The ratio of the medians is 10.9/6.9 = 1.58, so 
158 %.

	(b)	 Is the same as (a), but concentrating on the 
increase of 58 %.

	(c)	 The hazard ratio is 0.60, thus a 40 % reduc-
tion of the risk of death.

	(d)	 58.1–39.8 % at 10 years makes + 18.3 % 
absolute improvement.

	(e)	 58.1/39.8 = 1.46 thus a 46 % relative 
improvement.

	(f)	 The hazard ratio was 0.60, which is the ratio 
of the risk of death with irradiation and 
androgen suppression compared to irradia-
tion alone; thus, the hazard ratio for irradia-
tion versus the combined modality treatment 
is 1/0.60 = 1.67, or a 67 % higher risk of 
death.

	(g)	 As in (d) the absolute improvement at 10 
years is 18.3 % = 0.183, the number of 
patients to treat to spare one death at 10 years 
is 1/0.183 = 5.46, rounded to 5.5.

3.2	 �The Temptation of Subgroup 
Analyses

In today’s world of personalized medicine, sub-
group analyses of clinical trial data aiming at seg-
menting the disease population seem a logical 
step in data analysis. However, especially when 
the overall trial results are statistically or medi-
cally not significant, subgroup analyses carry 
serious concerns and the associated risks of over-
interpretation. Indeed, the probability of at least 
one false-positive finding rapidly increases with 
the number of subgroups analysed. If K tests are 
conducted at the 0.05 significance level, the 

overall risk of one or more of them turning out 
significant due to chance alone equals (1-[1-α]K), 
thus for 10 tests with significance level α = 0.05 
that risk is 40.1 %! Thus, reporting p < 0.05 has 
little meaning for any single test among a large 
number. If all attempted subgroup analyses were 
reported, the reader could in theory adjust for 
multiplicity by adopting for his interpretation a 
more stringent significance level for each test. 
The use of α/K would conservatively protect 
against type I errors. However, comparisons are 
often not reported [35] so that the number K is 
unknown to the reader, making such adjustment 
impossible. When subgroups are extremely 
numerous, as in the case of search for association 
between genomic alterations and prognosis, more 
advanced methods such as control of the false 
discovery rate should be used. The reader may 
refer to the work of Goeman and Solari [26] for 
further details regarding these methods.

By the law of averages, the whole being the 
sum of the parts, it is always possible to define a 
grouping of the patients such that the treatment 
effect in one group is more extreme than the over-
all effect in the trial and is less extreme in another. 
Furthermore, breaking down the study sample into 
numerous subgroups (for instance, age at baseline 
into four categories, or attempting several cut-
points dichotomizing a biomarker) induces multi-
plicity if tests are conducted in all subgroups. To 
protect against false-positive results conducting 
formal statistical tests of heterogeneity (also 
known as interaction tests) is recommended. 
Demonstration of significant heterogeneity, possi-
bly at a relaxed statistical significance level, owing 
to the lack of power of such tests, should be a pre-
requisite to making strong interpretation of within-
subgroup findings.

To illustrate the multiplicity problem, we 
used the data of the historical EORTC trial 

Table 2  Survival results in the EORTC phase III trial 22863

Irradiation alone Irradiation plus long term androgen suppression

Median 95 % CI Median 95 % CI
6.9 years 6.0–8.3 years 10.9 years 10.0–14.5 years

Hazard ratio 95 % CI
0.60* 0.45–0.80

10-year survival 95 % CI 10-year survival 95 % CI
39.8% 31.9–47.5 % 58.1 % 49.2–66.0 %

P = 0.0004
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30892 comparing cyproterone acetate (CPA) to 
flutamide in metastatic prostate cancer [38]. The 
choice of the example does not however matter 
to our argument. This study of 310 patients of 
which 250 died showed no statistically signifi-
cant differences with respect to overall mortal-
ity (HR for CPA/flutamide = 1.22, 95 % CI: 
0.95–1.57, P = 0.1252). We created 20 com-
pletely random splits of the data into two sub-
groups of equal probability. Each time we then 
tested for treatment effect in both subgroups. In 
two instances, the treatment effect turned out 
significant in one subgroup and not in the other. 
Figure 4 shows the survival curves in two sub-

groups for the 18th split, for which the test for 
heterogeneity of the treatment effect is even sta-
tistically significant (P = 0.032)! In the first half 
of the patients, those on CPA fare significantly 
worse (HR = 1.59, 95 % CI: 1.10–2.30, 
P = 0.013) with 3-year survival rate of 45 % 
compared to 55 % for those on flutamide. In the 
second half of the patient, there is absolutely no 
difference between the two groups (HR = 0.92, 
95 % CI: 0.65–1.31, P = 0.657) and the 3-year 
overall survival is 54 % in both groups.

Another kind of misleading subgroup analy-
ses is that of subgroups defined on the basis of 
postbaseline assessments. Such problems will be 
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illustrated in the next section. However, even 
when subgroups are defined by baseline charac-
teristics, one should be mindful that unless ran-
domization was stratified for the factor that 
defined the subgroups imbalances between treat-
ments may exist within the subgroup. If a dynamic 
allocation method such as minimization was used, 
further covariates used for the stratification may 
also be imbalanced between treatments within the 
sub-groups Indeed, these methods do not balance 
combination of stratification factors between 
treatments, only each factor taken separately. 
Furthermore, false-negative results are also more 
likely within subgroups, because of lack of power 
due to reduced numbers, which may lead to appar-
ently inconsistent conclusions.

Subgroup analyses are not wrong in them-
selves, as long as they are carefully conducted 
and interpreted. Data exploration is important to 
inform and guide further research. The European 
Medical Agency (EMA) published two guide-
lines covering the questions discussed above: a 
“Guideline on the investigation of subgroups in 
confirmatory clinical trials” [21] and a recom-
mendation on the “Points to consider on multi-

plicity issues in clinical trials” [22] in the 
framework of drug registration studies, the prin-
ciples of which are more broadly relevant. Both 
documents are available from the EMA website 
(http://www.ema.europa.eu)

We summarize in Table 3 some key points to 
consider when conducting or interpreting sub-
group analyses (adapted from [35]).

3.3	 �Comparing the Apples 
and Pears and Claiming All 
Are Oranges

The most common problem encountered when 
reviewing published research is that of “length 
time” or selection bias, i.e., attempts to compare 
groups that are not defined at baseline, but by 
characteristics that are observed during follow-
up. These carry serious risks of bias when the 
classification is influenced by the outcome of 
interest itself. Such biases are pernicious and 
not easily identified by the untrained reader. 
Such reports do get through the peer-review 
process of very high-quality journals. Because 

Table 3  Guidelines for subgroup analyses

In the protocol Planned subgroup analyses must be specified in the protocol, with the methods intended 
for the analyses, and the multiplicity adjustment that will be applied to control type I 
errors
Subgroup analyses should be conducted only if there is a sound biological rationale for 
conducting them!

In the abstract If any, only preplanned subgroup analyses for the primary endpoint should be reported in the 
abstract. Post hoc findings are only hypothesis generating and should not take prominence in the 
abstract

In the methods The number of pre-specified subgroup analyses performed and reported should be 
indicated. For each, the endpoint and the method used to assess heterogeneity should be 
indicated
The number of post hoc subgroup analyses performed and reported should be indicated. These 
should be clearly identified, as well as the rationale for conducting them. For each, the endpoint 
and the method used to assess heterogeneity should be indicated
Indicate the potential effect on type I errors (false positives) due to multiplicity and how this 
effect is addressed. Describe the adjustments that were used

In the results First assess heterogeneity of treatment effects across subgroups. Report effect estimates and 
confidence intervals in all subgroups. Interpret statistical tests of significance only if there is 
evidence of heterogeneity across subgroups
Clearly distinguish the subgroup analyses that were pre-specified from those that were 
generated by the data themselves

In the discussion Avoid overinterpretation of subgroup differences. Be properly cautious in appraising their 
credibility, acknowledge the limitations. Confront the findings with those from other 
studies

Adapted from Rui Wang et al. [35]
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they often produce largely overestimated effect 
sizes, they also tend to receive much greater 
attention than is legitimate. In the best instance, 
they will be criticized in letters to the editors, 
but these are less likely to be read than the origi-
nal report.

A number of examples are discussed below 
that illustrate the problem.

3.4	 �Length Time Bias: Post hoc 
Analysis of Duration 
of Androgen Deprivation 
Therapy in RTOG 85-31 (JCO)

In 2009, Souhami et al. reported a secondary anal-
ysis of the RTOG 85-31 in the Journal of Clinical 
Oncology [41, 42] that attempted to identify the 
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(b) by hormone therapy 
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optimal duration of adjuvant hormonal therapy 
combined with radiation for locally advanced 
prostate cancer patients. To that aim, the authors 
analysed the outcome of patients treated in the arm 
that intened for lifelong adjuvant monthly LHRH 
treatment. They focused on the subset of 189 
patients who stopped adjuvant androgen suppres-
sion for reasons other than progression. Patients 
were then divided into three groups based on the 
quantiles of hormone therapy duration as follows: 
≤1 year, more than 1 year and ≤5 years, and more 
than 5 years. They then statistically compared 
overall survival, disease-free survival, cause-spe-
cific mortality, local failure, and distant metastasis 
between the three groups of hormone therapy 
duration. Their conclusion was that patients with 
androgen deprivation treatment for more than 
5 years had an improved overall disease-specific 
and progression-free survival compared to patients 
with shorter duration of hormonal therapy. Based 
on these findings, the authors concluded that 
“decreasing hormonal therapy duration (HTD) to 
≤5 years may have a detrimental effect on patients 
with locally advanced prostate cancer” because 
overall survival is significantly better in patients 
who received androgen deprivation therapy for >5 
years (Fig. 5).

What went wrong in this analysis?
First, one should note that in order to receive x 

years of androgen suppression in a protocol that 
mandated androgen suppression until disease 
progression, a patient has to live at least x years 
and be disease-free for x years! Thus all patients 
in group 3 (HTD > 5 years, group 3) by definition 
of the grouping enjoy a survival of 5 years or 
more. If a patient died within less than 5 years of 
radiation therapy for any other reason than pros-
tate cancer, then, obviously, he had to be included 
in the group with HTD < 1 (group 1) or HTD of 
1–5 (group 2) years.

The presence of bias is easily identified from 
the overall survival curves in Fig. 1a that show no 
event in group 2 (HTD of 1–5 years) for the first 
year on study and no event (no drop of the sur-
vival curves) in group 3 (HTD >5  years) until 
year 5. This is a very good example of length-
time bias, a specific form of selection bias. This 
kind of bias may sometimes be removed by 

application of the landmark method [1], a statisti-
cal technique that consists in defining an initial 
period of time (e.g., 5 years, the landmark) that is 
used to classify the patients into groups and to 
use only the observations obtained after that 
landmark period to compare the groups. In this 
way, a new baseline is defined (the end of the 
landmark, here 5 years) and the selection bias is 
removed by exclusion of all observations obtained 
before the new baseline. However, for the partic-
ular report discussed here, that method would not 
suffice to remove all the bias and to support to the 
conclusion claimed by the authors.

Indeed, a second selection bias is present in 
the analysis, due to the exclusion of all patients 
who discontinued therapy because of disease 
progression. This is discussed in a letter to the 
editor [29] who takes two examples. Example 1 
is a patient whose cancer is simply not respon-
sive to hormonal modulation. If the patient 
stops the hormonal therapy for any reason 
before the recurrence is detected, that patient 
has a failure and is classed in either the less 
than 1-year or 1- to 4-year HTD group. But the 
same patient who continued the hormonal ther-
apy long-term would be excluded from the 
analysis (and thus not be counted as a failure 
for the >5 year group) as long as he was still 
receiving hormonal therapy when the recur-
rence was detected. Example 2 is a patient who 
received therapy for 4 years, then develops 
myocardial infarction and dies 2 years later 
from cardiovascular complications. If upon 
myocardial infarction at year 4, hormonal ther-
apy is stopped, the patient is counted as a death 
in the 1- to 4-year hormone therapy group but if 
that same patient believes in the benefits of 
>5-year HTD and continues his hormonal ther-
apy, he would not count as a death in the 
>5-year HTD group because patients who die 
on hormone therapy are excluded from the 
analysis. This shows how this second selection 
of patients for the study that excludes 41 % of 
patients allocated to the combined treatment 
group in the RTOG study induces further bias 
in favour of the longer duration group (group 3) 
by selecting out the non-hormone-responsive 
patients. It also leads to underestimation of the 
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detrimental effects of hormones because 
patients who die while on treatment are 
excluded from the analysis, even if the longer 
duration of hormonal treatment contributed to 
that death [29].

This paper raised a number of reactions 
through letter to the editors. The authors dili-
gently replied to these, but did not recognise fully 
the limitations of their analyses, which only 
report an artificial correlation built-in the analysis 
methods used. They however recognized that 
their “secondary analysis was a hypothesis-
generating exercise; only a properly designed 
phase III randomized trial can conclusively and 
unequivocally clarify this issue” [41, 42]. One 
may wonder however if such explorations are 
worth a publication.

3.5	 �Selection Bias in Assessing 
the Value of Radical 
Prostatectomy for Node-
Positive Patients

Selection bias is present whenever selection of 
patients for the studied intervention is confounded 
by patient factors that are also related to clinical 
endpoint of interest. To illustrate the reasoning 
involved in identifying possible selection bias in a 
publication, we will use a report by Engel et al. 
[20] discussing the value of continuing versus 
abandoning radical prostatectomy when positive 
lymph nodes are found during the surgery. The 
authors used a series of 938 lymph node-positive 
patients from the Munich Cancer Registry: in 688 
the radical prostatectomy (RP) was conducted 

and in 250 the RP was abandoned. Data about 
age, grade, and PSA were available. The authors 
used multivariate Cox regression analysis to com-
pare overall survival between the two groups. 
Here, the reader must pay a particular attention to 
the following question: are the two groups com-
parable in terms of risk factors? Was the decision 
to stop the surgery independent of baseline risk 
factors? Were appropriate and sufficiently effec-
tive statistical adjustments made to attempt to cor-
rect for selection bias? If the answer to any of 
these questions is negative, there is a risk to erro-
neously attribute the effect of patient selection to 
that of the studied intervention itself. When this 
mechanism is present (as illustrated in Fig. 6), the 
correlation between the tested intervention (here 
radical prostatectomy) and the outcome (here sur-
vival) is induced in whole or in part by a third 
factor (here baseline risk of both pN+ disease and 
shorter overall survival) that is correlated to both 
the intervention and the outcome. It is important 
to note that imbalances in strong prognostic fac-
tors between the intervention groups need not to 
be statistically significant for the above mecha-
nism to be present!

To address the first question above, a careful 
inspection of the tables showing the distribution 
of the available risk factors in the study is 
needed. Such an inspection shows that the two 
patient groups differ in many ways: PSA was 
>20  ng/ml in only 42 % of the patients who 
underwent RP compared to 66 % in the patients 
whose surgery was aborted; stage T4 was also 
five times less frequent in the operated group 
(4 % vs 20.9 %), reflecting the fact that these 
parameters may have played a role in the deci-
sion to abort the surgery. Thus, in this study, the 
two groups are not balanced for risk factors and 
there is suggestion that these factors that are 
known risk factors for outcome, may have been 
used in treatment decision [43].

The fact that a single positive node was found 
in 50.7 % of the patients who underwent prosta-
tectomy but only in 27.9 % of the patients in 
whom RP was aborted speaks in the same direc-
tion, as well as the figure showing that node nega-
tive patients who underwent radical prostatectomy 
in the study have a better life expectancy – despite 

Imbalance
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Baseline risk
factors

Intervention

Outcome
Prognostic effect

Fig. 6  Mechanisms of selection bias in a study assessing 
the effect of a non-randomized intervention on an out-
come. Both solid arrows are necessary for an apparent 
correlation to be induced between the intervention and the 
outcome. In randomized trials, randomization ensures that 
the top left solid arrow is absent
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their prostate cancer – than the survival estimate 
for the general population [20, 43].

Were appropriate statistical measure taken to 
adjust for these imbalances? The authors made 
due diligence in attempting to correct for these, by 
means of multivariate modelling. However, this is 
made very difficult by the large amount of missing 
data for the very same prognostic factors (that are 
also not balanced in the two groups): the clinical T 
stage was unknown in 16.1 % of the analysed 
node-positive patients who underwent prostatec-
tomy and in 6.0 % of those with aborted prostatec-
tomy, and the number of positive lymph nodes 
retrieved was unknown in 40 % and 62.8 % of the 
patients, respectively. Despite multivariate analy-
sis, the selection bias in baseline factors cannot be 
properly accounted for due to the large amount of 
missing data. More efficient methods of statistical 
adjustment for confounding such as propensity 
score adjustment or matching exist [15] but could 
not have been used in this report, because of the 
missing data. Furthermore, as it is impossible to 
adjust for unknown or unmeasured factors, the 
best method to date to ensure group comparability 
remains randomization, when sufficiently large 
numbers are included. For further discussion about 
adjustment methods for confounding, the reader 
may refer to Wunsch et al. [50] for a review of the 
statistical techniques that are available (matching, 
stratification, multivariable adjustment, propensity 
scores, and instrumental variables) to adjust for 
confounders and the issues that need to be 
addressed when interpreting the results.

To illustrate the diverging conclusions that 
may be obtained through properly randomized 
study and an adjusted non-randomized compari-
son of two treatments one may contrast the results 
of two reports comparing short-term and long-
term androgen suppression plus external beam 
radiation therapy and survival in men with node 
negative high risk prostate cancer. In a the pooled 
analysis, D’Amico et al. [16] concluded that after 
adjusting for known prognostic factors, the treat-
ment of node-negative, high-risk prostate cancer 
using 3 years as compared with 6 months of AST 
with RT was not associated with prolonged sur-
vival in men of advanced age. In the randomized 
trial EORTC 22961, Bolla et al. [5], the authors 

concluded that the combination of radiotherapy 
plus 6 months of androgen suppression provides 
inferior survival as compared with radiotherapy 
plus 3 years of androgen suppression in the treat-
ment of locally advanced prostate cancer.

3.6	 �Biases in Nonrandomized 
Reports Comparing 
Immediate and Deferred 
Therapeutic Interventions

In a number of clinical circumstances, the deci-
sion to initiate the treatment of prostate cancer 
immediately or to defer treatment until further 
signs of disease evolution present (symptoms, or 
more commonly PSA increases) is made: it may 
be a the decision to treat locally for small asymp-
tomatic localized disease, the decision to initiate 
systemic hormonal therapy in patients who can-
not receive local treatment with curative intent, 
or it may concern the timing of adjuvant treat-
ment after radical local treatment. If several ran-
domized clinical trials were conducted to address 
each of those three questions, all those studies 
took a long time to complete due to the naturally 
long history of the disease. These results are 
being criticized for not reflecting the current 
practice of initial treatment or of follow-up and 
decision to initiate therapy. For example, the 
three major trials assessing immediate postopera-
tive irradiation versus observation for patients 
with pathologically high-risk disease after radical 
prostatectomy [6, 45, 49] were criticized for not 
using PSA criterion by current assay sensitivity 
or PSA doubling time to decide on treatment ini-
tiation. This lead to a number attempts to address 
the question using retrospective non-randomized 
patient series that were treated either immedi-
ately or upon (early) PSA relapse ([10, 12, 44, 
46] among others).

However, the validity of these non-randomized 
results is questionable [32]. We list below how 
several of the biases discussed earlier in this 
chapter influence these analyses:

	(a)	 All retrospective analyses attempt to com-
pare disease-free or survival rates in men 
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who have received adjuvant radiotherapy 
with patients who had established biochemi-
cal relapse and therefore received salvage 
radiotherapy. As noted by Patel and 
Stephenson [32], if the second group has 
effective biochemical relapse, patients in the 
comparator group who all had adjuvant 
radiotherapy only have a theoretical risk of 
biochemical relapse and this group includes 
a proportion of patients who, had they not 
been given adjuvant radiotherapy, would 
never have experienced biochemical relapse. 
There is selection bias in the analysis, since 
the patients with similar features who never 
recurred are de facto excluded from the sal-
vage irradiation group. None of these retro-
spective studies could account for the true 
denominator in the salvage irradiation group.

	(b)	 By the same mechanism, there is also length 
time bias in the comparison, since patients 
who would die of a cause unrelated to pros-
tate cancer before experiencing biochemical 
failure are excluded from the salvage group 
but are included in the adjuvant irradiation 
group. Length time bias is also evident in the 
studies that counted the survival time from 
the date of (end of) irradiation, such as the 
report by Budiharto et  al. [10]. Indeed, as 
illustrated in Fig. 7, the time to event is by 
definition shorter in the group with salvage 
irradiation as compared to the group with 
immediate irradiation.

	(c)	Finally, confounding is likely to be present in 
such comparisons as the intention for treat-
ment was not randomized but was chosen for 
each patient individually. Therefore, risk fac-
tors for final outcome likely influenced the 
decision to treat immediately or later so that 

the mechanism illustrated in Fig. 7 are all in 
place for bias to be present.

Given these limitations, we can safely con-
clude that randomized evidence is needed to pro-
vide the definitive proof regarding the timing of 
an intervention, when the decision to treat is trig-
gered by signs of disease evolution.

3.7	 �Issues with the Endpoint 
“Progression-Free Survival”

Due to the long protracted natural history of pros-
tate cancer and a new effective treatments emerge 
to control the later stages of the disease, the use 
of overall survival as the primary endpoint of 
phase III randomized trials in earlier stages of the 
disease becomes extremely difficult and costly. 
As a result, many trials have progression-free 
survival as primary or co-primary endpoint.

Depending on the setting, this composite end-
point may encompass different types of events 
such as skeletal-related events or symptomatic 
bone progression in studies assessing bisphos-
phonates or more commonly a combination of 
biochemical failure, clinical disease progression 
(loco-regional and/or distant) and death. Common 
to all such endpoints is that they require repeated 
diagnostic tests (markers such as PSA or imaging 
such as CT-scans, MRI, bone scans) at regularly 
scheduled follow-up intervals. Because of this 
and unlike overall survival, a progression-free 
endpoint is subject to measurement errors and 
imprecision, and to a risk of interpretation bias 
whenever their assessment require diagnostics 
such as bone imaging that involve a degree of 
subjective interpretation.

Fig. 7  Hypothetical timeline after radical prostatectomy (RP) for two patients receiving either adjuvant or salvage 
radiotherapy (RT) delivered upon biochemical relapse (BCR)
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3.7.1	 �Inflation of the Median Time 
to Event due to the Discreteness 
of the Assessments

Even for more objectively measurable events 
such as biochemical failure, a failure that is iden-
tified at a given follow-up visit would in fact have 
occurred in the time interval from the preceding 
assessment to the present visit. This leads to over 
estimation of the time to failure [11, 31]. Gignac 
et  al. [25] showed that when the true median 
progression-free survival was 12 weeks, the 
information lag inherent in lengthening the inter-
val between assessment inflated the estimated 
median progression-free survival times to 15.6, 
16.6, and 18.7 weeks for every 6, 8, and 12 week 
schedules, respectively. Further simulation stud-
ies by Panageas et al. [31] show that the bias in 
estimation does however not necessarily increase 
with an increase in the length of the assessment 
interval. Instead, it depends on the timing of the 
interval relative to the true median. The bias will 
be smallest when the true median progression-
free survival time is a multiple of the interval 
between visits (thus if the true median is 12 
weeks, the bias will be larger if visits are 
scheduled every 5 weeks than if they are sched-
uled every 3 or 4 weeks).

Importantly because the visit schedule directly 
influences the reported median progression-free 
survival times, results from studies that used 
varying assessment schedules are not directly 
comparable!

3.7.2	 �Loss of Power and Biased 
Estimation of the Treatment 
Hazard Ratio in Relation 
to Infrequent Assessments

The frequency of assessments also directly 
impacts the estimated treatment differences [11, 
25, 31], even when the visits are scheduled sym-
metrically in the two randomized treatment 
groups.

Caroll 2007 shows that the hazard ratio is 
increasingly biased toward the null hypothesis 
of no difference as the interval between visits 
lengthens and the frequency of visits decreases. 
Consequently, the statistical power is reduced 
and more events are needed to achieve the 

desired power. He suggests that to maintain sta-
tistical power to detect hazard ratios between 
0.80 and 0.667, the interval between visits can 
afford to be no more than about one half of the 
median progression-free survival in the control 
arm.

3.7.3	 �Biased Treatment Effect 
Estimation due to Imbalances 
in the Assessment Schedules 
Between Arms

From the remarks above, it becomes apparent 
that artificial treatment effect differences may 
result from asymmetric visit schedules 
between the two groups. This may occur by 
design, or if for some reason, systematically 
longer or more frequent visit delays occur in 
one arm compared to the other. If for instance 
visits in arm A take place every 4 weeks and 
visits in arm B every 5 weeks, the median time 
to event for arm B take place will be inflated, 
since the events will systematically be attrib-
uted to a later time in the arm where visits are 
less frequent. This type of bias is referred to as 
evaluation-time bias by Dancey in her review 
of the possible sources of bias and variability 
in studies that use a progression-free survival 
endpoint [17]. Simulation studies showed that 
differences in the timing of disease evalua-
tions can significantly bias PFS analyses to the 
point of causing an apparent improvement in 
outcome when none existed [4, 24, 31].

3.7.4	 �Evaluation Bias
In that same review, Dancey et  al. [17] recom-
mend blinding in trials that use a progression-
free survival endpoint. This is to prevent that 
knowledge of the treatment group influences the 
investigator in his assessment of the endpoint that 
involve a greater degree of subjectivity (e.g., 
review of images), or his decision to delay treat-
ment and/or visits on the basis of toxicity or 
inconvenience for the patient. Physicians or 
patients may be biased towards earlier claim that 
progression has occurred in the arm that is con-
sidered to be the less intensive treatment option. 
Since then the FDA revised its view regarding the 
need for systematic central review and opened 
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the door to less costly approaches such as audit 
central review [19]

3.7.5	 �Bias-Induced by the Statistical 
Methods

In the FDA Guidance for Industry Clinical 
Trial Endpoints for the Approval of Cancer 
Drugs and Biologics [47], a whole section is 
devoted to the statistical analysis of progres-
sion-free survival endpoints. The guidance is 
often interpreted as recommending that patients 
who stop taking randomized therapy prior to 
documented progression should be censored at 
the time when the treatment is stopped [11]. 
However, this causes obvious problems in the 
analysis as censoring inevitably becomes 
informative in this case. Indeed, patients who 
stop treatment in absence of progression gener-
ally do so because of either toxicity or general 
deterioration of the patient status that may be 
indicative of treatment failure. In such circum-
stances, if the prevalence of censoring differs 
between arms, naive censoring could lead to 
extremely biased results: taken to the extreme, 
a treatment that would be so toxic that all 
patients would stop treatment due to toxicity 
would have an estimated progression-free sur-
vival rate of 100 % when using the method 
described above.

The impact of varying analysis methods and 
other sensitivity analyses are discussed in detail 
by Bhattacharya [4] in a study of bevacizumab in 
late stage breast cancer.

3.7.6	 �Further Challenges When Using 
a PSA or Other Biomarker-
Based Endpoint

The definition of what constitutes biochemical 
failure differs according to disease setting and 
treatments. The updated Prostate Cancer Clinical 
Trials Working Group 3 suggest that PSA out-
comes should be interpreted within the context of 
a drug’s mechanism of action, and the anticipated 
timing of a potential favourable/unfavourable 
effect on PSA should be considered when design-
ing studies [37]. For the assessment of biochemi-
cal relapse after primary local treatment with 
curative intent distinct definitions are adopted 

depending on the local therapy (AUA guidelines 
after radical prostatectomy [14] and ASTRO-
Phoenix definition after primary irradiation with 
or without neoadjuvant hormone therapy [34]).

Because biochemical failure is defined differ-
ently depending on the treatment given, the use 
of this endpoint for randomized comparisons of 
treatment with varying modalities of action and 
specifically actions on PSA are at greater risk of 
bias. Differences between treatment groups in 
terms of PSA-based endpoints do not necessarily 
translate into differences in more clinically rele-
vant endpoints (clinical progression-free survival 
or overall survival). For example, further analy-
ses of RTOG trial 92-02  in which patients 
received differing durations of androgen suppres-
sion in combination with irradiation showed that 
observed differences in terms of time to bio-
chemical progression or in terms of PSA-
doubling time did not translate into differences in 
overall survival [36, 48]. There is in fact no defin-
itive statistical proof that time to biochemical-
relapse or biochemical progression-free survival 
is surrogate for overall survival in prostate cancer 
[2, 13, 18, 33].

PSA-based endpoints are indeed subject to a 
number of confounding factors such as recovery 
of testosterone after adjuvant ADT and institu-
tion of ADT for rising PSA after the local therapy 
or institution of salvage curative therapy (e.g., 
radiation post-prostatectomy) [28]. As such, it is 
subject to many confounders from treatment. 
Furthermore, in the adjuvant trials, the long lead 
time to metastases and death from prostate can-
cer results in patients dying of other diseases, 
which makes PSA-based endpoints unlikely sur-
rogates for overall survival.

3.7.7	 �Surrogate Endpoints
Because of the long history of prostate cancer, 
the use of intermediate endpoints that would be 
surrogate for the longer term outcome would 
greatly facilitate the therapeutic progress by 
speeding up the clinical trials. However, surro-
gacy of an endpoint for another (usually sur-
vival) is dependent on the disease state and 
mechanism of action of the drug in question, so 
that a surrogate for one state or one therapy can-
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not necessarily be extrapolated to other disease 
states or drugs [2]. Efforts were made to try to 
demonstrate surrogacy of intermediate endpoints 
in the advanced stages of the disease such as the 
work of Sonpavde et al. [40] who attempted to 
show surrogacy of radiographic progression by 
Prostate Cancer Working Group (PCWG)-2 cri-
teria in metastatic castration-resistant prostate 
cancer. However, evidence of formal validation 
remains limited. The Intermediate Clinical 
Endpoints in Cancer of the Prostate Working 
Group [28] is now collating several thousands of 
individual patient data from all available clinical 
trials of radiation or prostatectomy for localized 
disease and conduct the requisite analyses to 
determine whether an intermediate clinical end-
point that is surrogate for survival can be identi-
fied in this setting.

3.8	 �Conclusions 
and Recommendations

The discussion in this chapter should hopefully 
provide hints to the reader of clinical reports for 
assessing the quality and medical relevance of 
published reports. A level of familiarity with sta-
tistics and methodology in the broader sense as 
well as a good dose of critical thinkng are indeed 
essential to reduce the vulnerability of the reader 
to misinterpretation.

Readers of medical reports must always keep 
the presence of publication bias in mind. 
Publication bias is the decision to publish or not 
publish a study based on its results [27]. This bias 
is inherent to the process whereby editorial and 
journalistic criteria emphasize the newest and 
most striking research findings. These findings 
are often exaggerated in magnitude and may not 
be confirmed by later research that for the same 
reasons is less likely to get published.

The requirement for complete and transparent 
reporting of results through the adoption by most 
scientific journals of reporting guidelines such as 
CONSORT (http://www.consort-statement.org) 
and the further requirement to submit the study 
protocol with the manuscript should help the 
reader scrutinize the quality of the evidence pre-

sented in journals. Further requirements are the 
honest and full declaration of conflicts of interest 
and the correct assignment of authorship [39]. 
We suggest that readers of medical reports should 
get familiar with the reporting guidelines and 
their accompanying checklists. Such guidelines 
have been developed for a large number of types 
of studies. All existing guidelines are accessible 
through the website of the EQUATOR-Network 
(http://www.equator-network.org). The 
EQUATOR Network is an international initiative 
that seeks to enhance reliability and value of 
medical research literature by promoting trans-
parent and accurate reporting of research 
studies.

More recently, the European Union (EU) 
adopted a new version of the clinical trial regula-
tion [23] that aims to increase transparency and 
availability of information on clinical trials and 
their results. According to this regulation that 
was implemented in 2016, all trials that use 
investigational new agents must be registered 
with the EU and their results must be disclosed 
on the portal provided by the European Medical 
Agency within one year of the end of the trial. 
With this new regulation in place, one is hopeful 
that publication bias will be drastically reduced 
in the future.

The Center for Evidence Based Medicine of 
the University of Oxford (http://www.cebm.net) 
offers further tools and downloads for the critical 
appraisal of medical evidence, including appraisal 
sheets for the assessment of randomized clinical 
trials. Completing these checklists or appraisal 
sheets when reading reports of studies is certainly 
an efficient method for gradually gaining the 
methodological expertise needed for a correct 
interpretation of research reports.
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1	 �Introduction

The latest version of European Association of 
Urology (EAU) guidelines on prostate cancer 
(PCa) was published and posted on the EAU 
website Uroweb: https://uroweb.org/guideline/
prostate-cancer/ in 2016 [24]. In this most recent 
summary, the radiotherapy section has been 
developed jointly with the European Society for 
Radiotherapy & Oncology (ESTRO) as well as 
with the Society for Oncogeriatrics (SIOG). 
Therefore, they should now be considered as the 
EAU-ESTRO-SIOG guidelines on prostate 
cancer.

2	 �Epidemiology

Prostate cancer is the most common non-skin can-
cer in elderly males in Europe. It is a major health 
concern, especially in developed countries with a 
greater proportion of elderly men in the general 
population. The incidence is highest in Northern 
and Western Europe (>200 per 100,000 men), 

while rates in Eastern and Southern Europe have 
showed a continuous increase. With the expected 
increase in the life expectancy of men and the 
subsequent rise in the incidence of PCa, the dis-
ease’s economic burden in Europe is also expected 
to increase. It is estimated that the total economic 
costs of PCa in Europe exceed € 8.43 billion [24].

3	 �Risk Factors

Epidemiological studies have shown strong evi-
dence for a genetic predisposition to PCa, based 
on two of the most important factors, ethnical ori-
gin and family history. The third well-established 
risk factor is the increasing age. Genome-wide 
association studies have identified 100 common 
susceptibility loci who contribute to the risk for 
PCa [3]. As for breast cancer, a genetic abnor-
mality (BRCA2) likely to be associated with an 
increased risk has been shown prospectively. 
About 9 % of individuals with prostate PCa have 
true hereditary PCa, defined as three or more 
affected relatives (both paternal and maternal 
families), or at least two relatives who have 
developed early-onset disease, i.e., before the age 
of 55. Patients with hereditary PCa usually have 
a disease onset 6–7 years earlier than spontane-
ous cases, but do not differ in other ways.
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The incidence of clinical PCa varies widely 
between different geographical areas, being high 
in the USA and Northern Europe and low in 
South-East Asia. These findings indicate that 
exogenous factors affect the risk of progression 
from so-called latent PCa to clinical PCa. Factors 
such as diet, sexual behaviour, alcohol consump-
tion, exposure to ultraviolet radiation, chronic 
inflammation and occupational exposure have all 
been discussed as being aetiologically important. 
However, there is currently no strong evidence to 
suggest that dietary interventions can reduce the 
risk of PCa.

4	 �Classification

The UICC 2010 Tumour Node Metastasis (TNM) 
classification for staging of PCa and the EAU risk 
group classification essentially based on 
D’Amico’s classification system for PCa should 
be used.

The 2005 International Society of Urological 
Pathology (ISUP)-modified Gleason score of 
biopsy-detected PCa consists of the Gleason 
grade of the most extensive pattern (primary pat-
tern) plus the second most common pattern (sec-
ondary pattern). For three grades, the Gleason 
score comprises the most common grade plus the 
highest grade, irrespective of its extent. The key 
change in pathology is the 2014 ISUP Gleason 
grading conference of prostatic carcinoma [12] 
has introduced the concept of the grade groups of 
PCa, to further codify the clinically highly sig-
nificant distinction between Gleason score 7 
(3 + 4) and 7 (4 + 3) PCa. It is summarised in the 
Table 1.

5	 �Prostate Cancer Screening 
and Early Detection

An updated Cochrane review [17] presents the 
main overview. It highlights that screening is asso-
ciated with an increased diagnosis of PCa (RR: 
1.3; 95 % CI: 1.02–1.65) as well as with detection 
of more localised disease (RR: 1.79; 95 % CI: 
1.19–2.70) and less advanced PCa (T3-4, N1, M1) 

(RR: 0.80; 95 % CI: 0.73–0.87). Neither the PCa-
specific survival (RR: 1.00; 95 % CI: 0.86–1.17) 
nor the OS (RR: 1.00; 95 % CI: 0.96–1.03) was 
observed from 5 to 4 randomised controlled trials 
(RCTs) respectively.

The ERSPC (European Randomized Study of 
Screening for Prostate Cancer) data have now 13 
years of follow up [28]. Even if the mortality 
reduction remains unchanged (21 and 29 % after 
non-compliance adjustment), the number needed 
to screen and to treat, 781 and 27, respectively, is 
decreasing, and is now below the number needed 
to screen observed in breast cancer trials.

An individualised risk-adapted strategy for 
early detection might be offered to a well-
informed man with at least 10–15 years of life 
expectancy. However, this approach may still 
be associated with a substantial risk of overdi-
agnosis. Men at elevated risk of having PCa are 
those > 50 years, or with a family history of PCa 
and age > 45  years, or African-Americans. 
Informed men requesting an early diagnosis 
should be given a PSA test and undergo a digi-
tal rectal examination (DRE). The optimal 
intervals for PSA testing and DRE follow-up 
are unknown. A risk-adapted strategy might be 
considered based on the initial PSA level [15]. 
Men at 40 years of age with a PSA < 1 ng/ml, or 
better at 60 years with a PSA < 2  ng/ml, have 
such a minimal risk of further metastatic PCa 
during their lifetime that any further testing is 
questionable. Men who have less than a 15-year 
life expectancy are unlikely to benefit from 
screening. Furthermore, although there is no 
simple tool to evaluate individual life expec-
tancy, co-morbidity is at least as important as 
age.

Mass screening of PCa is not indicated any-
where. Early diagnosis on an individual basis 

Table 1  The 2014 ISUP grading system for PCa

Gleason score Grade group

2–6 1
7 (3 + 4) 2
7 (4 + 3) 3
8 (4 + 4) or (3+ 5) or (5 + 3) 4
9–10 5
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is possible. This requires an informed consent 
from the patient following a full discussion on 
the pros and cons of the complete procedure, 
taking into account the patient’s risk factors, 
age and life expectancy. Furthermore, breaking 
the link between diagnosis and active treat-
ment is the only way to decrease the overtreat-
ment risk, while still maintaining the potential 
benefit of individual early diagnosis for men 
requesting it.

6	 �Clinical Diagnosis

Prostate cancer is usually suspected on the basis 
of DRE and/or PSA levels. Definitive diagnosis 
depends on histopathology on prostate biopsy 
cores or specimens from transurethral resection 
of the prostate (TURP) or prostatectomy for 
benign prostatic hyperplasia (BPH).

In about 18 % of cases, PCa is detected by sus-
pect DRE alone, irrespective of PSA level. 
Suspect DRE in patients with PSA level ≤ 2 ng/
ml has a positive predictive value up to 30 %. 
Abnormal DRE is associated with an increased 
risk of higher Gleason score [25].

As an independent variable, PSA is a better 
predictor of cancer than either DRE or transrec-
tal ultrasound (TRUS). PSA is a continuous 
parameter, with higher levels indicating greater 
likelihood of PCa. Many men may harbour PCa 
despite having low serum PSA and there is no 
absolute PSA value to rule out any PCa. The 
use of nomograms may help in predicting indo-
lent PCa.

To improve the PSA specificity for PCa detec-
tion, several modifications of serum PSA have 
been described such as the PSA density, free/total 
(f/t) PSA ratio and age-specific reference ranges.

The f/t PSA ratio stratifies the risk of PCa in 
men with 4–10  ng/ml total PSA and negative 
DRE: 56 % of PCa positive biopsy with f/t 
PSA < 0.10, compared to only 8 % with f/t 
PSA > 0.25. However, f/t PSA must be used cau-
tiously because it may be adversely affected by 
several pre-analytical and clinical factors.

Based on the background noise (prostate vol-
ume and BPH), different intervals between PSA 

determinations and acceleration/deceleration of 
PSAV and PSA-DT over time, PSA velocity, and 
PSA-DT do not provide additional information 
compared with PSA alone.

Prostate Health Index (PHI) test (a combina-
tion of total PSA, free PSA and [−2] pro-PSA) 
and the four kallikrein (4 K) score test (measur-
ing free, intact and total PSA and kallikrein-like 
peptidase 2 [hK2]) have been developed. Both 
tests outperformed f/t PSA for the prediction of 
clinically significant PCa, in men with a PSA 
between 2 and 10  ng/ml and are intended to 
reduce the number of unnecessary prostate biop-
sies [7]

The Prostate Cancer Antigen 3 (PCA3) is a 
prostate-specific, non-coding mRNA biomarker 
that is detectable in urine after prostatic massage. 
The PROGENSA urine test for PCA3 is superior 
to total and percent-free PSA for detection of 
PCa in men with elevated PSA.  PCA3 score 
increases with PCa volume, but there are conflict-
ing data about whether it independently predicts 
Gleason score. Currently, its main indication is to 
determine whether repeat biopsy is needed after 
an initially negative biopsy. Its clinical effective-
ness is uncertain.

The role of imaging in the early diagnosis of 
prostate cancer is based on mpMRI. Grey-scale 
TRUS is not reliable at detecting PCa, and there 
is a need for improvement such as sonoelastogra-
phy and contrast-enhanced US which have still 
an unclear position.

Multiparametric MRI (mpMRI) associates 
T2-weighted with diffusion-weighted imaging, 
dynamic contrast-enhanced imaging has excel-
lent sensitivity for the detection and localisa-
tion of Gleason score ≥ 7 cancers. Furthermore, 
the higher the tumour volume, the better the 
detection rate. For example, if the tumour vol-
ume is greater than 2 ml, the detection rate by 
mpMRI for Gleason score 7 is about 97 %. 
Many single-centre studies suggest that mpMRI 
can reliably detect significant PCa in candidates 
for prostate biopsy with a negative (NPV) and 
positive predictive value (PPV) ranging from 
63 to 98 % and from 34 to 68 %, respectively 
[14]. MRI-ultrasound fusion biopsy may also 
better predict the final pathological grade found 
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at prostatectomy with greater accuracy than 
conventional methods (81 % vs. 40–65 %).

This is in line with a recent meta-analysis 
included 16 studies used both MRI-targeted 
biopsies (TBx) and TRUS-TBx. The overall 
prostate cancer detection did not significantly 
differ but MRI-TBx had a higher rate of detec-
tion of significant prostate cancer (sensitivity 
0.91, 95 % CI 0.87–0.94 vs. 0.76, 95 % CI 
0.64–0.84) and a lower rate of detection of 
insignificant prostate cancer (sensitivity 0.44, 
95 % CI 0.26–0.64 vs. 0.83, 95 % confidence 
interval 0.77–0.87). However, subgroup analy-
sis revealed an improvement in significant 
prostate cancer detection by MRI-TBx in men 
with previous negative biopsy, rather than in 
men with initial biopsy (relative sensitivity 
1.54, 95 % CI 1.05–2.57 vs. 1.10, 95 % CI 
1.00–1.22) [27]. Therefore, the need for a sys-
tematic mpMRI before a first round of biopsy 
remains unclear.

And it remains uncertain whether a negative 
mpMRI can justify omitting biopsy. Another lim-
itation to the widespread use of mpMRI is the 
inter-reader variability and the heterogeneity in 
definitions of positive and negative examinations 
[33]. The EAU-ESTRO-SIOG guidelines recom-
mend mpMRI should be systematically consid-
ered before repeated biopsy. It is mandatory to 
include systematic biopsies and targeting of any 
mpMRI lesion seen.

The first elevated PSA level should not prompt 
an immediate biopsy. PSA level should be veri-
fied after a few weeks using the same assay under 
standardised conditions in the same laboratory. 
Empiric use of antibiotics in an asymptomatic 
patient in order to lower the PSA should not be 
undertaken.

Before performing biopsy, the coagulation 
must be checked. Biopsy is possible in patients 
receiving aspirin 75  mg/day. Other regimen or 
oral anticoagulant or anti-aggregant must be 
stopped and replaced if needed before biopsying. 
Oral or intravenous quinolones are the drugs of 
choice, with ciprofloxacin being superior to 
ofloxacin. Nevertheless, increased quinolone 
resistance is associated with a rise in severe post-
biopsy infection.

Ultrasound (US)-guided 18  G core prostate 
biopsy is the standard way to obtain materiel. A 
transrectal approach is used for most prostate 
biopsies, although a perineal approach might also 
be used. Cancer detection rates are comparable 
with both approaches. Ultrasound-guided peri-
prostatic block is recommended.

On baseline biopsies, the sample sites should 
be as far posterior and lateral as possible in the 
peripheral gland. Additional cores should be 
obtained from suspect areas by DRE/TRUS. For 
a prostate volume of 30–40 ml, ≥ 8 cores should 
be sampled. Ten to 12 core biopsies are recom-
mended, with more than 12 cores not being sig-
nificantly more conclusive. The incidence of PCa 
detected by saturation repeat biopsy (>20 cores) 
is 30–43 % and depends on the number of cores 
sampled during earlier biopsies. Saturation 
biopsy may be performed with the transperineal 
technique, which detects an additional 38 % of 
PCa. The high rate of urinary retention (10 %) is 
a shortcoming. Indications for seminal vesicle 
biopsies are poorly defined. Its added value com-
pared with mpMRI is questionable.

The indications for repeat biopsy are rising 
and/or persistently elevated PSA, suspicious 
DRE, atypical small acinar proliferation, multifo-
cal high grade prostatic intraepithelial neoplasia 
(HGPIN), atypical glands immediately adjacent 
to HGPIN, intraductal carcinoma which is asso-
ciated in 90 % of cases with a high-grade prostate 
carcinoma and a positive mpMRI findings. 
However, the optimal timing is still uncertain. 
The later the repeat biopsy is done, the higher the 
detection rate.

Prostate core biopsies from different sites 
are processed separately. Each biopsy site 
should be reported individually, including its 
location and histopathological findings, which 
include the histological type, the Gleason score 
using the modified system adopted in 2005, the 
length (mm) or proportion (%) of tumour 
involvement per biopsy. A global Gleason score 
comprising all biopsies is also reported as well 
as the ISUP 2014 grade group. Intraductal car-
cinoma, lymphovascular invasion and extra-
prostatic extension must each be reported, if 
identified [12].
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7	 �Clinical Staging

The extent of PCa is evaluated by DRE and PSA, 
and may be supplemented with bone scanning 
(BS) and computerised tomography (CT) or 
mpMRI.  The decision to proceed to a tumour 
staging is only recommended if it directly affects 
treatment decisions.

Local staging (T-staging) is based on finding 
from DRE, PSA level, biopsy finding and possi-
bly mpMRI.  DRE is positively correlated with 
tumour stage in less than 50 % of cases, although 
it often underestimates tumour extension. Serum 
PSA levels increase with tumour stage, but it is 
inaccurate for predicting the pathological stage. 
The percentage of cancer per biopsy is a strong 
predictor of positive surgical margins, seminal 
vesicle invasion (SVI) and extra-prostatic exten-
sion. An increase in tumour-positive biopsies is 
an independent predictor of extraprostatic exten-
sion, margin involvement and lymph node inva-
sion. Serum PSA, Gleason score and clinical T 
stage are more useful together than alone in pre-
dicting final pathological stage [10].

Transrectal ultrasound even with the advent of 
colour Doppler and contrast agents is inaccurate 
for local staging. Multiparametric MRI has good 
specificity but low sensitivity for detecting pT3 
stages, and cannot detect microscopic (<1 mm) 
extracapsular extension (ECE). Pooled data for 
ECE, SVI and overall pT3 detection showed sen-
sitivity and specificity of 0.57 (95 % CI: 0.49–
0.64) and 0.91 (95 % CI: 0.88–0.93), 0.58 (95 % 
CI: 0.47–0.68) and 0.96 (95 % CI: 0.95–0.97), 
and 0.61 (95 % CI: 0.54–0.67) and 0.88 (95 % CI: 
0.85–0.91), respectively [9]. The use of func-
tional imaging in addition to T2-weighted imag-
ing improves sensitivity for ECE or SVI detection. 
But the experience of the reader remains of para-
mount importance.

N-staging is only important when curative 
treatment is planned. Patients with low- and 
intermediate-risk PCa may be spared N-staging 
before potentially curative treatment. 
Nomograms can define patients at low risk 
(<5 %) of nodal metastasis, although they may 
be more accurate in establishing the extent of 
nodal involvement [10]. Sensitivity of imaging 

by either abdominal CT or mpMRI is low to 
detect lymph nodes invasion. For CT or mpMRI, 
detection of microscopic lymph node invasion is 
less than 1 % in patients with a Gleason score < 8, 
PSA < 20 ng/ml, or localised disease. This justi-
fies to limit the use of CT or mpMRI for high-
risk cancer. The imaging by 11C- or 18F-choline 
positron emission tomography (PET)/CT have 
good specificity for lymph node metastases, but 
a sensitivity of between 10 and 73 %, therefore, 
it has no place for up-front staging in nodal 
metastasis. Lymphadenectomy remains the reli-
able staging method in clinically localised PCa. 
Primary removal of sentinel lymph nodes (SN) 
might be an option. But the lack of data from 
large multicentre cohorts is a major limitation of 
this technique which should still be considered 
as experimental.

For skeletal metastasis, BS has been the most 
widely used method. However, it suffers from 
relatively low specificity. This may not be indi-
cated in asymptomatic patients if PSA < 20 ng/ml 
in the presence of well or moderately differenti-
ated tumours. It remains unclear whether choline 
PET/CT is more sensitive than conventional bone 
scanning, but it has higher specificity, with fewer 
indeterminate bone lesions. Diffusion-weighted 
whole-body and axial MRI are more sensitive 
than bone scanning and targeted radiography in 
detecting bone metastases in high-risk PCa. A 
recent meta-analysis found that mpMRI is more 
sensitive than choline PET/CT and BS for detect-
ing bone metastases on a per-patient basis, 
although choline PET/CT had the highest speci-
ficity [29].

8	 �Primary Local Treatment 
of Prostate Cancer

8.1	 �Active Surveillance

Up to 45 % of men with PSA-detected PCa would 
be candidates for deferred management. In men 
with comorbidity and limited life expectancy, 
treatment of localised PCa may be deferred to 
avoid bothersome symptoms and loss of quality 
of life (QoL).
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Active surveillance (AS) must be differenti-
ated from watchful waiting (WW). The former 
aims to achieve correct timing for curative treat-
ment and patients remain under close surveil-
lance with a predefined schedule. The latter is a 
conservative management for frail patients until 
the development of local or systemic progres-
sion, leading to symptomatic treatment. AS was 
conceived with the aim to reduce over-treatment 
without compromising cure rates. AS is only pro-
posed for highly selected low-risk patients.

A systematic review including more than 
3,900 patients [32] is the best available evidence 
so far. There is considerable variation between 
studies regarding patient selection, follow-up 
policies and when active treatment should be 
instigated. According to these data, AS is a cura-
tive treatment options that must be systematically 
discussed with patients suitable for it, as well as 
surgery and radiotherapy. It should only be 
offered to patients with the lowest risk of cancer 
progression (i.e. cT1/2, PSA ≤ 10 ng/ml, biopsy 
Gleason score ≤ 6, ≤ 2 positive biopsies, minimal 
biopsy core involvement (≤50 % cancer per 
biopsy)), and at least 10 years life expectancy. 
mpMRI is of particular interest due to its high 
NPV value for lesion upgrading and for staging 
anterior prostate lesions. Its important place in 
AS programmes has been highlighted [27], but it 
cannot replace follow-up biopsies and should not 
be used alone as an assessment tool to prompt 
active treatment.

The follow-up strategy is based on repeated 
DRE, PSA and repeated biopsy and patients must 
be aware about the possibility of needing further 
treatment in the future. The decision to suggest 
active treatment should be based on a change in 
the biopsy results or clinical stage. A PSA change 
is a less powerful indication for changed manage-
ment based on its weak link with grade progres-
sion. Active treatment may also be instigated 
upon a patient’s request.

8.2	 �Watchful Waiting

PCa often progresses slowly, and is predomi-
nantly diagnosed in older men with a high inci-

dence of comorbidity and other causes of 
mortality. Patients with well-, moderately- and 
poorly differentiated tumours had 10-year cancer-
specific survival (CSS) rates of 91 %, 90 % and 
74 %, respectively, without any active upfront 
treatment [22]. Recently 731 men with clinically 
organ-confined PCa were randomised to RP or 
WW [35]. After a mean follow-up of 10 years, 
there was no significant difference between the 
treatments for overall mortality (47 % for RP vs. 
49.9 % for the WW group) and PCa-specific 
death (5.8 % for the RP group vs. 8.4 % for the 
WW group). There were no significant differ-
ences in OS when considering patient age, 
Gleason score, performance status and Charlson 
comorbidity index (CCI) score. Only patients 
with intermediate- or high-risk PCa had a signifi-
cant OS benefit from RP.

The major impact of comorbidity has been 
confirmed in a recent analysis at 5 and 10 years 
follow up in 19,639 patients aged more than 65 
years who were not given curative treatment [2]. 
If the CCI score was greater than two, tumour 
aggressiveness had little impact on OS, suggest-
ing that patients could have been spared biopsy 
and diagnosis of cancer. Thus, evaluation of ini-
tial comorbidity and survival probability before 
proposing biopsy or treatment is important.

For locally advanced PCa, the final analysis 
of the largest RCT focusing on the question of 
deferred or immediate treatment was published 
in 2013 [30]. A total of 985 M0 PCa patients, 
who are not eligible for local treatment with 
curative intent, were randomly assigned to 
immediate androgen-deprivation therapy 
(ADT) or only on disease progression or occur-
rence of serious complications. After a median 
follow-up of 12.8  years, the OS hazard ratio 
(HR) was 1.21 (95 % CI: 1.05–1.39), favouring 
immediate treatment. The time from randomi-
sation to progression to castrate resistant status 
did not differ significantly, nor did CSS.  The 
median time to start of deferred treatment was 
7 years. In this group, 126 patients died with-
out requiring treatment (44 % of deaths in this 
arm). A baseline PSA > 50  ng/ml was associ-
ated with a 3.5-fold higher mortality compared 
to those with ≤ 8  ng/ml. If baseline PSA was 
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8–50 ng/ml, the mortality risk was about 7.5-
fold higher in patients with a PSADT of 
<12 months compared with >12 months.

8.3	 �Radical Prostatectomy

Histopathological examination of radical prosta-
tectomy (RP) specimens describes the 
pathological stage, histopathological type, grade, 
cancer location and surgical margins of PCa. 
Grading of prostatic adenocarcinoma using the 
Gleason system is the strongest prognostic factor 
for clinical behaviour and treatment response. On 
the other hand, the independent prognostic value 
of PCa volume in RP specimens has not been 
established. Compared to the biopsy Gleason 
score, the same ISUP rules must be used, with 
two major differences. A grade comprising ≤ 5 % 
of the cancer volume is not incorporated in the 
Gleason score (5 % rule). The tertiary grade 4 or 
5, and its approximate proportion of the cancer 
volume should also be reported, as it is an unfa-
vourable prognostic indicator for BCR.

Radical prostatectomy (RP) is the only treat-
ment for localised PCa to show a benefit for OS 
and CSS, compared with WW, based on at least 1 
RCT. [4]. The SPCG-4 trial showed that RP was 
associated with a reduction of all-cause mortality, 
with a relative risk (RR) of death at 18 years of 
0.71 (95 % CI: 0.59–0.86). RP was also associ-
ated with a reduction in PCa-specific mortality 
(PCSM) at 18 years (RR: 0.56; 95 % CI: 0.41–
0.77). The overall benefits in OS and CSS were 
not reproduced in PIVOT trial [35]. However, 
according to a pre-planned subgroup analysis 
among men with intermediate-risk tumours, RP 
significantly reduced all-cause mortality (HR: 
0.69 [95 % CI: 0.49–0.98]), but not specific mor-
tality (0.50; 95 % CI: 0.21–1.21). It must be high-
lighted that the populations included in these 2 
RCTs are different; the SPCG trial includes a 
larger proportion of intermediate or high-risk 
patients while mainly low-intermediate risk 
patients were included in the PIVOT trial. 
Nowadays there is still no clear evidence that any 
surgical approach is better than another (open, 
laparoscopic or robotic).

In case of low-risk PCa, the decision to offer 
RP opposed to AS should be based upon the 
probabilities of clinical progression, side effects 
and potential benefit to survival, based on the 
tumour characteristics and the patients expecta-
tions and comorbidities. In intermediate risk 
group, RP is one of the standard treatment 
options. In patients with high-risk PCa, there is 
an increased risk of metastatic progression and 
death from PCa. The optimal treatment of this 
group is still unknown. Proposing a RP in a 
multimodality setting to selected patients with a 
low tumour volume and a life expectancy greater 
than 10 years may be reasonable. For patients 
with a biopsy Gleason score ≥ 8, up to 39 % bio-
chemical progression-free survival at 10-years 
might be obtained through a multimodal treat-
ment. This might be associated with a CSS at 5, 
10 and 15 years of 96 %, 84–88 % and 66 %, 
respectively.

The high risk of positive margins and/or lymph 
node involvement associated with a high-risk 
locally advanced T3 situation deserves a multi-
modality approach. Several retrospective series 
have been published, showing a CSS at 5, 10 and 
15 years ranging between 90–99 %, 85–92 % and 
62–84 %, respectively, and an OS at 5 and 10 
years ranging between 90–96 % and 76–77 %, 
respectively [24]. The key question remains the 
patient selection that has neither nodal involve-
ment nor seminal vesicle invasion. Nomograms, 
including PSA level and Gleason score, may be 
useful in predicting the pathological stage of dis-
ease [6]. A cohort of 1360 high risk patients has 
clarified the heterogeneity of this group of 
patients. With a multimodal treatment if needed, 
based on postoperative characteristics, the 
10-year-specific survival was 95.4 % when 1 risk 
factor was present (i.e. PSA > 20 ng/ml or cT3-4, 
or biopsy Gleason > 7), 88.3 % when PSA > 20 ng/
ml and Gleason > 7 were present, and 79.7 % 
when the 3 risk factors were present [18].

Pelvic nodal dissection has no place in low-
risk situations. In intermediate situations, it is 
mandatory for those patients with a greater 
than 5 % risk of pN+, based on the validated 
Briganti nomogram [6]. It is mandatory in all 
high risk situations. When performed, it must 
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be systematically extended, meaning removing 
the nodes overlying the external iliac artery 
and vein, the nodes within the obturator fossa 
located cranially and caudally to the obturator 
nerve and the nodes medial and lateral to the 
internal iliac artery. An absolute minimal 
number of nodes is almost impossible to sug-
gest, as this depends on other factors than just 
the template, especially the pathological 
processing.

Neoadjuvant androgen-deprivation therapy 
(ADT) has no place as it is not associated with an 
improved PFS or OS.  Adjuvant ADT has no 
place in pN0 patients.

In case of pN+ situations, adjuvant androgen-
deprivation therapy following RP has been shown 
to achieve a 10-year CSS rate of 80 % [24]. 
Furthermore, two retrospective observational 
studies have shown a significant improvement in 
CSS and OS in favour of completed RP vs. aban-
doned RP in patients who were found to be N+ at 
the time of surgery [11]. Therefore, frozen sec-
tions on nodes are no longer recommended. 
Adjuvant radiotherapy is part of this multimodal 
approach in pN1 disease. Its beneficial impact on 
survival in these patients with pN1 PCa is highly 
influenced by tumour characteristics. Men with 
low-volume nodal disease (<3 lymph nodes) and 
GS 7–10 and pT3-4 or R1 as well as men with 
3–4 positive nodes were more likely to benefit 
from RT after surgery [1]. No recommendations 
can be made on the RT fields, although whole 
pelvis RT was given in more than 70 % of men in 
a large retrospective series that found a benefit 
for adding RT to androgen ablation in pN1 
patients (Table  2). Finally, a close follow-up 
without any adjuvant treatment might be an 
option for those patients with an undetectable 
PSA and a minimal nodal involvement (i.e. 1 or 2 
nodes without a capsular penetration) after and 
extended nodal dissection.

8.4	 �Radiation Therapy

There are no published RCTs comparing RT with 
WW or AS.  The only randomised trial in the 
modern era is the ProtecT study which has not 

yet reported its first results. The development of 
technology has been associated with improve-
ment of radiotherapy dose results, and a decrease 
of side effects. These technology improvements 
allow an increased dose, as well as hypofraction-
ation. Table  3 summarizes the EAU guidelines 
for definitive radiotherapy.

Intensity-modulated radiotherapy (IMRT), 
with or without image-guided radiotherapy 
(IGRT), is the gold standard for external beam 
radiotherapy (EBRT). Real-time verification of 
the irradiation field using portal imaging allows 
comparison of the treated and simulated fields, 

Table 2  EAU Guidelines for radical prostatectomy

Recommendation
Grade of 
recommendation

Discuss AS and radiotherapy with 
suitable patients

A

Offer RP to patients with low- and 
intermediate-risk PCa and a life 
expectancy >10 years

A

Nerve-sparing surgery may be 
attempted in pre-operatively 
potent patients with low risk of 
extracapsular disease (T1c, GS < 7 
and PSA < 10 ng/ml, or refer to 
Partin tables/nomograms)

B

In intermediate- and high-risk 
disease, use multiparametric MRI 
as a decision tool to select patients 
for nerve-sparing procedures

B

Offer RP in a multimodality 
setting to patients with high-risk 
localised PCa and a life 
expectancy of >10 years

A

Offer RP in a multimodality 
setting to selected patients with 
locally advanced (cT3a) PCa, and 
a life expectancy >10 years

B

Offer RP in a multimodality 
setting to highly selected patients 
with locally advanced PCa 
(cT3b-T4 N0 or any T N1)

C

Do not offer neoadjuvant 
hormonal therapy before RP

A

Do not offer adjuvant hormonal 
therapy for pN0

A

Offer any surgical approach (i.e. 
open, laparoscopic or robotic) to 
patients who are surgical 
candidates for radical 
prostatectomy

A
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and correction for prostate movements if needed. 
With dose escalation using IMRT, organ move-
ment becomes a critical issue. Several ran-
domised studies have shown that dose escalation 
(range 74–80  Gy) has a significant impact on 
5-year relapse-free survival. An OS has been 
clearly suggested for intermediate- or high-risk 
PCa but not with low-risk PCa [19].

Fractionated RT utilises differences in the 
DNA repair capacity of normal and tumour tissue. 
In fast growing tissue, cells have little time to 
repair photon-induced DNA damage, leading to 
an α/β ratio around 10 Gy. In contrast, tissue with 
a low cell renewal has a good opportunity for 
repair between fractions, with an α/β ratio of 3 Gy 
or lower. These latter cells are very sensitive to an 
increased dose per fraction. PCa, has an α/β ratio 
of approximately 1.5  Gy, suggesting a strong 
interest for hypofractionation (HFX). Studies on 
moderate HFX (2.5–4 Gy/fx) delivered with con-
ventional 3D-CRT/IMRT have sufficient follow-
up to support the safety of this therapy, but 
long-term efficacy data are still lacking. Extreme 
HFX (5–10  Gy/fx) typically requires IGRT and 
stereotactic body radiotherapy (SBRT). Short-
term biochemical control is comparable to con-
ventional fractionation. However, there are 
concerns about high-grade genito-urinary and 
rectal toxicity, long-term side effects may not all 
be known yet and therefore this modality should 
still be considered as experimental. Whatever the 
techniques and their degree of sophistication, 
quality assurance plays a major role in the man-
agement of RT, requiring the involvement of phy-
sicians, physicists, dosimetrists, radiologists and 
computer scientists.

In cases of low-risk PCa, the decision to offer 
radiotherapy opposed to AS should be based 
upon the probabilities of clinical progression, 
side effects and potential benefit to survival, 
based on the tumour characteristics and the 
patients’ expectations and comorbidities. In 
patients with low-risk PCa, IMRT with escalated 
dose without ADT may be an alternative to 
brachytherapy.

For intermediate-risk PCa, IMRT can be com-
bined with a short-term ADT (4–6 months). For 
patients unsuitable or unwilling to accept ADT, 
the recommended treatment is IMRT at an esca-
lated dose ranging from 76 to 80 Gy or a combi-
nation of IMRT and brachytherapy.

In patients with localised high-risk PCa, the 
use of a combined modality approach is manda-
tory, consisting of dose-escalated IMRT, possibly 
including the pelvic lymph nodes and a long-
term ADT (at least 2–3 years). It is important to 

Table 3  Summary of evidence and EAU guidelines for 
definitive radiotherapy

Recommendation
Grade of 
recommendation

Discuss AS and surgery with all 
patients who would be suitable 
for these treatment options

A

Offer EBRT to all risk groups of 
non-metastatic PCa

A

In low-risk PCa, use a total dose 
of 74–78 Gy

A

In patients with low-risk PCa, 
without a previous TURP and 
with a good IPSS and a prostate 
volume <50 ml, offer LDR 
brachytherapy

A

In intermediate- risk PCa use a 
total dose of 76–78 Gy, in 
combination with short-term 
ADT (4–6 months)

A

In patients with high-risk 
localised PCa, use a total dose of 
76–78 Gy in combination with 
long-term ADT (2–3 years)

A

In patients with locally advanced 
cN0 PCa, offer radiotherapy in 
combination with long-term ADT 
(2–3 years)

A

Offer IMRT for definitive 
treatment of PCa by EBRT

A

In patients with cN+ PCa offer 
pelvic external irradiation in 
combination with immediate 
long-term ADT

B

In patients with pT3N0M0 PCa 
and an undetectable PSA 
following RP, discuss adjuvant 
EBRT because it improves at least 
biochemical-free survival

A

Inform patients with pT3N0M0 
PCa and an undetectable PSA 
following RP about salvage 
irradiation as an alternative to 
adjuvant irradiation when PSA 
increases

A

Management of Prostate Cancer: EAU Guidelines on Screening, Diagnosis and Local Primary Treatment



408

know that short-term ADT did not improve OS in 
these patients, as has been demonstrated by the 
Boston and RTOG trials [24]. However, the 
patient health profile must be considered to adapt 
the duration of ADT based on comorbidities such 
as metabolic or cardiac.

In locally advanced disease, RCTs have 
clearly established that the additional use of long-
term ADT combined with RT produces better 
OS. While RT is effective in this patient group, 
combined RT + ADT is clearly superior to ADT 
alone as observed in RCT such as the NCIC PR3 
trial where 1205 patients with locally advanced 
PCa were randomly assigned to lifelong ADT 
with or without RT. At a median follow-up of 8 
years, OS was significantly improved in the com-
bined group (HR: 0.70; 95 % CI: 0.57 to 0.85; 
p <0.001). Specific survival was also reduced in 
the combined group (HR: 0.46; 95 % CI: 0.34 to 
0.61; p <0.001) [23].

The impact of neoadjuvant chemotherapy was 
evaluated by the GETUG 12 trial that randomised 
413 patients with localised high-risk PCa to ADT 
plus chemotherapy (four cycles of docetaxel and 
estramustine) or to ADT alone [13]. Most patients 
(87 %) received RT. With a median follow-up of 
4.6 years, the 4-year progression free survival 
was 85 % vs. 81 % in arm 2 (p =0.26), but the data 
need to mature.

8.4.1	 �Lymph Node Irradiation
There is no level 1 evidence for whole-pelvic 
irradiation in clinically N0 PCa, since ran-
domised trials, including the RTOG 77–06 
study, the Stanford study and the GETUG 01 
trial [24], have failed to show any benefit from 
prophylactic irradiation (46–50 Gy) of the pel-
vic lymph nodes in high-risk cases. However, all 
the trials conducted in high risk situations com-
bined with ADT used a whole pelvis template. 
With regard to clinical node positive (N1M0), 
the RTOG 85–31 trial, with a median follow-up 
of 6.5 years, suggested that 95 of the 173 pN1 
patients who received pelvic RT with immediate 
long-term ADT had a better 5-year and 9-year 
PFS rates (54 % and 10 % respectively) com-
pared to EBRT alone (33 % and 4 %, respec-
tively), with a significant impact on the OS 

(multivariate analysis) [21]. Recent data from 
the STAMPEDE trial suggest that pelvic RT 
could be beneficial for N1 disease, but not based 
on an RCT.

8.5	 �Innovative Techniques

8.5.1	 �Proton Beam Therapy
Proton beams are a potentially attractive alterna-
tive to photon-beam RT as they deposit almost all 
their radiation dose at the end of the particle’s 
path in tissue (the Bragg peak), in contrast to 
photons, which deposit radiation along their path. 
There is also a very sharp fall-off beyond their 
deposition depth, leading to normal tissue spar-
ing beyond this depth. In contrast, photon beams 
continue to deposit energy until they leave the 
body, including an exit dose. Only one ran-
domised trial on dose escalation (70.2 vs. 
79.2 Gy) has incorporated protons for the boost 
doses of either 19.8 or 28.8 Gy. This trial shows 
improved outcome with the higher dose, but can-
not be used as evidence for the superiority of pro-
ton therapy [36]. Thus, the real place of proton 
therapy remains unclear. It must be considered as 
a costly potentially promising, but experimental, 
alternative to photon-beam therapy.

8.5.2	 �Low-Dose Rate and High-Dose 
Rate Brachytherapy

LDR Brachytherapy
Transperineal low-dose rate brachytherapy 
(LDR) is a safe and effective technique for low-
risk PCa. It is only indicated in patients with a 
cT1b-T2a N0M0, Gleason score 6 with no more 
than 50 % of biopsy cores involved with cancer or 
Gleason 7 (3 + 4) score with no more than 33 % of 
biopsy cores involved with cancer, an initial 
PSA < 10  ng/ml, a prostate <50  cc and good 
International Prostatic Symptom Score (IPSS). 
As for RP or EBRT, there is no RCT comparing 
LDR to anything. Outcome data are available 
from a number of large population cohorts with 
mature follow-up. 1 relapse free survival at 10 
years between 65 and 85 % can be expected [16]. 
Neoadjuvant or adjuvant ADT has almost no 
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place combined with LDR.  In a retrospective 
analysis of 5,621 men who had undergone LDR 
brachytherapy [8], the urinary, bowel and erectile 
morbidity rates were 33.8 %, 21 % and 16.7 %, 
respectively. Previous TURP for benign prostatic 
hyperplasia increases the risk of post-implantation 
incontinence and urinary morbidity.

HDR Brachytherapy
High-dose-rate brachytherapy uses a radioac-
tive source temporarily introduced into the 
prostate to deliver radiation. It can be delivered 
in single or multiple fractions and is often com-
bined with EBRT.  Data suggest an equivalent 
outcome in terms of recurrence-free survival in 
comparison with high-dose EBRT (HD-EBRT). 
Quality-of-life changes were similar, but the 
frequency of erectile dysfunction was signifi-
cantly increased with HDR (86 vs. 34 %). A 
single randomised trial of EBRT vs. EBRT plus 
HDR boost showed a significant improvement 
in the biochemical relapse-free in the combined 
group (p =0.04) [20].

8.5.3	 �Adjuvant Post-operative EBRT 
After RP (cN0 or pN0)

After three RCT, the real place of adjuvant 
EBRT after RP remains controversial. The 
EORTC 22911, with a cohort of 1005 patients, 
compared immediate post-operative RT with 
RT delayed until local recurrence in pT2-3 
pN0 with risk factors (such as positive mar-
gins) after RP.  For patients younger than 70 
years, the immediate post-operative RT signifi-
cantly improved the 10-year biological PFS 
(60.6 % vs. 41.1 %) [5]. This was not linked to 
any survival benefit. The conclusions of ARO 
trial 96–02 (n = 385) appear to support those of 
the EORTC study. After a median follow-up 
period of 112 months, the RT group demon-
strated a significant improvement in biochemi-
cal disease-free survival of 56 % vs. 35 %, 
respectively (p =0.0001) in patients with a post 
operative undetectable PSA [34]. However, no 
survival benefit was observed. The updated 
results of the SWOG 8794 trial, with a median 
follow-up of more than 12 years of 425 pT3 
patients, showed a significant improvement in 

the metastasis-free survival, with a 10-year 
metastasis-free survival of 71 % vs. 61 % and a 
10-year OS of 74 % vs. 66 % [31]. However, all 
these trial suffer from major limitations, such 
as the number of patients of post-operative 
detectable PSA or the lack of prespecified PSA 
threshold for salvage EBRT.

Thus, for patients classified as pT3 pN0 with a 
high risk of local failure after RP due to positive 
margins (highest impact), capsule rupture and/or 
invasion of the seminal vesicles and undetectable 
PSA level, two options can be offered within the 
frame of an informed consent: either an immedi-
ate EBRT to the surgical bed after recovery of 
urinary function during the 6 post-operative 
months, or a clinical and biological monitoring 
followed by salvage radiotherapy before the PSA 
exceeds 0.5 ng/ml.

8.6	 �Options Other Than Surgery 
and Radiotherapy 
for the Primary Treatment 
of Localised Prostate Cancer

Besides RP, EBRT and brachytherapy, cryosur-
gery (CSAP) and high-intensity-focused US 
(HIFU) have emerged as therapeutic options in 
patients with clinically localised PCa. Both HIFU 
and CSAP have been developed as minimally 
invasive procedures with the aim of providing 
equivalent oncological safety, reduced toxicity 
and improved functional outcomes.

Patients who are potential candidates for 
CSAP are those with low- or intermediate-risk 
PCa, prostate size should be <40 ml at the time 
of therapy. A recent systematic review [26] and 
meta-analysis compared CSAP vs. RP and 
EBRT. Because of the high risk of bias across 
studies, the findings in relation to cancer-spe-
cific outcomes were considered inconclusive. 
There was evidence that the rate of urinary 
incontinence at 1 year was lower for CSAP 
than for RP, but the size of the difference 
decreased with longer follow-up. There was no 
significant difference between CSAP vs. EBRT 
for urinary incontinence at 1 year and no sig-
nificant difference for erectile dysfunction 
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compared with RP.  The only difference that 
reached statistical significance was for urethral 
stricture, which was less frequent after CSAP 
than after RP.

For HIFU, the same systematic review [26] 
compared HIFU vs. RP and EBRT as primary 
treatment for localised PCa. There was some evi-
dence that biochemical failure rates were signifi-
cantly higher at 1 year with HIFU than with 
EBRT.  However, the difference was no longer 
statistically significant at 5 years. In terms of tox-
icity, there were insufficient data on urinary 
incontinence or erectile dysfunction to draw any 
conclusions. The quality of the evidence was 
poor, due to high risks of bias across studies and 
heterogeneity of outcome definition, measure-
ment and reporting. No controlled trial was avail-
able for analysis, and no survival data were 
presented. No validated biochemical surrogate 
end-point was available for HIFU therapy. The 
review found HIFU to be associated with a 
progression-free survival of 63–87 % (projected 
3- to 5-year data), but median follow-up in the 
studies ranged from 12 to 24 months only.

�Conclusion

Based mainly on systematic revue and formal 
methodology, these 2016 EAU-ESTRO-SIOG 
guidelines should be helpful in the patient 
management. They will evolve based on sys-
tematic updated literature searches. However, 
they cannot cover all the individual situations. 
They have to be considered as guidance for 
the multidisciplinary team but will never 
replace the face-to-face discussion with the 
patient, based on its individual expectations 
and fears.
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The Millenium Patients’ 
Perspective

Louis J. Denis

1	 �Introduction

In the estimated rates of European cancer inci-
dence and mortality rates in 2012, prostate cancer 
ranks third in incidence (359,900) but drops to 
the fifth place in mortality (71.0) in the European 
Union (EU-27) [1].

This high incidence can be explained by the 
now-functioning cancer registries in many 
European countries, the ageing of its populations 
but primarily by the use of the prostate specific 
antigen (PSA) test used in population screening 
programmes. This explains the variation in inci-
dence rates by more than sevenfold (25–193 per 
100,000) in contrast to the mortality rates (13–36 
per 100,000).

Recent public health policies on population 
screening of prostate cancer by decreasing the 
use of the PSA test may lower the incidence but 
slow an ongoing decrease in overall mortality. 
Also it is clear that a number of improved treat-
ments, not only in surgery or radiotherapy but 
also in newly developed drugs, have shown sur-
vival benefit for localised, advanced and meta-
static disease [2]. This extended survivorship and 
the ageing of our male citizens will increase 

rather than decrease the high prevalence (hover-
ing around three million men) in the next decades.

One is ready to believe that modern urology 
turned prostate cancer from a lethal into a chronic 
disease. This conviction leads us patients to our 
ultimate expectation to receive up to date, opti-
mal treatment for all European citizens coupled 
to an increased quality of life (QoL) and decreased 
health cost to society.

This philosophy is expressed in the vision and 
mission of Europa Uomo, the European Prostate 
Cancer Coalition (Table 1).

This ambitious goal depends mainly on the 
continuous clinical and basic research results 
from the professional organisations and the 
increasing interest in holistic care and advocacy.

Failure to reduce the still substantial mortality 
of prostate cancer may be due to increased inci-
dence, failure to meet the goals of primary pre-
vention, failure to early diagnosis in a curable 
stage and failure to improve treatment.

2	 �Increased Incidence

It is our belief that a better understanding of the 
natural history and biology of cancer in general 
and prostate cancer in particular has changed our 
management of the disease in a dramatic way. 
Despite the acceptance that prostate cancer has 
become a high profile disease in the affluent 
nations of the world and that it presented, before 
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the PSA era, mostly in the advanced, metastatic 
stage where it is incurable we face huge contro-
versies on the value of population screening 
where we hope to catch the disease when it is cur-
able by surgery or radiotherapy.

Let us start with simple arithmetic. Prostate 
cancer presents clinically as a common disease 
after the age of 55 years to reach its zenith around 
70 years of age. With the ever-increasing life 
expectancy of our populations, it is obvious that 
we are going to find more cancer. But there is 
more. The clinically asymptomatic early stages 
of prostate cancer called ‘latent carcinoma’ of the 
prostate are found at autopsy in 30 % of the cases 
in men over 50 to rise to 80 % in the eight decade. 
This observation was already published by Rich 
about 80 years ago [3].

These latent tumours were called incidental 
when discovered at the occasion of prostate sur-
gery and listed as T1 disease in the UICC TNM 
& US AJCC classification. Historically, no treat-
ment was given to T1a tumours (histologic find-
ing in 5 % or less prostatic tissue removed), while 
treatment was initiated in T1b tumours where 
more than 5 % of tumour tissue was identified. 
See Table 2 [4].

This relaxed attitude changes dramatically 
with the introduction of the PSA test as a comple-
mentary screening test for prostatic cancer next 
to the classical digital rectal examination (DRE) 
to detect early prostate cancer.

2.1	 �The PSA Era

The PSA test heralded correctly as the best 
cancer marker in solid tumours coupled to the 
introduction of the painless biopsy gun opened 

a tsunami of T1c prostate tumours waiting to 
be cured. The frustrated urologists having 
faced incurable, metastatic disease as the prime 
diagnosis for a century followed this simple, 
clinical axioma with enthusiastic curative 
treatments including laparoscopic and robot-
assisted surgery, improved techniques of radia-
tion from IMF to cyberknife, brachytherapy as 
well as cryosurgery and high-frequency 
ultrasound.

This initial enthusiasm slowly decreased and 
finally met resistance from public health authori-
ties ending sometimes in legislative rules limiting 
the use of the PSA test. The main downstream 
effects were seen as massive overtreatment of 
localised disease and the complications caused 
by prostatic biopsies and curative treatments.

Is the PSA test saving the lives of thousands 
of cancer patients or is it the Patient Scaring 
Antigen leading to impotence and incontinence 
in the hands of urologists and oncologists. One 
recent publication stands out as the meanest 
blow to the use of the PSA test in clinical prac-
tice [5].

The PSA story started around 1960. A number 
of investigators studied prostate proteins, their 
enzymatic activities and its metabolism. Using 
electrophoresis to separate proteins in an electric 
field a number of proteins were described in 
semen and prostate fluid.

Forensic specialists thought to use the pres-
ence of these antigens to confirm cases of rape 
but the characterised bands later identified as acid 
phosphatase, prostate-specific antigen and much 
later prostate-specific membranous antigen (PSA 
and PSMA) were studied as markers in clinical 
prostate diseases including prostatitis, benign 
hyperplasia and cancer.

Table 1  Europa Uomo

Vision: A future where no man suffers with or dies 
from prostate cancer

Mission: To achieve better treatment, care and 
quality of life for all prostate cancer 
patients across Europe

To provide an effective EU-wide voice 
representing the needs and priorities of 
National Organisations

Table 2  TNM classification, T1 clinically inapparent 
tumour not palpable or visible by imaging

T1a Tumour incidental histological finding in 5 % or 
less of tissue resected

T1b Tumour incidental histological finding in more 
than 5 % of tissue resected

T1c Tumour identified by needle biopsy (e.g. 
because of elevated prostate-specific antigen 
(PSA) level)
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Indeed, the PSA test based on the immuno-
logic properties of the protein took off, after this 
first decade of confusion, as the rising star in can-
cer of the prostate evaluation and diagnosis. In 
the first decade, we could identify 58 papers in 
English, in the second decade from 1990 to 2000 
some 2262 articles and from 2000 till now more 
than 20,000 articles.

Equimolarity, measuring both free and com-
plexed PSA in the serum with the identified 83 
PSA antibodies finally resulted in a more or 
less exact measurement for clinical use. This is 
the reason that any follow-up or clinical use 
should be measured with the same 
methodology.

The most important weakness is that PSA is 
not specific for cancer but specific for prostate 
diseases. This lack of specificity for cancer has 
the advantage that the PSA test is useful in pros-
tatitis and benign hyperplasia where elevated lev-
els correlate with the infectious process or the 
volume of the functional gland. There is no ques-
tion in our clinical work that a diagnosis of pros-
tate disease should be examined by a DRE and a 
PSA test.

Unfortunately, an elevated PSA test is fre-
quently wrongly believed to be cancer, causing 
anxiety in the patient and the general practitioner, 
leading to unnecessary biopsies and 
overtreatment.

To remember all trauma to the prostate (digital 
examination, biopsy, bicycling and even sex) 
may result in elevated levels. This is NO diagno-
sis of cancer and any PSA test needs the interpre-
tation as a possible risk of having prostate cancer. 
We advise to control an elevated PSA test after 6 
weeks and compare the controls after an antibi-
otic treatment for infection or the congestion of 
the prostate when lower urinary tract symptoms 
are present or after a few days without bicycle 
racing or sex. The human prostate is not made out 

of plastic and can be congested just as any other 
organ.

The actual status of the PSA test as a tumour 
marker is evident after removing the prostate 
(radical prostatectomy). Here one expects 0 or 
<0.2 ng/ml. A decline is also noted after success-
ful radiotherapy and PSA testing is useful in the 
follow-up of cancer treatment and/or relapse after 
treatment.

The cut-off value used to define sensitivity 
and specificity is set empirically (the common 
cut-off level of 4 ng/ml was casted in a huge ret-
rospective study). This screening test will result 
in false positive (75 % for PSA) or false negative 
(15 % for PSA).

To summarise the clinical usefulness of the 
PSA test:

	1.	 PSA is a good tumour marker but not ideal 
due to limitations in sensitivity and 
specificity.

	2.	 The clinical value is clear in treating prostatic 
diseases but controversial in population 
screening for prostate cancer.

	3.	 Improvements are possible by combining free 
and complexed PSA (PSA is a protease 
destroying proteins and neutralised by anti-
chymotrypsine in the serum).

	4.	 The laboratory results are variable as well as 
the biological variation (the latter up to 20 %).

	5.	 Part of the PSA is occult in the serum gobbled 
up by macroglobulines.

	6.	 All derivations or measurements carry some 
lack of sensitivity for cancer.

We can conclude that the PSA test is useful in 
our clinical work if correctly interpreted in par-
ticular situations.

PSA test results depend on the measuring 
methodology and biological variations in 
relation to our daily activities.

The problem in the use of the PSA test is 
not the test result itself but the 
interpretation in a clinical situation 
where it is used as an excuse for repeated, 
excessive blind biopsies and subsequent 
overtreatment.
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We are confident that the PSA test will 
regain its status as a useful biomarker in pros-
tatic diseases if we are patient and adhere to 
evidence-based medicine and continue dedi-
cated clinical and basic research to this diag-
nostic problem where individualised 
management and personalised care will deter-
mine future policies.

There is a place for great expectations in new, 
molecular biomarkers, improved imaging in 
ultrasound and multiparametric magnetic reso-
nance imaging (MRI) to complement the DRE/
PSA combination as the first step to suspect a 
possible localised prostate cancer.

A most important multidisciplinary success 
has been the ISUP 2014 grade groups of pros-
tate cancer merging the Gleason scores and the 
WHO grading in five distinct WHO 2016 
grade groups. Here Gleason score 3 + 3 = 6 
becomes grade I recognised as a quiet, resting 
cancer that could be observed rather than 
treated [6].

The PSA test is vital to follow-up and treat-
ment as it remains the top marker for successful 
curative surgery and it fills the niche in the defini-
tion of low, intermediate- and high-risk disease 
described in other chapters of this book.

2.2	 �Conclusion

Increased incidence caused by the ageing of our 
populations will bring more cancer deaths lim-
ited by the competitive mortality of co-morbidity. 
Increased incidence by the correct use of the PSA 
test can save lives by improved methodology of 
mass and/or personalised screening for prostate 
cancer.

3	 �Failure to Meet the Goals 
of Primary Prevention

Epidemiology studies of these latent (incidental, 
indolent occult), small T1 tumours revealed that 
they were found in all races from both Eastern 
and Western countries and should be considered 
as an early clinical stage, following premalignant 
lesions as prostate epithelial neoplasia (PIN), 
possibly leading to a full blown cancer phenotype 
in about 1 % of the cases.

It is believed that this process may take years 
before it is detectable by our actual technology 
and that it will take another 15–20 years for the 
clinical cancers to die specifically from meta-
static dissemination or complications of the 
cancer.

Furthermore, the available data indicate that 
this cancer progression is observed much less in 
the Oriental males than in his Western counter-
part. This difference disappears in the second 
generation of Oriental males after immigration to 
the West [8]. This observation possible suggest a 
promoting factor in the Western countries or a 
restraining influence in the East drawing our 
attention to the influence of environmental or 
dietary factors leading to the opportunity of pro-
active primary prevention.

Massive programmes to contain the burden of 
cancer have been launched in Europe and the 
USA even including a US National Prostate 
Cancer Program during the last decades of the 
previous century. These efforts led to major 
changes in diagnosis (the PSA test) and treatment 
(the cult of the randomised clinical trials, active 
surveillance, minimal endocrine treatment and 
chemotherapy) and a number of initiatives in life-
style and nutrition [7]. Despite the explosive 
impact of the development of the genomics in this 
millennium, it is still felt that at least 50 % of all 
cancer is avoidable through lifestyle changes 
focusing on tobacco and alcohol, vaccinations or 
treatment of chronic infections. Cancer is a multi-
causal disease. This long list contains hereditary 
(5 %), hormonal (30 %), infection (10 %), physi-
cal Rx/UV (5 %), tobacco (30 %) and nutrition 
(20 %) [9].

The message of this contribution is that the 
PSA test, of use in prostate diseases and 
not only for prostate cancer, is an excellent 
biomarker of these diseases but its interpre-
tation requires knowledge of the natural 
(treated) history of the same diseases.
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Unfortunately, the outcomes in prostate can-
cer are restricted to circumstantial evidence in 
most, if not all, nutritional research. It is clear 
that in the myriad of recommendations there is no 
magic bullet to prevent prostate or any other can-
cer. There is no scientific proof that any single 
product prevents cancer although these over the 
counter (OTC) or complementary (CAM) prod-
ucts represent a multibillion market in Europe.

The soundest advice is found in the European 
Cancer Code. The advice is to eat more vegeta-
bles and fruits and eat moderate amounts of red 
meat. It is more practical to follow a Mediterranean 
(tomatoes) or Oriental diet (tofu) according to 
personal taste. Recent nutritional advises are 
published (British Eatwell Guide and the Dutch 
Schijf van Vijf). Less meat and more vegetables/
fruits remain on the list. No surprise that the 
patients always remember the ‘true’ benefit of 
red wine in moderate amounts.

The emphasis has shifted towards the obesity 
of our citizens in affluent countries and the abso-
lute need for physical exercise that is consensu-
ally accepted as a keystone to extended life 
expectancy and increased QoL.  Our Feel+ pro-
gramme devised by Prof. Tombal became a 
European favourite among prostate cancer 
patients [10].

4	 �Failure to Detect Prostate 
Cancer in a Curable Stage

If we cannot prevent prostate cancer let us at least 
try to find it when the cancer is still localised to the 
prostate which up till now remains the only curable 
stage of the disease. Screening for prostate cancer 
based on a DRE, a PSA test and a transrectal ultra-
sound (TRUS) examination looks easy but there is 
nothing easy about screening for cancer [11].

Prostate cancer screening remains controver-
sial despite evidence from the European 
Randomised Study of Screening for Prostate 
Cancer (ERSPC) showing at least a 20 % reduc-
tion in prostate cancer mortality after 9 years of 
follow-up [12]. We started this project with enthu-
siasm in 1991 looking for early cancer in patients 
between 55 and 74 years by checking the DRE 

(hard zones), the PSA test (10 ng/ml) and TRUS. In 
the following years, we dropped first TRUS (early 
technology), DRE (poor results), decreased the 
PSA value from 10 ng/ml to 4 and then 3 ng/ml to 
detect most cancers by transrectal TRUS-guided 
biopsy with the lowest number of biopsies and 
false positive diagnosis as well as lowering the age 
to 69 years. This randomised study reached 13 
years of follow-up on 162,388 men in eight 
European countries. We were the first to report on 
the overdetection and subsequent overtreatment in 
screened prostate cancer, the limitations of the 
PSA test and harms done by unnecessary biopsy 
and treatment. However, the obtained, objective 
results are too promising to stop looking for early 
diagnosis, but we do advise to limit population 
screening until the overtreatment is stopped and 
streamlined needs of methodology introduced. 
The optimal balance is still unclear but improve-
ment will come by regulated, multivariate risk-
based programmes focused on high risk cancer.

5	 �Failure to Improve Treatment 
to Cure All

Major progress has been reached in the primary 
local treatment of prostate cancer by high-tech 
improvements in surgery and radiation 
treatment.

However the complications following prosta-
tectomy or curative irradiation remain important 
enough, mainly incontinence and impotence, to 
reserve even the most minimal treatment to life-
saving indications where QoL and cost-efficiency 
are accounted in a joint patient doctor decision.

Three major trends are noted in the new mil-
lennium. First the needed respect for the co-
morbidity of the patient and the biologic low-risk 
tumours, the restrictions in endocrine treatment 
and last but not least the treatment of castrate 
(mostly metastatic)-resistant disease (mCRPC).

Our mantra remains treat the patient and 
then his cancer.
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5.1	 �First the Patient Before His 
Cancer

The ERSPC study showed a decrease of mortal-
ity in the screened patients concomitant to a 
clear shift in the diagnosis to localised disease. 
Unfortunately, it became clear that overtreat-
ment in these small early cancers with low-risk 
characteristics overtreatment was observed in 
about 40 % of treated cases. The famous one 
liner of pussycats and tigers! The confusion on 
the best choice of treatment was best quoted by 
Whitmore (a world class urologists who died of 
prostate cancer) in 1994: ‘Appropriate treatment 
implies that therapy be applied neither to those 
patients for whom it is unnecessary nor to those 
for whom it will prove ineffective. Furthermore, 
the therapy should be that which will most 
assuredly permit the individual a qualitatively 
and quantitatively normal life. It need not neces-
sarily involve an effort at cancer cure!’

In response to this dilemma two types of conser-
vative ‘non’-treatment were introduced in the clinic. 
The first one, Watchful Waiting (WW), is widely 
accepted since decades. It advises to withhold treat-
ment from patients with a limited life expectancy of 
<10 years by biological age or by important co-
morbidity. Here treatment is based on symptoms. 
Of course it follows the logic that you don’t look for 
the diagnosis of prostate cancer in these patients.

This approach is completely different from 
withholding invasive treatment in fit individuals 
of any age when a low-risk, low-volume prostate 
cancer is diagnosed. This ‘non-’treatment is called 
Active Surveillance (AS). After two decades of 
debate, the rationale of AS is now widely accepted 
and listed in most or all guidelines on treatment 
involving about half of the patients diagnosed 
with prostate cancer driven by the PSA test or 
lower urinary tract symptoms (LUTS) caused by 
the common benign hyperplasia (BPH). A prob-
lem remains the rationale and discipline of the 
evaluation of these patients or clinical controls to 
suggest a switch to active treatment [13].

There is sometimes a confusion between these 
two options although AS patients can move to 
WW within the years of the follow-up controls.

The two forms are compared in Table 3.

5.2	 �Endocrine (Hormonal) 
Treatment

Not less than two Nobel prizes were awarded in 
the last half of the previous century for research 
in the endocrine management of prostate cancer 
(C. Huggins and A. Schally). Still from the very 
start of endocrine treatment after World War II it 
was clear that endocrine treatment (the new 
term is androgen deprivation treatment (ADT)) 
does not cure prostate cancer, is the cause of a 
number of serious side-effects and finally con-
tributes to enhanced cardio-vascular complica-
tions and death. Already Nesbit and Plumb [14] 
published a follow-up on 795 patients prior to 
the endocrine era followed for up to 54 months. 
In comparing later series among patients with 
metastatic disease it shows that endocrine treat-
ment has a beneficial influence on survival in 
advanced metastatic cases. This publication 
compares to the EORTC-study, published 50 
years later, that patients with a baseline PSA 
>50 ng/ml and/or a PSDT (<12 months) where 
at increased risk to die from prostate cancer and 
might have benefited from immediate ADT [15].

Next to lifestyle changes heart healthy supple-
ments intended to lessen the side-effects of ADT 
require extra attention from their treating physi-
cian [16].

Intermittent androgen deprivation has been 
widely tested to diminish the toxicity of ADT and 
has gained acceptance in the urological practice 
[17].

So far there is a trend to delay or avoid ADT 
(especially surgical or medical castration) in the 
long-term treatment of prostate cancer.

Two indications remain clear:

Table 3  Active surveillance vs. watchful waiting

Active surveillance Watchful waiting

Fit patient Co-morbidity/age
Low-risk cancer Any cancer
PSA evolution define 
treatment (+ biopsies)

Symptoms define 
treatment

Option: cure Option: palliation

Active Surveillance (AS) and Watchful Waiting (WW) are 
treatments based on the knowledge of the natural history 
of prostate cancer
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	1.	 Any prostate cancer with symptomatic dis-
ease be it locally advanced or metastatic.

	2.	 In patients selected for curative radiotherapy, 
a combination with a short or long-term ADT 
is advisable.

5.3	 �Conclusion

Deciding on an ADT is a serious decision that 
merits prospective patient information and has to 
be seen in the context of individual holistic treat-
ment and care.

6	 �The Treatment of mCRPC

ADT was originally limited to castration or oes-
trogen treatment later replaced by the reversible 
medical castration by luteotrope hormone releas-
ing hormone agonists (LRHR A) or antagonist 
supplement treatment with anti-androgens, occu-
pying the androgen receptor, is called CAB or 
MAB (complete or maximal androgen 
blockade).

Most cancers show some effect on progres-
sion although sometimes the effect is limited to a 
partial decrease in serum PSA levels. This effect 
can be short-lived or impressive for long periods 
of time, but ultimately the effect wears off and 
then we are faced with so-called castration-
resistant disease.

Here we deal with a patient with locally 
advanced and/or metastatic disease following the 
final, lethal pathway of the cancer. Recent inter-
est and new technology aims for radical, local 
therapy for oligo-metastatic disease by 
metastasis-directed therapy (MDT).

On further progression after this localised 
effort or in a patient with multiple metastatic 
disease, resistant to hormonal treatment, we enter 

a phase of personalised management to the 
patient and his tumour. Here the endpoint of 
treatment is not mere overall or prostate cancer-
specific survival but progression-free survival 
and QoL are the attainable targets of treatment. 
Classic management aims to palliate pain, pre-
vent clinically significant skeletal related events 
and palliative care. New management aims to 
study the efficiency of new drugs as abiraterone 
and enzalutamide, radium-223 as well as chemo-
therapy with docetaxel/cabazitaxel already 
known to boost survival in hormone sensitive 
metastatic prostate cancer together with hor-
monal treatment.

All these forms of treatment have their own 
specific indications making outcomes compari-
sons difficult to impossible.

Several randomised trials are ongoing 
involving active surveillance, radiation and sur-
gery in the hope to clarify some choices for the 
doctor and patient. At this moment in time the 
outcomes for the patient not only in terms of 
specific cancer survival but especially in mea-
suring health-related quality of life (HRQOL) 
as well as cost-efficacy are unknown as the 
many subclassifications on cancer stage, grade 
and biological aggression leave room for 
debate.

We expect the treating physician to inform the 
patient on all treatments currently available and 
the expected side effects. Unfortunately, physi-
cians quote the best outcomes published in the 
literature while the patients have unrealistic 
expectations based on statistical counselling that 
does not reflect on the individual. Consulting the 
Internet without guidance is a prescription for 
misled confusion but even professional journals 
print questionable P-results and omit relative risk 
and odds ratios on treatment results. Worse the 
perception of the patients especially on psycho-
social and wellness problems are not fully evalu-
ated in our culture of cancer-centered treatment 
rather than patient-centered care. It must be clear 
that a 50-year-old prostate cancer patient has dif-
ferent care needs as compared to the elderly can-
cer patients. As Harry Belafonte sings on the 
birds and the bees, ‘now that I am ninety three I 
don’t care a damn you see’.

Serum testosterone (T) at castrate levels 
has to be confirmed for a correct 
diagnosis.
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The complexity of the treatment introduces 
the concept of prostate cancer units (PCU) of 
excellence as centres with a critical patient load 
and multifunctional collaboration and having the 
expertise of innovative health technology avail-
able to improve outcomes [18]. We do agree on 
these advantages while we plead for keeping 
track of the emotional and social patient needs by 
interactive communication and continuous infor-
mation between the intra- (hospital) and extra-
mural (community medicine) to assist all patients 
in all needs.

We believe that this development will provide 
better outcomes for scientific evaluation, quality 
of care control, and general, holistic patient care.

We will not discuss the merits for better out-
comes by evidence-based research as it is clear 
from the recent publications that chemo, endo-
crine and immunological treatments showed life 
extending and QOL results in a number of trials. 
We live in hope to see not only the mortality of 
PCa reduced but as important the life of the 
patients enhanced with quality and hope for long-
term survival in acceptable, functional health.

7	 �Europa Uomo: The European 
Prostate Coalition

We have witnessed a continuation of improve-
ment in all aspects of optimal medical manage-
ment centring on the disease. Most of these 
improvements were steps in a chronic interaction 
between clinical research and best practice. It 
remains evident that the prime stakeholders of 
clinical progress remain the patients aspiring for 
cure, control of the disease, and enhanced quality 
of life.

There is little that patient groups can do in this 
progress except to plead for research support, 
access and service of best quality practice, tai-
lored treatment for the individual patient, and 
overcome the inequalities in treatment and care 
in Europe.

However, we feel strongly that our advocacy 
role is focused on holistic patient care involving a 
treatment policy on the patient first and then on 
his disease involving quality of life and wellness 

in psycho-social and financial domains. We enjoy 
a number of rights in some European nations 
which we would like to balance with patient obli-
gations. The latter directed towards a fair distri-
bution of scarce health funds, facilitation of 
translational research, and support of existing, 
functional partnerships with many professional 
and patient societies.

Europa Uomo, established in 2004, advocates 
patient-centred management that we expressed in 
a manifesto presented in Table 4.

7.1	 �Europa Uomo Management

The management of Europa Uomo is assigned 
to a seven man Board, aided by a number of ex-
officio officers whose knowledge and expertise 
are of great help in the activities of the Board, 
which must report back to the annual assembly 
where every project or initiative is duly 
approved and later reported on its successful 
conclusion.

The Board is composed by a chairman, two 
vice-chairmen, a treasurer, a secretary and two 
members. The office and secretariat is located in 

Table 4  Manifesto Europa Uomo

1. To find ways and means to promote quality of life 
for prostate cancer patients and their families

2. To promote the dissemination and exchange of 
evidence-based as well as factual and up-to-date 
information on prostate cancer

3. To promote prostate awareness and appropriate 
diagnosis and prognosis

4. To emphasise the need for appropriate early 
detection

5. To campaign for provision of and access to 
optimum treatment

6. To ensure quality, supportive care throughout and 
after treatment

7. To promote multiprofessional quality care and 
appropriate medical infrastructure

8. To acknowledge good clinical practice and 
promote its development

9. To ensure that all men fully understand any 
proposed treatment options, including entry into 
clinical trials and their right to a second opinion

10. To promote the advancement of prostate cancer 
research
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Antwerp, Belgium where there is a permanent 
coordination with the Board of a Newsletter, a 
Website and social media to follow.

Membership is restricted to patient organisa-
tions who are responsible in their respective 
countries (23 in 2015) to organize events to sen-
sitize the general public on prostate cancer and 
raise, if needed, the standards in quality treat-
ment and care to the European standard.

Europa Uomo aspires for representation and 
collaboration with the most important profes-
sional bodies as EAU and ESO, and patient organ-
isations as ECPC and EAPM. It is also represented 
in European Institutes as EMA and Cancer organ-
isations as ECCO, ESMO, ESTRO, ESSO, etc.

The annual activities are focused on a General 
Assembly, Masterclass sessions and a traditional 
European Prostate Awareness Day in the 
European Parliament.

The Coalition is an independent, international, 
non-profit association of patient-led prostate can-
cer support groups. It was founded by the 
European School of Oncology (ESO) and the 
Oncologic Centre Antwerp (OCA) as well as 
sponsored by the EAU and international 
Companies [19].

After our first years we launched a proactive 
prostate cancer call out to the European 
Parliament (Table 5).

We are far from reaching our mission in 
healthcare but we are convinced that transpar-
ency of our healthcare system and policies will 
improve patient-related outcomes as well as 
professional satisfaction as well-being. A close 

collaboration with our general practitioners and 
specialists in a multidisciplinary setting will open 
frontiers and better perspective in a new para-
digm of prostate cancer treatment and care.

We would like to conclude with the Prostate 
Cancer Patients’ Etiquette:

•	 Every patient is not just a non-identity object 
for treatments, trials or tests.

•	 Every patient should be considered as a valu-
able human being to be reintegrated in society.

•	 When a patient does not recognize his needs 
for understanding his disease, professionals 
have to give guiding council.

•	 Any question by a patient is not irrelevant to 
him even if not related to his disease.

•	 Patients should respect professionals’ exper-
tise and follow given orders.

Suaviter in modo, fortiter in re.
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