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Young-age prostate cancer

S Hussein,” S Satturwar,? T Van der Kwast?

ABSTRACT

Although prostate cancer is a disease of the elderly, its
diagnosis is not uncommonly made in men younger than
55 years. Both ethnic, familial and genetic factors play a
role in the early onset of prostate cancer, but the
biology, particularly of low-grade prostate cancers
detected at young age is not well understood. Autopsy
studies have shown a high prevalence of Gleason score
6 prostate cancers in men under 55 years, but mortality
of prostate cancer at this young age is almost negligible.
Recently, a number of susceptibility genes such as
BRCA2 and HOXB13 were reported, each with their own
specific biological and histopathology features. In this
review, we provide an update on the most recent
findings in young-age prostate cancer.

INTRODUCTION

Overview

Prostate cancer is a disease of the elderly with most
men diagnosed at the age of 65 years or above.'
The incidence of prostate cancer rapidly increases
after the age of 55 years.!™ During the past few
decades, the median age of diagnosis was steadily
decreasing, as a consequence of the widespread
introduction of prostate-specific antigen (PSA)
screening. In the USA (Surveillance Epidemiology
and End Result (SEER) data), the median age at
diagnosis of prostate cancer dropped from 72 years
in 1986 to 66 years in 2011.> Since 1977, there
was an overall threefold increase of prostate cancer
incidence; however, among men aged <53 years in
the UK this increase was ninefold.' Likely, this
trend change is because more men at young age
underwent PSA testing, particularly when they
would have a positive family history. Furthermore,
a baseline PSA testing at the age of 40 years was
recommended by American Urological
Association,* in 2009, as some studies had indi-
cated that increased PSA value at this age would
herald the development of a more aggressive cancer
at older age.’ ® The substantial increase of prostate
cancer diagnosis at young age raises today a
number of important questions both about their
biology and their management. A 60-year-old man
with a low-risk, biopsy Gleason score 6, prostate
cancer is a suitable candidate for active surveillance,
who could defer therapy until signs of grade pro-
gression or rapid growth. However, a similar scen-
ario in a 50-year-old man might prompt immediate
intervention, taking into account his longer life
expectancy and the suspicion that prostate cancer
detected at young age might behave more aggres-
sively.”~'” This review intends to identify character-
istic features of prostate cancer in men at young
age as opposed to prostate cancers identified in
older men, taking into consideration both histo-
morphological and molecular-genetic findings.

Review

Prevalence

Autopsy studies can give an insight into the preva-
lence of asymptomatic or latent prostate cancer in a
population. The prevalence of latent prostate
cancer in younger men varies markedly among dif-
ferent autopsy series. Breslow et al'' showed that,
on average, about 15% of men aged 45-54 years
have latent prostate cancer with a prevalence
ranging from 9% to 22%, depending on the geo-
graphical distribution of the population. Sakr
et al'* reported that 27% and 34% of men in USA
aged 30-40 years and 40-50 years, respectively,
harboured a prostate cancer, although there is none
with a high-grade component. In a Greek autopsy
series, prostate cancer was found only in one
among 38 men aged 40-50years (2.6%)."
However, in another Mediterranean (Spanish)
population, a prevalence of 14.3% was established
in this age group.'® These observations are in con-
trast to the much higher prevalence of 27% and
34% found in men aged 40-50 years from
Hungary and the USA, respectively.'? '* Altogether,
these observations would indicate that about
20%-30% of older men aged 40-50 years living
in the USA and Middle and Northern Europe
would harbour a prostate cancer. Importantly, their
natural course and biology remain unclear.

Definition of young-age and early-onset

prostate cancer

The age cut-off to define young-age prostate cancer
is somewhat arbitrary. The upper limit of the age
range for young-age prostate cancer cited in the lit-
erature varies between 50 and 55 years. According
to UK and USA epidemiological data, the mortality
from prostate cancer at the age under 55 years is
extremely low, but starts rising rapidly in men over
55 years. On the other hand, autopsy studies show
a high prevalence of latent prostate cancer in the
fourth and fifth decades,'? some of which could be
detectable in case of random prostate biopsies
prompted by elevated PSA. The European and
North American urology associations recom-
mended PSA testing particularly for men aged over
55 years, and as a consequence, it is likely that in
the PSA era a larger proportion of prostate cancers
discovered in European and American men aged
under 55 years were symptomatic as compared
with men aged over 55 years. Obviously, a prostate
cancer discovered because of the symptoms of
metastatic disease is an entirely different disease
than a prostate cancer identified merely on the
basis of a PSA prompted prostate needle biopsy.
The literature occasionally refers to early-onset
prostate cancer as a subset of young-age or familial
prostate cancers with more aggressive disease and
higher prostate-cancer-specific death.””'* Here, we
would propose to define early-onset prostate
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cancer as prostate cancers detected in men aged <55 years with
at least one clinical sign of prostate cancer, such as positive
digital rectal examination or a visible tumour at time of imaging
(at least T2 prostate cancer) rather than a prostate cancer, inci-
dentally detected because of PSA testing alone (T1c). In con-
trast, young-age prostate cancer could be defined broadly as any
prostate cancer, regardless tumour extent or clinical manifesta-
tions in men aged <55 years. Although this distinction between
young-age and early-onset prostate cancer is not always explicit
in the literature, we tried to apply these two definitions for this
review on the basis of the populations studied or data provided
in the reviewed publications.

CLINICAL FEATURES

Aggressiveness

Age at diagnosis of cancer is a well-recognised prognostic factor
in a patient diagnosed with malignancy. Review of the literature
indicates that earlier detection of the prostate cancer with low-
grade and stage disease in young men has a superior disease
outcome. The better tolerance for aggressive therapy and fewer
comorbid conditions account for a better outcome with superior
biochemical recurrence rates for younger men compared with
older men.'®'® Although few studies have demonstrated an
association of very young age and high-stage disease, it is
unclear whether early age at diagnosis adversely influences the
outcome in a young patient with prostate cancer.””'® Huben
et al analysed in the pre-PSA era data on 20 156 prostate cancer
cases from American College of Surgeon’s National Survey and
showed significantly better disease-specific survival for younger
patients with early-onset localised disease at 5 and 10 years of
follow-up. Survival was slightly better in younger patients at
5 years for other stages of disease. Although prostate cancer is
more likely to be metastatic at the time of diagnosis in men
aged <50 years, there did not appear to be any significant bio-
logical differences in prostate cancer in men aged <50 years as
compared with older men.” A more recent analysis of 453 195
prostate cancer cases by using the SEER data identified 30 338
(9%) prostate cancer cases in men aged 35-54 years. The
younger men were more commonly African-American, were less
likely to have a high-grade tumour, but paradoxically also less
likely to be diagnosed with organ-confined disease.
Disease-specific survival was similar for older and younger men
with a Gleason score 5-7 prostate cancer. However, among the
men with high-grade locally advanced disease, the younger men
were three times more likely to die of prostate cancer than older
men. In the subset of men with pathologically confirmed high-
grade and advanced stage disease who had undergone a prosta-
tectomy, the younger men were at least five times more likely to
die of prostate cancer than another age group.’

PSA-tested populations

The European Randomized Study of Screening for Prostate
Cancer (ERSPC) is a population-based screening trial which
reported about 20% reduction in prostate cancer mortality at
11 and 13 years of follow-up. The result was based on a 3 ng/mL
PSA as a cut-off value for biopsy indication.’® Although the
target age group for the ERSPC was men aged between 55 and
69 years, the Swedish component of the trial had a lower limit
of 50 years. Among the age group of 50-55 years in this screen-
ing trial centre, only six cancers (2%) were found, all of them
with a Gleason score 6 prostate cancer during the prevalence
screening round.?® Data from the Department of Defense regis-
try (USA) study showed that 96% of prostate cancers detected
in mandatory PSA screened men aged under 55 years were

Gleason score 6 prostate cancers. The remainder 4% showed a
Gleason score 7.>' These findings are in clear contrast with
those of an Australian study in an opportunistic PSA testing
setting: at a cut-off PSA value of 4 ng/mL, 44% of the identified
prostate cancers in the age group <5Syears were Gleason score
6 prostate cancers, while 31% and 7% were Gleason score 7
and Gleason score >7 prostate carcinomas, respectively.” An
essential difference in the Australian PSA tested population with
the ERSPC and Department of Defense (USA) populations is
that the former represented opportunistic, instead of a
population-based or mandatory PSA testing. As a consequence,
men in the Australian population with a family history of pros-
tate cancer and/or more awareness of prostate cancer were more
likely to get PSA tested, which may explain its increased propor-
tion of more aggressive prostate cancer.

RISK FACTORS

Ethnicity

Ethnic differences in prostate cancer incidence and outcome
may result from the interaction of epidemiological and genetic
factors. The highest reported incidence rate for prostate cancer
is among African-American and Jamaican men of African
descent. It is well recognised that black men are at a higher risk
of being diagnosed with advanced stage prostate cancer at a
young age.”>™>* African-American men present their prostate
cancer 2-3 years earlier than white Caucasian men.?® 27 Powell
et al* reported more advanced disease and more frequent bio-
chemical recurrence among young African-American compared
with Caucasian men. Their recent (2014) analysis of SEER
data demonstrated that African-American men at the age of
40-49 years had higher Gleason score and 2.8-3.2 times higher
mortality and metastatic disease compared with American men
of European descent of the same age group. These observations
suggest a higher incidence of aggressive and rapidly growing
early-onset prostate cancer in American-African men. The
authors of this study speculated that the aggressiveness of pros-
tate cancer in African-American men may be due to increased
expression of genes associated with lethal prostate cancer like
fatty acid synthase gene and higher expression of inflammatory
cytokines, such as interleukin 6 (IL6), IL8 and IL 1B.*

Familial prostate cancer

Familial clustering of prostate carcinoma is the strongest deter-
minant for prostate cancer risk. About 5%-10% of prostate
cancers are hereditary and show a Mendelian pattern of inherit-
ance just like in breast and colon cancer.”® The familial prostate
cancer manifests at a younger age, usually 6-7 years earlier than
sporadic disease and the risk of (familial) prostate cancer
increases when a family member develops the disease at a
younger age.”’ If a father is diagnosed with prostate cancer
prior to 60 years of age, the relative risk (RR) for developing
prostate cancer increases from 1.5 to 2.5. The RR increases to
four times when there are two or more affected first-degree
relatives, diagnosed at any age (RR=4.39; 95% CI 2.61 to
7.39).30 31

Susceptibility genes

Genome wide association studies have revealed several single
nucleotide polymorphisms in the germline DNA associated with
an increased risk of prostate cancer, including a few associated
with young-age prostate cancer.>*~>* However, highly penetrant
susceptibility genes causing young-age or early-onset prostate
cancer have not yet been identified. Some of the rare genetic
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predisposition loci with small-to-moderate penetrance contribut-
ing to young-age prostate cancer are summarised in Table 1.

BRCA gene mutations

Carriers of the BRCA 1 and 2 mutations are at risk for breast
carcinomas and several other carcinomas. Although there is con-
troversy about the increased risk of BRCA1 carriers for prostate
cancer, all studies consistently reported that BRCA2 carriers
have increased risk of more aggressive prostate cancer at
younger age.>>™*! The strongest predictors for the presence of a
germline mutation of BRCA2 genes in patients with prostate
cancer are a young age at onset and a family history of breast
and/or ovarian cancer. Nevertheless, its contribution to young-
age prostate cancer is limited. BRCA2 mutation is only found in
29% of prostate cancer cases diagnosed at the age of <55 years.>”
On the other hand, in their study of 263 men with a known
BRCA mutation, BRCA2 carriers had an estimated 23-fold
increased risk of prostate cancer in men aged <355 years.
Furthermore, Kote-Jarai et al*® reported an RR of 1.8-fold to
4.5-fold for BRCA1 carriers and 2.5-fold to 8.6-fold increase
for BRCA2 carriers at the age of <65 years. Similarly, the
Icelandic founder mutation BRCA2 999del5 is a specific muta-
tion associated with prostate cancer at younger age and with
poor survival.>** BRCA1/2 carriers have been shown to present
with early-onset and aggressive disease, characterised by higher
rates of lymph node involvement, distant metastasis at diagnosis
and a higher mortality rate as compared with non-carriers.>® *°
Histology of patient-derived xenografts from BRCA2 mutation
carriers, high-risk breast cancer BRCA negative families and
sporadic prostate cancer cases revealed that a substantial propor-
tion of them carried the features of intraductal carcinoma
(figure 1) in association with conventional acinar adenocarcin-
oma. Thus, BRCA2 mutation carriers displayed the histopatho-
logical features of intraductal carcinoma in 14/33 cases (42%) as
compared with patients with BRCX (16/62, 25.8%) and sporadic
prostate cancer cases (3/32, 9%). Moreover, 64% of the BRCA2
carriers with intraductal carcinoma of the prostate had T3-T4
disease and poor outcome even after treatment with curative
intent, in line with its more aggressive biology.*!

Table 1 Features of most common germ-line aberrations of
young-age prostate cancer

BRCA1 BRCA2 HOXB13
Genomic location 17921 13912.3 17q21-22
Relative risk of 1.8-4.5 forage 23 for age <55  Eightfold for age
prostate cancer <65 years years <55 years

2.5-8.6 for age
<65 years

Ethnic Ashkenazi Ashkenazi Finnish, Swedish
predominance Jewish, Jewish,

Norwegian, Norwegian,

Dutch and Dutch and

Icelandic people  Icelandic people
Specific mutation ~ — BRCA2 999del5  HOXB13 GB8AE,
associated with (Icelandic 138213197
young-age founder
prostate cancer mutation)
Characteristic - Intraductal Pseudohyperplastic
histological carcinoma in features in 45%
features 42%
Prognosis Unfavourable Unfavourable Favourable
Other associated ~ Breast and ovary ~ Breast and ovary  Breast

cancers

Figure 1

Histopathology of intraductal carcinoma (arrows) as can be
identified in about 42% of BRCA2-associated prostate cancers.

HOXB13 mutations

Ewing et al** identified a rare but recurrent germline mutation
¢.252G->A (p.G84E, rs138213197), in the first exon of the
homeobox B13 associated with increased risk of non-aggressive
prostate cancer at young age and with positive family history.
The mutation is primarily seen in West European people;
however, different HOXB13 mutations have been detected in
prostate cancer cases of African and Asian ancestry. A carrier fre-
quency of G84E mutation among European-American with
young-age familial prostate cancer was found to be 3.1%, but its
frequency was threefold higher (8.4%) for both the Finnish and
Swedish population.** ** Although uncommon, this mutation
accounts for an eightfold increased risk of prostate cancer diag-
nosis at the age of 55 years or less. This mutation was found to
be more associated with hereditary prostate cancer (OR: 6.6;
95% CI 3.3 to 12.0).** HOXB13 interacts with androgen recep-
tors (ARs) to promote development and differentiation of
normal and cancerous prostate. It may act both as a tumour sup-
pressor gene and as an oncogene, but the exact mechanism of
HOXB13 in carcinogenesis remains unknown.*” In a Finnish
population, HOXB13 G84E mutation was associated with
young age (<55 years), familial prostate cancer and elevated
PSA of 20 ng/mL or more at the time of diagnosis. However, it
was not associated with other clinical features related to disease
aggressiveness, such as higher Gleason score, prostate cancer
progression or recurrence.”> Review of the histomorphological
features and molecular subtypes of prostatectomy specimens in
23 patients with prostate cancer with HOXB13 G84E mutation
carriers revealed a more frequent occurrence of (Gleason
pattern 3) pseudohyperplastic-variant carcinoma (figure 2) and
a markedly low prevalence of ERG+ cancers (17% of dominant
tumour foci). The majority of the cases had Gleason score 7
prostate cancer (549%), whereas 23% were Gleason score 6 and
14% Gleason score >8. Their findings suggest that this could be
a novel molecular pathway for carcinogenesis in HOXB13 car-
riers with more favourable outcome.®

Pathway analysis

The molecular basis of young-age prostate cancer is not yet
understood. The integrative genomic analysis of 11 early-onset
prostate cancer cases by Weischenfeldt et al revealed a key role
of the androgen—androgen receptor axis as reflected by an
increased frequency of the androgen regulated transmembrane
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Figure 2 An example of pseudohyperplastic variant of prostate
cancer, characteristic for HOXB13-associated prostate cancers.

serine protease 2 (TMPRSS2) gene fusion with the ERG gene in
these cancers. This fusion is a very early event in prostate car-
cinogenesis and thought to be driven by increased androgen
stimulation,*® The age dependency of ERG expression was
further confirmed in this study using a tissue micro array of a
large number of prostatectomy samples, including low-risk
prostate cancers. In addition, the young-age prostate cancers
demonstrated a significantly increased tumour AR level and
positive correlation of AR levels with ERG rearrangements.*®
The authors suggested a specific pathogenesis for young-age
prostate cancers, distinct from the classical elderly-onset prostate
cancers, although their proliferative kinetics as judged from
the MIB-1 labelling index were the same as in elderly-onset
prostate cancer. In a separate study, Schaefer et al analysed ERG
protein overexpression in 1039 radical prostatectomy specimen
in a PSA screened population and they similarly found a much
higher frequency of ERG+ prostate cancer for the age group of
35-55 years (ie, 64%) as compared with 41% in the age group
of 56-67 years. The ERG-positive status was significantly asso-
ciated with young age at diagnosis, low-serum PSA and lower
prostate volume but not with disease progression or biochemical
tumour recurrence.*” Huang et al analysed ERG protein overex-
pression in a cohort of 121 men diagnosed with localised pros-
tate cancer at <50 years of age and reported similar high
frequency (64%) of ERG-positive prostate cancers. In this study,
the ERG-positive status was significantly associated with
Gleason score and higher biochemical relapse rate but not with
presurgical PSA levels, tumour volume, pathological stage, surgi-
cal margin or lymphovascular invasion.*® Steurer et al*’ further
confirmed the strong age dependency of TMPRSS2-ERG fusion
for Gleason score <7 (4+3) cancers in young patients, while
this age dependency was lost for higher Gleason score prostate
cancers. In the same patient series, the age-dependent loss of
the PTEN suppressor gene was only observed in ERG-positive
prostate cancers, while the age-dependent loss of 5q21 and
6q15 was only noted in ERG-negative prostate cancers. The
latter findings may be interpreted as evidence for a distinct
genomic pathway of young-age TMPRSS2-ERG fusion positive
and negative prostate cancers, the former pathway being the
more dominant in low-grade young-age prostate cancers.

CONCLUSIONS
Autopsy studies have shown that in West-European and
American men, the prevalence of prostate cancer at the age of

40-50 years is about 20%-30%. Most, but not all studies show
that PSA-detected prostate cancers at age under 55 years are low
grade. More aggressive early-onset prostate cancer is seen more
frequently in African-American men than in Caucasian men.
Young-age prostate cancer is associated with a considerably
increased risk of prostate cancer in family members. The litera-
ture seems to suggest that high-grade early-onset prostate
cancers have a clinically worse outcome than their elderly-onset
counterparts. A feature distinguishing young-age from
elderly-onset prostate cancer is the more frequent activation of
the androgen-androgen receptor axis, as reflected by the
increased frequency of the TMPRSS2-ERG fusion. Some modest
progress on the involvement of susceptibility genes has been
made in the past few years. This includes the identification of
BRCA2-associated prostate cancers with intraductal carcinoma
component as an aggressive early-onset category, whereas
HOXB13 mutation-associated cancers often have a characteristic
histological architecture and a more indolent behaviour.
Recognition of unique genetic factors in men with early onset
carcinoma and aggressive behaviour can help to target screening
and therapy and thus reduce prostate-cancer-specific death
among younger men.

Take home messages

» Young-age prostate cancer has several biological and
genetic features, distinct from elderly-onset prostate cancer.

» The majority of patients with prostate cancer at a young age
tend to have low-grade and stage disease with superior
outcome compared with elderly-onset prostate cancer.

» Early onset prostate cancer has a strong genetic component
and represents a subset of young-age and familial prostate
cancers with more aggressive disease and higher
prostate-cancer-specific death.

» BRCA2 mutation carriers have an increased risk of
early-onset prostate cancer with a more aggressive biology,
morphologically characterised by the presence of intraductal
carcinoma.

» Activation of the androgen—androgen receptor axis
manifested by TMPRSS2—ERG fusion mediated
over-expression of the ERG protein is a hallmark of
young-age low-risk prostate cancer.
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