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Cancer initiation and progression is the
result of an accumulation of mutations in
key tumor suppressor genes, mismatch repair
genes, or oncogenes, which impact cancer cell
growth, death, and differentiation. Mutations
occurring in cancer tissue are termed somatic;
whereas, heritable mutations that maybe passed
onto subsequent generations occur in germline
DNA. It is these germline mutations that can
lead to cancer family syndromes whereby family
members carrying a deleterious germline
mutation have an increased susceptibility to
certain cancer phenotypes. Common features
of hereditary cancer syndromes include early
age-of-onset, multiple affected generations,
rare tumor types, and/or multiple primary
malignancies. Approximately, 5%-10% of
all common cancers, including prostate
cancer, have a hereditary component and are
attributable to highly penetrant germline
mutations.! Across all cancer types, known
cancer susceptibility syndromes number >100;
however, it is important to note that mutations
in high-penetrance genes explain only a
fraction of heritable cancers.”? Well-known
examples of hereditary cancer syndromes
include Lynch (HNPCC), Cowden (PHTS),
Li-Fraumeni, and Hereditary Breast and
Ovarian Cancer (HBOC) syndromes, which are
attributable to mutations in mismatch repair
genes, PTEN, p53,and BRCA1/2, respectively.®

Prostate cancer has been shown to
cluster within families and exhibit Mendelian
inheritance patterns.* Family history of
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prostate cancer has been shown to increase
prostate cancer risk whereby the risk is
influenced by: (1) the number of affected
family members, (2) first degree affected
relatives compared to those who are more
distantly related, (3) the presence of early onset
cancers in a pedigree (typically men diagnosed
at or before age 55).>¢ Despite this recognized
familial component, identification of highly
penetrant genes in hereditary prostate
cancer has proven challenging. However, it is
becoming increasingly important to identify
these individuals with germline mutations
at higher risk for prostate cancer, given that
there are no uniformly recommended prostate
cancer screening practices for the general
population of men in the United States.”
Early genome-wide linkage studies
focusing on families with a history of hereditary
prostate cancer resulted in the identification
of anumber of potential candidate loci, many
of which were not confirmed in replication
studies. The University of Michigan Prostate
Cancer Genetics Project (PCGP) conducted
a genome-wide linkage scan on 175 prostate
cancer pedigrees and identified a novel
linkage on chromosome 17q near BRCA1.5°°
BRCA1 was excluded as the cause of this
linkage signal through mutation screening in
families with linkage evidence to chromosome
17q markers."" Chromosome 17q remained
a candidate linkage region when linkage
studies were combined including research
conducted by the International Consortium
for Prostate Cancer Genetics of ICPCG.? The
candidate region was subsequently narrowed
by fine-mapping to an approximately 10
cM region and notably the 147 families
with >4 cases of prostate cancer, and evidence
of early-onset prostate cancer diagnosis
provided the strongest evidence for linkage
to this region (LOD = 5.49 near D1751820)."
With the advent of next generation sequencing

technologies, sequencing of all 202 genes in
the 1-LOD support interval was performed
on germline DNA from the youngest family
member from 94 multiplex prostate cancer
families from the PCGP and Johns Hopkins
University selected on the basis of linkage
evidence to the candidate region." A recurrent
mutation was identified in the HOXB13 gene,
amember of the homebox gene family, which
resulted in a nonconservative substitution of
glutamic acid for glycine (G84E). The HOXB13
protein in its normal function plays an
important role in urogenital development and
maintains high expression levels in the normal
prostate into adulthood. Interestingly, all men
with prostate cancer in the four pedigrees
from the probands with the G84E mutation
carried the same mutation. The team went
onto genotype a large number (over 5000) of
additional prostate cancer cases to define the
frequency of the mutation in various clinical
subsets. The carrier frequency observed in
men with a positive family history (2.2%) was
identical to men with an early-age of prostate
cancer diagnosis (2.2%), and the highest
carrier frequency was observed in the subset
of men with both a positive family history and
early-onset disease (3.1%). In contrast, in men
diagnosed with prostate cancer above the age
of 65, a frequency of 0.65% of HOXB13 G84E
carriers was observed. This seminal study was
the first to show a recurrent, highly penetrant
gene mutation co-segregating predominantly
with an early-onset, hereditary prostate cancer
phenotype.

There have been many follow-up studies
to demonstrate the contributions of germline
HOXBI3 mutations to prostate cancer. The
HOXBI13 G84E mutation has only been in
individuals of European descent, although
other mutations in this gene have been
observed identified in African American
and Chinese men with prostate cancer.’



A follow-up study conducted by the ICPCG
demonstrated that approximately 5% of
hereditary prostate cancer families are likely
in the setting of HOXB13 mutations." In this
report, it was noted that the HOXBI13 G84E
mutation occurs on a common haplotype
suggesting a founder effect. Genotyping of
3508 men in the REDUCE trial showed the
HOXB13 G84E mutation was most prevalent
in Northern European populations (1.06%),
particularly in those from Finland and Sweden
with a family history of prostate cancer.'®

In a multi-institutional North American
study of 9559 men with prostate cancer who
underwent radical prostatectomy, 1.3% or 128
men were carriers of the G84E mutation with
those carriers being morelikely to have a family
history of prostate cancer and be diagnosed at
a younger age than noncarriers.”” A similar
prevalence and co-segregation with prostate
cancer was seen in a British cohort of 8518
men with prostate cancer (1.5%) with 5252
healthy controls (0.5%) conferring an overall
2.82-fold increased risk of prostate cancer in
carriers, with an over 3-fold increased risk
of early onset prostate cancer for carriers
and 4.5-fold risk for those carriers with a
family history of prostate cancer. However,
mutation status was neither associated with
any hallmarks of aggressive prostate cancer
nor did it show any correlation with overall
survival.’® A recent study has also shown
that the HOXB13 G84E mutation may also
confer an increased risk of leukemia and
bladder cancer, which further implicates the
mutation’s role in carcinogenesis.'” However,
the carrier frequency in these unselected male
samples from a single-institution’s cancer
biobank was low with only 49/9012 carrying
the mutation (0.5%), and further studies need
to be performed to understand the mutation’s
role in other cancer types.

While the increased risk of prostate
cancer in individuals carrying the HOXBI13
G84E allele has been shown across multiple
studies in European-descent populations,
the molecular mechanism by which HOXBI3
G84E promotes prostate cancer development
remains unknown. A study of 23 prostatectomy
specimens from G84E mutation carriers
showed frequent pseudohyperplastic-type
features in addition to a markedly low
prevalence of ERG(+) fusions when compared
to specimens from noncarriers. These variant
histopathologic characteristics point to a
distinct underlying errant molecular pathway
in tumors from mutation carriers. While
mutational testing of HOXB13 is not currently
aclinical standard of care, carrier status could
have potential future implications for risk
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stratification, prevention, screening, and even
personalized treatments for prostate cancer.

Mutations in the DNA damage repair
pathway genes BRCAI and BRCA2 are well
known to confer a significantly increased risk
of breast and ovarian cancer (HBOC). Large
population studies of male BRCA carriers
have shown that mutations in BRCA2 confer
a higher risk of prostate cancer ranging from
2.5 to 8.6 times compared to the general
population;*® however, mutations in BRCAI
show a more modest increased risk of 3.5-fold
in individuals under the age of 65 only."* A
study of 2019 patients with prostate cancer
including 18 BRCAI and 61 BRCA2 carriers
showed that BRCA carriers displayed a
more aggressive prostate cancer phenotype.
Those subjects harboring a BRCA2 mutation
were statistically significantly more likely
to have disease that was Gleason =8, T3/T4
stage, nodal involvement, and metastases
at the time of diagnoses when compared
to noncarriers. The subgroup analysis for
BRCAI carriers was not definitive due to the
small sample size. In addition to these poor
prognostic indicators seen in carriers, 5-year
overall cause-specific survival (96% vs 82%)
and metastasis-free survival (93% vs 77%)
were better in noncarriers versus carriers,
respectively.*

In a recent multi-institutional study of 150
biopsy specimens from men with metastatic
castrate-resistant prostate cancer, 8% (n = 12)
were found to have actionable pathogenic
germline alterations. The majority of these
germline mutations were in BRCA2 and were
more common in castrate-resistant prostate
cancer compared to primary prostate cancer,
further alluding to the aggressive nature of
prostate cancer in BRCA2 mutation carriers.
The remaining germline mutations seen in
this study also centered on the DNA repair
pathway with mutations seen in ATM and
BRCA1, highlighting the crucial role that the
DNA repair pathway plays in prostate cancer
initiation and progression.”> The NCCN
guidelines for Genetic/Familial High-Risk
Assessment - Breast and Ovarian recommend
that men with BRCA2 mutations start prostate
cancer screening at age 40 and that men with
BRCALI consider the same.** Genetic testing
can be considered in men with a personal
history of prostate cancer of high Gleason
score (>7) in addition to a family history of > 2
close blood relatives with breast and/or ovarian
cancer and/or prostate cancer (Gleason >7) at
any age.”* A study of 146 men presenting for
genetic testing validated the use of BRCAPRO
model in predicting whether a man is a BRCA
mutation carrier; however, this study included

men with male breast cancer and/or a family
history suspicious for HBOC.* Further studies
need to be done to more accurately predict
which men are at risk for carrying a DNA
repair pathway mutation based on hereditary
prostate cancer features and family history.
In addition, identifying those individuals
with prostate cancer who harbor germline
and somatic DNA repair pathway mutations
in genes such as BRCA2 and ATM may
have implications for targeted treatments.
A multi-center phase II study of olaparib, an
oral poly(ADP-ribose) polymerase inhibitor, in
298 germline BRCA1/2 carriers included eight
men with prostate cancer who had progressed
on hormonal and at least one systemic therapy.
Stable disease >8 weeks was observed in 25%
of the subset with prostate cancer; however,
grade >3 adverse events were reported in 54%
of patients across cancer types.*

Other rare germline variants have been
implicated in prostate cancer including
mutations in mismatch repair genes (MLH1I,
MSH2, MSH6, and PMS2) seen in Lynch
syndrome. A study of 97 prostate cancer cases
in 198 Lynch syndrome families showed a
cumulative risk of prostate cancer of 6.30%
at age 60 and 30.0% at age 80 compared
to a general population risk of 2.59% and
17.8%, respectively, with an overall prostate
cancer hazard ratio of 1.99 (95% CI: 1.31-
3.03).” Although these germline events
are uncommon and do not account for
a significant portion of prostate cancer
cases, these rare genetic lesions can identify
pathways in more common sporadic prostate
cancer.
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