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Abstract

Introduction: Our work addresses a literature review conducted between January 2019 and September 2023, the im-
portance of BRCA1, BRCA2, AR and PTEN genes in the pathogenesis, prognosis and treatment of prostate cancer, espe-
cially in its metastatic castration-resistant form (mCRPC), is highlighted. BRCA1 and BRCA2 genes are identified as key
markers for predicting cancer aggressiveness, suggesting the need for targeted therapies and strict surveillance. The
adaptability of cancer cells and variability in androgen receptor (AR) expression limit the effectiveness of therapies fo-
cused solely on AR, pointing to the importance of identifying alternative pathways and biomarkers for more effective
treatment. PTEN function is directly related to disease progression, and its alteration suggests potential therapeutic ap-
proaches. However, the heterogeneity of cancer cells and complexity of molecular pathways present significant chal-
lenges to the development of universal therapies. Conclusion: The findings promote future research to confirm the
applicability of these genes as biomarkers and to develop personalized treatment strategies in prostate cancer.

INTRODUCTION

Prostate cancer is one of the most common neoplasms in men
around the world, and although in many cases it is slow-grow-
ing and not lethal, there are aggressive forms of the disease
that can lead to metastasis and, therefore, significantly increase

mortality [1].

Understanding the molecular and genetic mechanisms under-
lying the progression and metastasis of this cancer is crucial for
developing more effective treatments and improving the

prognosis for affected patients.
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Metastasis refers to the spread of cancer cells from their origi-
nal site to other parts of the body, where they can form new
tumors. This process is complex and multifaceted, involving
the acquisition of skills that allow tumor cells to invade adja-
cent tissues, enter the bloodstream or lymphatic system, sur-
vive in circulation, adhere and extravasate in new sites, and

finally proliferate in those distant sites.

Over the past few decades, research in the field of prostate
cancer has identified several genes and signaling pathways
that are involved in tumor progression and metastasis. How-
ever, given the heterogeneity and complexity of cancer, it is
likely that there are still many genes and mechanisms that play

fundamental roles in these processes that are unknown.

Identification and characterization of new genes associated
with metastasis in prostate cancer can offer valuable insights
into cancer biology and, most importantly, can lead to the de-
velopment of new targeted therapies. These genes can serve
as biomarkers for early detection, prognostic prediction, or as
therapeutic targets themselves. Genomic and transcriptomic
studies, driven by next-generation sequencing techniques and
advanced bioinformatics tools, have revolutionized our ability

to discover and understand genetic alterations in cancer.
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Using these approaches, it is possible to identify genes whose
expression or mutation is associated with metastasis, opening

the door to more precise and personalized interventions.

The importance of understanding the epidemiology of
prostate cancer (PCa) cannot be underestimated, as it is one of
the most prevalent types of cancer globally and is responsible
for a large number of deaths associated with this disease. This
understanding is crucial for developing effective strategies for

both primary and secondary prevention.

Among the risk factors that cannot be altered are elements
such as advanced age, inherited genetic mutations, race, and
family history. On the other hand, there are also modifiable
risk factors, such as metabolic syndrome, obesity, and tobacco

consumption, although the evidence for these is less solid.

Although various risk factors related to lifestyle, diet, environment,
and infections have also been proposed, the strength of the evi-
dence supporting them is generally low. With this in mind, this
systematic and updated review aims to provide a comprehensive
and current overview of PCa epidemiology. This includes both
modifiable and non-modifiable risk factors, as well as recommen-

dations for screening and strategies for optimization.

RISK FACTORS

Non-modifiable risk factors

It is notable that age factor plays a significant role in the devel-
opment of prostate cancer (PCa), as shown by various statistics
and studies. In the United States, recent cancer figures show a
clear correlation between advanced age and the incidence of
PCa. For example, while the probability of facing a PCa diagno-
sis is 1.8% for men aged 60-69, this percentage increases to
9.0% for those aged 70 or older. Over a lifetime, the cumulative
probability is 12.5%.

Autopsy-based studies add another layer of complexity to this
age-PCa relationship. According to data, 40% of men over 60

who have not undergone screening tests have PCa.

This figure increases to 60% for men over 80. It is also relevant
to note that, according to the International Society of Urologi-
cal Pathology, 32% of these post-mortem diagnosed cancers

are grade 2 or higher.

Family history

Determining the precise connection between a family history
of prostate cancer (PCa) and the likelihood of developing this
disease is complex, although it is clear that there is a high risk.
This risk not only refers to the development of PCa in general,
but could also apply to more severe and deadly forms of the
disease. Several elements come into play when evaluating this
risk, such as the number of affected family members, the level
of relationship with them (whether they are first or second de-
gree relatives), and additional factors such as their age at the

time of diagnosis and death due to PCa.

In addition, factors such as the type of cancer that other family
members may have had (such as breast or ovarian cancer) or
the presence of high-grade disease in the family, can further
complicate the risk evaluation. There are variables that can dis-
tort this data, such as memory bias and the overall health sta-
tus of the family. It is relevant to mention that, according to
studies, men who have a brother or son with PCa face a risk
that is approximately 2.5 times higher of developing the dis-
ease. This kind of information is crucial to understand how fa-

milial risk factors can contribute to the development of PCa [2].

Genetic predisposition

The genetic heritability in the case of prostate cancer (PCa) is
notably high compared to other more common types of can-
cer. According to research with twins, the heritability of PCa is

estimated to be approximately 58%.

Genetic susceptibility manifests itself in two different ways:
there are genetic factors that are rare but highly penetrant, and
others that are more prevalent but generally less penetrant.
For example, mutations in the HOXB13 and BRCA2 genes are
the most well-known for their relation to autosomal dominant
susceptibility to PCa. However, it is important to keep in mind
that these mutations are relatively rare in the general popula-

tion, with an estimated prevalence of only around 0.3%.

Science is increasingly revealing the connection between
prostate cancer (PCa) risk and mutations in various genes that
have roles in DNA repair. Among these genes, BRCA1, ATM,
CHEK2, NBS1, and those associated with Lynch syndrome (such
as MLH1, MSH2, MSH6, and PMS2) stand out as particularly rel-

evant. It is important to note that these mutations have a
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Table 1. Characterization of new genes involved in prostate cancer metastasis.

Title of the article

The association of BRCA1 and
BRCA2 mutations with prostate cancer risk,
frequency, and mortality: A meta-analysis.

Prostate Cancer Risks for Male

BRCA1 and BRCA2 Mutation
Carriers: A Prospective Cohort
Study.

Survival with Olaparib in Metastatic
Castration-Resistant Prostate Cancer

BRCAZ2 gene mutation and
prostate cancer risk.
Comprehensive review and
update

Association of Genomic Domains in
BRCA1 and BRCA2 with

Prostate Cancer Risk and
Aggressiveness

Authorized Year of Genes
Publication identified and types
Oh M, 2019 BRCA1/2 tumor
Alkhushaym N, suppressor
Fallatah S, et al. genes .
Tommy 2020 Tumor suppressor
Nyberg, Debra genes :
Frost, Daniel BRCA1/2.
Barrowdale, et al.
Hussain M, 2020 Tumor suppressor
Mateo J, genes :
Fizazi K, et al. BRCAL,
BRCA2, ATM.
Junejo NN, 2020 Tumor suppressor
AlKhateeb SS. genes :
BRCA2.
Patel VL, 2020 Tumor
Busch EL, suppressor
Friebel TM, et genes
al. BRCAL1/2, ATM.

*Tabla completa con descripcién detallada disponible como material suplementario.

higher prevalence in cases of advanced PCa, especially in its

metastatic form, compared to localized PCa.

In a significant study by the UK Biobank involving more than
21,000 men, it was discovered that 1.4% had a rare patho-
genic mutation in at least one of the key genes: BRCA2,
HOXB13, and CHEK2. Although these mutations are rare in
the general population and in patients with low-risk PCa,
their prevalence increases significantly in cases of advanced
PCa, reaching figures between 10% and 20%. The variability
in the incidence and aggressiveness of the disease due to
these genetic mutations shows the complexity of the genetic
relationship and the risk of developing PCa. These findings
highlight the need for further research to fully understand
how these genetic factors contribute to the development

and progression of PCa [2].

In the search to understand the correlation between male pat-
tern baldness and prostate cancer (PCa), four significant meta-
analyses have been carried out. Interestingly, these studies
failed to find a direct link between male pattern baldness as a
whole and a higher likelihood of developing PCa. However,
subgroup analyses within these studies did yield more specific

findings. Specifically, they identified a relationship between

baldness in the vertex region, which is the top of the head, and

an elevated risk of developing PCa.

This discovery suggests that, although male pattern baldness
in general does not seem to be associated with a higher risk of
PCa, certain balding patterns, such as those that occur in the

vertex area, could be indicative of an increased risk.

High stature has been consistently correlated with an in-
creased probability of developing prostate cancer (PCa), and
more specifically, its high-grade variants. One possible mecha-
nism that could explain this association is the presence of ele-

vated levels of insulin-like growth factor during puberty.

This finding suggests that body dimensions, particularly
height, could be an important indicator in assessing the risk of
PCa. The relationship between height and levels of certain
growth factors during critical stages of development could
provide valuable clues to better understand the etiology of

this disease [2].

Modifiable risk factors
Although the relationship between sedentary behavior and in-

creased risk of prostate cancer (PCa) has not been clearly es-
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Table 1. Continuation.

Title of the article

Germline and somatic DNA
repair gene alterations in prostate
cancer

Mutations in ATM, NBN and
BRCA2 predispose to aggressive
prostate cancer in Poland

Therapeutic Implications of
Germline Testing in Patients With
Advanced Cancers

Pathogenic BRCA Variants as
Biomarkers for Risk in Prostate
Cancer

Rare Germline Pathogenic Variants
Identified by Multigene Panel Testing and
the Risk of Aggressive Prostate Cancer

Prostate cancer risk, screening and
management in patients with
germline BRCA1/2 mutations

Frequency of Germline and Somatic BRCA1
and BRCA2 Mutations in

Prostate Cancer: An Updated

Systematic Review and Meta-Analysis

Authorized Year of Genes
Publication identified and types

Dall'Era MA, 2020 Tumor suppressor

McPherson JD, genes :

Gao AC, et al. BRCA2, ATM, MSH6,
MSH2.

Wokotorczyk 2020 Tumor suppressor

D, Kluzniak W, genes:

Huzarski T, et BRCA2, NBN, ATM.

al.

Stadler ZK, 2021 Tumor

Maio A, SUppressor genes:

Chakravarty BRCA1/2.

D, etal.

McNevin 2021 Tumor

CS, Cadoo Suppressor genes:

K, Baird BRCA1/2.

AM, et al.

Nguyen- 2021 suppressor genes:

Dumont T, BRCA1/2, ATM.

Dowty JG,

Maclnnis RJ, et al.

Rajwa P, Quhal F, 2023 Tumor suppressor

Pradere B, et al. genes : BRCA1/2.

Valsecchi AA, 2023 Tumor suppressor

Dionisio R, genes : BRCA1/2.

Panepinto O, et al.

*Tabla completa con descripcién detallada disponible como material suplementario.

tablished by several studies, it has been observed that a higher
level of physical activity can have significant benefits. In partic-
ular, individuals who are more physically active have a lower
specific mortality rate from PCa and, in the case of diagnosed

patients, higher rates of disease-free survival.

This positive effect has been observed in both intense physical
activities and brisk walking. Most of the research in this area
has focused on recreational physical activity, leaving a gap in
knowledge about the potential effects of physical activity in
the workplace. However, there are indications that suggest

that staying active at work could also reduce the risk of PCa.

On the other hand, regarding sleep, its duration does not seem
to have a significant effect on the overall risk of developing
prostate cancer (PCa). However, some studies have suggested
that the quality of sleep may be related to a higher risk of ag-
gressive forms of the disease. These findings suggest that, be-
yond the duration of sleep, the quality of sleep could have an

impact on the severity of PCa.

Among the different diets evaluated for their impact on
prostate cancer (PCa), some dietary patterns show certain
promises. The Mediterranean diet, for example, has shown a
modest protective association against PCa in individuals who
strictly follow the diet, although other studies do not support
this relationship. Vegetarian diets also show potential, as stud-
ies have confirmed a lower risk of PCa in vegetarians compared

to meat consumers.

In the context of plant-based diets, findings are mixed: some
studies have found a slight protection against PCa, while oth-
ers have not established any significant relationship. However,
both vegetarian diets and pesco-vegetarian and semi-vegetar-
ian diets are included in this group. It is worth noting that in in-
tervention studies with diets completely based on plants,
positive oncological results were observed in the short term in

men already diagnosed with PCa [2].

In the context of prostate cancer (PCa), dietary inflammation
seems to play a key role. Several studies have investigated the

correlation between a diet with a high Dietary Inflammatory
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Table 2. Characterization of new genes involved in prostate cancer metastasis.

Title

The genomic landscape of metastatic
castration-resistant prostate cancers reveals
multiple distinct genotypes with potential
clinical impact.

Functional and Mechanistic Interrogation of
BET Bromodomain Degraders for the
Treatment of Metastatic Castration-resistant
Prostate Cancer.

Genomics of lethal prostate cancer at
diagnosis and castration resistance.

Association of polymorphisms of PTEN,
AKT1, PI3K, AR, and AMACR genes in
patients with prostate cancer.

Authorized Afw . Genes
Publicatio Identified and Type
Van Dessel LF, van | 2019 Oncogenes:
Riet J, Smits M, AR, BRCA2
Zhu'Y, et al.
Kregel S, Malik R, | 2019 Oncogen: AR
Asangani IA,
Wilder-Romans K,
etal.
Joaquin Mateo, 2020 Tumor
George Seed, suppressor genes : RB1,
Claudia Bertan, TP53.
etal. Oncogen: AR
Nobrega M, 2020 Tumor
Cilidgo HL, Souza suppressor genes : PTEN,
MF, et al. PTEN,
Biomarcador:
AMACR,
Oncogén: AR

*Tabla completa con descripcion detallada disponible como material suplementario.

Index and the risk of PCa, finding a positive association in all
cases. This evidence suggests that a diet that promotes inflam-
mation could be a risk factor for the development of the dis-
ease. Furthermore, the combination of a diet that causes both
inflammation and hyperinsulinemia could have even more se-

rious implications.

This type of diet has been associated with an increased risk of
developing more aggressive forms of PCa. This highlights the
importance of considering the inflammatory and hyperinsu-
linemic nature of the diet when evaluating risk factors for this

form of cancer [2].

The relationship between protein intake and the risk of
prostate cancer (PCa) appears to be more complex than ini-
tially thought. While a direct association between total protein
intake and PCa risk was not found, the data suggest that not all

proteins are equal in this context.

In particular, dairy protein shows a dose-dependent effect on
the risk of developing PCa. For men who consume more than
30 grams of dairy protein per day, the risk of PCa increases.
Each additional 20 grams per day of dairy protein is associated
with a cumulative relative risk increase of 1.1%. This finding
emphasizes the importance of considering the type of proteins
consumed, beyond just the total amount, when evaluating risk
factors for PCa [2].

The relationship between occupational exposure to certain
substances and the risk of prostate cancer (PCa) has been
the subject of several studies, but the results are mixed and
inconclusive. Two reviews and meta-analyses on exposure
to asbestos showed conflicting results: one found no associ-
ation with the risk of PCa, while the other reported a weak

association.

Other work-related factors were also studied, including expo-
sure to persistent, bioaccumulative, and toxic chemical com-
pounds, the broad-spectrum insecticide permethrin, and
job-related stress. None of these factors showed a correlation
with an increased risk of PCa. However, a possible positive as-
sociation was identified with occupational exposure to cobalt
and hexavalent chromium.

A higher likelihood of developing prostate cancer was ob-
served in two specific occupational groups: firefighters and po-
lice officers. It is important to note, however, that the results
were heterogeneous among the different studies considered,
and it is possible that a higher rate of PSA testing in these pop-

ulations may have influenced the results obtained.

In addition, it was found that workers with chemical and pesti-
cide exposures in the workplace, such as agricultural and oil
workers, faced an increased risk of prostate cancer. However, in
relation to occupational physical effort, a clear association with

a higher risk of PCa was not identified.
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Table 2. Continuation.

Title of the article

Diverse AR Gene Rearrangements Mediate
Resistance to Androgen Receptor Inhibitors in
Metastatic Prostate Cancer.

Stabilization of ADAM9 by N-a-
acetyltransferase 10 protein contributes to
promoting progression of androgen-independent
prostate cancer.

An integrated functional and clinical genomics
approach reveals genes driving aggressive
metastatic prostate cancer.

Targeting Feedforward Loops Formed by
Nuclear Receptor RORy and Kinase PBK in
mCRPC with Hyperactive AR Signaling

Dynamic changes in gene alterations during
chemotherapy in metastatic castrate resistant
prostate cancer.

Dynamic plasticity of prostate cancer
intermediate cells during androgen receptor-
targeted therapy.

Authorized Year of Genes
Publication identified and types
LiY, Yang R, 2020 Oncogen: AR
Henzler CM, Ho Y,
Passow C, et al.
Lin YW, Wen 2020 Oncogen: AR
YC, Chu CY,
Tung MC, et al.
Das R, Sjostrom M, 2021 Oncogen: AR
Shrestha R, HOXBI13, Gen
Yogodzinski C, KIF4A, de
Egusa EA, et al. tumor
suppressor
WDR62
Zhang X, Huang Z, 2021 Oncogen: AR
Wang J, et al.
Tan W, Zheng T, 2022 Oncogen: AR,
Wang A, Roacho J, Tumor suppressor genes:
etal. TP53, RBI, PTEN
Sandhu HS, Portman, 2022 Oncogen: AR, NE

KL, Zhou X, Zhao J,
et al.

*Tabla completa con descripcién detallada disponible como material suplementario.

Primary prevention/chemoprevention

5-alpha reductase inhibitors have been studied in high-quality
randomized trials to evaluate their effect on the risk of prostate
cancer. Comprehensive studies have investigated whether

these medications can reduce the risk of prostate cancer.

The results indicate that after several years, men who took
these medications were less likely to develop prostate cancer
compared to those who received an inactive placebo. This sug-
gests that 5-alpha reductase inhibitors could play an important

role in the prevention of this disease.

Anti-inflammatories. Regular and continuous use of aspirin has
been linked to a lower risk of developing prostate cancer (PCa).
Studies have shown that consistent use of aspirin significantly
reduced the risk of PCa [2].

Statins. The effect of statin use on the occurrence of prostate
cancer (PCa) is still a topic of debate, but evidence suggests
that statins could decrease the risk of aggressive PCa and,

among diagnosed patients, reduce mortality rates [2].

Vitamins and supplements. It has been confirmed that vitamin
D does not affect the overall incidence of prostate cancer (PCa).
However, it was observed that higher levels of 25-hydroxyvita-
min D in the bloodstream are related to an increased risk of

PCa, showing a non-linear dose response [2].

Secondary prevention (screening and early detection)

In December 2022, the Council of the European Union recom-
mended member countries to consider the possibility of es-
tablishing organized prostate cancer screening programs,
using prostate-specific antigen (PSA) tests and magnetic reso-

nance imaging (MRI) studies [3].

The guidelines issued in 2021 by EAU-EANM-ESTRO-ESUR-
SIOG also support the idea of providing prostate-specific anti-
gen (PSA) tests to men who are properly informed. However,
these guidelines suggest considering the assessment and pos-
sible discontinuation of tests based on life expectancy and

overall health status of individuals [4].
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Table 3. Characterization of new genes involved in prostate cancer metastasis.

Title

Biomarkers Associated with Tumor
Heterogeneity in Prostate Cancer.

Effect of PTEN loss on metabolic
reprogramming in prostate cancer cells.

Genomics of lethal prostate cancer at
diagnosis and castration resistance.

The PTEN Conundrum: How to Target PTEN-
Deficient Prostate Cancer.

The Genetic Complexity of Prostate Cancer.

Association of polymorphisms of PTEN,
AKTI, PI3K, AR, and

AMACR genes in patients with prostate
cancer.

Transcriptional landscape of PTEN loss in
primary prostate cancer.

Molecular Landscape of LncRNAs in Prostate
Cancer: A focus on pathways and therapeutic
targets for

intervention.

. Year of .
Authorized Publication Genes Identified and Type
Yun JW, Lee S, Ryu D, 2019 PTEN: Tumor
Park S, et al. suppressor,
CDC42EP5:
Cellular regulator,
RNLS: Arterial
Zhou X, Yang 2019 TP53: Tumor suppressor.
X, Sun X, Xu X, et al. RB1: Tumor suppressor.
PTEN: Tumor
Suppressor.
Joaquin Mateo, George | 2020 TP53: Tumor suppressor.
Seed, Claudia RB1: Tumor suppressor.
Bertan, Pasquale PTEN: Tumor
Rescigno, et al. suppressor.
Turnham DJ, 2020 PTEN: Tumor suppressor.
Bullock N, Dass MS, S
et al.
Compérat E, 2020 SPOP: Gen regulator.
Wasinger G, TP53: Tumor suppressor.
Oszwald A, et al. FOXATL: Transcription
factor. PTEN: Tumor
Suppressor.
Nobrega M, 2020 PTEN: Tumor suppressor,
Cilido HL, AMACR: Enzymatic
Souza MF, et al. codifier, AR: Hormonal
receptor.
Imada EL, 2021 PTEN: Tumor suppressor.
Sanchez DF,
Dinalankara W, et al.LL
Mirzaei S, 2022 AR: Hormonal receptor,
Paskeh MDA, Okina E, TP53: Tumor suppressor,
et al. RB1: Tumor suppressor,

PTEN: Tumor suppressor

*Tabla completa con descripcion detallada disponible como material suplementario.

In the United States, the guidelines issued in 2018 by the US
Preventive Services Task Force state that men aged 55 to 69
should make personalized decisions about undergoing peri-
odic screening exams based on prostate-specific antigen (PSA)

for prostate cancer [5].

The PROMIS study demonstrated that the implementation of
multiparametric magnetic resonance imaging (mpMRI) prior to
biopsy could reduce the number of initial biopsies by 27% and
lead to 5% fewer detections of clinically insignificant cancers
compared to standard transrectal ultrasound (TRUS) biopsy. In
turn, the PRECISION study supports the utility of mpMRI, as
28% of men in the MRI group had a normal MRI and were able

to avoid the need for biopsy [6].

Genetic mutations are key elements in the development of
cancer, with this disease being considered of genetic origin.
These mutations can be divided into two main categories: in-
activating mutations, which affect tumor suppressor genes,

and activating mutations, which impact oncogenes.

Regarding inactivating mutations, these occur due to struc-
tural reorganizations in the genome, which can result in the
loss of DNA segments through deletions, whether extensive or
focused. These changes can affect one or both copies of a

gene, generating monoallelic or biallelic mutations.

On the other hand, activating mutations can originate through

different mechanisms, such as amplifying the number of
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Table 3. Continuation.

Year of Genes
Title of th icl Authori .. . .

itle of the article utiorized. Publication identified and types
Identification of Potential Key Genes in Khan MM, 2022 MYC: Oncogen, PTEN:
Prostate Cancer with Gene Mohsen MT, Tumor suppressor, AR:
Expression, Pivotal Pathways and Regulatory Malik MZ, et al. Hormonal receptor,
Networks Analysis Using Integrated TP53: Tumor suppressor.
Bioinformatics Methods.
Intrinsic Molecular Subtypes of Feng E, 2022 PTEN: Tumor suppressor,
Metastatic Castration-Resistant Prostate Rydzewski NR, APC: Tumor suppressor,
Cancer. Zhang M, et al. SPOP: Gen regulador.
The prevalence and prognosis of next- Pan J, Zhao J, Ni X, 2022 PTEN: Tumor suppressor.
generation therapeutic targets in Gan H,
metastatic castration-resistant prostate cancer. WeiY, Wul, etal.
Dynamic changes in gene alterations during Tan W, Zheng T, 2022 AR: Hormonal receptor,
chemotherapy in metastatic castrate resistant Wang A, TP53: Tumor suppressolr
prostate cancer. Roacho J, et al. RB1: Tumor suppressor ’

PTEN: Tumor suppressor.

PTEN loss is not a determinant of time to Alzoubi A, Al 2023 PTEN: Tumor suppressor
castration-resistance following Bashir S,

androgen-deprivation therapy in
prostate cancer: a study from Jordan.

Smairat A, et al.

*Tabla completa con descripcion detallada disponible como material suplementario.

copies of a gene, point mutations affecting individual bases of

DNA, or structural reorganizations leading to gene fusion.

In the context of prostate cancer, although the complexity of
its karyotype has complicated its study, significant chromoso-
mal alterations were identified through cytogenetic studies in
the 1980s. These alterations involve specific regions such as 8p,
8q (C-MYC locus), 10p (PTEN locus), 17q (TP53 locus), and the
androgen receptor (AR).

Technological advances, such as polymorphic fragment length
analysis and fluorescence in situ hybridization (FISH), have al-
lowed for a more detailed analysis of recurrent chromosomal

alterations in prostate cancer.

Advancements in high-throughput technologies, such as next-
generation sequencing (NGS), have provided an extraordinary
insight into the genome/transcriptome of PCa. In recent ge-
nomic studies based on NGS, the presence of many known ge-
nomic events in PCa has mostly been confirmed, such as loss

of PTEN, mutation/loss of TP53. An important observation is

that certain events, such as SPOP mutation, appear as the most

common point mutation in primary PCa [7].

The presence or absence of recurrent gene fusions between
the androgen-regulated gene TMPRSS2 and members of the
ETS family (most commonly ERG). The complete profile of copy
number, whole exome sequencing (WES), and whole genome
sequencing (WGS) have allowed to identify some genes mu-
tated somatically with high recurrence including SPOP, TP53,
PTEN, and FOXAT.

These computational evaluations, performed on a wide collec-
tion of prostatectomy samples characterized by WES or WGS,
have deepened our understanding of early events versus later

events in prostate carcinogenesis [7].

The genomic revolution has fundamentally changed our un-
derstanding of prostate cancer, shifting the conversation from
a generalized perspective to a much more personalized and

precise one.
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The identification of genetic markers, such as BRCA2, especially
in high-risk populations such as men with metastatic disease,
has provided a lens through which more effective and precise
treatment strategies can be designed. This genomic revolution
has been the driving force behind new guidelines for perform-
ing germline DNA testing in prostate cancer patients.

Not only does it provide a more complete picture of the indi-
vidual's genetic landscape, but it also opens the door to tar-

geted treatments that are increasingly specific and effective.

As more genes associated with the risk of prostate cancer are re-

vealed, a new world of therapeutic possibilities is opening up.

We are already seeing how the Food and Drug Administration
of the United States (FDA) has begun to approve specific drugs
based on these genetic identifications. These advancements
represent a major step towards precision medicine in the treat-
ment of prostate cancer, allowing for a more tailored and effec-
tive strategy that can vary significantly from one patient to
another. This era of genomic medicine is not only promising
for treatment, but also has significant implications for early de-
tection and prevention. By better understanding the genetic
factors that contribute to prostate cancer, we could be much
better equipped to carry out effective preventive interven-
tions. In the near future, access to genomic information could
become a standard tool in the fight against this disease, for-

ever changing the way we approach it.

In this research, we will focus on discovering and understand-
ing the "New genes" that contribute to the phenomenon of
metastasis in prostate cancer. However, since the evidence for
certain genes is limited, we will focus our characterization on
those genes that have scientific relevance and clinical validity
for their use as molecular genetic biomarkers in the study of

progression to metastasis in Prostate Cancer.

The purpose of this literature review is to identify new associ-
ated genes that could be used for the diagnosis, monitoring,
and treatment of this aggressive form of cancer, such as the

ones mentioned below:

BRCA1/BRCA2: Although better known for their relationship
with breast and ovarian cancer, these genes have also been

implicated in advanced prostate cancer.

PTEN: This gene is a tumor suppressor and its loss or mutation
has been associated with various types of cancer, including

prostate cancer.

AR (Androgen Receptor): Although not a "new" gene, muta-
tions and variants in this gene continue to be an area of inten-
se research, especially in relation to resistance to antiandrogen

therapy.

MATERIAL AND METHODS
The methodology did not focus on laboratory experiments or
the collection of primary data, but on the collection, analysis,

and synthesis of previously published literature on the subject.

Sample Selection
Sources. We conducted a thorough search in databases and
academic and scientific search engines, such as PubMed, Sco-

pus, Web of Science, and Google Scholar.

We used keywords and related combinations related to the

topic, such as: "prostate cancer’, "metastasis', "genes’, "genetic

characterization’, among others.

Study selection

After obtaining an initial set of studies, we proceeded to re-
view titles and abstracts to select those that meet the inclusion
criteria. Subsequently, we read the complete studies to ensure

their relevance and quality.

Data extraction

We created a format or template for data extraction that con-
tained: author(s), year of publication, study title, identified
genes, type of genes, and relevance in metastasis. We ex-
tracted relevant information from each selected study and

filled in the template.

Analysis techniques

Analysis and synthesis of information. We grouped the studies
according to the publication date from the oldest to the most
recent, identified genes, and study results. We synthesized the
collected information, identifying patterns, similarities, differ-

ences, and gaps in the literature.
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Validation Methods
In the context of a literature review, validation consisted of en-
suring that the study is rigorous and that the results are reli-

able and reproducible.

Source Validation
We only used reliable academic sources that have been peer-
reviewed to ensure that the information we used is valid and

reliable.

Cross-Verification of Information
Ensuring that findings are replicated in multiple different stud-

ies is a form of validation.

Inclusion and Exclusion Criteria

Inclusion: Studies published from January 2019 to September
2023, articles from peer-reviewed scientific journals, studies ad-
dressing the molecular genetics of prostate cancer and metasta-

sis, studies in humans or human tumors, and articles in English.

Exclusion: Studies prior to this period, studies not peer-re-
viewed, research not focused on molecular genetics or not re-
lated to prostate cancer, studies in animals, and articles in

languages other than English.

RESULTS AND DISCUSSION

Genes BRCA1 and BRCA2

A total of 464 studies have been reviewed, published in
PubMed, Scopus, Web of Science, and Google Scholar, from
January 2019 to September 2023, related to prostate cancer, of
which only 12 met the inclusion criteria. They address the rela-
tionship between genetics and prostate cancer, organized

chronologically from the most recent to the oldest.

These studies have investigated the presence of mutations in
tumor suppressor genes, such as BRCA1 and BRCA2, and their
influence on the risk, aggressiveness, and prognosis of prostate

cancer.

The most recent studies, carried out in 2023, have highlighted
the importance of genetics in risk stratification and the develop-
ment of targeted therapies in prostate cancer. Mutations in
BRCA2 have been observed to be associated with more aggres-

sive disease and high specific mortality from prostate cancer.

Furthermore, a higher frequency of mutations in tumor sup-
pressor genes such as BRCA2 has been found in prostate can-
cer patients. These studies have underscored the need to
consider genetics in the early identification of high-risk pa-

tients and in making therapeutic decisions.

The study by Oh M et al. (2019) and Tommy Nyberg et al.
(2020) provide a solid baseline for understanding how muta-
tions in BRCA1/2 are associated with increased risk and mortal-
ity. Specifically, Nyberg and colleagues emphasize that the
location of the mutation within the gene and family history are
also crucial factors. This suggests that not all BRCA2 mutations
are equal and that genetic and family context could be crucial

for interpreting risk.

Hussain M et al. (2020) go further and examine the efficacy of the
drug Olaparib in a subset of patients with alterations in BRCA1/2.
This study suggests a pathway for personalized therapeutic inter-
ventions based on the patient's genetic profile, supporting the

importance of early genetic screening to guide therapy.

Junejo NN et al. (2020) and Patel VL et al. (2020) establish a
clear link between BRCA2 mutations and a faster progression
of the disease, including a shorter survival time and higher

grades on the Gleason scale.

The study by Dall'Era MA et al. (2020) expands the focus be-
yond BRCA1/2, including other DNA repair genes such as ATM,
MSH6, and MSH2.

The finding that approximately 16% of a cohort of 944 men
had at least one mutation in these genes suggests that atten-
tion should not be limited to BRCA1/2 alone.

Wokororczyk D et al. (2020) offer a geographical perspective,
suggesting that the prevalence of mutations and their relation-
ship with prostate cancer aggressiveness may vary by popula-

tion, indicating the need for more diversified studies worldwide.

Stadler ZK et al. (2021) and Valsecchi AA et al. (2023) empha-
size the importance of expanding targeted therapy and ad-
dress the current limitations in the clinical application of these
genetic findings. In particular, Valsecchi points out that somatic
mutations are more common than germline mutations, an

area that requires further research.
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These studies demonstrate that mutations in BRCA1/2 and
other genes related to DNA repair play a significant role in the
aggressiveness and prognosis of prostate cancer. However, the
clinical implications of these findings, such as the implementa-
tion of personalized therapies and early detection, are still un-

der development.

Furthermore, future research could focus on the impact of so-
matic mutations versus germline mutations, as well as the geo-

graphic and ethnic variability in these mutation patterns.

Gene AR (Androgen Receptor)

In the corpus of 159 articles reviewed in PubMed, Scopus, Web
of Science, and Google Scholar, focusing on the androgen re-
ceptor (AR), only 10 met the strict inclusion criteria, highlight-
ing the complexity and challenges in the research of

metastatic castration-resistant prostate cancer (mCRPC).

These 10 studies are particularly important as they offer robust
clinical and molecular findings, specifically focused on how AR
and its associated pathways impact the progression and treat-

ment of metastasis in mCRPC.

One key point is the adaptability of cancer cells. Studies indi-
cate that even when AR is inhibited, cancer cells can adapt and
find alternative pathways to survive and metastasize. This
poses a significant challenge in the clinical management of
mMCRPC, suggesting that therapies targeting only AR may not

be sufficiently effective in preventing or controlling metastasis.

Regarding the implications for metastasis, the plasticity of can-
cer cells in mCRPC is particularly concerning. Studies show a
trend towards heterogeneity in AR expression during treat-
ment, as well as an increase in neuroendocrine marker expres-
sion. This could allow cancer cells to more easily colonize new
tissues, making the disease harder to treat and more likely to
spread. Additionally, alterations in AR and other genes such as
TP53, RB1, and PTEN have direct implications on how and

where metastasis occurs.

These genetic mutations could serve as biomarkers to predict
which patients are at higher risk of developing metastasis and
could benefit from more aggressive treatments or new thera-

peutic modalities. These studies provide valuable knowledge

about the role that AR plays in metastasis of mCRPC, and em-
phasize the need for more complex and personalized thera-
peutic strategies. By recognizing the adaptability and
heterogeneity of cancer cells in mCRPC, as well as the different
mutations and pathways that contribute to metastasis, re-
searchers and physicians can move closer to personalized
treatment to improve outcomes in this complicated and dev-

astating disease.

PTEN gene

After reviewing 414 scientific articles in PubMed, Scopus, Web
of Science, and Google Scholar, associated with the PTEN gene
in relation to prostate cancer, only 13 met the inclusion criteria
for a detailed analysis. Specifically, the focus of this analysis is
on findings related to metastasis, a critical phenomenon that
significantly complicates the treatment and prognosis of

prostate cancer.

The articles demonstrate that loss of function or mutation in
the PTEN gene is closely related to progression towards ad-
vanced and metastatic states of cancer. For example, a 2020
study titled "Genomics of lethal prostate cancer at diagnosis
and castration resistance" points out that loss of function in
genes such as TP53, RB1, and PTEN is more common in cases of
metastatic castration-resistant prostate cancer (mCRPC) com-
pared to non-metastatic states of cancer. This finding suggests
a critical role of PTEN in the aggressiveness and treatment re-

sistance of advanced cancer.

Another article from 2022, "Prevalence and prognosis of next-
generation therapeutic targets in metastatic castration-resis-
tant prostate cancer,' expands this understanding by linking
the loss of PTEN with shorter progression-free survival in pa-
tients treated with abiraterone, a commonly used drug in
mCRPC. This study suggests that alterations in PTEN could be
used as a biomarker to predict treatment response and poten-

tially as a therapeutic target.

Itis clear that PTEN plays a key role not only in the initiation of
prostate cancer but also in its progression to metastatic states.
These findings raise the possibility that restoring normal PTEN
function, or modulating its signaling pathways, may offer new
therapeutic strategies in the treatment of metastatic prostate

cancer.
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Tumor heterogeneity and the complexity of signaling path-
ways involved in metastasis make the development of effec-
tive therapies a challenge. In conclusion, the selected articles
offer robust evidence of the importance of the PTEN gene in
prostate cancer metastasis, opening new avenues for the de-
velopment of targeted therapeutic strategies and more effec-

tive treatment.

CONCLUSIONS

Our literature review on prostate cancer conducted with scien-
tific articles extracted from PubMed, Scopus, Web of Science,
and Google Scholar, between the period of January 2019 to
September 2023, has highlighted the critical importance of
several genes involved in the pathogenesis, prognosis, and
treatment of this disease, particularly in its metastatic castra-

tion-resistant form (mCRPCQ).

BRCA1 and BRCA2 Genes
These genes are key markers in identifying patients who have
a higher risk of developing more aggressive forms of prostate

cancer.

The presence of mutations in BRCAT and BRCA2 could open
doors to specific targeted therapies, as well as more strict sur-

veillance.

Studies underline that more research is needed to understand
the exact role these genes play in prostate cancer and how

they can be effectively integrated into treatment strategies.

AR gene (Androgen Receptor)

Cancer cells have the ability to adapt and find alternative ways
to survive, making AR-focused therapies insufficient.Studies
have shown variability in AR expression during treatment, and
an increase in neuroendocrine marker expression, making dis-
ease control more difficult.

Mutations in AR and genes like TP53, RB1, and PTEN could be
used to predict disease behavior and be targets for future ther-

apies.

PTEN gene
Role in Disease Progression: There is a close relationship be-
tween loss of function or mutations in PTEN and progression to-

wards more advanced and metastatic stages of prostate cancer.

Changes in PTEN may influence the effectiveness of existing
treatments such as abiraterone and could be used to guide

therapeutic decisions.

Studies suggest that restoring PTEN function or modulating its

signaling pathways could offer novel treatment strategies.

The adaptability and heterogeneity of cancer cells, combined
with the complexity of the molecular pathways involved, make

it difficult to create universally effective therapies.

The results are preliminary and further research is needed to
confirm these findings, especially to understand how they can
be effectively implemented as clinical biomarkers and at what
stage of the disease. The adaptability and heterogeneity of
cancer cells, along with the complexity of the molecular path-
ways involved, pose significant challenges for the develop-

ment of effective therapies.

Although these findings offer promising directions for person-
alized treatment of prostate cancer and the utilization of char-
acterized genes for use as biomarkers, further research is
needed to validate these results and fully understand their

clinical applications.
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