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ABSTRACT

An estimated 1.6 million men receive a prostate cancer diagnosis and 366,000 pass
away from the disease each year, making it one of the leading causes of illness and
death among men. In this review, we go over the current level of evidence
supporting particular dietary, lifestyle, and genetic factors linked to risk of prostate
cancer. We concentrate on risk factors because of the molecular heterogeneity of
this malignancy. For prostate cancer that is deadly or advanced. Initially, we offer
descriptive epidemiological data and global trends in the incidence and mortality of
prostate cancer. This includes talking about how prostate-specific antigen screening
affects the epidemiology of prostate cancer. Additionally we provide an overview
of the data supporting a few risk variables for which there is substantial or likely
evidence of a correlation: genetics, physical activity, smoking, lycopene and
tomatoes, fish, vitamin D and calcium, obesity and weight change, and statins.
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Lastly, we point out future avenues for the study of prostate cancer epidemiology.
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INTRODUCTION

More than 1.4 million people received a prostate cancer
diagnosis in the 2020s, and more than 370,000 people
died from the disease worldwide. It is commonly
accepted that prostate cancer is a genetic disorder, and
that genetic variations are a major factor in determining
an individual's risk and susceptibility to developing
prostate cancer.™

A polygenic risk score that considers more than 269
germline risk variations can be used to accurately
estimate the lifetime risk of prostate cancer. Genome-
wide investigations have significantly improved our
understanding of prostate cancer, but they have had little
impact on the development of new diagnostic and
therapeutic approaches. Lifestyle factors like food and
physical exercise are known to be modifiable risk factors
for prostate cancer and its more aggressive forms, in
addition to hereditary predispositions.’ However, more
research is still needed to determine the precise
relationship between particular lifestyle choices and the
risk of prostate cancer. In order to map the entire human
genetic landscape—which includes both human and
microbial cells that live in and interact with the human
body—the Human Microbiome Project is a conceptual
extension of the Human Genome Project.?!

Globally, prostate cancer is a significant health concern.

Numerous factors, including lifestyle decisions, genetic
predispositions, and the makeup of the microbiome,
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influence its development and progression. Although the
microbiome's impact on general health and illness is
widely known, less is known about how specifically it
contributes to prostate cancer.” The role of the
microbiota in this kind of cancer has begun to be
investigated in recent years, but it is yet unknown how
these results may affect diagnosis and treatment. This
emphasizes how important it is to incorporate
microbiome research into clinical practice. In this study,
we evaluate the potential uses of the microbiome and talk
about the limitations of gut and urine microbiomes in
relation to several aspects of managing prostate cancer,
such as risk assessment, treatment, diagnosis, and
prevention.®® The increasing need for more thorough
research in this field is supported by our analysis.

Global Incidence

According to the Global Burden of Disease Cancer
Collaboration (2016), over 1.6 million new instances of
prostate cancer were reported in 2015, making it the
most common disease diagnosed in men worldwide. In
wealthy countries, this kind of cancer is very common.
According to the Global Burden of Disease Cancer
Collaboration (2016), the chance of receiving a prostate
cancer diagnosis by the age of 79 is one in six in nations
with a high sociodemographic index, whereas it is one in
47 in those with a low to moderate sociodemographic
index.["! Prostate cancer is the most prevalent disease in
the US, with an estimated 180,890 new cases reported in
2016. There are notable differences in the incidence of
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prostate cancer worldwide. Men with the highest risk
(African-American men in the United States) and those
at the lowest risk (Asian men in their native countries)
have age-adjusted incidence rates that are a startling 40
times different (There are a number of reasons for this
difference in incidence rates. Differences in the severity
of diagnostic procedures, especially those related to
prostate-specific antigen (PSA) screening, can be
associated with variations in population statistics.®
However, the fact that there were regional differences in
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implies that lifestyle factors might potentially play a role
in disease risk (Figure 1).

Furthermore, results from research on migration support
the impact of lifestyle. For example, although their rates
are still lower than those of the host countries, men who
relocate from low-risk regions, like Asia, to high-risk
locations, like the United States, have higher incidence
and mortality rates of prostate cancer than their
counterparts back home."!

the incidence of prostate cancer prior to PSA screening
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Figure 1: Global Incidence of Prostate cancer and mortality per 100000 persons.

Trends

The use of PSA testing for early disease detection,
especially in Western countries, has been strongly
associated with recent notable international difference in
the incidence and mortality rates of prostate cancer.:”

Due to the widespread use of PSA testing, incidence
rates have decreased in the US, Australia, and Canada
after increasing in the 1980s and 1990s. On the other
hand, the incidence is still somewhat rising in European
nations, which can be ascribed to a combination of
variables like dietary practices and UV radiation
exposure, as well as an increasing awareness of PSA
screening and its slow implementation. Prostate cancer
incidence is expected to climb globally by 2040, with an
estimated 1,017,712 new cases (+79.7% overall change).
Africa is predicted to have the greatest incidence rates
(+120.6%), followed by Asia (+100.9%) and Latin
America and the Caribbean (+101.1%). Europe, on the
other hand, is predicted to experience the least increase
in incidence rates (+30.1%).M"? Longer life spans are
probably linked to this increasing trend in incidence.
Improved case reporting and documentation, as well as
easier access to healthcare, may be the cause of the
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increased incidence rates in emerging nations. A change
towards Western lifestyle factors, such as obesity,
sedentary activity, and nutritional impacts, is also shown
by the rise in prevalence in areas where PSA testing is
not often done. In many Western countries, notably
North America and portions of Western and Northern
Europe, the death rate from prostate cancer has been
steadily declining. Although the precise reasons for this
drop are yet unknown, improvements in early
identification and treatment techniques are probably to
blame.™ A recent randomized controlled trial conducted
in the United States found no proof that PSA testing
significantly lowers the death rate from prostate cancer.
However, a different study carried out in Europe found
that PSA testing is beneficial. When looking at patterns
by ethnicity, it was shown that between 2001 and 2015,
African-American men's mortality decreased more than
that of White males. According to research this tendency
can be explained by the development of better diagnostic
methods and therapies, especially for metastatic and
resistant prostate cancer.*]

According to forecasts, world mortality could double
between 2018 and 2040, translating into almost 379,005
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deaths. With a predicted increase of 124.4%, Africa is
predicted to have the greatest death rates, followed by
Asia at 116.7%, and Europe at 58.3%. Given the paucity
of resources for prostate cancer screening and detection,
which frequently results in diagnoses at more advanced
stages, this pattern is not surprising. Despite a reduced
prevalence of the disease, the high death rates in
developing nations may be further exacerbated by the
lack of easily accessible medical care.™™

Mortality

With an estimated 366,000 deaths and 6.3 million
disability-adjusted life years lost in 2015, prostate cancer
is the fifth most common cause of cancer-related deaths
globally (Global Burden of Disease Cancer
Collaboration 2016).%%1 Prostate cancer mortality rates
exhibit less variance, with a roughly tenfold difference
seen globally, although incidence rates vary significantly
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among nations. Furthermore, death trends deviate from
incidence rates; for example, prostate cancer mortality is
typically higher in less developed regions than in more
developed ones (Table 1). Populations from the
Caribbean and portions of Middle and Southern Africa
have the highest death rates, whereas Asia, particularly
the Eastern and South-Central regions, have the lowest
rates. With an estimated 26,120 fatalities predicted in
2016, prostate cancer ranks as the second most common
cause of cancer-related deaths among males in the
United States.™ Although the causes of this trend are yet
unknown, prostate cancer mortality has significantly
decreased in a number of Western nations, including the
US. This decrease has probably been facilitated by early
discovery via PSA screening and subsequent therapy. It's
interesting to note that prostate cancer mortality is rising
in some nations, such those in Africa, where screening
systems are either nonexistent or very limited.™®!

Table 1: Global mortality prevalence rate by Prostate cancer (Data as of year 2020-21).["1319%0
S. No. | Age (Yrs.) | Japan | US (Black) | US (White) | Greece | Hungary

1 21-30 1 10 12 1 2

2 31-40 21 35 34 3 25

3 41-50 15 45 39 4 24

4 51-60 23 50 46 6 27

5 61-70 36 65 59 12 40

6 71-80 43 80 76 26 55

7 81-90 49 2 3 35 70

Survival

Despite the high incidence rate of prostate cancer, the
majority of cases are discovered while the cancer is still
localized within the prostate. About 98% of men with
prostate cancer in the US survive for five years after
receiving a diagnosis. The 5-year survival rate was 83%,
according to data from the Eurocare study
(EUROCARE-5), which followed patients diagnosed
between 2003 and 2007.*! Countries in Eastern Europe
reported a survival rate of 76%, but those in Southern
and Central Europe reported a percentage of 88%.
Interestingly, survival rates have increased over time
throughout Europe, with Eastern European countries
experiencing the biggest improvements. Prostate cancer
is still the second most common cause of cancer-related
deaths among men in the US, despite tremendous
scientific progress in the last several decades in
understanding the molecular pathways and risk factors
linked to the disease.®™ In general, early detection is
essential for both successful treatment and preserving a
disease-free status for all types of cancer. Men may
choose active surveillance or watchful waiting over early
treatment, however, as most prostate tumors advance

slowly and are frequently categorized as "low-risk,"
avoiding any potential negative effects.’?"

Risk factor

Numerous ways that individual biology and lifestyle
decisions impact the risk of getting prostate cancer and
surviving it have been revealed by epidemiological
studies on the disease. Our present understanding of risk
factors enables the identification of people at heightened
risk and the application of behavioral modifications to
lessen the effect of the disease, even though many parts
of its origins are still unknown. Prostate cancer has a
wide range of clinical manifestations, as was previously
indicated.”? Most men have slow-growing or indolent
types of the disease, but some men have aggressive
varieties. The underlying causes of the disease also
exhibit this clinical heterogeneity (Table 2). Certain risk
variables have distinct associations with fatal and
indolent forms of the disease, as will be covered in the
sections that follow. Prostate cancer epidemiology must
so differentiate between risk variables linked to advanced
or fatal stages of the disease and those associated with all
incidences of prostate cancer.**!

Table 2: Elaboration of risk factors associated with the evidence and occurrence of Prostate cancer.

S. No. | Risk Factors Limit recurrence
1 Obesity Strong
2 Cholesterol Factor Probable
3 Gigantism Strong
4 Dairy consumption Probable
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5 Smoking Strong

6 Old age Strong

7 Family history Strong

8 Genetics Strong
9. Vitamin Consumption Low

10 Nicotine and Caffeine consumption | Probable
11 Physical activities Low

12 Medicines (drug Abuse) Strong
13 Statins usage Probable

The impact of PSA screening in epidemiological studies
should be taken into account when evaluating the
evidence for prostate cancer risk factors since it may
have an impact on the associations between risk factors
and prostate cancer that have been observed. Risk factors
have the ability to impact the disease at every stage of its
development, from onset to metastasis and, eventually, to
death. Therefore, depending on clinical features like
disease stage or tumor grade, the association between a
risk factor and prostate cancer may change. It makes

biological sense to believe that the risk factors for
aggressive forms of prostate cancer are different from
those for prostate cancer in general. Furthermore, PSA
testing could introduce confounding variables because
men who have regular screenings tend to be healthier
generally, which can influence the diagnosis of prostate
cancer on its own (Figure 2). Therefore, it is essential to
thoroughly examine these characteristics while assessing
epidemiological studies pertaining to prostate cancer.?*

Genetics
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PROSTATE
CANCER/
/ | TUMOR
/Urinary Tract )
Infection/ | ‘ Diet u‘
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Figure 2: Various Risk factors associated with Prostate cancer and manifestation.

Prevention

A strong approach to prostate cancer prevention might
greatly improve public health and provide many benefits
for men. This includes the potential to reduce the high
lifetime risks of prostate cancer, lessen the side effects of
cancer treatments, especially for newly diagnosed
patients with biologically indolent prostate cancer, who
frequently receive curative treatment rather than
choosing active surveillance, and deal with the
difficulties in eradicating metastatic prostate cancer,
which can be fatal.”® The substantial impact of lifestyle
variables on the beginning of prostate cancer is
highlighted by epidemiological research. Because
prostate carcinogenesis takes place over a number of
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decades, changing one's lifestyle may be a useful and
affordable way to slow the development of prostate
cancer. The majority of studies show that a diet high in
fruits, vegetables, and antioxidant-rich micronutrients,
and low in saturated fats and well-cooked red meats, can
significantly lower the risk of prostate cancer as well as
the risk of other diseases common in developed
countries, even though results regarding specific lifestyle
factors that contribute to prostate cancer risk have
occasionally been inconsistent.” To open up new
preventative options, a better understanding of the
etiology of prostate cancer is essential. Numerous dietary
supplements and medicinal substances have been studied
as possible chemopreventive options. For example,
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selenium and vitamin E have demonstrated some
promise, but conclusive analyses in the SELECT trial
showed that neither substance significantly reduced the
risk of prostate cancer.*

Moreover, laboratory and observational studies have
looked at toremifene (a selective estrogen receptor
modulator), NSAIDs, and vitamin D analogs. The
NSAID rofecoxib, a COX-2 selective inhibitor, was
unable to be adequately assessed because the trial was
closed after the drug's removal, and vitamin D has not
been formally tested in primary preventive trials.*"

Treatments

Prognostic factors, including the initial PSA level,
clinical TNM stage, and Gleason score, have been
evaluated alongside additional elements such as baseline
urinary  function, comorbidities, and age when
determining treatment options for prostate cancer. Recent
advancements in the diagnosis and treatment of prostate
cancer have improved clinicians' ability to categorize
patients by risk and recommend therapies tailored to both
cancer prognosis and patient preferences.”

1. Drug repurposing

Drug repurposing, often referred to as drug repositioning,
reprofiling, or retasking, involves discovering new
applications for existing approved medications. One
significant benefit of drug repurposing compared to
traditional drug development is that repurposed
candidates have already been subjected to
comprehensive research, including animal studies and
clinical trials, which assess their safety, optimization,
formulation, and pharmacokinetic and pharmacodynamic
characteristics. This prior research typically accelerates
the development process for new applications of the drug
and lowers the likelihood of failure in subsequent
efficacy testing during clinical trials.Y

As a result, these previously evaluated drugs can quickly
advance to phase Il and phase Il human clinical trials,
potentially leading to a substantial reduction in drug
development costs. Researchers are particularly
interested in this approach as it helps address some of the
challenges currently encountered in clinical research for
new cancer treatments, such as drug shortages.

2. Chemotherapy

Chemotherapy employs anticancer medications to
destroy or suppress the proliferation of cancer cells.
Significant advancements have been made in the
treatment of prostate cancer following years of research
into genetics, diagnosis, and therapeutic approaches.
Docetaxel (Taxotere) is the most frequently used
chemotherapy agent for prostate cancer.*?

Some of the following examples of drug are often used

as first priority treatment of chemotherapy against
prostate cancer:
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a) Docetaxel is considered the primary treatment option
for  castration-resistant ~ prostate  cancer.  This
antimicrotubule agent binds to B-tubulin, preventing the
depolymerization of microtubules, which in turn hinders
mitotic cell division and triggers apoptosis.

b) Cabazitaxel is a new semi-synthetic antineoplastic
agent extracted from the needles of different yew tree
species (Taxus). It is commonly marketed under the
brand name Jevtana. This second-generation treatment is
designed to combat resistance to docetaxel. Due to the
presence of extra methyl groups, cabazitaxel exhibits a
low affinity for P-glycoprotein. Its metabolism occurs
primarily in the liver through the enzymes CYP3A4/5
and CYP2C8, accounting for 10-20% of its
processing.t!

3. Combination therapy

Combination therapy has proven to be an effective
approach for treating prostate cancer. This strategy was
specifically designed to address castration-resistant
prostate cancer (CRPC) and other variants of the disease.
Currently, there are no medications available that can
effectively treat CRPC, and the existing approved
treatments, whether used alone or in combination,
typically extend a patient's life by only a few months.
Presently available treatments for prostate cancer do not
offer a cure, and the disease tends to evolve into the
castration-resistant form over time.*  Utilizing
combination therapy with existing treatment options may
significantly enhance a patient's lifespan and help control
tumor growth. Among the various strategies for
managing metastatic prostate  cancer, androgen
deprivation therapy (ADT) shows greater potential for
combination treatments compared to other therapeutic
methods. Ongoing and approved clinical trials involving
ADT include: (i) ADT combined with radiation therapy,
which is often used for high-risk patients to delay or
prevent progression to CRPC; (ii) ADT paired with
chemotherapy, which has been associated with improved
survival rates in several studies, although it may lead to
adverse side effects and, in some cases, mortality; and
(iii) the combination of immunotherapy and ADT, which
has been reported to extend patient survival by an
average of 8.5 months.F®

4. Hormonal Therapy

Hormonal therapy, commonly referred to as androgen
deprivation therapy (ADT), is utilized in the
management of advanced or metastatic prostate cancer.
This approach works by inhibiting the production of
testosterone and other male hormones, which are known
to promote the growth of prostate cancer cells. As a
result, the significant reduction in male hormone levels
leads to decreased androgen activity on the androgen
receptor. This reduction is typically achieved through
bilateral orchiectomy or medical castration, which
involves the use of luteinizing hormone-releasing
hormone (LHRH) analogs or antagonists. LHRH analogs
function by increasing levels of luteinizing hormone
(LH) and follicle-stimulating hormone (FSH) through
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stimulation of pituitary receptors. This initial stimulation
is followed by a downregulation of these receptors,
resulting in lower LH and FSH levels and, consequently,
reduced testosterone production. Common LHRH
agonists include leuprolide, goserelin, triptorelin, and
histrelin. In contrast, LHRH antagonists work by directly
blocking pituitary receptors, leading to an immediate
decrease in testosterone synthesis. However, ADT is
associated with both short-term and long-term side
effects, including hyperlipidemia, fatigue, hot flashes,
flare  effects, osteoporosis, insulin  resistance,
cardiovascular issues, anemia, and sexual dysfunction.®®

5. Cryotherapy

This technique entails the surgical placement of
cryoprobes into the prostate, guided by ultrasound. It
consists of freezing the prostate gland to temperatures
ranging from -100 °C to -200 °C for approximately 10
minutes. Nevertheless, there have been reports of
complications linked to this procedure, such as urinary
incontinence, urinary retention, erectile dysfunction,
fistula formation, and rectal discomfort.

6. Radiation

Radiation therapy is considered one of the most effective
treatments for eliminating prostate cancer cells through
the application of high-energy radiation. This therapy
delivers radiation to cancerous cells using various
methods, including brachytherapy, which involves
placing radioactive seeds within the body, and external
beam therapy, where energy is directed through the skin
to target the cancerous areas. The primary goal of
radiation therapy is to deliver concentrated doses of
high-energy rays or particles directly to the prostate
while minimizing damage to surrounding healthy tissues.
The dosage is tailored according to the severity of the
prostate cancer.*”! This treatment option is deemed
suitable for patients who are not candidates for surgical
interventions. The well-known radiation therapy which
are the part of modern day prostate cancer treatment are
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a. Brachytherapy

b. External radiation beam therapy

c. Radioactive molecules based radiotherapy (Radium
223).14

Application of Nanomedicine in Prostate cancer

The strategic distribution of nanoparticles significantly
enhances antitumor responses while minimizing toxicity
and associated costs, positioning nanomedicine as a
leading approach in cancer treatment. In the context of
prostate cancer, various nanoparticles are employed for
drug delivery, including liposomes, polymer-based
nanoparticles, gold nanoparticles, magnetic
nanoparticles, silica nanoparticles, quantum dots, carbon
nanotubes, and hybrid particles. These nanoparticles
utilize either active or passive targeting to boost
immunogenicity. Their high porosity, versatility, and
biocompatibility allow them to prevent the self-
quenching of photosensitizing agents and facilitate the
diffusion of reactive oxygen species (ROS), thereby
improving the effectiveness of photodynamic therapy
and inducing cytotoxic effects.*®! Additionally, these
nanomaterials can be combined with  other
immunotherapy strategies, such as STING agonists or
CpG oligonucleotides, to foster systemic antitumor
immunity. Lipophilic anticancer drugs are effectively
encapsulated within liposomes, polymer nanoparticles,
and other delivery systems, creating a protective barrier
between the drug and the body. These systems enable
targeted delivery and safeguard against drug degradation
in experimental conditions, releasing the drug contents as
they degrade. This approach enhances drug accumulation
within tumors, thereby increasing therapeutic efficacy.
Due to their unique size, surface charge, and ability to be
functionalized with specific ligands, nanocarriers are
particularly well-suited to overcome the biological
barriers that typically limit the effectiveness of
treatments for solid tumors.®¥ The comprehensive
advantages of polymer based nanomedicines in prostate
cancer are elaborated in below table 3

Table 3: lllustration of Nanomedicine application in prostate cancer treatment.

S. No. | Nanomedicine Type Benefits

Target mechanism

1 Dendrimers

Enhanced drug loading and better
drug delivery to desired site

Active Targeting/Passive targeting

2 Hydrogel/ Nanogel

Greater biocompatibility, ease in
mediation & Patient Compliance

Passive targeting

Better tumor and cancer targeting

3 Liposome potentials & low side effects Active Targeting/Passive targeting
4 Micelles Sus_ta_med drug release and low Active targeting

toxicity
5 Metallic nanoparticle High stability, large surface are and Active Targeting

sustained release profile

6 Quantum Dots biocompatibility

High water solubility, and enhance

Active Targeting/Passive targeting

7 Carbon Nanotubes

high stability

Enhance drug loading capacity and

Active Targeting/Passive targeting
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Future outlook

Numerous modifiable risk factors have the ability to
reduce the risk of aggressive prostate cancer or its
progression in the future. Molecular profiling of prostate
cancer tumors is a promising study topic to improve our
understanding of the disease's heterogeneity. The
majority of prostate cancers may be divided into seven
molecular categories according to the presence of gene
fusions or mutations, according to research from The
Cancer Genome Atlas. Furthermore, mounting data
suggests that prostate cancers with certain genetic
characteristics have unique etiologies and risk factors.
Strategies for prevention may be greatly impacted by
differences in risk factor relationships based on the
phenotype of prostate cancer, which is determined by
clinical, molecular, or genetic traits.

The goal of future studies should be to expand and
incorporate this understanding in order to develop
focused treatments that maximize results for people with
prostate cancer. Additionally, a better comprehension of
the molecular processes at play would make it easier to
find biomarkers for early illness detection or
susceptibility.*) This review highlights the particular
methodological difficulties that epidemiological studies
of prostate cancer encounter. Prostate cancer
epidemiology research in the future should focus on
clinically relevant instances, especially those that involve
high-grade, advanced-stage, or fatal illness. It is also
important to consider potential biases unique to this
illness when designing epidemiological investigations.
For example, correct information about PSA screening is
necessary to limit potential detection bias and to make
the appropriate adjustments.

CONCLUSION

With a slightly lower incidence than lung cancer,
prostate cancer is the most common cancer among men.
Understanding the epidemiology of prostate cancer has
changed dramatically with the discovery of biomarkers
like PSA, which have a favorable correlation with the
detection of this illness. In the US, the number of
instances of prostate cancer has doubled since PSA
testing and the biopsies that followed in the late 1980s.
Other countries have also seen this tendency, especially
Western  countries. However, the hazards of
overdiagnosis and serious side effects from treatment
have made PSA a risky screening tool, even while it is
beneficial in reducing mortality rates specific to prostate
cancer. The disparity in incidence and mortality rates
between various racial groups—African-American males
having the highest prevalence—are among the most
startling features of prostate cancer statistics. Both
biological and socioeconomic factors could be
responsible for this discrepancy, but it is yet unknown
which genes are at play and how they interact with
environmental circumstances. Research is still ongoing.
In 2018, a study called “Research on Prostate Cancer in
Men of African Ancestry: Defining the Roles of
Genetics, Tumor Markers, and Social Stress”
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(RESPOND) was funded by the Prostate Cancer
Foundation, the National Cancer Institute, and the
National Institute on Minority Health and Health
Disparities. For the first time, a comprehensive analysis
of the genetic and epigenetic changes in human prostate
cancer has been made possible by recent developments
in genomic technologies. The identification of important
signaling pathways that are causally involved in the
development and spread of prostate cancer has been
made easier by this data as well as focused functional
research. These revelations open the door to the creation
of novel tailored therapeutic interventions.
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