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Abstract: While the exact etiology of prostate cancer remains elusive, various
modifiable and unmodifiable risk factors have been suggested as contributing
factors. These include age, ethnicity, family history, genetics, obesity, diet,
hormones, smoking, alcohol, and certain medications; however, none of these,
perhaps with the exception of ethnicity and age, has been conclusively proven to
be a definite etiological factor for prostate cancer. Men of black African ancestry
are more prone to the disease. The probability of developing prostate cancer
increases with age, from 0.005% in men younger than 39 years of age to 2.2% in
men between 40 and 59 years, and 13.7% in men between 60 and 79 years.
A better understanding of the environmental, genetic, nutritional, hormonal, and
molecular landscape that shape the etiology and pathophysiology of prostate
cancer will lead to better preventative strategies, enhanced diagnostic pathways,
and improved management of the disease. This chapter provides an overview of
the current understanding of the etiology of prostate cancer.
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INTRODUCTION

Prostate cancer is the most common cancer in men and is the third leading cause
of cancer-related mortality after lung and colorectal cancers in Europe (1). The
etiology of prostate cancer is multifactorial and remain quite baffling, with numer-
ous modifiable and unmodifiable risk factors associated with its development.
Some well-established risk factors include advanced age, positive family history,
and African ancestry. However, epidemiological studies based on geographical
distribution and ethnic variability of prostate cancer have suggested that environ-
mental factors, lifestyle, and diets can influence the risk of prostate cancer and its
progression. Global variations in prostate cancer incidence are well known and is
comprehensively discussed in chapter 1 of this book. The high incidence of pros-
tate cancer can also be attributed to the increasing use of prostate specific antigen
(PSA) screening, aging population, and better diagnostic modalities. Understanding
the etiology, pathophysiology, and natural history of prostate cancer is useful to
aid in the diagnosis and better management of this cancer.

AGE

Age is a well-established risk factor for prostate cancer. Incidence of prostate can-
cer increases with age. Prostate cancer is rare below the age of 40. This age-related
trend is seen globally, both in developed and developing countries (2). PSA
screening has led to an earlier age of prostate cancer detection as it has a lead time
of approximately 10 years before any symptoms occur. The probability of devel-
oping prostate cancer increases from 0.005% in men younger than 39 years of age
to 2.2% in men between 40 and 59 years, and 13.7% in men between 60 and 79
years (3). The probability of histological diagnosis of prostate cancer is higher
with 50% of men between 70 and 80 years of age showing histological evidence
of malignancy (4). Fortunately, majority of these low grade, low volume histologi-
cal diagnosis of prostate cancer follows an indolent course without any significant
risk of dying from the disease.

FAMILY HISTORY AND GENETIC PREDISPOSITION

Prostate cancer has an increased heritability. Men with a brother or father diag-
nosed with prostate cancer have a two to four-fold risk of developing prostate
cancer—the risk is higher if a brother is diagnosed (5). The risk attributed to
genetic factors increases further with more relatives being affected and earlier age
of diagnoses (6). In addition, the Nordic Twin Study of Cancer estimated that the
variation of prostate cancer risk among twins attributed to genetic factors was
57%, thus making prostate cancer one of the most heritable cancers (7). Recent
studies have also suggested increased risk of prostate cancer in families with famil-
ial breast cancer and familial prostate cancer traits. A large prospective study of
37002 men for 16 years in the USA identified that those with familial breast can-
cer had a 21% greater risk of prostate cancer overall; family history of prostate
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cancer alone was associated with a 68% increased risk of total disease and those
who were with a family history of both cancers were also at elevated risk (8). One
possible explanation for the link between familial breast cancer and increased
prostate cancer risk lies in the BRCA gene mutation. Given the link between BRCA
and breast cancer, and evidence of increased prostate cancer risk among male
BRCA carriers, inherited BRCA mutations may provide one biological mechanism
for familial clustering of prostate and breast cancer (6). These results from familial
history links further enhance and confirm the role of genetic predisposition from
susceptible genes associated with prostate cancer risk which has led to the genome
wide association studies (GWAS) in prostate cancer. GWAS have provided greater
insight to the genetic predisposition for prostate cancer risk. There are more than
180 independent single nucleotide polymorphisms (SNPs) associated with pros-
tate cancer risk, which account for a third of familial prostate cancer heritability
risk (9, 10). A review by Benafif et al. (11) showed that prostate cancer genetic
susceptibility variants can explain 37.5% of the familial relative risk of prostate
cancer, with approximately 6% accounting for rare variants (including 2 rare
SNPs on 8q24 and HOXB13) and 31.5% for commonly occurring SNPs. In the
largest prostate cancer GWAS and meta-analysis reported by Schumacher et al.,
63 novel prostate cancer susceptibility loci were identified bringing the total num-
ber of known loci to 167 (12). Armed with this genetic information, better tar-
geted prostate cancer screening programs aimed at those at higher risk groups can
be performed utilizing genetic identity information kits. Such screening program
can target those who will be at risk of clinically significant prostate cancer and will
be able to replace the non-specific PSA screening and avoid unnecessary prostate
biopsies. Once prostate cancer is diagnosed, the affected individual genetic pro-
files can be utilized to predict aggressiveness and progression of disease.
Furthermore, individualized targeted therapy can be prepared based on these
genetic tumor profiles to enhance the precision of the treatment regimen.

ETHNICITY

There are ethnic and geographic variations in the incidence of prostate cancer.
There is a higher incidence, severity, and mortality rates amongst men of black
African descent. In the USA, there is a threefold variability amongst different
ethnic/racial groups, with the highest incidence amongst black men of African
descent (13). Mortality rates are 2.4 times higher in black men in the USA when
compared to white men (14). One observation that could account for these dif-
ferences in incidence and mortality is the prevalence of multiple prostate cancer
genetic risk loci across racial/ethnic groups (15). A review by Rani et al. explained
the observations of lower TMPRSS-ERG fusion, PTEN deletion, differential
methylation of genes (SNRPN, SHANK2, MST1R, and ABCG5), and up-regula-
tion of MNX1 in men of African descent promoted oncogenesis due to the dele-
tion of such protective tumor suppressor roles. Another chemokine receptor,
DARC, found in red blood cells where they remove chemokines from prostate
tumor microenvironment, has been shown to be depleted in large proportion of
African men, contributing to increased incidence and mortality rates in this eth-
nic group (16).
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SMOKING AND ALCOHOL

Among the modifiable risk factors for prostate cancer, smoking has been shown to
have an association with prostate cancer incidence and mortality. A meta-analysis
of 24 cohort studies by Huncharek et al. revealed that there was no increased risk
or incidence of prostate cancer among current smokers, but the risk increased
with increasing amount smoked. Furthermore, ex-smokers had increased risk of
prostate cancer and heavy smokers had a 24-30% increase risk of prostate cancer
related deaths (17). Previous studies have not been conclusive regarding alcohol
consumption and prostate cancer risk. However, a systematic review and meta-
analysis of 340 studies noted that there was a significant dose-response relation-
ship between alcohol consumption and prostate cancer risk. The risk increases
with increasing volume of alcohol intake when compared to non-drinkers (18).
This relationship has implications affecting public health strategies which may
reduce the risk of prostate cancer in developed countries.

OBESITY AND METABOLIC SYNDROME

Obesity and increased body mass index have been associated with numerous can-
cers including prostate cancer, with increased adiposity leading to increased mor-
tality risk of prostate cancer (19). According to the meta-analysis by Cao and Ma,
an increase in 5kg/m? in body mass index led to a 20% higher risk of prostate
cancer mortality (20). Despite that, the underlying mechanisms as to why this is
the case remains elusive. Three possible reasons which relate the risk of prostate
cancer and obesity are insulin like growth factor 1 (IGF-1), sex hormones, and
adipokines (21). Recently, more studies on adipokines, which are chemokines
secreted by adipocytes into plasma, have shed some light in this aspect. One of
the adipokines is adiponectin which has been studied extensively and implicated
in the development and progression of prostate cancer. With increasing obesity,
plasma adiponectin concentrations fall, especially in men (22). A meta-analysis by
Liao et al., showed that lower concentrations of adiponectin was significantly
associated with a greater risk of prostate cancer, with various possible explanatory
mechanisms which included anti-inflammatory, anti-proliferative, AMPK, and
Wnt signaling pathways (23). Therefore, in future, adiponectin may be a potential
biomarker in the diagnosis of prostate cancer.

Metabolic syndrome is a cluster of conditions that include hypertension,
hyperglycemia, hypercholesterolemia/ high triglycerides, and excess body fat with
increased waist circumference. Metabolic syndrome has been associated with
increased risk of common cancers like colorectal and breast cancers. In prostate
cancer, metabolic syndrome has been shown to have a slight association with
incidence of prostate cancer (OR 1.17) and has a greater association with more
aggressive disease and biochemical recurrence (24). This was supported by a
study of 8122 men in the REDUCE trial which revealed that having three or more
components of metabolic syndrome were significantly associated with a greater
risk of higher-grade prostate cancer (25). This finding may suggest that control-
ling the effects of metabolic syndrome may prevent from aggressive prostate can-
cer progression.
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PHYSICAL ACTIVITY, DIET, AND NUTRITION

Numerous studies have shown that there is an inverse relationship between physi-
cal activity and risk of progression and mortality from prostate cancer. One large
study of 2705 men with prostate cancer revealed a 61% reduction in risk of pros-
tate cancer-specific mortality in men who had at least three hours of vigorous
exercise per week than those who did less than 1 hour per week (26). However,
there is no concrete evidence to suggest if increased physical activity or regular
physical exercises could reduce the risk of developing prostate cancer.

Diet and nutrition have been implicated in many cancers including prostate
cancer. Numerous studies have investigated the association of prostate cancer and
what we consume—fat intake, calcium, dairy, lycopenes, soy consumption, sele-
nium, vitamin D, processed food, and Western diets. Consumption of highly pro-
cessed foods can increase the risk of prostate cancer and conversely, intake of
unprocessed/limited processed foods was associated with lower risk of prostate
cancer as shown by PROtEuS study (27). This explains why Westernized diet of fast
foods, that are highly processed, have a higher association with the incidence of
prostate cancer than less processed foods. Regarding vegetarian diet, a recent meta-
analysis which included almost 200 men with prostate cancer diagnosis, did not
show any significant association between vegetarian diet and prostate cancer risk
compared to a non-vegetarian diet (28). Lycopene is a red pigmented carotenoid
found in tomatoes and watermelons. A systematic review by Rowles et al. showed
that increased dietary and circulating lycopene lowers prostate cancer risk. Higher
dietary intake and circulating lycopene levels corresponded to greater reduction in
prostate cancer risk (29). Prostate cancer incidence is much lower in Asian coun-
tries where soy consumption is high. This has led to numerous studies on soy foods
with the isoflavone levels (genistein and daidzein) and its association with
prostate cancer. Conclusion from a systematic review by Applegate et al. showed
that increased soy food consumption significantly lowers the risk of prostate
cancer (30). The SELECT trial (Selenium and Vitamin E Cancer Prevention Trial)
did not show any benefit of selenium and vitamin E supplementation in reducing
the risk of prostate cancer but in fact increased the risk of high-grade cancer and
type 2 diabetes mellitus (31). A Mendelian randomization analysis revealed that
selenium supplementation did not enhance prostate cancer prevention, and may
lead to increased risk of advanced prostate cancer and type 2 diabetes (32).

Dairy products which contain plenty of calcium have been studied extensively
in prostate cancer. Most studies show that there is a positive association between
dietary intake of dairy products and intake of high calcium with prostate cancer
(33, 34). One probable mechanism for this lies in the fact that increased calcium
levels will suppress the levels of 1,25 dihydroxyvitamin D (calcitriol), which is the
active form of vitamin D. Calcitriol has been shown to affect cell cycle, induce
apoptosis and inhibit the growth of normal prostatic epithelial cells, together with
prostate cancer cell lines and primary cultures of prostate cancer cells (35). Dairy
products are associated with increased levels of insulin like growth factors which
has been linked to high-grade prostate cancer (36). However, the expert report
from the World Cancer Research Fund on Diet and Cancer stated that calcium
intake is a “probable” risk factor for prostate cancer, but the evidence for dairy
products was weak and inconclusive (37).
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Countries where there is higher fish consumption have recorded lower inci-
dence of prostate cancer than countries of Western diet low in fish intake. Various
studies looking at fish intake and prostate cancer progression have mixed results,
some showing a reduction in risk while others showing no association (38, 39).
Interestingly, Richman et al. showed that consumption of eggs and poultry with
skin following diagnosis of prostate cancer, may increase the risk of prostate can-
cer progression (39).

Due to the abundance of literature on diet, nutrition, weight, exercise, and its
association with prostate cancer, one can only be practical in the approach to reduce
the risk of prostate cancer. Therefore, for those who are concerned with prostate
cancer risk, Wilson et al. have recommended to stop smoking, increase physical
activities, and observe a healthy weight. The authors have also recommended
increasing fish and tomatoes intake while reducing dairy intake (40). The 2018
World Cancer Research Fund/American Institute for Cancer Research Cancer
Prevention Recommendations and Prostate Cancer revealed that three components—
limiting the consumption of sugary drinks, heavily processed foods, and alcohol—
have been independently associated with lowering prostate cancer risk (41).

MEDICATIONS

Metformin has been the cornerstone of treatment of type 2 diabetes mellitus for a
long time, but recent interest has shed light on its anti-neoplastic properties,
particularly in prostate cancer patients. In a comprehensive review by Ahn et al.,
there were numerous studies that showed metformin usage associated with
reduction in risk of prostate cancer and progression, while other studies noted no
association regarding incidence or survival. Various antineoplastic mechanisms of
metformin involving numerous pathways like adenosine monophosphate-
activated protein kinase (AMPK) activation, inhibition of the mammalian target of
rapamycin (mTOR) activity and induction of apoptosis have been shown (42). In
a recent meta-analysis of cohort studies investigating metformin use and prostate
cancer risk, there was no association noted (43). Nonetheless, there are currently
ongoing clinical trials investigating the use of metformin monotherapy, or in con-
junction with androgen deprivation therapy, in metastatic prostate cancer patients,
hoping to shed some light for the use of metformin in improving prostate cancer
survival. Statins have also been implicated in delaying the progression of prostate
cancer. In a large study of 11,000 prostate cancer patients in the United Kingdom,
post-diagnostic patients who had statins showed a 34% lower risk of prostate
cancer death (44). Furthermore, this effect was even stronger for men who were
already on statins prior to diagnosis. Another retrospective study revealed that the
time to progression was longer in patients who were on anti-androgen therapy
and statins compared to those who were not on statins (45).

SEX AND VASECTOMY

Interestingly, the meta-analysis by Jian et al. showed that the risk of prostate can-
cer decreases by 4% for every 5 years delay in the age of first sexual intercourse.
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The authors also concluded that an increment of 10 female sexual partner is
associated with a 1.1-fold increase in prostate cancer risk. Moderate ejaculation
frequency (2—4 times/week) was also significantly associated with lower risk of
prostate cancer (46). Another aspect of ejaculation regarding vasectomy has also
been implicated in prostate cancer risk. A systematic review by Bhindi et al.
showed that there was no association between vasectomy and prostate cancer
risk (47).

HORMONES

Initial studies decades ago, described the close relationship of testosterone/
androgens to prostate growth, and has led to anti-androgen treatment as one of
the corner stone of metastatic prostate cancer treatment. However, over the last
few years there has been a paradigm shift in our understanding, attitude, and
application of testosterone to prostate cancer risk, progression, and survival. The
mechanism of androgen receptor saturation model described by Morgentaler
et al. showed that in the prostate, anything above the baseline serum testosterone
concentration will play no further role in stimulating prostate growth, due to the
fact that the intraprostatic androgen receptor sites are completely saturated/
bound (48).

A recent review by Golla et al. analyzed data from studies investigating the use
of testosterone in localized prostate cancer on active surveillance, watchful wait-
ing, and definitive treatments. They found that there was no increased risk of
prostate cancer diagnosis or more aggressive cancer at diagnosis in men with tes-
tosterone supplementation for testosterone deficiency. They also concluded that
there is no increased risk of cancer progression in men who are on active surveil-
lance and definitive treatment with testosterone therapy (49).

Regarding 5 alpha reductase inhibitors (SARIs) and its association with pros-
tate cancer, the two initial studies (PCPT and REDUCE trials) paved way to our
understanding of 5ARI in relation to treatment of lower urinary tract symptoms
caused by benign prostatic hyperplasia and risk of prostate cancer. 5ARIs prevent
the conversion of testosterone to dihydrotestosterone which is the active hormone
that regulates growth in prostate cells. In both trials, there was significant risk
reduction (22-24%) in developing prostate cancer, but there was increased risk of
high-grade prostate cancer at diagnosis (50, 51). However, there were explana-
tions later following further sub analysis that accounted for the increased risk of
high-grade disease.

Furthermore, two large studies confirmed the effectiveness of 5ARIs in reduc-
ing the risk of developing prostate cancer. Unger et al. showed that in 16-year
follow-up, there was 21.1% decreased risk of prostate cancer in men who had
finasteride compared with placebo and suggested that short term, seven-years,
usage of finasteride could provide long term benefit in preventing prostate
cancer (52). This finding was further supported by another study in Sweden in
which 23,442 men who had treatment with 5ARIs for eight years resulted in
reduction in the overall risk of developing prostate cancer, and the effect was
larger with longer drug exposure. It also revealed that 5ARI treatment did not
affect the long-term risk of developing high-grade cancer at diagnosis (53).



Lim NG KL

INFECTION, INFLAMMATION AND CHEMOKINES

Chronic inflammation is often a result of numerous exogenous stimuli like infec-
tions, radiation, hormones, chemicals, and other noxious stimuli. Following on
from this, cancers can often be a subsequent chain of events related chronic
inflammation. The key feature of cancer-related inflammation is the recruitment of
leukocytes, production of cytokines and chemokines, and subsequent progres-
sion, angiogenesis, epithelial-mesenchymal transition (EMT), migration, and
metastasis (54). Prostate cancer is no different and numerous studies have investi-
gated the role of chemokines produced by cancer cells and prostate cancer-related
chronic inflammation pathway. Chemokines are chemotactic cytokines that influ-
ence immune responses and inflammation (54). These inflammatory milieus will
then interact with the tumor microenvironment and can lead to development and
progression of the tumor. Examples of such important chemokines in prostate
cancer are CXCR—upregulated in prostate cancer , and DARC—absence of which
will lead to increased incidence and mortality of prostate cancer (16). Better
understanding of chemokines and its receptor axis in the tumor microenviron-
ment will pave way for future chemokine targeted therapies in prostate cancer.

CONCLUSION

In summary, although there are many putative risk factors for prostate cancer,
apart from ethnicity and age, there is no confirmative etiological factor. Even with
age, the frequent use of imaging modalities for other causes resulting in increased
incidental finding of prostate cancer in younger men appear to cast doubt on the
role of age being a risk factor. While a family history of prostate cancer helps early
monitoring of susceptible individuals, more studies need to be done to ascertain
the true role of family history in prostate cancer. Results of studies suggesting the
role of smoking, alcohol, diet, physical activity, and other non-genetic factors
being risk factor for prostate cancer are equivocal. GWAS have great potential,
and the identification of SNPs may enable a specific screening program replacing
the non-specific PSA screening and avoid unnecessary prostate biopsies.
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