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PROSTATE CANCER AND MICROBIOME-REVIEW 

Abstract
The prostate, an adjacent gland of the male urogenital tract, is located behind the pubic 

symphysis, below the bladder and anteriorly of the rectum, surrounding the first part of the 
urethra and its smooth sphincter (Fig.1). It is a glandular organ, has the shape of a flattened 
chestnut, according to Winslow, having an average length of 3 cm, width 4 cm, thickness 
between 2-5 cm and a weight of 20-25 g, the size increasing with age. The prostate contains 
30-35 small glands, secreting prostate fluid that does not allow the destruction of sperm (7, 
35).

Neoplastic lesions of the prostate are common in men aged 50-70 years and are often 
diagnosed late (35). Prostate carcinoma is part of the group of osteophilic and lymphophilic 
cancers.

Recent studies have reported that the intestinal microbiome contributes to the tumorige-
nesis of some viscera, in this case the adnexal gland of the genital apparatus-prostate. Pros-
tate dysbiosis has been associated with prostate cancer, and although there are not enough 
studies, researchers support the hypothesis that the gastrointestinal microbiome may be 
significantly different in men with this condition. These differences may play a role in the 
pathology of prostate cancer.

Moreover, high estrogens levels have been implicated in the development of prostate 
cancer, thus supporting the hypothesis that estroboloma has an important contribution to the 
development of prostate cancer. Inflammation of the prostate may increase the risk of pros-
tate cancer. However, the precise association between the urinary microbiome, the content 
of seminal liquid and of prostate secretions with prostate neoplasm is unclear.

This review paper aims to develop current information on the relationship between the 
human microbiota and prostate cancer; most studies have focused on direct interactions, 
including the influence of prostate infections on the risk of cancer and, more recently, on the 
correlation between urinary microbiome composition and prostate cancer.
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The intestinal microbiota has a fundamen-
tal role in protection against pathogens, in 
the induction and physiology of the immune 
system as well as in the initiation of digesti-
on and absorption of nutrients from food for 
energy production.

The prostate is connected to men’s sexual 
health by the fact that this gland is responsible 
for the secretion of prostate fluid, rich in le-
cithin, zinc, calcium, citrates and phosphates, 
profibrinolysin, which fluid is part of the se-
men. Also, due to the content of fructose and 
citric acid in the prostate secretion the mobi-
lity of sperm towards penis is influenced, hel-
ping to transport sperm to the penis.

Obesity increases the risk of prostate can-
cer mortality. It is the most common cancer 
diagnosed in men and the second most com-

mon cause of mortality associated with cancer 
in men. The microbiome has an extraordinary 
potential to influence human physiology, both 
in the case of health and in the case of illness.

The composition of the intestinal microbi-
ome is dependent on various host factors, such 
as colonization at birth, diet, smoking, alcohol 
consumption and the presence of a disease. 
As in other chronic conditions, such as type 2 
diabetes or cardiovascular disease, the intesti-
nal microbiome does not have the infectious 
background that activates cellular immunity.

This is a two-way relationship, as eviden-
ced by the fact that the microbiome in turn 
affects the host: the intestinal microbiota is res-
ponsible for „educating” and stimulating the 
immune system, respectively for initiating the 
differentiation of regulatory T lymphocytes, 
which are involved in the anti-inflammatory 
process.

Fig. 1 Sagittal section through the pelvis-image from Treaty of Clinical Sexology
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The microbiome has an important role in 
influencing the risk of cancer apparition and 
its pathogenesis. Researchers point out that 
the gut microbiome plays a central role in re-
gulating the body’s estrogens levels, lowering 
the risk of developing estrogen-induced di-
seases, such as prostate cancer. According to 
some authors (35), the determination of pros-
tate cancer is the result of the disruption of the 
balance between male sex hormones (testost-
erone) and female sex hormones (estrogens). 
Prostate dysbiosis has been associated with 
prostate cancer, and despite a lack of studies 
on the subject, researchers suggest that the 
gastrointestinal microbiota may also be signi-
ficantly different in men with this condition.

This paper discusses the effects of the gas-
trointestinal microbiota on the development of 
prostate cancer.

Prostate cancer is one of the most common 
cancers in men, especially the elderly. It has 
long been suspected that chronic inflammation 
may play an important role in the onset and 
progression of prostate cancer (1-3), early de-
tection of the disease is essential for survival.

Inflammation is also associated with pro-
moting the onset of various malignancies in 
men, partly due to changes in the microenvi-
ronment caused by bacterial infection (4-6).

The microbiome is the sum of all the mi-
croorganisms that live in and on our body. Re-
cent studies suggest that the microbiota of men 
with prostate cancer differs significantly from 
that of healthy men. There is growing interest 
in the role of the microbiome in the develop-
ment and progression of cancer, and studies 
show that a distinct microbiota may promote 
and inhibit tumor development. The intestinal 
microbiome has a significant role in modula-

ting the immune system and in carcinogene-
sis (11). It even seems that there is a possible 
connection between prostate cancer and the 
presence of certain colonic species of bacteria.

Dysbiosis can generate health problems, 
including malignancy, by affecting the immu-
ne system’s response, by developing systemic 
inflammation and by modifying serum hormo-
nes levels (1,8,11).

An increasing number of studies are nowa-
days investigating the microbiome and the 
effects of dysbiosis on urological diseases. 
There is a potential link between prostate can-
cer and elevated inflammatory parameters le-
vels due to intestinal dysbiosis.

In prostate cancer, the patient sometimes 
shows no symptoms, the disease being detec-
ted in a routine examination. At other times, 
a metastasis or a bone fracture is identified, 
which also require a prostate examination, that 
highlights the primary prostate tumor.

The most common symptoms of prostate 
cancer are dysuria, nocturia, pollakiuria, so-
metimes urgent urination. Bladder evacuation 
can not be done as before, the patient feels the 
need to urinate again after micturition, thus 
highlighting the existence of disectasia and of 
bladder residue, which can lead to acute uri-
nary retention. There may also occur: terminal 
haematuria/hemorrhage, in small quantities (in 
prostate adenoma, hemorrhage is often abun-
dant, with clots and bladder tenesmus), hema-
tospermia, erectile dysfunction (7,10-15).

It should be noted that chronic inflammati-
on has a role in prostate cancer (2-4).

A source of infection is provided by intesti-
nal pathogens and gut microbes, especially the 
bacteria and fungi (1,11).
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Recent studies have shown that there is an 
incredible diversity of microbes that coexist in 
the prostate. The researchers found that sam-
ples from men with prostate cancer had less 
diversity of bacterial species than samples 
from men without cancer.

Researches studying the bacterial compo-
sition of urine and of prostate tissue, as well 
as the faeces bacteria, have clearly shown an 
association between changes in bacterial com-
position and the prostate cancer (8-10).

There is limited knowledge about prostate 
cancer and the gastrointestinal microbiome. 

In the context of prostate cancer, the gas-
trointestinal microbiome may play a role 
through the metabolism of estrogens, whose 
growth has been correlated with the induction 
of prostate cancer (Fig.2).

The human microbiome can influence the 
development of prostate cancer. Studies have 

shown that viral and bacterial infections of 
the prostate are risk factors associated with 
the development of prostate cancer (9, 12).

Several previous studies have reported an 
abundance of proteobacteria associated with 
dysbiosis-related conditions, including can-
cer (13 - 16).

The presence of Helicobacter bacteria has 
also been detected in more than 90% of pros-
tate cancer cases. The human microbiome 
can influence the initiation and/or progressi-
on of prostate cancer through both direct and 
indirect interactions. 

There are biologically significant differen-
ces in the intestinal microbial composition of 
men with prostate cancer compared to benign 
controls (1, 17-19).

The ability of the microbiome to affect 
hormone levels can also be important, espe-
cially in the case of a disease such as prostate 

Fig. 2 Diagram of estrogenic mechanisms in prostate cancer (9)
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certain compounds, which may be associated 
with an increased risk of prostate cancer. 

Future studies could place more emphasis 
on clarifying the possible pathogenic role of 
bacteria and on exploring the microbiome 
in other body fluids associated with prostate 
cancer. 

The microbiome has a vital role in influ-
encing carcinogenic risk and pathogenesis. 

The recent discovery of the urinary micro-
biome has allowed researchers to discover its 
link to genitourinary malignancies, especi-
ally to prostate cancer. 

A low-diversity microbiome profile can 
lead to excessive growth of bacteria, a phe-
nomenon that induces inflammation and ne-
oplasia.

Prostate cancer is the second most com-
mon cancer among men worldwide (23), 
(Fig.3).

cancer, which can be caused by an imbalance 
of estrogens and androgens levels (1, 20).

Among other risk factors, chronic in-
flammation has been correlated with the on-
set of prostate cancer (2-4, 21).

The microbiome (viral, bacterial, fungal 
and parasitic) is associated with prostate can-
cer, which can provide diagnostic and pro-
gnostic information that can determine the 
specific treatment.

The incidence of prostate cancer is diffe-
rent depending on the country, on the geogra-
phical area- men from the Orient, Japan, the 
Philippines, Mexico- (35), on the type of diet 
that can provide beneficial bacteria, which 
regulates the immune system (12,22), on the 
patient social status (social inequities), ethnic 
or racial group, genetic factors or family pre-
dispositions 

The composition of the gastrointestinal 
microbiome may influence the metabolism of 

Fig. 3 Potential mechanisms of action on how the intestinal and genitourinary microbiome 
interact with prostate cancer  (23)
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Several studies have indicated that the mi-
crobiota can influence prostate tumorigenesis 
by direct or indirect mechanisms (24).

In terms of direct mechanisms, prostate 
cancer is associated with chronic inflamma-
tion of the urinary tract (25).

Regarding indirect mechanisms, it is assu-
med that the intestinal microbiota influences 
metabolic processes and systemic inflamma-
tion, which tend to trigger prostate tumorige-
nesis. 

To date, most studies have focused on di-
rect interactions, including the influence of 
prostate infections in the context of prostate 
cancer risk and, more recently, on the compo-
sition of the urinary microbiome in relation to 
prostate cancer. 

Less well known are the indirect interac-
tions of the microbiome with prostate cancer, 
such as the influence of the gastrointestinal or 
oral microbiota on pro- or anti-carcinogenic 
xenobiotic metabolism and the response to 
treatment.

The link between the intestinal microbiota 
and cancer is bidirectional, as the cancer may 
change the composition of the microbiota, 
while the microbiota may affect the progres-
sion and the cancer’s therapy response (24).

There are several mechanisms by whi-
ch the microbiota is thought to contribute 
to tumorigenesis. These include: genotypic 
integration, chronic inflammation, genotoxi-
city and immune modulation (26). Chronic 
inflammation is thought to be a trigger for 
prostate carcinogenesis, as evidenced by in-
flammatory cells in the prostate microbiota 
(27).

Several studies have shown the existence 

of bacteria and viruses in normal and cance-
rous tissues of the prostate (28).

Similarly, several studies have investiga-
ted the relationship between the urinary mi-
crobiome and prostate cancer (29).

Antibiotics have been shown to induce 
intestinal microbial dysbiosis, which can pro-
pagate the translocation of pathogenic bacte-
ria, leading to chronic inflammation, an es-
sential inducer of tumorigenesis (30).

The risk of prostate cancer has been found 
to increase slightly with penicillin, quinolo-
nes, sulfonamides and tetracyclines (31).

Plottel et al. have highlighted a functio-
nal estrobiome or the enteric bacterial ge-
nes that are able to metabolize estrogen, 
β-glucuronidases and β-glucuronides are par-
ticularly important in estrogen metabolism, 
by conjugation and deconjugation. 

The mitochondrial system is better repre-
sented in cancer cells as opposed to other ne-
oplastic cells, where fewer mitochondria are 
found (35). 

A study by Plottel et al. hypothesized that 
estroboloma (enteric genes that metabolize 
estrogen) is associated with the risk of pros-
tate cancer (32). Because of the complexity 
of the potential connection between prosta-
te cancer and the microbiome, it is vital to 
research and understand the relationships in-
volved (Fig.4).

Estrogens promotes carcinogenesis by 
activating polycyclic aromatic hydrocarbons 
(PAHs) that involve the formation of carcino-
genic metabolites: diol epoxides and cationic 
radicals. Diol epoxides and cationic radicals 
interfere with DNA, leading to mutations that 
promote neoplasm.
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Fig. 4 Interactions between the gut and genitourinary microbiome and prostate cancer. 
Potential mechanisms of action and interactions of each microbiome are highlighted (33)

This estrogenic mechanism is linked to 
Plottel’s hypothesis about the estrobiome or 
bacteria that metabolize estrogen and, there-
fore, when disturbed, it would induce an in-
crease in serum estrogen (32).

The prostate contains a low number of 
bacteria, which suggests a possible pathophy-
siological correlation between the compositi-
on of the microbiome and the prostate cancer. 

In addition, studies have shown that chro-
nic inflammation of the prostate is particu-
larly relevant to the progression, pathogene-
sis and prognosis of prostate cancer.

Intestinal bacteria may play a role in the 

treatment of prostate cancer patients, who are 
given oral medications. 

Common therapies for prostate cancer are 
designed to deprive the body of androgen 
hormones, which are responsible for the de-
velopment of prostate cancer.

The microbiome may influence the malig-
nancy development as well as the response to 
oncotherapy. 

Therefore, understanding the effects of the 
intestinal microbiome on cancer is essential 
to be able to use it therapeutically in the treat-
ment of cancer (33, 34).
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Increased attention is paid to understan-
ding the role of diet and nutrition in the deve-
lopment and progression of prostate cancer. 

A healthy diet may reduce the incidence 
of prostate cancer and help reduce the risk of 
prostate cancer progression. 

Several studies have reported that satura-
ted fat intake is associated with an increased 
risk of developing advanced prostate cancer, 
while long-chain omega-3 fatty acids (the 
„good fat” found in fish such as salmon) are 
associated with lower risk.

Conclusions

Prostate cancer is one of the most com-
mon male malignancies. In this paper, the 
possible correlations of the microbiome (vi-
ral, bacterial, fungal and parasitic) with pros-
tate cancer are defined. 

Emerging studies indicate that the micro-
biome may influence prostate inflammation 
in relation to its benign conditions such as 
prostatitis, chronic pelvic pain and benign 
prostatic hyperplasia, but also with prostate 
cancer.

There is a link between a diverse intestinal 
microbiome and a healthy prostate. A more 
diverse microbiome may help reduce the risk 
of cancer.

Men with prostate cancer had less bacte-
rial diversity than those with unaffected glan-
ds. It is suggested that there are significant 
changes in the microbial population in the 
express secretion of the prostate (ESP), urine 
and semen of individuals with prostate can-
cer, indicating a possible role of these bacte-
ria in this specific disease.

Nutrition plays an important role in the 
prevention and treatment of prostate cancer.

Probiotics are a potential adjuvant for 
the cancer’s treatment, providing more 
knowledge about the intestinal microbiome. 
Lactobacillus rhamnosus GG has not yet been 
investigated in the context of prostate cancer.

Clostridium appears to convert glucocor-
ticoids in the gut into androgens by cleaving 
the side chain, which could contribute to the 
development of prostate cancer. In addition, 
E. coli has been found to be associated with 
inflammation of the prostate.

To address intestinal dysbiosis, especially 
for cancer patients, recent research has focu-
sed on the use of probiotics or prebiotics to 
relieve symptoms, indicating that interventi-
on on the intestinal microbiota could be a via-
ble therapeutic strategy for men with prostate 
cancer. 

There is evidence that the gastrointestinal 
microbiota may influence the effectiveness of 
immunotherapy. 

Cancer therapies that affect and alter the 
composition of the gastrointestinal microbio-
ta are not sufficiently researched.

Prostate cancer can often be successfully 
treated. A plant-based diet may reduce the 
risk of prostate cancer and slow its progressi-
on if diagnosed. 

Fruits and vegetables rich in lycopene (the 
bright red pigment found in tomatoes, water-
melon and pink grapefruit) can be especially 
beneficial.

A balanced diet may be one of the keys to 
avoiding prostate cancer. 

Diet is probably the most important factor 
that can be controlled by a person. 
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