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Abstract: Prostate cancer (PCa) is the most frequent cancer in men in Chile, ranking fourth with regards to mortality

according to the latest GLOBOCAN 2022 statistics. The objective of this review is to clarify what methods exist for

preventing PCa, as well as updating screening recommendations based on the latest available evidence. Numerous risk

factors have been described for PCa, including modifiable factors such as age, race, and family history. In this context, the

importance of PCa screening is heightened. Despite some controversy about the benefits of prostate-specific antigen (PSA)

screening, it has been shown to increase the diagnosis of PCa at an early stage and reduce mortality by up to 30%. The

objective of this review is to provide commentary on the known risk factors for PCa and the usefulness of PCa screening,

considering the use of new tools such as magnetic resonance imaging (MRI) in the diagnosis of the disease.

Key words: prostate cancer; cancer screening; risk factors

1. Introduction
Prostate cancer (PCa) is currently the second most frequent cancer in men worldwide and ranks eighth in cancer

mortality [1]. In Chile, according to the latest GLOBOCAN statistics in 2022, PCa is the most frequent cancer, with 9,678

new cases diagnosed in 2022, surpassing colorectal cancer and gastric cancer. Moreover, it is currently the fourth leading

cause of cancer death in Chile, with 2,703 deaths in 2022 [2]. According to the statistics described, it is essential to identify

risk factors for PCa and to propose an efficient screening method. Since the introduction of prostate-specific antigen (PSA)

in the 1980s [3], its usefulness has been widely debated, despite the fact that the first statistics showed an 80% decrease in

advanced PCa, with a 40% decrease in mortality [4]. The discussion regarding the usefulness of PSA screening is based on

the possible overdiagnosis of less aggressive cancers, which could only be observed. The aim of the present review is to

comment on the known risk factors for PCa and to clarify the usefulness of PCa screening, considering the use of new tools

such as magnetic resonance imaging in the diagnosis of the disease.

2. Risk factors of Prostate Cancer
2.1 Modifiable risk factors

Historically, sedentary lifestyle and a diet with a high inflammatory index (rich in saturated fats and high in glycemic

carbohydrates and red meat) [5] have been mentioned as risk factors for PCa. However, the evidence is weak and most of

the associations have been found only in population-based studies [6]. In particular, obesity is not associated with an
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increased risk, but if the patient is diagnosed with PCa, the risk of a more aggressive disease increases [7]. In addition,

attempts have been made to establish a relationship between various diseases (such as infertility, prostatitis, autoimmune

diseases, periodontitis, inflammatory bowel disease, metabolic syndrome, among others) and PCa; however, the evidence

is mixed and inconclusive [5], so it is not possible to make recommendations regarding diet or lifestyle changes as

prevention of PCa [8]. On the other hand, smoking has been mentioned as a risk factor for PCa. However, the only

available evidence proposes that in a patient diagnosed with PCa, smoking is usually more lethal, with a relative risk of

1.42 compared to non-smokers [6]. Associations with the number of monthly ejaculations and marital status have also been

described [6]. However, according to the available evidence, there is no real recommendation to prevent PCa.

2.2 Non-modifiable risk factors

Age is the main risk factor for PCa. The probability of cancer increases from approximately 2% after the age of sixty

years to 9% in men over 70 years [9]. Autopsy studies of men who have died of other causes show that up to 70% of men

over 70 years of age have PCa [10].

Black race is a known factor in PCa. African-American men have 1.7 times the risk of developing PCa than white

men, and if they are diagnosed with cancer, they have 2.1 times the risk of dying from PCa [9]. According to a recent

review, the differences in PCa between white and black men can be explained by different biological mechanisms (both

genetic differences and differences in the tumor microenvironment, among others) in addition to socioeconomic factors

(such as access to education) [11]. Currently, in Chile, demographic changes secondary to immigration make early

screening essential to avoid the presentation of more aggressive PCa.

The third proven risk factor is family history [12]. The risk of siblings and children of patients diagnosed with PCa is

2.5 times that of the former [13]. Specifically, the relative risk of cancer for first-degree relatives with PCa is 1.8. In the

case of a father and brother history, this risk increases to 5.5, and in the case of two brothers with PCa, this risk increases to

7.7.

2.3 Hereditary prostate cancer

Hereditary PCa, i.e. associated with genetic mutations, is becoming increasingly common, as advances in science and

knowledge of the disease allow us to diagnose these patients to a greater extent. Precision medicine, which promotes a

personalized approach to cancer treatment, has amplified the clinical relevance of genetic sequencing technologies in

prostate cancer, both at the germline and somatic levels. In patients with metastatic disease, pathogenic germline mutations

can be identified in up to 15% of cases [15]. In the non-metastatic setting, this figure ranges from 5-7% [12, 16].

Identifying these variants can lead to therapeutic adjustments and provide a more accurate prognosis of disease progression,

in addition to assessing oncologic risk in family members for timely prevention.

Germline genetic evaluation provides guidance on the mechanisms and etiology of the carcinogenic process,

especially in young patients, and points to a predisposition to the early development of neoplasms in healthy relatives [17].

The genes most frequently associated with hereditary PCa are linked to DNA repair. BRCA2 and HOXB13 stand out for

their direct association; in particular, HOXB13 is associated with a significantly elevated risk of up to 8 times higher than

the general population for early manifestation of this pathology [18]. On the other hand, BRCA2, together with BRCA1,

ATM, PALB2, RAD51C and RAD51D, have an evident correlation with favorable responses to targeted therapies, such as

PARP inhibitors [19]. In addition, genes linked to Lynch syndrome (MLH1, MSH2, MSH6, PMS2 and deletions in

EPCAM) play critical roles in mismatch DNA repair [20]. Importantly, these mutations not only increase the risk of PCa,

but also predispose to other cancers, such as those associated with BRCA1 and BRCA2, and high-risk tumors in Lynch

syndrome patients [21].
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Before proceeding with genetic testing, it is imperative to discuss with the patient the goals, benefits, risks, and family

implications of the test [22]. Legal protections against genetic discrimination should also be addressed. This evaluation,

ideally, should be facilitated by genetic counselors, who can provide detailed patient education, support in the genetic

screening process, and assist in identifying carriers among family members [23].

Particularly, germline genetic testing is recommended for patients with metastatic prostate cancer, for those with

localized high-risk cancer with a Gleason score ≥7, and for individuals with a family history of associated cancers or who

have been diagnosed at a young age [24].

Finally, it is pertinent to note that the overall lifetime risk of developing prostate cancer is approximately 12.9%,

according to the SEER program of the US National Cancer Institute [25]. This risk increases significantly in carriers of

germline mutations, depending on the gene affected [26]. Identification and appropriate genetic counseling of these

individuals is essential for early detection and more effective clinical management [27]. For this reason, international

guidelines make some special screening recommendations in patients at risk of hereditary PCa that we will review later.

3. Prostate Cancer Screening Method Recommendation
3.1 PSA screening

Since the beginning of the use of PSA as a screening method, there has been debate regarding its usefulness in

preventing mortality from PCa, because there is a risk of overdiagnosis of non-lethal cancers. In general, PCa is classified

according to Gleason Grading Groups (GGG) ranging from 1 (previously known as Gleason 3 + 3) to 5 [28]. According to

the available literature, GGG = 1 corresponds to a clinically non-significant PCa, as it has no metastatic potential and

would explain less than 1% of PCa deaths [29]. It is for this reason that the current goal of screening is to diagnose

clinically significant PCa (PCaCS), i.e. with GGG ≥ 2 [30], since treatment of GGG = 1 leads to unnecessary morbidity

(impotence, incontinence, among others) [31].

Several studies have explored the usefulness of PSA screening. One of the most important is the multicenter

randomized European Randomized Study of Screening for Prostate Cancer (ERSPC), where 162,243 men aged 50-69

years were enrolled, with a median follow-up of 12 years [32] and an update in 2019, with 16 years of follow-up [33]. The

study shows an absolute risk decrease of metastatic PCa of 3.1 per 100 thousand randomized men. Thus, with 16 years of

follow-up, there is a decrease in the number of cases needed to screen to prevent one death (18 men). On the other hand,

the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial of 2009 [34], did not demonstrate mortality

benefits of PSA screening, recruiting 76,693 men aged 55-74 years.

Given this disparity in the results, a recent systematic review analyzed the most important studies on PCa screening

[35], with a total of more than 721,000 patients. The results highlight that PSA screening reduces PCa-specific mortality,

but has no effect on overall mortality. In addition, screening increases the diagnosis of early stage PCa (with a relative risk

RR of 1.39) and decreases diagnosis in advanced stages (RR 0.85).

Finally, we can analyze the statistics of PCa in the light of the recommendations carried out. The first reports on the

usefulness of screening following its emergence in the 1980s showed a decrease in PCa mortality between the years 1992

and 2017, with a drop from 39 to 19 per 100 thousand inhabitants [36] to be attributable attributable 45-70% to PSA

according to simulation models [4]. On the other hand, in 2012, the United States Preventive Services Taskforce issued a

recommendation against using PSA as screening and doing so only according to patient risk [37]. Subsequently, a 2020

study evaluated the effect of this measure [38]. Thus, according to the US SEER (Surveillance, Epidemiology, and End

Results), a decrease in the incidence of PCa, mainly GGG = 1, was demonstrated; however, an increase in the incidence of

metastatic PCa was observed, both in men under 74 years of age (increase from 6.2 to 7.1 men per 100,000 population) and
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in men over 75 years of age (from 16.8 to 22.6 men per 100,000 population).

According to this evidence, we can conclude that PSA screening for early detection of PCa has been shown to

decrease cancer mortality should continue to be performed. This is why the main urological and cancer societies of the

world provide their screening recommendations for timely and effective screening.

3.2 International guideline recommendations

3.2.1 European Association of Urology/European Association of Nuclear Medicine/European Association for

Radiotherapy and Oncology/European Association of Urogenital Radiology/International Society of Oncological Geriatrics

(EUA-EAU-EANM-ESTRO-ESUR-SIOG guidelines) [39].

According to the latest update of the year 2023 of the European guidelines, the first factor to consider is the patient's

opinion regarding screening, taking into account the risks and benefits of performing it. Once in agreement with the patient,

the indication for screening in patients at risk of PCa considers the performance of PSA in:

 Men over 50 years of age.

 Men over 45 years of age with a family history of PCa.

 Men over 45 years of age with African ancestry.

 Men over 40 years of age who are carriers of BRCA2 mutations.

Screening should be performed with PSA and later with digital rectal examination (DRE) in patients with a life

expectancy of more than 15 years, so comorbidities play a preponderant role more than age alone. On the other hand,

digital rectal examination alone is not a useful screening tool, due to its low sensitivity (less than 60%).

Men with PSA less than 1 ng/ml at 40 years of age or less than 2 ng/ml at 60 years of age have a very low risk of

dying from PCa, so that in patients with no family history, their follow-up could be every 8 years. On the contrary, patients

with PSA greater than these cut-off points (greater than 1 ng/ml at 40 years of age or greater than 2 ng/ml at 60 years of

age), should be followed up every 2 years. Finally, in patients with PSA between 3 and 10 ng/ml, it is always

recommended to repeat the PSA before performing new studies, being recommended to use a risk calculator in patients

with PSA outside the normal range or to perform an MRI in the same case.

3.2.2 Guide of the American Urological Association/Society of Urologic Oncology (AUA-SUO guidelines) [30].

The AUA recently published its update on screening and early detection of PCa. Regarding the age at which screening

should begin, it is proposed that all men should undergo a PSA test between 45 and 50 years of age. This screening should

be started earlier at 40-45 years in men at increased risk, i.e. patients with black ancestry, germline mutations or a family

history of PCa.

In addition, it is proposed that screening should be performed only with PSA in the first instance, and in the case of

levels greater than 2 ng/ml, digital rectal examination should be performed. Like the European guidelines, they do not

recommend digital rectal examination as a screening method. On the other hand, the American guidelines recommend

screening every 2 to 4 years in men between 50 and 69 years of age. Like the European guidelines, the recommendation in

the event of a suspicious PSA is to repeat the examination before performing new studies. Finally, the guidelines do not

recommend considering PSA velocity alone as a useful tool in PCa screening.

3.2.3 National Comprehensive Cancer Network (NCCN) [24]

The NCCN screening guideline is updated annually. In its latest available version, it clarifies that PCa screening

increases the detection of all cancers, both indolent and clinically significant prostate cancer (CSCC), and therefore the

greatest importance is not to overtreat non-significant tumors. Likewise, it is key to educate the patient to accept screening

in an informed manner.

https://www.sciencedirect.com/science/article/pii/S0716864024000142
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Regarding the age at which screening should begin, the NCCN guidelines recommend starting at 45 years of age.

Regarding the screening interval, in men between 45 and 75 years of age, it recommends PSA every 1 to 2 years in patients

with PSA between 1 and 3 ng/ml or even every 4 years in patients with PSA less than 1 ng/ml. On the other hand, patients

at high risk of PCa (black race, family history and genetic predisposition) should begin screening at 40 years of age with

annual follow-up. Even in patients with a family history (several first-degree members with PCa before the age of 60),

screening could begin 10 years before the age of diagnosis of the family member with PCa. Like the previously mentioned

guidelines, the NCCN recommends repeating the PSA if it is altered before continuing with the study. In addition, it

recommends performing digital rectal examination only in patients with elevated PSA and not using it as the sole screening

method. Regarding the cut-off point, a PSA greater than 3 ng/ml should trigger further study (or 4 ng/ml in patients older

than 75 years). Finally, regarding the age of completion of the screening, it suggests 75 years as a limit; however, in

patients older than this age and in very good condition, the test could be performed according to the patient and the medical

criteria.

3.3 Digital rectal examination as a screening method

As mentioned, no guidelines currently recommend digital rectal examination as the only screening method. This

recommendation finds further justification in a recent systematic review and meta-analysis that includes 8 studies, with

more than 85,000 patients in total. The study shows that digital rectal examination in addition to PSA does not improve

cancer detection compared to PSA. Thus, PSA is a sufficient screening method on its own, so digital rectal examination

should be avoided, as it causes discomfort to the patient, and could be an excuse to avoid screening, delaying early

diagnosis [40].

3.4 Usefulness of magnetic resonance imaging in early diagnosis

During the past decades, when faced with clinical suspicion of PCa due to elevated PSA or altered digital rectal

examination, systematic prostate biopsy (SPB) was the standard for diagnosis [41]. However, since it is a random sampling

of the prostate [42], it achieves a PCa detection rate of only 50% [43]. It is in this context where prostate MRI followed by

biopsy targeting suspicious lesions (BpT) emerges as an alternative for the diagnosis of PCaCS, avoiding overdiagnosis

and consequent overtreatment of patients with less aggressive tumors. According to the latest evidence, MRI would

potentially reduce the number of biopsy procedures by 33% [44]. Despite this, one of the major shortcomings of the

previously mentioned screening studies is that none of them includes in the diagnostic flowchart the role of MRI as an

adjunct after PSA [35].

MRI categorizes patients with suspected PCa according to the Prostate Imaging Reporting and Data System (PIRADS,

categorizing lesions from 1 to 5) reporting that patients with PIRADS 4 and 5 lesions present PCa in 60% and 83%,

respectively [45].

When BpT is performed, 38% of patients present PCaCS, compared to BpS, which shows a detection of 26% (p <

0.05) [44]. At the same time, a recent study by Ecklund et al. shows that BpT diagnoses less non-significant PCa (4% in

this work) compared to BpS (12% of patients) [46]. Tu et al [47], in a meta-analysis of more than 30 publications, showed

that the overall detection rates between BpS and BpT are equal (RR 0.98, 95% CI 0.92-1.05). However, BpT detects more

PCaCS than BpS alone (RR 1.19, 95% CI 1.10-1.30). In addition, several meta-analyses show that BpT improves PCaCS

detection by more than 50% compared to BpS alone [47, 48]. This superiority (of BpT over BpS) occurs both in patients

who have never had a biopsy and in patients with a history of previous negative biopsy [49].

At present, most international guidelines (NCCN [24], EUA [39], AUA [49]) recommend performing MRI

examinations on patients and newborns with previous biopsies before biopsy, if available. In addition, they also
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recommend performing BpT based on the availability of the technology, whether it is transrectal or perineal.

Finally, one of the aspects still under discussion regarding MRI and consequent biopsy is whether we should simply

sample the suspicious lesion or perform BpT plus BpS, increasing the number of samples. The PAIREDCAP study [50]

demonstrated that BpT plus BpS achieves detection rates above 70%, and that up to 33% of PCaCS could be missed by not

using both techniques together [38]. Tu et al. [47] recommend performing BpT and BpS, since omitting BpS would mean

missing 11% of PCaCS. In the same line, Adhoot et al. [51] published that the sum of BpS and BpT achieves 10% more

PCa diagnosis, of which 28% is ISUP 3 PCa. The EUA guideline strongly recommends performing BpT + BpS [39], while

the AUA guideline leaves open the possibility of performing BpS or not [49].

3.5 Biomarkers in the early detection of PCa

A number of biomarkers have now been developed to help establish the need for prostate biopsy in patients with PSA

less than 10 ng/ml [52]. The major utility of these markers is that they could reduce the number of prostate biopsies by

approximately 35% [53]. However, the use of these markers does not yet achieve sufficient evidence to be categorically

recommended as part of the diagnostic algorithm for PCa [24, 30, 39].

The available biomarkers can be divided into markers in blood or urine. In blood, the Prostate Health Index (PHI),

IsoPSA and the four-kallikrein (4K) score, among others, stand out. All these blood biomarkers are based on PSA and its

isoforms, and are approved by the FDA [39]. In Chile, only the 4K score is available. In urine, the markers prostate cancer

antigen 3 (PCA3) and SelectMDx, both based on RNA expression, have been described [39]. In Chile, only SelectMDx is

available.

4. Conclusion
PCa is an increasingly frequent pathology with a rising mortality rate in our country. According to the literature, there

is insufficient evidence to identify modifiable risk factors. PSA screening reduces cancer mortality, so it should continue to

be performed according to the patient's risk, avoiding overtreatment of indolent tumors. Currently, prostate MRI plays a

key role in diagnosing clinically significant PCa and its use is recommended prior to prostate biopsy.
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