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Introduction

Epidemiology

Prostate cancer is a major public health problem across the globe. With 1.3 million new 

cases and 359,000 deaths in 2018, prostate cancer is the second most common cancer and 

the fifth leading cause of cancer death in men worldwide. It is the commonest cancer in men 

in more than half of the countries of the world (105 of 185) and the leading cause of cancer 

death in men in 46 countries. The highest rates are seen in the Caribbean. Prostate cancer 

mortality has been decreasing in many countries due to screening, early detection and 

improved treatment (e.g., Northern America, Northern and Western Europe, Oceania and 

developed countries of Asia) but increasing in several countries (e.g., Central and South 

America, Central and Eastern European countries, many countries in Asia) possibly due to 

changes in risk factors, a more Westernized life style and limited access to treatment.1

Current evidence for prostate cancer screening

Localized prostate cancer is asymptomatic. By the time symptoms become present, the 

disease is generally too advanced for cure. Indeed, one of the most common presentations of 
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prostate cancer before the advent of screening was paralysis, related to spinal cord 

metastasis. Therefore, the concept of screening is particularly appealing for prostate cancer, 

as it provides an opportunity to identify the disease at a curable stage. This called for a test 

that could detect prostate cancer earlier, and led to the discoveries of the blood test prostate-

specific antigen (PSA), first isolated and defined in the 1970’s.2–4 Several screening studies 

in the late 80’s-early 90’s showed that the PSA-test could identify more prostate cancers at 

an organ-confined, clinically localized stage as compared to evaluations for palpable tumors 

by digital rectal examination, which set the stage for a widespread adoption of PSA-testing, 

particularly in the U.S. This resulted in a rapid surge in prostate cancer incidence.5–10

There is level 1 evidence for PSA-screening from large-scale randomized controlled trials, 

comparing regular PSA-screening of men ages 50–70 every 2–4 years to no invitation to 

screening. The European Randomized Study of Screening for Prostate Cancer (ERSPC) 

reports a reduction in prostate cancer mortality by 20% (rate ratio [RR] 0.80, 95% CI 0.72–

0.89, p<0.001) at 16 years of follow-up in favor of screening.11 At this follow-up, the 

number needed to invite to screening to prevent one prostate cancer death is reported to be 

570 and the number needed to diagnose is 18. The corresponding estimates from the 

Swedish Göteborg-1 trial with 18 years of follow up are a reduction in prostate cancer 

mortality of 35% (RR 0.65, 95% CI 0.49–0.87, p=0.003). To prevent one death from prostate 

cancer at 18 years, the number needed to invite to screening was 231 and the number needed 

to diagnose was 10. In contrast, at 17 years of follow-up in the U.S. Prostate, Lung, 

Colorectal and Ovarian (PLCO) Cancer Screening Trial, there was no significant difference 

in prostate cancer mortality between the screening arm compared with the usual care arm 

(RR 0.93, 95% CI 0.81–1.08, p=0.4).12 However, this has been attributed to a high degree of 

contamination of PSA-testing in the usual care arm, with over 50% of patients randomized 

to no screening nonetheless undergoing PSA testing.13,14 Statistical models have been used 

to reconcile the differences in implementation and settings and have reported that both trials 

provide compatible evidence that screening reduces prostate cancer mortality: estimated at 

25%–31% in ERSPC and 27%–32% in PLCO, respectively.15 Similarly, there is well-

documented evidence from large, prospective observational studies regarding the prognostic 

utility of measuring a man’s baseline PSA-level in midlife to determine subsequent risk of 

future life-threatening prostate cancer.16–21

The age-specific prostate cancer mortality in the U.S. is down by 50% from peak rates due 

to PSA screening and improvements in treatment, but recently this trend has been flattening 

due to recommendations against PSA screening in previous years, mainly the 2012 United 

States Preventive Services Task Force (USPSTF) guideline.10,22 Studies now document an 

increase in metastatic prostate cancer.23–26

Controversies

PSA screening can have several beneficial effects. Most men have a “normal” PSA value 

below the cut-off for further evaluation and up to 97% of men report some reassurance with 

PSA screening.27 Screening can reduce a man’s risk of developing metastatic prostate 

cancer and dying from the disease.11,28 For every prevented death from prostate cancer, a 

life is lengthened by 8 years on average.29
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However, screening can also induce many undesired effects including anxiety from false 

positive PSA-tests and complications from further investigation with prostate biopsy 

including hospitalization for infectious complications or rectal bleeding.30 One major harm 

of PSA screening is overdiagnosis, that is the diagnosis of indolent, slow-growing prostate 

cancer that would otherwise not be diagnosed during the man’s lifetime.31–33 Indolent 

disease is typically defined in terms of cancer grade. Gleason Score 6, also termed Grade 

Group 1, is low-grade cancer that does not require immediate treatment.34 High-grade 

disease, for which treatment should be considered, is defined as Gleason Score 7 (Grade 

Group 2) or higher. Overdiagnosis turns healthy men into patients which may take its toll on 

psychological well-being and quality-of-life.35,36 Most importantly, over the past two 

decades, most men with low risk prostate cancer in the US underwent treatment with surgery 

and radiation. Such overtreatment has no, or almost no, benefit in terms of mortality 

reduction but leads to important and persistent side-effects, most notably, urinary and 

erectile dysfunction.37 In recent years there has been a large shift in the treatment trends 

with over half of men with low risk disease now being recommended so called active 

surveillance as the first management option, i.e., careful monitoring with repeated testing 

and examinations and a switch to curative treatment upon signs of disease progression.38–40 

Avoiding overtreatment of indolent prostate cancer is crucial since active treatment with 

surgery, radiation or ablative focal therapies can have significant impact on men’s quality-of-

life. Many years after treatment with radical prostatectomy or radiotherapy for favorable-risk 

prostate cancer, significant deterioration still persists in a substantial proportion of men in 

one or many functional domains: sexual function, urinary function (incontinence) and bowel 

function.37,41 Modeling the lifetime effects of annual PSA-screening between ages 55–69 

vs. no screening, Heijnsdijk and colleagues estimated a loss of 23% of life-years gained with 

screening, primarily due to impaired quality-of-life owing to long-term side-effects from 

treatment.29

Current guidelines

Table 1 gives a summary of examples of current PSA screening recommendations from 

major guideline groups in the US and Europe. The guidelines are consistent in 

recommending shared decision-making before starting screening and that the age range for 

screening should be around 45 – 70. There is some minor variation in the starting age (45 – 

55) and the criteria for an upper age limit. The proposal for screening outlined in the clinical 

care points below is based on the Memorial Sloan Kettering Cancer Center 

recommendations42 but are close to those of other groups.

Clinical Care points

Below, we propose seven steps for primary care doctors42,43 (Figure 1). Our proposal is 

based on the following principles. First, primary care is time-pressured and primary care 

physicians cannot be expected to have in-depth sub-specialty knowledge. Hence, our goal is 

to make shared decision-making and the subsequent screening algorithm relatively simple. 

Second, ensuring that PSA screening does more good than harm is primarily a matter of 

making sure that it does less harm: our recommendations reflect a “harm reduction” 

approach. Third, given that there is great variability within urology with respect to 
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compliance with clinical practice guidelines, we do make it incumbent upon primary care 

physicians to check that any urologists to whom they refer patients are engaging in best 

practices (described in points 5, 6 and 7 below).

1. Get consent for prostate cancer screening, preferably using the “Simple Schema” 
decision aid.

Prostate cancer screening is a preference-sensitive decision with important consequences. As 

such, it is important to obtain informed consent from patients following shared decision-

making. Although this only generally needs to occur once – informed consent is required to 

enter into a screening regimen, not for each and every PSA test – there are valid concerns as 

to the time required given the constraints of a busy primary care practice. Some guidelines 

recommend practices that are difficult to implement, such as one where patients are 

informed about 16 separate facts on PSA and are asked 12 questions about their 

preferences44. We developed what is known as the “Simple Schema”45 (Figure 2) for 

primary care physicians, which does not require knowledge above and beyond what any 

primary care physician would be expected to know, is brief and focuses on harm reduction. 

The critical step is to warn patients about the risk that PSA screening will lead to the 

identification of low-risk disease and the need to avoid aggressive treatment in such cases. 

Early emphasis on active surveillance as the optimal management strategy for low-risk 

disease is critical.

A common question amongst primary care physicians is whether they should more strongly 

endorse PSA screening for men at higher risk, such as African Americans, or those with a 

family history or a genetic disposition. In brief, there is no reason to believe that the benefit-

to-harm ratio of PSA screening varies sufficiently for higher risk groups to mandate 

screening. Moreover, attempts to tailor PSA screening based on genomic risk, what are 

known as “polygenic risk scores”, have not shown clinical utility for population-based 

screening.46–49

2. PSA screening is only for healthy men age 45 to 70.

It is widely known that the introduction of PSA screening has led to widespread 

overdiagnosis. What is less widely recognized is that overdiagnosis is highly age-dependent. 

Indeed, nearly half of the overdiagnosis associated with the introduction of PSA testing 

occurred in men aged over 7050. Critically, PSA testing is of doubtful value in men aged 

over 70: the hazard ratio for prostate cancer mortality for men over 70 reported by the 

ERSPC is 1.18 (95% C.I. 0.81 – 1.72), that is, likely no benefit and, at most, about a 20% 

reduction in the risk of death from prostate cancer51. Hence stopping screening at 70 will 

have a large effect on overdiagnosis with little, if any, effect on mortality. Note that by 

ceasing screening, we mean that PSA tests are generally discouraged in an asymptomatic 

man above 70 with PSA levels in the normal range (i.e. <3 ng/mL). Follow-up of older men 

above 70 with PSA levels above 3 ng/mL is a matter of clinical judgement, taking into 

account the age and general health of the man (denoted “PSA surveillance”)52. Note also 

that it is reasonable to cease screening earlier that 70 for men who have important 

comorbidities or to continue screening in a 70 year-old in exceptional health.
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As regards the starting age for screening, it has been shown at age 45, but not before, it is 

possible to identify a subgroup of men who are at important risk of prostate cancer 

morbidity or mortality within 10 years.21 The yield is relatively low, that is, very few young 

men have an elevated PSA, and some commentators have therefore made the reasonable 

suggestion that screening start at 50 instead, based on this being the lowest age included in 

the ERSPC randomized trial. On the other hand, because younger men have a longer life-

expectancy, they will lose a greater number of quality-adjusted life years from cancer-related 

death and are at low risk for overdiagnosis. It has also been shown that, because PSA is a far 

stronger predictor of prostate cancer specific mortality than race or family history, age at the 

start of screening should be the same for essentially all men53.

3. Tailor screening frequency based on PSA-level and cease screening for men over 60 
unless PSA is above median (1 ng/mL).

PSA is not only diagnostic of the current risk of prostate cancer but highly prognostic of 

future risk.16–21 Moreover, because prostate cancer is generally slow growing, screening 

intervals can safely be extended for men with low PSA. There are clear data that men with a 

low PSA are highly unlikely to develop aggressive prostate cancer within an 8 to 10 year 

period20,21,54. This has led to the “traffic light” algorithm as follows42:

• PSA < 1 ng/mL: green light. Repeat PSA at 8 – 10 year interval.

• PSA 1 – 2.99 ng/mL: amber light: Repeat PSA at a 2 – 4 year interval.

• PSA ≥ 3 ng/mL: red light. Consider further work up.

Fully 90% of prostate cancer deaths by age 85 occur in men with PSA above the median of 1 

ng/mL at age 6020. It has also been shown that men with low PSA who continue to get 

screened are at some risk of overdiagnosis but receive no mortality benefit compared to if 

they had ceased screening.17,54 Hence men with PSA < 1 ng/mL at age 60 should cease 

screening.

4. For men with elevated PSA (≥3 ng/mL), repeat PSA.

Many men will experience a temporary rise in PSA related to benign disease. For instance, 

in a landmark JAMA paper, 44% of men with PSA >4 and 40% of those with PSA >2.5 

returned to normal PSA within 1 year.55 A typical recommendation is that PSA should be 

repeated 4–6 weeks later.

5. Use secondary tests such as marker or imaging before biopsy or only refer to 
urologists who do so.

Only a small proportion of men with a moderately elevated PSA will have the sort of high-

grade prostate cancer that is important to identify. Typically, for every 100 men with PSA > 

3 ng/mL, approximately 70%, 20% and 10% respectively will have benign disease, low-

grade (indolent) prostate cancer and high-grade cancer. There are now a wide variety of 

secondary tests that are available to determine which men with an elevated PSA should be 

subject to prostate biopsy. These secondary tests, which include biomarkers as shown in 

Table 2, as well as multiparametric Magnetic Resonance Imaging (MRI), have been shown 

to reduce both unnecessary biopsies and overdiagnosis of indolent disease56–58.
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Some of these tests can be implemented in the primary care setting. For example, 

BioReference Laboratories offers a combined test for PSA, that is, when a PSA test is 

selected, the blood sample is automatically checked for the 4Kscore if PSA is elevated. 

However, in most cases, secondary tests are ordered by the urologist. This is obviously 

particularly true of MRI. As such, it is incumbent on the primary care physician to develop a 

relationship with a urologist who takes a conservative approach to biopsy, incorporating 

secondary tests and only conducting biopsy on men shown to be at elevated risk of high-

grade prostate cancer.

6. Only refer to urologists who recommend active surveillance to almost all patients with 
low-grade cancer.

The major harm of PSA screening is overtreatment, with consequent urinary, sexual and 

bowel dysfunction37. Guidelines suggest that treatment should be restricted to men with 

high-grade disease. Men with Gleason Score 6 (Grade Group 1) cancer should be managed 

conservatively, with an approach known as active surveillance, which involves PSA 

monitoring, repeat biopsies at regular intervals and delayed intervention for men who 

progress to Grade Group 2 or higher disease. However, rates of active surveillance vary 

enormously between different practices: in one study, the proportion of low risk men placed 

on active surveillance ranged from 25% to 80%59. As a result, the urologist chosen by the 

primary care physician, must not only take a conservative approach to biopsy but a 

conservative approach to treatment. The primary care physician needs to ensure that the 

urologist raises active surveillance before biopsy and advises active surveillance to all, or 

nearly all, men with Gleason Score 6 (Grade Group 1) disease.

7. Preferably refer to urologists at major academic centers.

The volume-outcome relationship is one of the most widely replicated findings in cancer 

medicine. In brief, both the chance of cure and the chance of side-effects is strongly 

correlated with provider volume.60–63 In one study, the risk of recurrence after prostate 

cancer was approximately half as great for surgeons with 250 radical prostatectomies 

compared to those who only had experience of 10 prior cases64. As such, primary care 

physicians should recommend to patients who require treatment for their prostate cancer – 

patients with Grade Group 2 or higher disease – should be treated at a high-volume center. 

The easiest way to ensure this is to refer patients to a hospital that is designated by the 

National Cancer Institute as a Comprehensive Cancer Center (https://www.cancer.gov/

research/nci-role/cancer-centers).

Summary

PSA screening can importantly reduce the risk of death from prostate cancer but is also 

associated with major harms, overdiagnosis and overtreatment, with attendant urinary, 

sexual and bowel dysfunction. Following a few simple steps can dramatically reduce the risk 

of harm from PSA screening without materially reducing its benefits. In particular, patients 

need to be informed repeatedly of the need for conservative management of low-grade 

prostate cancer and referred to urologists who promote active surveillance. Primary care 
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physicians need to develop relationships with urologists who advocate conservative 

approaches to biopsy and treatment.
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Synopsis

This paper gives an overview of the current state of the evidence for prostate cancer 

screening and early detection and summarizes current recommendations from guideline 

groups. The paper reviews the global public health burden and risk factors for prostate 

cancer with clinical implications as screening tools. Screening studies, novel biomarkers 

and magnetic resonance imaging are discussed. The paper outlines 7 key practice points 

for primary care physicians and provides a simple schema for facilitating shared 

decision-making conversations.
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Key points

• Prostate-specific antigen (PSA) screening can reduce the risk of metastatic 

prostate cancer and death from the disease but is also associated with major 

harms, including overdiagnosis and overtreatment, with concomitant urinary, 

sexual and bowel dysfunction.

• Primary care physicians can follow 7 simple steps that will dramatically 

reduce the harms of PSA screening while preserving its benefits.

• Patients need to be informed of the need for conservative management of low-

grade prostate cancer and referred to urologists who promote active 

surveillance.

• Primary care physicians need to develop relationships with urologists who 

advocate conservative approaches to biopsy and treatment.
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Figure 1. 
Key practice points for primary care physicians
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Figure 2. 
Decision aid for primary care physicians for shared decision making about prostate cancer 

screening – the “Simple Schema”45

Reproduced with permission from Vickers AJ, Edwards K, Cooperberg MR, Mushlin AI. A 

simple schema for informed decision making about prostate cancer screening. Annals of 

Internal Medicine. 2014;161:441–442. https://www.acpjournals.org/doi/10.7326/M14-0151

Carlsson and Vickers Page 14

Med Clin North Am. Author manuscript; available in PMC 2021 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.acpjournals.org/doi/10.7326/M14-0151


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Carlsson and Vickers Page 15

Table 1.

Examples of current guidelines for prostate cancer screening in 2020. Data from Refs69, 70

Guideline group Year Reference Age to start Age to stop

National Comprehensive Cancer Network 
(NCCN)

2019 65 40–45 75 (continue in select cases)

Memorial Sloan Kettering Cancer Center 
(MSK)

2016 42 45 60 for men with PSA<1 ng / mL 
otherwise 70 (continue based on 
general health and prior PSAs)

European Association of Urology (EAU) - 
European Association of Nuclear Medicine 
(EANM) – European Society for Radiotherapy 
& Oncology (ESTRO) - European Society of 
Urogenital Radiology (ESUR) -International 
Society of Geriatric Oncology (SIOG)

2020 40 50
45 if family history or 
African-American
40 if carrying BRCA2 
mutations

<15 years life expectancy (stop based 
on life expectancy and performance 
status)

American Urological Association (AUA) 2013* 66 55 70 (or <10–15 years life expectancy)

United States Preventive Services Task Force 
(USPSTF)

2018 67 55 (shared decision 
making)

70 (recommends against)

American Cancer Society (ACS) 2010 68 50 (shared decision 
making)

<10 years life expectancy

For additional examples of recommendations for PSA screening from various guideline groups, please see recent comprehensive reviews.

*
Published 2013; Reviewed and validity confirmed 2018.
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Table 2.

Reflex biomarkers recommended by the National Comprehensive Cancer Network (NCCN) Guidelines 

v.2.2019 Prostate Cancer Early Detection. From Carroll P, Kellogg Parsons J, Andriole G, et al. NCCN 

Clinical Practice Guidelines in Oncology (NCCN Guidelines). Prostate Cancer Early Detection. V.2.2019. 

Available at: https://www.nccn.org/professionals/physician_gls/pdf/prostate_detection.pdf. 2019. With 

permisison

Initial biopsy Repeat biopsy

% free PSA % free PSA

Prostate Health Index (PHI) Prostate Health Index (PHI)

4Kscore 4Kscore

ExoDx Prostate (IntelliScore) ExoDx Prostate (IntelliScore)

PCA3

ConfirmMDx

Additional biomarkers (investigational): Michigan Prostate Score (MiPS), SelectMDx
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