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Table 1. Table of abbreviations
	Abbreviation
	Term

	ACS
	American Cancer Society 

	ACP
	American College of Physicians

	ASCO
	American Society of Clinical Oncology

	AUA
	American Urological Association

	CAP
	Cluster Randomized Trial of PSA Testing for Prostate cancer 

	CI
	Confidence interval 

	EAU
	European Association of Urology 

	ERSPC
	European Randomized Study of Screening for Prostate cancer 

	GWAS
	Genome wide association studies 

	mpMRI
	Multiparametric magnetic resonance imaging

	MSKCC
	Memorial Sloan Kettering Cancer Centre

	NCCN
	National Comprehensive Cancer Network 

	PCa
	Prostate cancer

	PCRMP
	Prostate cancer Risk Management Programme 

	PHS
	Polygenic hazard score 

	PLCO
	Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial

	PROMIS
	Prostate Magnetic Resonance Imaging Study 

	PSA
	Prostate -Specific Antigen

	TPMB
	Template mapping biopsy 

	TRUSB
	Transrectal ultrasound-guided biopsy 

	USPSTF
	United States Preventive Services Task Force 




1. [bookmark: _Toc13655146]Background
Screening strategies can be broken down into three components: who, when and how (Table 2). A screening strategy must contain an element of each of these components. 
[bookmark: _Ref535851749]Table 2. Who, when, and how?
	
	Explanation
	Examples (indicative, not exhaustive)

	Who to screen
	The group of men that should be invited for screening 
	· Men aged 50 – 69
· Men aged 45 – 70 with a polygenic risk score higher than a certain level 


	When to screen
	How often men should be invited for screening
	· Single screen
· Repeat screen every 2 years
· Repeat screen with subsequent screen interval based on baseline PSA level

	How to screen
	The diagnostic processes that should be used to identify prostate cancer
	· PSA test -> TRUS-guided biopsy
· PSA test -> mpMRI -> MRI-targeted biopsy 
· PSA test + high-risk score from multi-kallikrein panel -> mpMRI -> MRI-targeted biopsy
· STHLM3 -> mpMRI -> MRI-targeted biopsy



Trials to date have enrolled men aged from 40 to 80 years. Screening methods have included PSA alone and PSA combined with digital rectal examination (DRE) followed by biopsy. PSA thresholds to indicate further investigation via biopsy have differed across studies, as has the screening interval (varying from one-off, every two years or more, to annual screening).  Table 4 details the screening strategies used in previous trials as well as the overall findings in terms of mortality difference. New developments in detection of clinically relevant prostate cancer include genetic risk-based screening, multiple kallikreins or STHLM3 as biomarkers besides PSA, and mpMRI for diagnosis. These developments offer opportunities for improving the outcomes in screening, particularly reduction in overdiagnosis and higher specificity for potentially lethal cancer, but it is not yet clear how or if they should be implemented. 
[bookmark: OLE_LINK1]
11

[bookmark: _Ref874369][bookmark: _Ref534809776]Table 4 Summary of previous screening trials
	Trial
	Time period
	Setting
	N randomised to screening
	Who 
	When
	How
	Mortality difference in screened and non-screened arms

	Prostate, Lung, Colorectal, and Ovarian Cancer Screening
(PLCO)6
	1993 - 2009
	US
	38,340
	55 – 74
	Annually for 6 years
	PSA, DRE.
	None 

	European Randomized Study of Screening for Prostate cancer (ERSPC)11
	1993 - 2010
	Europe
	112,563
	50 – 74
	Every 2-4 years
	PSA ± DRE. If PSA
≥3 ng/mL standardised
TRUS guided prostate biopsy
	21% reduction 

	Cluster Randomized Trial of PSA Testing for Prostate cancer (CAP)2
	2003 - 2016
	UK
	189,386
	50 – 69
	Single screen
	PSA. If PSA ≥3 ng/mL
standardised TRUS guided prostate 
biopsy
	None

	Labrie et al 20047
	1988 - 2002
	Canada
	31,133
	45-80
	Annually
	PSA ± DRE. If PSA
≥3 ng/mL standardised TRUS guided
prostate biopsy
	61.5% reduction

	Lundgren et al 201812
	1988 - 2008
	Sweden
	2,400
	55-70
	Single screen
	PSA, DRE, TRUS. Biopsy
depended on DRE and
TRUS findings, PSA
>10 ng/mL
	None

	ProScreen (new trial)1
	2018 - present
	Finland
	16,700
	55-67
	Screening interval
is 6 years for men with baseline PSA < 1.5 ng/ml, 4 years
with PSA 1.5–3.0 and 2 years if initial PSA>3.
	PSA, multi-kallekrein panel, mpMRI, MRI targeted biopsy
	Median follow-up not yet reached




Sections 2, 3 and 4 of this report describe the findings from a literature search of recent publications in the area of prostate cancer screening. This search has identified a number of suggested solutions to the problems of overdiagnosis and overtreatment, which have hindered the success of prostate cancer screening in the past. These include using differential approaches for higher risk men i.e. screening these men earlier and more often than men at average or lower risk (based on family history, race or polygenetic risk score). 	In addition, many guidelines now suggest that the screening interval should depend on PSA level, with men who are found to have a lower PSA level having a longer interval to next screen than men with an elevated PSA.  There is also general agreement that the PSA test alone is no longer sufficient as a screening tool preceding biopsy and that other tests such as multi-kallikrein panels and mpMRI should be introduced into the process to triage men for whom biopsy is really necessary.
2. [bookmark: _Toc13655147]Who to Screen?
Examples (indicative not exhaustive):
· [bookmark: _Hlk534981220]Men aged 50 - 69
· Men aged 45 – 70 with a polygenic risk score higher than a certain level 
Summary of what is known:
· Overdiagnosis seems to be most common in the oldest age groups13-15
· Overdiagnosis seems to decrease with increasing polygenic risk16
· Polygenic risk may be a significant predictor of aggressive prostate cancer17
Summary of what is not known:
· The optimal age to start and stop screening
· How to implement risk-stratified screening 
Conclusions based on summary of the literature:
· Men’s polygenic risk score should be tested, and screening offered earlier and more often to men with a high score.
· Men with less than 10 years to live should not be screened. 

Clinical evidence:
There is no consensus regarding the age at which to initiate PSA-testing. Prostate cancer incidence is strongly related to age, with the highest incidence rates being in older men. In the UK in 2013-2015, on average each year more than a third (35%) of new cases were in males aged 75 and over.18 Age-specific incidence rates rise steeply from around age 50-54, peak in the 75-79 age group, and subsequently drop in the 80-84 age group, before increasing steadily again. The highest rates are in the 90+ age group.18 Overdiagnosis, however, which can be defined as the detection of cancer that would otherwise not become clinically manifest over a patient’s lifetime or not result in cancer-related death,19 appears to be most common in the oldest age groups, which is one of the reasons for not recommending screening for men older than 70 years.13 14 20 Vickers et al (2014) suggested that stopping screening at age 70 can reduce overdiagnosis by 42%.15
The UK National Screening Committee guidelines currently recommend against systematic population screening for prostate cancer as do the European Society for Medical Oncology.21 Most guidelines that do recommend PSA screening recommend that discussions start around ages 45–55 22-24 with well-informed men in good health and a life expectancy of at least 10–15 years. The European Association of Urology (EAU) Guideline recommends starting at age 50 for most men, except in men with a family history of prostate cancer or African American men for whom the recommendation is to start at age 45.23 The American Urological Association (AUA) guideline24 supports starting screening at age 55 based on the ERSPC trial11 and because of the risk of overdiagnosis (and overtreatment) in younger men, but also acknowledge that men at higher risk for prostate cancer can start before 55. The United States Preventive Services Task Force (USPSTF) 2017 draft recommendation recommends shared decision making with regard to screening starting between the ages 55–69.25 The American Cancer Society (ACS) and the American College of Physicians (ACP) recommend starting discussions about PSA testing at age 5026 27 and the American Society of Clinical Oncology (ASCO) recommends discussing the appropriateness of screening with men with a life expectancy >10 years.28 Both the National Comprehensive Cancer Network (NCCN) and the Memorial Sloan Kettering Cancer Center (MSKCC) recommend considering PSA testing as early as age 45 in men thought to be at high risk.22 
Table 5. Age to start screening by guideline
	Guideline
	Age to start screening in men not at high risk

	AUA
	55

	USPSTF
	55

	ACS
	50

	ACP
	50

	EAU
	50



Men in the Göteborg trial started screening between ages 50–64 which was shown to decrease prostate cancer mortality by 17% at 17 years compared to no screening29. A sub study from the Göteborg screening trial investigated the effect of age at start and the number of screening occasions on the risk of prostate cancer diagnosis. The study showed that starting screening at an earlier age advanced the time of prostate cancer diagnosis but did not increase the risk of being diagnosed, suggesting that starting early does not increase the risk of overdiagnosis.30 Another Swedish nested case-control study showed that just the top 10% of the distribution of concentrations of PSA in tests done in men aged under 50 accounted for 40% of subsequent cases of metastatic prostate cancer.31 This would suggest that screening younger men is beneficial; however, Weight et al.32 compared screening in a younger group of men, aged 40–49, with men in their 50s and found greater risk of undergoing a biopsy and receiving a diagnosis of low-risk prostate cancer (HR 2.4, 95% CI: 1.7–3.3 and HR 2.2, 95% CI: 1.12–4.0 respectively) for the younger group with no benefit in terms of deaths avoided.  A recent US study showed that older men (75+) who underwent radiotherapy for prostate cancer and who had no history of PSA testing presented with worse disease (more high-risk and high-grade PC) than men who were previously screened.33 They concluded that very healthy older men with minimal comorbidity should be considered for screening. 
Genome wide association studies (GWAS) have shown genetic variants associated with increased risk of prostate cancer.34 35 These developments, combined with the recent accessibility of genotyping, provide an opportunity for risk-based cancer screening informed by polygenetic risk.36 NCCN guidelines state that prostate cancer screening should begin at age 45 years for male BRCA2 mutation carriers and to consider this recommendation for BRCA1 carriers.37 The current NCCN Prostate cancer Early Detection Panel agreed that men should be asked about the presence of known BRCA1/2 mutations in their families.22 
Pashayan et al 201516, using genotyping and clinicopathological data for 17,012 men aged 50 to 69 years from three UK-based studies, identified that overdiagnosis decreases with increasing polygenic risk. They found that polygenic risk quartiles 1 to 4, with one being the quartile of men at lowest risk, accounted for 9%, 18%, 25% and 48% of the cases, respectively. PSA level also varied by polygenic risk. 33% of men in polygenic risk quartile 1 compared with 66% of men in quartile 4 had PSA ≥4 ng/ml (χ2 = 791.1; P < 0.001). After adjusting for stage and Gleason score, with every 1-point increase in polygenic risk score, the odds of having PSA ≥4 ng/ml compared with PSA < 4 ng/ml increased 1.23-fold (95% confidence interval: 1.10–1.37; P < 0.001). In addition, 43%, 30%, 25% and 19% of the cases were likely to be overdiagnosed in polygenic risk quartiles 1 to 4, respectively.
Seibert et al 201817 used data from 31,747 men of European ancestry from the international PRACTICAL consortium (http:// practical.ccge.medschl.cam.ac.uk/) to develop a polygenic hazard score (PHS) for predicting age related risk of developing aggressive prostate cancer. Aggressive prostate cancer was defined as any tumour that would require radical treatment for a typical healthy man according to guidelines from the NCCN —that is, not eligible for active surveillance.38 This score is designed for use before the decision of whether to screen (for example, with PSA) by providing a risk stratification strategy to maximise screening efficiency. They showed that the polygenic hazard score was a significant predictor of age at onset of aggressive Prostate cancer (z=11.2, P<10−16). Compared with average risk, the hazard ratio for men with a high score (>98th centile) was 2.9 (95% confidence interval 2.4 to 3.4). The score was also predictive of any Prostate cancer (z=15.4, P<10−16; hazard ratio 2.5, 2.2 to 2.8) and very aggressive Prostate cancer (z=6.8, P<10−11; 3.0, 2.2 to 4.0), defined as any of Gleason score ≥8, stage T3-4, positive nodes, or distant metastases. Patients with polygenic hazard scores above the 50th centile accounted for 76% of cases of aggressive Prostate cancer, and the upper fifth accounted for 42%.
Cost-effectiveness evidence:
Cost-effectiveness of genetic testing for prostate cancer is an important consideration that has been given little attention in the literature. Research has shown that targeted hereditary testing for a prevalent disease like breast cancer is cost effective under several different economic scenarios when directed at those at highest risk of carrying a mutation.39-42 Pashayan et al43 used a life-table model of a hypothetical cohort of 364,500 women in the UK to compare the cost-effectiveness of risk-stratified breast screening programs to a standard age-based screening program and no screening. They found that, of the 3 screening scenarios, the risk-stratified scenario with risk threshold at the 70th percentile had the highest net monetary benefit, at a willingness to pay of £20,000 per QALY gained, with a 72% probability of being cost-effective. For prostate cancer, there is a need to build on the findings of these studies and model survival and quality-adjusted life-years for patients who are at high risk versus those at population risk for prostate cancer. 


3. [bookmark: _Toc13655148]When to screen?
Examples (indicative not exhaustive):
· Single screen 
· Repeat screen every X number of years
· Repeat screen with subsequent screen interval based on baseline PSA level or risk level
 Summary of what is known:
· Screening more frequently may lead to increased overdiagnosis13 44-47
· Guidelines are moving in the direction of tailoring further re-screening intervals to risk of future metastasis and/or prostate cancer death, with more frequent screening if higher risk and less frequent screening if lower risk3 5
Summary of what is not known:
· The optimal screening interval

Clinical evidence:
Although different screening intervals have not been compared in a randomized controlled trial setting, screening frequency is thought to be an important determinant of overdiagnosis. 13 20 The single trial that demonstrated a mortality benefit of PSA screening, the ERSPC, had a screening interval of 4 years (and a PSA threshold level for biopsy of 3.0 ng/mL) in most centers.11 These results provide support for a benefit of screening less frequently than every year. 
Various modelling studies have compared annual screening with less frequent screening.  Draisma and colleagues44 used the MISCAN-PRO model with data from the Rotterdam section of the ERSPC to estimate how much overdiagnosis there might be in the Netherlands for five hypothetical screening strategies based on a PSA test threshold for biopsy referral of greater than 3 mg/L. The range of estimates of overdiagnosis as a proportion of screen-detected cancers ranged from 27% for a single screen at age 55 years to 48% for regular screening at 55 to 67 years every 4 years. 
In another model,46 it was projected that screening every 2 years would reduce the number of tests and unnecessary biopsies by 50% while retaining 93% of the years of life saved (relative to an annual screening strategy). A more recent modelling study by the same group used a completely different approach and demonstrated that screening every 2 years reduced the number of tests and unnecessary biopsies by almost 50% and reduced overdiagnosis by 13% while retaining 87% of the years of life saved.47 In a third model, screening every 2 years similarly reduced the number of tests while retaining 95% of the years of lifesaved.45 All of these studies assumed a PSA cut off of 4.0 ng/mL and a starting age for screening of 50 years. The second study showed similar results with a starting age of 40 years.
There is no consensus on recommended screening interval with different organisations recommending different strategies (Table 6), but no strong evidence to recommend one screening interval over another. The American Cancer Society guideline for the early detection of prostate cancer recommends that for men with PSA levels less than 2.5 ng/mL, screening intervals should be every 2 years, screening should be conducted yearly for men with PSA levels of 2.5 ng/mL or higher and a PSA level of 4.0 ng/mL or higher should be used to recommend referral for further evaluation or biopsy. For PSA levels between 2.5 and 4.0 ng/mL, health care providers should consider an individualized risk assessment that incorporates other risk factors for prostate cancer, particularly for high grade cancer, which may be used for a referral recommendation.5
The Memorial Sloan Kettering Cancer Center (MSKCC) in the US recommend starting screening at age 45 with a prostate -specific antigen (PSA) test without digital rectal examination. If PSA ≥ 3 ng/mL: consider prostate biopsy; if PSA ≥ 1 but < 3 ng/mL: return for PSA testing every 2-4 years; if PSA < 1 ng/mL: return for PSA testing at 6-10 years. PSA testing should end at age 60 for men with PSA ≤ 1 ng/ mL; at 70, unless a man is very healthy and has a higher than average PSA; at 75 for all men. 3
The protocol for the ProScreen trial, a Finnish population-based randomized screening trial which commenced in 2018, states that the screening interval is 6 years for men with baseline PSA <1.5 ng/ml, 4 years with PSA 1.5–3.0 and 2 years if initial PSA > 3. 1
A recently published study by Palsdottir et al48 used data from the Stockholm PSA and Biopsy Register on men aged 50–74 years with at least two PSA tests between 2003 and 2015 (n=174636) to look at the risk ratio of GS ≥7 and GS 6 versus benign outcome at prostate biopsy and 12-year cumulative probability of experiencing a false-positive biopsy by testing interval, age, PSA level and first-degree family history. They concluded that men with PSA ≤1ng/mL can wait 3–4 years before having a new PSA test, due a low risk of developing GS > 7 cancer. For men with PSA >1ng/mL, they observed an increased risk of being diagnosed with GS ≥7 prostate cancer with longer than annual testing intervals alongside markedly increased risks for false-positive biopsy recommendations with shorter testing intervals recommendations.

[bookmark: _Ref1032457]Table 6. PSA-based screening intervals
	
	PSA (ng/ml)
	Screening interval

	ProScreen
	<1.5
	6 years

	
	1.5 – 3
	4 years

	
	>3
	2 years

	
	>3 + high risk on multi-kallikrein panel 
	Biopsy

	MSKCC
	<1
	6 – 10 years

	
	1 – 3
	2-4 years

	
	>3
	Biopsy

	ACS
	<2.5
	2 years

	
	2.5 – 4
	1 year

	
	>4
	Biopsy



Cost-effectiveness evidence:
A previous systematic review of prostate cancer screening cost-effectiveness models 49 found that, when accounting for quality of life, a single screen was not shown to be cost-effective in three studies50-52, but one study found that a single screen at 55 may be potentially cost effective ($31,470/QALY gained).53 Repeat screening was not shown to be cost-effective in four studies 50-52 54. However, two studies found some strategies to be potentially cost-effective: Screening every 4 years at ages 55–69 years old at a PSA threshold of 10 ng/ml ($92,450)55, screening very high-risk men every 4 years at a PSA threshold of 4.0 ng/ml (AUS$30,570)56, and yearly or two yearly screens starting at 55 years old and stopping at ages ranging between 59 and 63 years old with incremental cost-effectiveness ratios (ICERs) ranging from $38,560–$76,910/QALY gained.53 
Three studies 52 55 57assessed the cost-effectiveness of adaptive screen frequencies, where the subsequent screen interval was based on the baseline PSA level 52 57or the PSA threshold for biopsy was dependent on age.52 55 None of the strategies compared were shown to be cost-effective. 



4. [bookmark: _Toc13655149]How to screen?
Examples (indicative not exhaustive):
· PSA ≥1/3/4/10 -> TRUS-guided biopsy
· PSA ≥1/3/4/10 - > mpMRI -> MRI-targeted biopsy 
· PSA ≥1/3/4/10 -> TRUS-guided biopsy -> mpMRI in men with no cancer detected -> MRI-targeted biopsy in men with suspicious mpMRI
· PSA ≥1/3/4/10 -> TRUS-guided biopsy -> Template mapping biopsy
· PSA ≥1/3/4/10 + high risk score on multi-kallikrein panel -> mpMRI -> MRI-targeted biopsy 
What is known:
· There is some evidence that mpMRI is more effective as a first-line diagnostic tool than TRUS-guided biopsy.58 59
· There is evidence that multi-kallikrein panels, when used alongside PSA tests, are more effective at detecting prostate cancer than a PSA test alone. 4 60-63
What is not known:
· The optimal point in the diagnostic pathway to introduce mpMRI. 
· The optional combination of tests to detect clinically significant cancer. 
Conclusions based on summary of evidence:
· Other tests should be introduced into the diagnostic pathway alongside PSA tests and biopsies

Clinical evidence:
Men with PSA concentrations of less than 1 ng/mL have very low prevalence of high-risk cancers. The Prostate cancer Prevention trial (PCPT)64 showed that almost half the study population had a PSA concentration less than 1 ng/mL and only 7.2% of high-risk cancers were identified in these. Moreover, men with a PSA concentration of less than 1 ng/mL have a very low risk of dying with prostate cancer within 25 years of their diagnosis.31 Historically a PSA cut-off of ≥4 ng/mL was used to recommend biopsy. However, the PCPT in 2004, in which all men had an end-of-study biopsy regardless of PSA-level, showed that prostate cancer was found in 15% of men with PSA <4.0 ng/mL, and 15% of these were Gleason score 7 or higher. Many cancers were found in the PSA-range 3–4 ng/mL, which caused the recommended cut-off to be reduced to ≥3 ng/mL. However, some studies such as Roth et al55 have shown that a cut-off of ≥10 ng/ml may be more effective. The evidence is growing regarding the value of the “baseline” PSA measured in midlife for risk-stratification of future screening intensity, as shown by several large population-based observational studies (e.g., Malmö Preventive Project, Malmö Diet and Cancer, Västerbotten Intervention Project, the Baltimore Longitudinal Study of Aging, the Physician’s Health Study).65-67
PSA density, calculated as total PSA (ng/ml) divided by prostate volume (ml), has been shown to inform biopsy decisions better than PSA alone.68 69 70Nordstrom et al71 used data from the STHLM3 trial to assess the value of PSA-density measurements prior to systematic biopsy. They found that the risk of having prostate cancer with Gleason score ≥7 increased with increasing PSA-density. The overall risk of being diagnosed with Gleason Score ≥7 cancer was 17.9% (95% CI 16.9–18.9) in the entire cohort, 6.2% (95% CI 4.7–7.7) among men with PSA-density <0.1 ng/ml/cc compared with 27.7% (95% CI 24.0–31.4) and 46.2% (95% CI 42.4–50.0) among men with a PSA-density of 0.15–0.19 and >0.2 ng/ml/cc, respectively. They state that previously suggested PSA-density cut-offs for suspicion of cancer (0.10–0.15 ng/ml) may lead to under-detection of significant cancer, and a lower threshold (e.g., ≤0.07 ng/ml) should be considered.
Another approach has been to assess the rate of PSA change over time (the PSA velocity). It is thought that an elevated serum PSA that continues to rise over time is more likely to reflect prostate cancer than one that is consistently stable72. In one study, it was found that when PSA was <4 ng/mL, a PSA velocity >0.35 ng/mL per year measured over several years was associated with a high risk of death from prostate cancer 15 years later.73 Similarly, another series of studies from a different group found that among men with prostate cancer, a PSA velocity >2 ng/mL per year in the year prior to diagnosis was associated with an increased risk of death from prostate cancer after radical prostatectomy or radiation therapy74 75. The issue with PSA velocity is that at least three consecutive measurements should be performed76 which may increase both healthcare costs and anxiety in the patient. 
Multiparametric magnetic resonance imaging (mpMRI) is gaining popularity as a method for diagnosing clinically significant prostate cancer. The 2019 update to the NICE guideline on prostate cancer diagnosis and management recommends that mpMRI scanning should be offered as a first-line investigation for people with suspected clinically localised prostate cancer.77 78 In the previous version of the NICE guideline, similar to the 2015 European Association of Urology Guidelines on Prostate cancer, mpMRI was only recommended when clinical suspicion of prostate cancer persisted in spite of negative biopsies. This was due to findings that, when performed in the evaluation of patients with elevated PSA levels with previous negative prostate biopsy, mpMRI identified clinically significant prostate cancers which would have been otherwise missed by routine systematic biopsy.79
Recent studies have reported encouraging results on the performance of mpMRI as a first-line diagnostic tool in detecting CS prostate cancer.58 80 81 The Prostate MR Imaging Study (PROMIS) was the largest accuracy study on the use of mpMRI and transrectal ultrasound-guided biopsy (TRUSB) in the diagnosis of prostate cancer.58 This trial included 576 biopsy-naïve men in which mpMRI was followed by a transperineal template mapping biopsy (TPMB) and then a standard transrectal biopsy to evaluate the diagnostic accuracy of mpMRI before first biopsy. Using TPMB as the reference standard, it was found that mpMRI had better sensitivity for CS prostate cancer compared with TRUSB but worse specificity.58 Other studies have also shown that targeted biopsies guided by mpMRI have been shown to decrease the frequency of biopsied men by 20–54% compared to systematic transrectal ultrasound-guided biopsies. 80 82 
[bookmark: _GoBack]Although the use of mpMRI appears to improve the detection of clinically significant cancer, concerns include inter-reader variability;83 84 absence of long-term follow-up; the possibility that mpMRI may miss aggressive cancers;85 costs; and whether there could be universal provision of the equipment and clinical expertise to offer mpMRI. Variation in image quality and in radiologists’ performance in examination interpretation is a primary barrier to the widespread clinical adoption of prostate MRI. Currently there is no standardization for image quality and examination quality may vary across centres. As the interpretation of prostate MRI is challenging, the literature has demonstrated improved performance in prostate MRI interpretation among more experienced radiologists.86 87 88. Thus, to date, the implementation of prostate MRI and MRI targeted biopsy has remained most heavily concentrated in major academic centres that have developed the necessary radiological experience and expertise to provide accurate MRI interpretations.
Combining the PSA test with other biochemical indicators may be another option for improving its performance as a screening test. A panel of four kallikreins (total PSA, free PSA, intact PSA and human kallikrein-related peptidase-2, hK2), known as the 4Kscore has been developed to indicate the probability of an aggressive prostate cancer. 60 In four studies, it reduced the number of biopsies by 25–43%, while detecting 89–97% of GS ≥ 7 cases with AUC 0.78–0.8460-62 89 Yet, it has never been applied as a screening tool in a randomized trial. The Prostate Health Index (PHI) is another multicomponent biochemical risk indicator (with total, free and pro-PSA) with reasonably similar performance as 4Kscore, but its characteristics have not been equally well documented63 90.
A Swedish trial comprising of 47,688 men age 50–69 years reported on the performance of the STHLM3 risk prediction model, which selectively identifies men with Gleason ≥7 prostate cancer. The STHLM3 model is a test consisting of a combination of plasma protein biomarkers (PSA, free PSA, intact PSA, hK2, MSMB, and MIC1), genetic markers, clinical variables (age, family history, previous prostate biopsy), and a prostate exam (digital rectal exam and prostate volume). This study showed that at a sensitivity level for detecting prostate cancer comparable to biopsying all men with a PSA ≥3.0 ng/mL the STHLM3 model could reduce the number of biopsies by 32% and could avoid 44% benign biopsies.4 However, the cost-effectiveness of using the test for screening is not known and the marginal benefit of each of the individual components of the STHLM3 test remain to be understood.91 92A phase 2 study combining the STHLM3 model with mpMRI is almost completed and will include 9,000 men.93
Cost-effectiveness evidence:
Faria and colleagues59 describe a cost-effectiveness analysis based on PROMIS. From their analysis, they conclude that the most cost-effective use of mpMRI involves mpMRI before a first biopsy followed by up to two mpMRI–targeted biopsies if negative; this strategy has a sensitivity of 0.95 (95% confidence interval [CI] 0.92–0.98), a testing cost of £807 per man (95% CI £777–£833),and an incremental cost-effectiveness ratio (ICER) of £7076 per quality-adjusted life year (QALY) gained relative to an approach using systematic biopsy first.
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