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Abstract 

Polygenic risk scores (PRSs) have generated considerable interest as a means of person-
alizing prostate cancer (PC) screening by stratifying individuals according to their 
genetic risk. The single-arm BARCODE1 study recently showed that PRS-based screening 
detected more PCs than prostate-specific antigen (PSA) testing or magnetic resonance 
imaging (MRI). The absence of a comparator arm limits the interpretability of this find-
ing. We compared outcomes from BARCODE1 with those from two contemporaneous, 
large-scale screening trials—Göteborg-2 and ProScreen—that used MRI with or without 
a PC blood marker to risk-stratify men for biopsy. When standardized to 10 000 men 
tested, BARCODE1 biopsied more men (704 vs 386 and 338), diagnosed more low-
grade PCs (126 vs 103 and 41), and detected fewer high-grade PCs (155 vs 178 and
165) versus Göteborg-2 and ProScreen. Combining PRS with PSA or MRI in BARCODE1
reduced the detection of high-grade PCs by 50–75% in comparison to Göteborg-2 and
ProScreen. These findings reflect the limited risk discrimination of PRSs and their inabil-
ity, unlike MRI and blood-based markers, to preferentially detect aggressive disease.
PRS-based PC screening underperforms relative to current best practice and, on the basis
of BARCODE1 data, should not be adopted in clinical practice.
© 2025 The Author(s). Published by Elsevier B.V. on behalf of European Association of 
Urology. This is an open access article under the CC BY license (http://creativecommons. 

org/licenses/by/4.0/). 
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ADVANCING PRACTICE 

What does this study add?
This is a comparative analysis of a polygenic risk score (PRS)-guided prostate cancer screening strategy (BARCODE1) ver-
sus two contemporary population trials that combine prostate-specific antigen, magnetic resonance imaging, and blood 
biomarkers (Göteborg-2 and ProScreen). We show that PRS-guided screening subjects more men to biopsy, detects fewer 
clinically significant cancers, and overdiagnoses more low-grade tumors than current best practice. Quantitative metrics
highlight the limited risk discrimination of currently available PRSs. Given that these scores underperform relative to
established methods and do not preferentially detect aggressive disease, they should not be adopted in clinical practice.

Clinical Relevance 
This comparative analysis demonstrates that polygenic risk score (PRS)-guided prostate cancer screening results in more 
biopsies, fewer clinically significant cancers detected, and increased overdiagnosis of low-grade tumors compared to 
established PSA- and MRI-based strategies. The findings highlight the limited discriminatory power of current PRS tools, 
which fail to preferentially identify aggressive disease, and underscore that PRS-based screening underperforms relative
to contemporary best practices. Clinicians should continue to rely on validated PSA, biomarker, and MRI-based
approaches for prostate cancer screening, as PRS implementation in its current form risks unnecessary procedures and
missed high-risk cases. Associate Editor: Guillaume Ploussard.

Patient Summary 
We compared a genetic approach for prostate cancer screening (polygenic risk score) to two established methods that use 
MRI (magnetic resonance imaging) scans and blood tests for cancer markers. The genetic approach led to more biopsies 
but found fewer aggressive cancers and more low-risk tumors. Current polygenic risk scores for prostate cancer screening
are less effective than standard methods such as measurement of PSA (prostate-specific antigen) and cancer markers and
MRI scans.
Screening for prostate cancer (PC) using prostate-specific 
antigen (PSA) alone is of questionable net benefit because of 
the relatively high number of men that need to be biopsied
and diagnosed to prevent one PC-specific death [1]. This has 
led to efforts to risk-stratify PSA screening to improve the
ratio of benefits to harms.

Polygenic risk scores (PRSs) have generated considerable 
interest as a possible means of personalizing PC screening 
by stratifying individuals according to their genetic risk. A 
PRS combines information for multiple common genetic 
variants, each of which contributes a small amount of risk,
to estimate an individual’s overall genetic predisposition
to developing PC. Advocates propose that PRS-guided
screening could better balance the benefits and harms of
screening by targeting higher-risk individuals. McHugh
et al [2] recently investigated this approach in the BAR-
CODE1 study, a single-group study conducted in the UK in 
which all men aged 55–69 yr from 69 primary care practices 
were invited to participate. Volunteers underwent PRS test-
ing, with those in the top 10% of the risk distribution invited 
for PSA measurement, magnetic resonance imaging (MRI), 
and biopsy. A biopsy was offered to all men at high PRS risk
irrespective of PSA and imaging findings. In cases in which
MRI-visible lesions were present, additional targeted biopsy
cores were obtained. The authors claimed that the percent-
age of men ‘‘found to have clinically significant disease [on
PRS-based screening] was higher than the percentage that
lease cite this article as: A. Sud, A. McNeill and A.J. Vickers, Comparison o
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would have been identified with the use of PSA or MRI.’’
[2]. Such a conclusion is questionable in the absence of a
comparator arm.

To contextualize the performance of PRS-based screen-
ing, we compared the outcomes from BARCODE1 with those
from two contemporaneous large-scale screening trials—
Göteborg-2 and ProScreen [3,4]. Göteborg-2 is a random-
ized, population-based screening trial in Sweden [3]. Men 
aged 50–60 yr undergo repeated PSA testing, and those with 
PSA 3.0 ng/ml proceed to prostate MRI. Participants are 
then randomized to either systematic biopsy with addi-
tional targeted biopsy if MRI-visible lesions are present, or
MRI-targeted biopsy alone. ProScreen is a randomized,
population-based screening trial in Finland, enrolling men
aged 50–63 yr [4]. In the intervention arm, men undergo 
PSA testing, and those with PSA 3.0 ng/ml receive further 
risk stratification using a PC blood marker, a four-kallikrein
panel. Men with a kallikrein score 7.5% proceed to MRI,
followed by targeted biopsy if indicated.

From each trial, we extracted data on the number of men 
screened and biopsied, and the number of high-grade (de-
fined as Gleason 7, grade group 2) and low-grade (Glea-
son 6, grade group 1) PCs detected. To facilitate comparison
across studies, outcomes were standardized and are
reported per 10 000 screened individuals. For example, in
BARCODE1, 704 biopsies were performed per 10 000 men
screened (468 6644 10 000), and detected 155 high-
f Results from the BARCODE1 Study and Contemporary Prostate Cancer
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Table 1 – Comparison of outcomes for population-based prostate cancer screening approaches between the Göteborg-2, ProScreen, and
BARCODE1 studies

a Parameter Göteborg-2 ProScreen BARCODE1 

Cohort age (yr) 50–60 50–63 55–69 
Screening modalities PSA + MRI-TBx PSA, 4KP, 

+ MRI
PRS PRS + PSA PRS + MRI PRS, PSA, 

+ MRI
Participants biopsied 386 338 704 170 146 54 
csPC cases diagnosed 178 165 155 78 68 42 
ciPC cases diagnosed 103 41 126 26 24 3 

PSA = prostate-specific antigen; MRI = magnetic resonance imaging; TBx = targeted biopsy; 4KP = four-kallikrein panel; PRS = polygenic risk score;
csPC = clinically significant prostate cancer; ciPC = clinically insignificant prostate cancer.
a Numbers are expressed per 10 000 individuals screened to allow comparison across the screening approaches.

 

grade cancers (103 6644 10 000) and 126 low-grade 
cancers (84 6644 10 000). Raw numbers are shown here
only to illustrate the calculation; all the results are pre-
sented in Table 1 as standardized outcomes per 10 000
screened.

A good screening strategy should maximize the yield of 
high-grade cancers detected but minimize the number of 
men biopsied and the number of low-grade cancers 
detected, which are generally considered to represent over-
diagnosis. In comparison to screening strategies that are 
based on PSA and MRI (Göteborg-2) or PSA, markers, and
MRI (ProScreen), the PRS-based screening strategy
(BARCODE1) resulted in more men being biopsied, and
more overdiagnoses of low-grade PC, yet detected fewer
cases of high-grade disease per 10 000 men screened
(Table 1). A PRS strategy combined with PSA or MRI—with 
men biopsied only if they have a high PRS plus high PSA, a 
positive MRI, or both—results in a very low yield of high-
grade cancers, missing more than half of the cancers
detected by other contemporary screening approaches.

As BARCODE1 did not include a control arm, placing its 
findings in context requires comparison with other contem-
porary screening trials. Inevitably, these trials differ in 
terms of patient characteristics and health care setting, all 
of which can influence outcomes. However, the differences 
in the numbers of biopsies, overdiagnoses, and cancers 
between PRS and other approaches are consistent and large, 
and it is unlikely that these could be explained by between-
trial differences in patient characteristics. It is also notable
that BARCODE1 screened an older population (55–69 yr)
than Göteborg-2 (50–60 yr) and ProScreen (50–63 yr).
Although higher incidence of clinically significant PC would
be expected in this older cohort, BARCODE1 detected fewer
high-grade cancers per 10 000 men screened.

The poor performance of PRS-based screening is perhaps 
unsurprising given its modest diagnostic properties. A cen-
tral limitation is the weak risk discrimination offered by 
PRS, reflected both in the modest stratification of 10-yr
absolute risk across PRS percentiles in BARCODE1 and in a
low area under the receiver operating characteristic curve
(AUC) of 0.67 [5,6]. To place the AUC in a clinically meaning-
ful context, it is necessary to derive related performance 
metrics, specifically the detection rate (DR, or sensitivity; 
ie, the proportion of individuals with the disease who are
correctly identified by the test) and the false positive rate
(FPR; proportion of individuals without the disease who
are incorrectly classified as high risk) [5]. Using the risk-
Please cite this article as: A. Sud, A. McNeill and A.J. Vickers, Comparison o
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screening converter, this AUC corresponds to a DR of 24% 
and FPR of 9% at the 90th percentile threshold (Fig. 1) [7]. 
By contrast, population-based cancer screening tests such 
as fecal immunochemical testing for colorectal cancer 
(DR = 79%, FPR = 6%) and digital mammography for breast
cancer (DR = 75%, FPR = 8%) offer substantially stronger per-
formance [8,9]. Expressed differently, most PCs in the pop-
ulation occur in men below the 90th percentile of PRS risk 
and are missed by the BARCODE1 PRS approach, but would 
be detected by the screening strategies used in Göteborg-2
and ProScreen. Consequently, at the population level, the
PRS as implemented in BARCODE1 cannot reliably identify
which men would benefit from continued PSA-based
screening, unlike baseline PSA measured at ages 40–60 yr
[10].

Crucially, current PC PRSs do not preferentially detect 
aggressive disease [11]. The proportions of high-grade 
and low-grade cancers are similar across current PC PRS 
risk strata, so restricting screening to higher-risk groups 
defined by PRS will not improve the balance of screening 
benefits and harms. We have previously demonstrated 
mathematically that the net benefit of screening can only 
be improved if the relative proportion of aggressive to
indolent disease increases with higher scores [11].  This  is
true for PSA, markers, and MRI, which explains why 
screening approaches based on these modalities have 
superior properties. Future research should explore 
whether PRSs calibrated against PC mortality, rather than 
incidence, offer better clinical utility. A recent study con-
cluded that given the additional costs of genotyping and 
downstream managemen t combined with limited risk dis-
crimination, realistic implementation of PRSs is unlikely to
be cost effective [12]. 

Given their modest discriminatory ability, lack of prefer-
ential detection of aggressive disease, inferior performance 
in comparison to established screening strategies, and 
limited cost effectiveness, current PC PRSs do not offer a 
favorable balance of benefits to harms. Thus, they should
not be used for screening in clinical practice at this time.
Substantial methodological advances, particularly in the
development of PRSs calibrated to lethal disease endpoints,
are required before their role in population screening can be
reconsidered.
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Fig. 1 – Density distributions of polygenic risk score (PRS) values for individuals with prostate cancer (red) and without prostate cancer (blue). Shaded regions 
correspond to a detection rate of 24% and a false positive rate of 9% according to a threshold at the 90th percentile of the PRS distribution. These performance
metrics were derived from the area under the curve using the risk-screening converter [6,7].
Study concept and design : Sud, Vickers.
Acquisition of data: Sud, Vickers.
Analysis and interpretation of data: Sud, McNeill, Vickers.

Drafting of the manusc ript: Sud.
Critical revision of the manuscript for important intellectual content: Sud,
McNeill, Vickers.

Statistical analysis: Sud, Vickers.
Obtaining funding: Sud, Vickers.
Administrative, technical, or material support: None.
Supervision: Non e.
Other: Non e.

Financial disclosures: Amit Sud certifies that all conflicts of interest, 
including specific financial interests and relationships and affiliations rel-
evant to the subject matter or materials discussed in the manuscript (eg, 
employment/affiliation, grants or funding, consultancies, honoraria, stock 
ownership or options, expert testimony, royalties, or patents filed,

received, or pending), are the following: Amit Sud and Alan McNeill have

nothing to disclose. Andrew J. Vickers reports royalties from the sale of

the 4Kscore prostate test.

Funding/Support and role of the sponsor: This work was supported in 
part by the National Institutes of Health/National Cancer Institute via a

Cancer Center Support Grant to Memorial Sloan Kettering Cancer Center
Please cite this article as: A. Sud, A. McNeill and A.J. Vickers, Comparison o
Screening Trials, Eur Urol Oncol, https://doi.org/10.1016/j.euo.2025.12.013
(P30 CA008748), a SPORE grant in Prostate Cancer to Dr. H. Scher (P50-
CA92629), the Sidney Kimmel Center for Prostate and Urologic Cancers, 
and David H. Koch through the Prostate Cancer Foundation. Amit Sud is

in receipt of a Wellcome Trust Early Career Award (227000/Z/23/Z). The

funding bodies played no direct role in the study.
References 

[1] Vickers A, O’Brien F, Montorsi F, et al. Current policies on early
detection of prostate cancer create overdiagno sis and inequity with
minimal benefit. BMJ 2023;381:e071082. 

[2] McHugh JK, Bancroft EK, Saunders E, et al. Assessment of a
polygenic risk score in screening for prostate cance r. N Engl J Med
2025;392:1406–17. 

[3] Hugosson J, Godtman RA, Wallstrom J, et al. Results after four years
of screening for prostate cancer with PSA and MRI. N Engl J Med
2024;391:1083–95. 

[4] Auvinen A, Tammela TLJ, Mirtti T, et al. Prostate cancer screening
with PSA, kallikrein panel, and MRI: the ProScreen randomized trial.
JAMA 2024;331:1452 –9. 

[5] Wald NJ, Old R. The illusion of polygeni c disease risk prediction.
Genet Med 2019;21:1705–7. 

[6] Jia G, Lu Y, Wen W, et al. Evaluating the utility of polygenic risk
scores in identifying high-risk individuals for eight common
cancers. JNCI Cancer Spectr 2020;4:kaa021. 

[7] Hingorani AD, Gratton J, Finan C, et al. Performance of 
polygenic risk scores in screening, prediction, and risk
stratification: secondary analysis of data in the Polygenic Score
f Results from the BARCODE1 Study and Contemporary Prostate Cancer

http://refhub.elsevier.com/S2588-9311(25)00339-6/h0005
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0005
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0005
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0010
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0010
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0010
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0015
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0015
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0015
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0020
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0020
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0020
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0025
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0025
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0030
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0030
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0030


E U R O P E A N U R O L O G Y O N C O L O G Y X X X ( X X X X ) X X X – X X X 5
Catalog. BMJ Med 2023;2:e000554. https://doi.org/10.1136/ 
bmjmed-2023-000554. 

[8] Lee JK, Liles EG, Bent S, Levin TR, Corley DA. Accuracy of fecal
immunochemical tests for colorectal cancer: systematic review and
meta-analysis. Ann Intern Med 2014;160:171. 

[9] Pisano ED, Gatsonis C, Hendrick E, et al. Diagnostic performance of
digital versus film mammography for breast-can cer screening. N
Engl J Med 2005;353:1773–83. 

[10] Carlsson S, Assel M, Sjoberg D, Ulmert D, Hugosson J. Influence of
blood prostate specific antigen levels at age 60 on benefits and
Please cite this article as: A. Sud, A. McNeill and A.J. Vickers, Comparison o
Screening Trials, Eur Urol Oncol, https://doi.org/10.1016/j.euo.2025.12.013
harms of prostate cancer screening: populat ion based cohort study.
BMJ 2014;348:g22 96. 

[11] Vickers AJ, Sud A, Bernstein J, Houlston R. Polygenic risk scores to
stratify cancer screening should predict mort ality not incidence.
NPJ Precis Oncol 2022;6:32. 

[12] Dixon P, Aning J, Martin RM, Clements M. Modelling the potential 
contributions of polygenic risk stratification to cost-effective
screening for prostate cancer. medRxiv. https://doi.org/10.1101/ 
2025.05.19.25327897.
f Results from the BARCODE1 Study and Contemporary Prostate Cancer

https://doi.org/10.1136/bmjmed-2023-000554
https://doi.org/10.1136/bmjmed-2023-000554
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0040
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0040
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0040
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0045
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0045
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0045
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0050
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0050
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0050
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0050
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0055
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0055
http://refhub.elsevier.com/S2588-9311(25)00339-6/h0055
https://doi.org/10.1101/2025.05.19.25327897
https://doi.org/10.1101/2025.05.19.25327897

	Comparison of Results from the BARCODE1 Study �and Contemporary Prostate Cancer Screening Trials
	References




