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Abstract

Background: Prostate cancer is the most frequently diagnosed malignancy among men. Screening strategies aimed at
reducing prostate cancer—related mortality have raised concerns about overdiagnosis—defined as the detection of cancers that
would not cause symptoms or death during a patient’s lifetime—and subsequent overtreatment. This review systematically
evaluates whether PSA-based screening primarily enables early detection or contributes to clinically relevant overdiagnosis.
Methods: Following PRISMA guidelines, randomized controlled trials and cohort studies enrolling men aged > 40 years
without prior prostate cancer were included. Studies compared PSA-based screening with no screening or alternative
strategies. PubMed, Web of Science, and Scopus were searched from 2015 onward. Risk of bias was assessed using RoB2 for
randomized trials and the Newcastle—Ottawa Scale for cohort studies. Primary outcomes included prostate cancer diagnosis,
overdiagnosis, prostate cancer—specific mortality, and overall mortality.

Results: Thirteen studies enrolling men aged 4574 years, with follow-up ranging from 2 to 22 years and sample sizes
from 4,276 to 415,357, were included. Biopsy-related complications were infrequent (<2%), and MRI-guided biopsy was
associated with fewer infectious complications compared with standard transrectal biopsy. Overdiagnosis estimates varied
widely across studies; however, the pooled estimate was not statistically significant (RR 1.56 [95% CI 0.65-3.79]). PSA
screening did not reduce overall mortality (RR 0.99 [95% CI 0.88-1.11]). Prostate cancer—specific mortality was modestly
reduced, with pooled results borderline significant (IRR 0.87 [95% CI 0.76—1.00]). Substantial heterogeneity and risk of
bias across studies limited the certainty and generalizability of pooled estimates.

Conclusion: PSA-based screening is associated with a modest reduction in prostate cancer—specific mortality without an
improvement in overall survival. Lower overdiagnosis rates observed in more recent, risk-adapted screening strategies
highlight the importance of shared decision-making and support the integration of modern diagnostic tools to minimize harms.
Further well-designed, representative trials are needed to define optimal screening pathways across diverse populations.
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1980). However, over time, concerns have emerged re-
garding the unintended consequences of widespread
screening. Although PSA testing offers the possi-
bility of identifying prostate cancer at a potentially
curable stage, it is also associated with significant
disadvantages, including overdiagnosis of indolent
tumors and treatment-related morbidity, such as uri-
nary incontinence, erectile dysfunction, decline in
quality of life, and psychological distress (Donovan
et al., 2016; Gulati et al., 2019). These consequences
pose substantial challenges to both clinicians and pa-
tients in balancing the potential benefits and risks of
screening.

Initial randomized controlled trials suggested that
PSA-based screening could reduce prostate cancer-
specific mortality (Schroder et al., 2014), but at the
cost of increased overdiagnosis and overtreatment.
In response to these concerns, more recent studies
have aimed to refine the screening process. Strategies
such as multivariable risk calculators, blood-based
biomarkers, and pre-biopsy multiparametric mag-
netic resonance imaging (mpMRI) have been incor-
porated into risk-adapted screening pathways. Early
evidence suggests these approaches may reduce un-
necessary biopsies and improve the detection of clin-
ically significant disease while minimizing harm. De-
spite these advancements, the interpretation of the
evidence remains complex due to heterogeneity in
study designs, screening protocols, populations, and
outcomes.

While individual studies have demonstrated
promising results, there is still no comprehensive
synthesis of long-term outcomes associated with PSA
screening, particularly when embedded within mod-
ern, risk-adapted diagnostic strategies. The general-
izability of these findings to diverse populations and
healthcare systems also remains uncertain, as most
trials have been conducted in high-income countries
with homogeneous demographics. Furthermore, the
magnitude of benefit in terms of overall mortality re-
mains limited, raising questions about the net clinical
value of current screening practices. These gaps in
evidence highlight the need for a systematic review
to evaluate whether modern PSA-based screening
approaches meaningfully reduce overdiagnosis and
improve prostate cancer outcomes.

This systematic review aims to evaluate whether
PSA-based screening for prostate cancer, especially
when compared to risk-adapted strategies (e.g.,
mpMRI, biomarkers, risk calculators) or no screening,
reduces overdiagnosis and improves clinically rele-
vant outcomes. By consolidating current evidence,
this review intends to inform clinical practice and
public health policy, promote shared decision mak-
ing, and guide future screening strategies in diverse
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settings.

Materials and Methods

Information Sources and Search Strategy

This systematic review followed the Preferred
Reporting Items for Systematic Reviews (PRISMA)
and Meta-Analysis for the design and reporting
(Page et al., 2021). We systematically searched the
following electronic databases: PubMed, Web of
Science, and Scopus, including articles from January
2015 up to April 2025. The article’s search included
published randomized clinical trials (RCTs) and
observational studies (cohort) in English for the
diagnosis of prostate cancer using PSA screening
compared to no screening (placebo or standard care).
Details of the search strategy are outlined in Table S1.

Eligibility Criteria

The selected inclusion criteria were as follows: Stud-
ies conducted with men aged 40 years and above,
with PSA screening. The studies needed to report
PSA measurement(> 3 ng/ml), biopsy, or any surgi-
cal procedure or surveillance after the PSA screening.
Surgical procedures, biopsy, digital rectal examina-
tion, family history, and imaging studies of other
obstructive symptoms in the comparison group were
reported. The primary outcome was overdiagnosis
of prostate cancer. Secondary outcomes included
complications following diagnostic procedures (such
as infections, hematuria, rectal bleeding, discomfort),
biopsy or treatment-related adverse effects (includ-
ing urinary incontinence and sexual dysfunction),
false-positive results, and overall or prostate can-
cer—specific mortality. The review included random-
ized controlled trials (RCTs) and observational stud-
ies.

The analysis excluded several study types, such as
case reports, editorials, preclinical studies, abstracts,
posters, systematic reviews, meta-analyses, experts’
opinions, narrative reviews, and guidelines. Trials
involving a previous prostate biopsy before the
original trial enrollment, previous prostate cancer
before the original trial enrollment, previous prostate
surgery or procedure before the original trial
enrollment were excluded. Additionally, Studies
focusing on unrelated conditions, such as prostati-
tis or alternative screening modalities, were excluded.

Selection of Studies, Outcome, and Data Extraction
The selection of the studies was done first by

screening the title and abstract, followed by full-text
screening. Each phase was performed by two

Principles and Practice of Clinical Research (2025) 11; 3



Parients who underwent

Systematic Review & Meta Analysis

N, LA Study design  Samplostre (N biopsy/ resuls  Populaion Intervention/ Comparator Do Results
and year and duration  total) g Exposure Measured
of the biopsies
N 46495 A prospective analysis of 57 men with suspicious DRE at
. Intervention group age 45 revealed three PCa. Detection rate by DRE was
(404%) Intervention ; 5 }
PSA screening group n:l, 005% (3/ 6537) as compared with a four-fold higher rate
group - dSyearsold ey was negative by PSA screening (48/ 23 301, 021%). The troe-positive
immediate screening : i
B ) for prostate cancer - detection rate by DRE relative to screening by PSA was
1 Tl wictuy, b Germany i D o Men aged 45 PSA screening gl mociil Cancer detection rate 022 (95% [CI] = [007-0.72]). alse-positive detection rate
] SRk Control group SRR by DRE was 22 (95% CI = 150-3.17)). (2) Among PSA-
Controlgroop 50 1y g crenp n: 36 screen—detected PCa cases, 86% had unsuspicious DRE
years old deferred L fients n3 (sensitivity relative to PSA was 14%) The majority of
PaA soreeningarm e cancer these numors (86%) were located in potentially accessible
0=23194 of those
zones of the prostate as seen by MRL
: 6,537 had DRE.
OF 415 357 cligible men (mean [SD] age, 590 [5.6] years),
98% were included in these analyses. Overall, 12 013 and
12 958 men with  PCa diagnosis were in the
intervention and control groups, respectively (15-year
N: 415357 ) cumulative risk, 7.08% [95% CI, 6.95%-721%] and 6.94%
i (3612%) {amcvaadon gro [95% CI, 6.82%-7.06%]). At a median 15-year follow-up,
United Underwent prostate =
§ ; 1199 men in the intervention group (0.69% [95% CI,
Kinglomof = [Ctodies e L Lk L 0.65%-0.73%]) and 1451 men in the control group (0.78%
Wi Aoy O pdbinl  Srncomesed i Developed prostte cancer i sped 50 60 . e B 0 veary o [95% C1, 0.73%-0.82%]) died of PCa (rate ratio [RR], 0.92
2 al. 2024 indNorthern coatrolledutrial © | o ooy o derguny 1200 years PSA screening it r A i morulity [95% C1, 085-0.99]; P = .03). PSA screening intervention
Irelind; Unlted (03 yoem fallow e reciing setmening) increased detection of low-grade PCa (: 22% vs 1.6%; P
i up Soamoligionp <.001) and localized (T1/T2: 3.6% vs 31%; P < 001)
America Developed prostate cancer ! ) i
Conwol growpa: disease but not intermediare, high-grade, locally
219,395 advanced, o distally advanced) wmors. There were 45
084 all-cause deaths in the intervention group (232%
[95% C1, 23.0%23.4%]) and 50 336 deaths in the control
group (233% [95% CI, 23.1%-23.5%]) (RR, 0.97 [95% CI,
094-101); P = .11).
Out of 2293 men with elevated risk, n= 1372 were
randomly assigned to the experimental group and n=921
t the control group. The AUC for detection of
clinically significant PCa was 0:76 (95% CI 0-72-0-80)
for Stockholm3 and 060 (0-54-0+65) for PSA.
Stwockholm3 2011 was non-inferior 0 a PSA of >3
ng/mL for detection of clinically significant prostste
Patieats that were cancer (227 vs 192; [RP] 118 [95% CI 1-09-1-28],
included had PSA 23 p<0:0001 for non-inferiority), and detected a similar
ng/mL ot Inwervention group n921 aumber of low-grade PCa(30 vs 41; 122 [0-96-1'55],
Stackholm3 of 20-11 Biopsies that were positive p=0+053 for superiority)s. Compared to a PSA of > 3
R Randomized N300 0272 Men aged 5074 years Prosuate cancer Overall morulity and ng/mi, a Stockholm3 of 0+15 provided identieal
3 S Sweden comtotied wia 029 living in Stockholm  screening (PSAor  No PSAscreening  prostate cancer sensitivity to detect clinically significant cancer, and led
Control group n: 632 (Sweden) Stockholm3 tesq detection rate to fewer MRI procedures (545 vs 846; 064 [0-55-0-82))
Intervention group  Biopsies that wete positive and biopsics (311 vs 338; 0-02 (0-86-1:03). 2
01372 2308 Stockholm3 2 0'11 combined with MRI-trgeted and
systematic biopsies was associated with higher detection
Control group n: 921 of clinically significant cancers vs. PSA (227 [3-0%] men
tested vs 106 [2°1%)] men tested; RP 1-44 [95% CI
{1+15-1-81]) and lower detection of low-grade cancers
(50 [0-7%] vs 73 [14%]; 046 [0-32-0-66]), Patients in the
experimental group had lower prescription of
antibioties (25 [1-8%] of 1372 vs 41 [4-4%] of 921
p=0-0002) and admission to the hospital (16 [1-2%] vs 31
[3-4%]; p=0-0003)
Screening group, 77% (7647/9950) antended at lesst once.
After 18 yr, 1396 men in the Iaterventiongroup and 962
in the control group had been disgnosed with PCa
R Intetvention group nid654 (hazard ratio [HR] 151, 95% CI[CI] 1.39-1.64).
) Disgnosis of prostate Prosue emeer. | CMaive PCa mortlity was 0.98% 05% C1 078-122%)
— cancer 1396 i e meity .1:.2.1:1 s;;;enmg group v=ts|;s 1.;({::. (91;% cld o
4 Hogosson, |- et o ten conrolled wial ~Intervendon growp 0 ) oo o *number ye::;ag:mg in PSA screening No PSA screening  ©0soiute mnd 052% .(vs-’;z :;, :ﬁl&;:;:)o ';f:rm::: ;R‘)m:)‘:x;oc«
o 2018 18 years follow- 9950 relaiive risk !
e of hjnpmei not Géteborg redocton i prose 8l 51 065 0% C1 043-037, Ta prevent one death
Control groupae MeIaEG canenr gy FOm PCa the mumber needed t insite was 231 and the
S Disgnosis of prostate number needed to diagnose was 10. Systematic PSA
cancer m: 962 screening demonstrated even greater benefit in PCa
moruality for men who started screening at age 55-50 yr
(RR 047, 95% CI 029-0.78) and men with low education
(RR 0.49,95% CI 031-0.78)]
After 22 years, 1528 men in the Intervention Group and
1,124 men in the CG had been disgnosed with PCa In
Interveation group total, 112 PCa deaths occusred in the Intervention
diagnosis of prostate Group and 158 in the Controls. The intervention Group
N: 20,000 cancer 1528 Overall morulity,  showed a PCa incidence rate ratio (RR) of 142 (95% CI,
Randomized  (174%) proste cancer 131¢153) and a PCa mortality RR of 071 (95% CI,
Frinlund, M. et controlled trial Conwol group dingaony: n B IS st vy detection rate, 0.55¢0.91). The 22-year cumulative PCa moreality rate was
3 d.2022 fysden 22 years follow- Intervention proup n: of prostare cancer n: 1,124 yg:::::;’g = 2years NoFBANemenlng) o s, 1.55% (95% CI, 129¢186) in tintervention group and

up

Contol group n:  Number of patients that
underwent prostate

biopsy: Not mentioned

Table 1: Characteristics of the included studies.
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specific mortality
and biopsy rate

2.13% (95% CI, 1.83¢249) in the Controls. Number
needed o invite and number needed to disgnose was
estimated to 221 and 9, respectively. PCa death risk was
increased in nontesting men, men entering the program
after age 60 and men with >10 years of follow-up after
screening termination.
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OF 60 745 eligible men {mean [SD] age, 57.2 [4.0] years),
15201 were randomized to undergo prostate cancer
screening. OF 15 201 eligible males ig, 7744 (51%)
participated.

Among them, 32 low-grade PCafcumulative incidence,
041%) and 128 high-grade PCa (cumulative incidence,
165%) were detected, Among the 7457 invited men
(49%) who refused participation, 7 low-grade PCa
(cumularive incidence, 0.1%) and 44 high-grade cancers
(cumulative incidence, 0.6%) were detected,. In the
Screening group, 39 low-grade PCa (cumuladve
incidence, 0.26%) and 172 high-grade cancers
(cumulative incidence, 1.13%) were detected. During a
median follow-up of 3.2 years, in the Control group 65
low-grade PCa (cumulative incidence, 0.14%) and 282
high-grade cancers (cumulative incidence, 0.62%) were
detected.

In totl, 34 deaths were determined w be intervention-
related, of which 21 were in the screening arm and 13 in
the control arm. The overall risk of intervention-related
death was 141 (95% confidence interval 099-1.99) per 10
000 randomized men for both arms combined and
varied among centers from 0 o 7.0 per 10000
sandomized men. A limiation of this snady is that
diffeences in procedures among centers decreased the
comparability of the results.

The rate ratio of PCa mortlity was 0.80 (95% confidence
interval [CI] 0.72-0.89, p<0.001) at 16yr. The difference
in absolute PCa mortality increased from 0.14% at 13yr
0 0.18% at 16yr. The number of men needed i be
invited for screening tw prevent one PCa death was 570
at 16yr compared with 742 a 13yz. The number needed
0 diagnose was reduced to 18 from 26 at 13yr. Men with
PCa detected during the first round had a higher
prevalence of PSA >20ng/ml (9.9% compared with 41%
in the second round, p<0001) and higher PCa morulity
(hazard ratio=186, p<0.001) than those detected
subsequently.

Men in the Screening group were sereened ar four-year
intervals and referred to biopsy if the PSA

> 40 ng/ml, or 30-399 ng/ml with a free/wtal PSA
satio 16%. The median follow-up was 1510 years. The
absolute risk of PCa death was 0.76% in the Screening
Arm and 0.85% in the Control Army, the observed hazard
ratio (HR) was 0.89 (95% confidence interval (CI)
076-1.04). After correcing for non-atendance, the HR
was 0.78 (0.64-0.96); predicted effeet for 2 hypothetical
PSA threshold of 3.0 ng/ml the HR was 0.88 (0.7d-1.04)
and after eliminating the effect of interval cancers the
HR was 0.88 (0.74-1.04). Non-participating men in the SA
had a high risk of PCa death and a large impact on PCa
mortality.

PSA screening conveyed a two-fold higher risk of
PCacompared with unscreened men in Malmo™
(incidence rate rasio [[RR] 256, 95% confidence interval
[CI] 218, 3.02) but resulted in a substandal decrease in
the risk of metstases (IRR 043, 95% CI 022, 0.79) and
PCa death (IRR 0.29, 95% CI 0.11, 0.67). There were 57
fewer PCadeaths per 10 000 mea (95% CI 22, 92) in the
screened group. At 17y, the number needed to invite
to PSAsscreening and the number needed to diagnose to
prevent one prostate cancer death was 176 and 16,
respectively.

4276 men included (2415 screening arm, 1861 control
arm). Mean age and serum-PSA were 57 years old and
0,90 ng/m. The mean follow-up time was 15,8 years. ~ 242
PCa were diagnosed, 162 (6,7%) in the screening arm and
80 (43%) in control (p < 0,001). 214 (88,4%) of them did
not present metastasis (91,4% screening arm vs 82,5%

control, p = 0,024).

Among 23,301 screencd, 0.8% were high-risk; 48 cancers
were found, mostly low grade. In the delayed arm, two
low-grade cancers were detected by DRE. Participation
was under 20%, due to low interest and skepticism about

PSA testing.

PSA: Prostate Specific Antigen; DRE: Digital Rectal Examination; PCa: Prostate Cancer; AUC: Area Under the receiver-operating characteristic curve; CAP: The Cluster Randomized Trial of PSA Testing for Prostate Cancer; GS: Gleason seore; TNM: Cancer
Staging Score (Tumor, Nodules, Metastasis); MRI: Magnetic Resonance Imaging; PI-RADS: Prostae Imaging Reporting and Dara System; ERSPC: European Randomized study of Sereening for Prostae Cancer; HR: Hazard Ratio; RP: relative proportion

Table 1: (continued) Characteristics of the included studies.
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independent reviewers, and conflicts were solved by
a third independent reviewer. The data extraction
was done by two independent reviewers. All the
authors participated in the screening and data
extraction process. Table S2a-c summarizes the
reviewers involved in this process. The screening
process and data extraction were executed using the
COVIDENCE systematic review online tool.

Data Synthesis

The following variables were extracted from each of
the included studies: title, first author, year of publi-
cation, country, study design and duration, sample
size, patients that underwent prostate biopsy and re-
sults of the biopsies, population and setting, interven-
tion and exposure, comparator, outcomes measured
(overdiagnosis, specific disease mortality, overall mor-
tality, complications), results (sensitivity, specificity,
hazard ratio, false positives, Gleason Score, PSA mea-
surement follow-up, Area Under the Curve, Relative
Proportions, Odds Ratio). For this study, overdiagno-
sis was defined as non—clinically significant prostate
cancer, characterized by a Gleason score < 7 or ISUP
grade 1 at diagnosis, or as cancer unlikely to cause
harm or be detected within the patient’s lifetime.
This definition aligns with those adopted by the in-
cluded studies, when specified. This definition aligns
with those adopted by the included studies, when
specified.

Pooled effect estimates were derived via meta-
analysis, performed using Stata version 19. Meta-
analysis was conducted on the natural logarithms of
risk ratios, implemented with the meta suite of com-
mands. To account for potential heterogeneity across
studies, a random-effects model was employed.
Forest plots were generated to visually represent
the risk ratios and their corresponding confidence
intervals, with the exponentiated natural logarithm
values used for plotting the summary estimates and
the individual estimates.

Risk of Bias Assessment

The risk of bias assessment in the present study
was performed using the ROB2 tool (Sterne et al,,
2019) for all randomized controlled trials included
in this review, and the Newcastle-Ottawa scale for
the Cohort Studies included (Wells et al.,, n.d.). A
designated group of three reviewers independently
assessed every article using the domains included in
the ROB2 tool and NOS. No conflicts were found at
the time of the bias assessment.

Principles and Practice of Clinical Research (2025) 11; 3
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Certainty of Evidence

This was measured using a funnel plot to assess
publication bias.

Protocol Registration

We contacted the journal to clarify whether PROS-
PERO registration was required for this type of re-
view. The editorial team informed us that preregistra-
tion in PROSPERO was not necessary for submission
to this journal.

Results

The aim of this systematic review was to determine
if PSA screening was associated with prostate
cancer overdiagnosis and led to more complications.
The comparisons made in the trials were between
screened and unscreened men; the latter group
included men who were screened with any other
method that was not PSA or were not screened at
all. We retrieved information regarding Prostate
cancer-specific mortality, overall mortality, and
complications from 10 randomized prospective
trials and one cohort study. Table 1 shows the
characteristics of the populations included in this
review, with ages ranging between 45 and 74 years,
and follow-up periods varying between 2 and 22
years.

Characteristics of the Studies

The initial search identified 576 studies, which were
imported into Covidence for screening. After the
removal of 8 duplicates manually and an additional
161 duplicates automatically identified by the
software, 407 unique records remained for title
and abstract screening. Following this stage, 215
studies were excluded as irrelevant, leaving 192
studies for full-text assessment. Of these, 179 were
excluded for the following main reasons: wrong
patient population (n=47), inappropriate study
design (n=34), irrelevant outcomes (n=32), wrong
intervention (n=28), and unsuitable comparator
(n=18). Ultimately, 13 studies met the inclusion
criteria and were included in the final synthesis.
However, the study by Krilaviciute et al. (2023),
although included in the systematic review, was
excluded from the quantitative analysis, as no other
study compared digital rectal examination (DRE)
to prostate-specific antigen (PSA) testing. Figure 1
summarizes the Prisma flow diagram.
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Studies from databases/registers (n = 576)
Scopus (n = 288)
Web of Science (n =218)
PubMed (n = 69)
Citation searching (n = 1)

References from other sources (n =)
Citation searching (n =)
Grey literature (n =)

€
4
s
&
€

g
=]

References removed (n = 169)
Duplicates identified manually (n = 8)

Duplicates identified by Covidence (n = 161)
Marked as ineligible by automation tools (n = 0)
Other reasons (n =)

Studies screened (n =407)

Studies excluded (n = 215) l

V

Studies sought for retrieval (n = 192)

{

Studies assessed for eligibility (n = 192)

H Studies not retrieved (n = 0) |

Studies included in review (n = 13)

Studies excluded (n = 179)
Wrong setting (n = 6)
Wrong outcomes (n = 32)
OPINION, NO DATA (n =5)
Wrong comparator (n = 18)
Wrong intervention (n = 28)
Wrong study design (n = 34)
Protocol (no results) (n = 1)
Wrong patient population (n = 47)

Included studies ongoing (n = 0)
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Figure 1: PRISMA Flow diagram for the systematic review.

Population

Sample sizes ranged from 4,276 to over 400,000
participants, with most trials using randomized
controlled designs. Of the 13 studies included,
12 were Randomized Controlled Trials, with a
total number of participants N: 1149808, median
follow-up time: 16 years, and two of the papers
included, due to their set outcome, did not follow
up the patients. Out of this, the one by Martin et al.
(2024) was the largest one, accounting for 36.12%
of the total population. All studies were conducted
in Europe; only one included data from the United
States of America.

Intervention Characteristics and Ef-
fects/Exposure/Control

Intervention groups were typically invited for
regular PSA screening (often every 2-4 years),
with subsequent biopsies performed based on PSA
thresholds or additional risk stratification (e.g.,
use of the Stockholm3 test or MRI guidance in
Nordstrom et al., 2021). Studies like Martin et
al. 2024 and the European Randomized Study of
Screening for Prostate Cancer (ERSPC) included
multi-country cohorts, enhancing generalizability
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but also introducing heterogeneity.
Outcomes

Table 2 summarizes the 13 studies outcomes and
complications included in the main results.

Main Results

Complications were reported by Nordstrom et al.
(2021; the infection and hospitalization rates 30 days
after prostate biopsy were compared between tran-
srectal standard biopsy (performed in the control
group) and biopsy guided by Magnetic Resonance
Imaging (MRI) (screening group). The Odds Ratio
was 0.4 [0.2 to 0.7] for the former and 0.3 [0.2 to
0.7] for the latter. Godtman et al. (2021) reported
intervention-related deaths. Thirty-four deaths oc-
curred in the screening and control group combined,
and one of them occurred during the diagnostic path-
way, but was not directly associated with the biopsy
or treatment. In total, the cumulative incidence of
complications was< 2%. Figure 2 summarizes the
forest plot of this part.

The overdiagnosis ratio differed among the studies
included. It was high in the study by Arsov et al,,
2022: Risk Ratio 7.5 [1.7 to 32.6], and in the trial by
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Age (y) (At beginning Follow-

Study Setting of follow-up) up (years) Results
Nordstrém 2021 Population 50-74 - Complications:
MRI-guided Biopsy vs Standard Biopsy
-Infection: OR=0.4 [0.2-0.7)
-Hospitalization: OR=0.3 [0.2-0.7]
Kilpeldinen 2015 Population 55-67 15 Survival: HR=0.89 [0.76-1.04]
Hugosson 2018 Population 55-69 16 Overdiagnosis: RR=3.4 [2.9-3.9]
Overall mortality: RR=1.23 [1.18-1.29]
Franlund 2022 Population 50-64 22 Overdiagnosis: RR=0.39 [0.33- 0.44]
Overall mortality: RR=1.02 [0.97-1.08]
PCa specific mortality: RR: 0.7 [0.6-0.9]
Auvinen 2024 Population 50-63 32 Overdiagnosis: RD= 0.27 [0.12-0.42]
Martin 2024 Primary care practice 50-69 15 PCa mortality RR: 0.9 [0.85-0.99]
Overall mortality OR: 0.97 [0.94-1.01]
Lujan 2015 Population 45-70 158 Overdiagnosis: RR=1.7 [1.3-2.3]
PCa specific mortality: RR=0.3 [0.1-0.9]
Overall mortality: RR=0.95 [0.82-1.01]
Arsov 2021 Population 45 yr. only 15 Overdiagnosis: RR=7.5 [1.7-32.6]
Godtman 2021 Population 55-69 16 Complications: 0.9x100.000 screened.
Overall mortality: RR=0.79 [0.71-0.88]
Carlsson 2017 Population 50-54 17 Overdiagnosis: RR= 6.5 [5.0-8.5]
PCa specific mortality: IRR=0.29 [0.1-0.7]
Opverall mortality: IRR= 0.99 [0.89-1.10]
Remmers 2023 Population 55-74 20 Overdiagnosis: RR=1.09 [1.04-1.15]

Overall mortality: RR= 092 [0.91-0.94]

Table 2: Outcomes and complications of the studies included in the main results.

PSA & Overdiagnosis

Treatment Control Risk ratio Weight
Study Yes No Yes No with 95% CI (%)
Lujan, 2015 148 2,267 66 1,769 l 1.70[1.28, 2.26] 14.84
Carlsson, 2016 358 3,479 59 4,060 = 6.51[4.96, 8.55] 14.86
Hugosson, 2018 699 9,251 254 9,696 | | 2.75[2.39, 3.17]) 15.02
Arsov, 2021 15 23,286 2 23,194 —M———7.47[1.71, 32.64] 10.62

Franlund, 2022

Remmers, 2023 2,551 18,836 2,433 19,853 | |

Auvinen, 2024
Overall

269 7366 723 9,226 | |

32 772 65 4,479 -
Ry

0.48[0.42, 0.56] 1502
1.09[1.04, 1.15] 15.07
0.29[0.19, 0.44] 14.57

1.56[0.65, 3.79]

Heterogeneity: 12 = 1.35, I = 99.49%, H? = 194.43
Test of 6, = 6;: Q(6) = 515.36, p = 0.00
Testof 8 =0:z=0.99, p =0.32

Favours PSA | Favours Control

U |
14 1 4 16 A

Random-effects REML model

PSA & PC Specific Mortality Incidence Rate

Treatment Control Incidence Rate Ratio Weight
Study Yes No Yes No with 95% ClI (%)
Kilpelainen, 2015 241 426827 410 646,118 —@—— 089[0.76, 1.04] 31.82
Martin, 2024 1,199 2,543,298 1451 2885418 i 0.94[0.87, 1.01] 48.01
Franlund, 2022 112 177,091 158 177,152 ———@%— 0.71[0.56, 0.90] 2017
Overall —~—ug——  0.87(0.76, 1.00]
Heterogeneity: 12 = 0.01, I? = 59.54%, H? = 2.47
Testof 6,=6:Q(2) =4.73, p=0.09 Favours PSA | Favours Control
Testof 8 =0:2=-1.99, p=0.05

v "

Random-effects REML model

Figure 2:

Figure 2: Forest plots from random-effects meta-analyses evaluating the impact of PSA screening: (A) overdiagnosis risk ratios (RRs),
(B) prostate cancer-specific mortality incidence rate ratios (IRRs), and (C) overdiagnosis subgroup analysis of articles published after
2020.
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S. Carlsson et al. (2017): Risk Ratio 6.5 [5 to 8.5]. On
the contrary, it was very low or non-significant in
the rest of the articles, especially in those published
after 2021. The pooled effect demonstrated that the
overdiagnosis was non-significant: Risk Ratio 1.56
[0.65 to 3.79].

Across the studies, a consistent trend was observed:
PSA screening significantly increased the detection of
localized and low-grade prostate cancers. For exam-
ple, Martin et al. (2024), Hugosson et al. (2018, 2019),
and Franlund et al. (2022) all reported increased
incidence of early-stage cancers in screened groups
compared to controls. PSA screening did not influ-
ence overall mortality; the common effect was near
null: Risk Ratio 0.99 [0.88 to 1.11].

In terms of prostate-specific mortality, two of the
long-term randomized trials, by Hugosson et al.
(2018, 2019) and Kilpeldinen et al. (2015), demon-
strated a reduction in prostate cancer mortality
with screening, particularly with longer follow-up
(>15 years). Hugosson et al. (2018) reported that
Cumulative PCa mortality was 0.98% (95% CI
0.78-1.22%) in the screening group versus 1.50%
(95% CI 1.26-1.79%) among controls, an absolute
reduction of 0.52% (95% CI 0.17-0.87%). The rate
ratio (RR) for PCa death was 0.65 (95% CI 0.49-0.87).
To prevent one death from PC, the number needed to
invite was 231, and the number needed to diagnose
was 10. Kilpeldinen et al. (2015) reported that the
absolute risk of PCa death was 0.76% in the SA and
0.85% in the CA; the observed hazard ratio (HR)
was 0.89 (95% confidence interval (CI) 0.76-1.04).
After correcting for non-attendance, the HR was
0.78 (0.64-0.96). The combined effect of the included
studies showed a marginal decrease in this outcome:
Risk Ratio: Incidence Rate Ratio 0.87 [0.76 to 1.0].
Figure 3 summarizes the forest plot of this part.

Assessment of Risk of Bias in Individual Studies

No discrepancies occurred among the designated
group of three reviewers, who independently as-
sessed every article; consensus was met when two
out of the three were in agreement.

Among the intention-to-treat analyses, several
studies, like Arsov et al. (2022), Auvinen et al.
(2024), and Remmers et al. (2023), were judged to
have an overall low risk of bias. However, others,
including Godtman et al. (2021), Hugosson et al.
(2018, 2019), and Martin et al. (2024), demonstrated
high risk, particularly due to missing outcome data
and deviations from intended interventions. The
two studies evaluated under per-protocol analysis
(Kilpeldinen et al., 2015; Krilaviciute et al., 2023)
showed an overall high risk of bias, largely related to
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incomplete data and selective reporting. The only
observational study assessed using the Newcastle-
Ottawa Scale (S. Carlsson et al., 2017) received a
moderate quality rating. Overall, the predominant
concerns across studies were related to missing
data and reporting bias, which may influence the
certainty of evidence in pooled analyses. Figure 4
summarizes the assessment of risk of bias using
Rob2 and the Newcastle-Ottawa Scale.

Certainty of Evidence:

Publication bias was significant for prostate cancer-
specific mortality (p=0.0447) and especially for com-
plications (p=0.000), which means that for those out-
comes, there was a lack of small studies or negative
results (see Figure 5, the funnel plots).

Discussion

Prostate cancer screening is complex, as it involves
balancing mortality reduction with the risks of
overdiagnosis and treatment complications. Large
randomized clinical trials in Europe, such as those
by Hugosson et al. (2018) and Franlund et al. (2022),
show that PSA screening can reduce prostate cancer-
specific mortality, especially in younger populations
undergoing repeated testing. The Goteborg study
(Hugosson et al., 2018) shows a significant mortality
reduction after 18 years, and Franlund et al. (2022)’s
report improved detection and reduced mortality
with biennial screening in men aged 50 to 64 over 22
years, although with increased diagnoses.

Overdiagnosis and Overtreatment

Overdiagnosis and overtreatment continue to be
a main concern. Data obtained from autopsy re-
views (Bell et al., 2015), with screening studies from
Germany and the UK, show the prevalence of clin-
ically insignificant or incidental cancers, this being
more important with increasing age. This supports
data from the USPSTF and The Advanced Prostate
Cancer: AUA/SUO guidelines, both providing in-
formation that 20-50% of prostate cancers detected
via PSA screening may never be clinically significant
(symptomatic or life-threatening). This increases the
importance of accurate risk stratification, as overtreat-
ment can often result in complications such as uri-
nary incontinence and erectile dysfunction, among
others (US Preventive Services Task Force et al., 2018).
Suggestion: Studies from Latin America (Tourinho-
Barbosa et al., 2016) reflect barriers to prostate cancer
screening, reflecting global disparities. Similarly, the
UK trial by Martin et al. (2024), with over 400,000
participants exceeding the cohorts of Hugosson et al.
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PSA Overdiagnosis Sensitivity Analysis

Risk ratio
Omitted study with 95% Cl  p-value
Lujan, 2015 = 1.56 [ 0.54, 4.47] 0.412
Carlsson, 2016 o 1.20[0.51, 2.82] 0.675
Hugosson, 2018 .- 1.43[0.51, 3.99] 0.499
Arsov, 2021 . 1.30[0.52, 3.21] 0.572
Franlund, 2022 . 1.92[0.74, 4.95] 0.177
Remmers, 2023 o 1.68[0.59, 4.81] 0.333
Auvinen, 2024 g 2.05[0.90, 4.66] 0.086
1 2 4
Random-effects REML model
PSA Mortality Sensitivity Analysis
Risk ratio

Omitted study with 95% CI p-value
Kilpeldinen, 2015 . ? 0.84[0.64, 1.09] 0.191
Martin, 2024 -— r 0.81[0.65, 1.01] 0.059
Franlund, 2022 *—0— 0.93[0.87, 0.99] 0.035

0.64
Random-effects REML model

1.09

Figure 3: Forest plots summarizing the effect of PSA screening on (A) overall mortality and (B) diagnostic pathway complications.
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Figure 4: Risk of bias assessment performed using the RoB2 tool and the Newcastle-Ottawa Scale.
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FUNNEL PLOT
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Figure 5: Funnel plot assessing publication bias for overdiagnosis outcomes in PSA screening studies.

(2018) and Franlund et al. (2022), found no mortality
difference after 15 years, reinforcing the discussion
on the long-term effectiveness of population-wide
PSA screening.

Divergent evidence has impacted PSA screening.
Following the USPSTF recommendation against rou-
tine screening, a decline in screening rates was ob-
served among American men aged 50 and older
(Jemal et al., 2015). Simulation models estimate a
13-20% increase in mortality if screening is com-
pletely discontinued.

High-quality clinical trials show that PSA screen-
ing can reduce prostate cancer-specific mortality
(Hugosson et al., 2010; Schroder et al., 2009, 2012),
but the balance between risks and benefits is delicate.
A personalized, risk-adapted approach is necessary
to minimize overdiagnosis and treatment complica-
tions, considering healthcare system infrastructure
and available diagnostic advances.

This review aims to provide an insight into PSA
screening strategies that might reduce mortality
while minimizing harms related to PSA screening.
Due to the high heterogeneity observed across stud-
ies and sensitivity analysis, findings should be inter-
preted with caution.

Overdiagnosis is not inevitable: multiparametric
MRI with targeted biopsy can halve the detection
of insignificant tumors without missing aggressive
cases (Hugosson et al., 2022; Wallstrom et al., 2025).
Biomarkers like the 4Kscore can avoid up to 82% of
unnecessary biopsies, enabling personalized screen-
ing (Lenfant et al., 2023).
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Successful implementation depends on equitable
access to these technologies and surveillance pro-
grams, which remain unevenly distributed in the
region.

Heterogeneity and Generalizability

Across the studies included, several sources of het-
erogeneity were observed that may influence the in-
terpretation of results. The most notable differences
are related to the intervention, protocols, population
demographics, and study setting. While all studies
employed PSA- based screening, the specific imple-
mentation varied: some used traditional PSA testing
alone, others, such as Nordstrom et al. 2021, incorpo-
rated additional algorithms like the Stockholm3 test.
The screening intervals and follow-up durations also
differed, ranging from single-time screening events
to repeated biennial screenings over 15 to 22 years.

There was considerable variation in the comparator
arms. Martin et al. (2024) compared PSA screening
with standard care, while Krilaviciute et al. (2023) in-
cluded digital rectal examination in the control group.
This difference could impact both the detection rate
and the subsequent management of prostate cancer
across studies.

Demographically, the included populations ranged
in age from 45 to 74 years, with geographical set-
tings across Europe, like Sweden, the UK, and Ger-
many, which may influence generalizability. Some
studies enrolled men from specific cities, Goteborg
and Stockholm, while others included broader na-
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tional cohorts. Differences in healthcare infrastruc-
ture, baseline risks, and comorbidity profiles across
these settings likely contributed to variability in out-
comes such as biopsy rates, cancer detection, and
mortality.

Moreover, the outcomes measured were not
uniform.  While cancer-specific mortality and
overall mortality were commonly assessed, other
studies focused more on detection rates or biopsy
outcomes. Only a subset of trials comprehensively
reported complications of diagnostic procedures,
overdiagnosis, or false positives. Lastly, study design
quality was largely robust, although the inclusion of
one observational cohort study introduced further
methodological heterogeneity.

Policy Implications

Furthermore, the articles cited previously reveal
considerable heterogeneity in their methodologies,
populations, and exposures, offering essential con-
text for interpreting PSA screening in diverse settings.
Tourinho-Barbosa et al. (2016) reported observational
data from Latin America, where limited infrastruc-
ture and inconsistent adherence to clinical guidelines
influence screening uptake and outcomes. In contrast,
Jemal et al. (2015) used national registry data to eval-
uate PSA screening trends in the United States follow-
ing the USPSTF’s recommendation against routine
testing, highlighting policy-driven variability in expo-
sure to PSA. Methodologically, these studies ranged
from ecological analyses to retrospective cohort de-
signs and national surveys, and their populations
varied in age, race, healthcare access, and baseline
prostate cancer risk. Additionally, exposures differed:
Jemal et al. (2015) evaluated the impact of public pol-
icy on screening behavior, while Tourinho-Barbosa
et al. (2016) examined outcomes in under-screened
or underserved populations. This heterogeneity lim-
its comparability but underscores the necessity of
tailoring PSA screening strategies to diverse health
systems and demographic realities.

These findings support the use of PSA only as
an initial step in a stepwise diagnostic approach.
After an elevated result, using risk calculators, MRI,
or biomarkers reduces unnecessary biopsies while
maintaining detection of aggressive cases (Arsov
et al., 2022; Nordstrom et al., 2021). Biopsies and
curative treatments should be reserved for men
with clear signs of clinically significant cancer
(S. V. Carlsson & Vickers, 2020; Hugosson et al.,
2018). Healthcare systems, especially those with
limited resources, need to prioritize access to these
tools and active surveillance programs to minimize
harms from overdiagnosis (Franlund et al., 2022;
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Godtman et al., 2021). Public policies can support
this by funding decision aids and reimbursement
models that encourage risk-adapted screening
instead of reflex PSA testing (Martin et al., 2024).
Future research should standardize definitions
of insignificant cancer, evaluate patient-centered
outcomes, and assess the cost-effectiveness of MRI-
or biomarker-first strategies in diverse populations,
including regions with high mortality but limited
infrastructure (Kilpeldinen et al., 2015; Krilaviciute et
al., 2023).

Limitations and Strengths

The findings are relevant but have limited external
validity. The studies mainly included white, asymp-
tomatic middle-aged to older men from high-income
countries with strong healthcare infrastructure. This
limits applicability to diverse populations, such as
Black men and low- or middle-income countries.
Methodological heterogeneity across studies, such
as differences in screening intervals, follow-up, and
outcome definitions, hampers comparisons. Some
used traditional PSA testing, while others, like Nord-
strom et al. (2021), adopted advanced tools like
the Stockholm3 algorithm, leading to inconsisten-
cies with other healthcare settings. Although the
review supports the long-term effectiveness of PSA-
based screening within structured settings, its find-
ings may not fully translate to regions with different
infrastructure, healthcare delivery models, or evolv-
ing screening strategies like MRI or risk-adapted
approaches. As such, caution is warranted when
extrapolating these results to more heterogeneous or
resource-limited populations.

A key limitation of this review is the use of a
restricted search strategy with the combination of
MESH terms and Titles and abstract phrases, which
could have limited the number of studies included in
this review. Embase and Cochrane CENTRAL were
not included due to the lack of institutional access,
and only open-access databases were used. Our
search was limited to major databases to prioritize
high quality articles. We acknowledge that this
could lead to publication bias and explain the low
numbers of complications reported in this review.
On the other hand, the strengths of this review are
the large sample size, which adds strength to the
generalizability of the results.

Key Points

¢ Screening has not been shown to prolong men’s
lifespan. Looking at eleven solid studies that fol-
lowed men for up to two decades, routine PSA testing
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does not change overall life expectancy.

® Screening confers a minor reduction in prostate
cancer-specific mortality. Estimates suggest that ap-
proximately one additional life is saved for every few
hundred men who adhere to regular screening sched-
ules. A key concern is the overdiagnosis of indolent
tumors. Many tumors would not have affected pa-
tients” health during their lifetime; combined data
suggest that PSA testing is more likely to identify
clinically insignificant cancers rather than aggressive
tumors. Current biopsy techniques offer improved
safety methods. Serious infection or a hospital stay
after biopsy is now rare (under 2%), and MRI-guided
procedures make those complications even less likely.
* PSA screening should follow a personalized, step-
wise pathway, escalating to imaging or biopsy when
risk justifies it and the patient accepts the trade-offs.
This approach may prevent a few clinically signifi-
cant deaths while limiting unnecessary intervention,
though high heterogeneity calls for caution in evalu-
ating these findings.

Conclusions

Our findings indicate that the careful implementa-
tion of PSA screening may not result in a substantial
increase in overdiagnosis. A modest reduction in
prostate cancer—specific mortality was observed, with
no relevant change in overall mortality and no signifi-
cant rise in diagnostic pathway-related complications.
We suggest that future investigations focus on opti-
mizing risk-stratification strategies to more precisely
identify individuals most likely to benefit from PSA
screening while minimizing associated harms patient
values.
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