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Abstract

Despite the evidence for prostate-specific antigen (PSA)
screening reducing prostate cancer (PCa) mortality, the optimal PSA cutoff and the clin-
ical significance of low initial PSA levels in predicting long-term PCa mortality remain
subjects of ongoing research. We assessed PCa mortality among men with initial PSA
levels below 3 ng/ml during the first screening round of the Finnish Randomized
Study of Screening for Prostate Cancer (FinRSPC).

A retrospective cohort study was conducted, including 20 268 men from the
screening arm of the FinRSPC with an initial PSA level of <3 ng/ml, with follow-up span-
ning up to 20 yr. Hazard ratios (HRs) and their 95% corresponding confidence intervals
(CIs) were estimated using a Cox regression analysis.

During a median follow-up of 17.8 yr, 1840 PCa cases were
diagnosed and 128 PCa deaths occurred, with the cumulative PCa mortality of 0.6% and a
mortality rate of four per 10 000 person-years. PCa mortality was five-fold higher at PSA
levels of 2-2.99 ng/ml (HR 5.0, 95% CI 3.1-8.1) than at <1 ng/ml. Deaths from cases with
Gleason score <7 and European Association of Urology low-risk group tumors showed a
stronger association with PSA, particularly in the 2-2.99 ng/ml range versus <1 ng/ml.
Additionally, PCa mortality in younger men (55-58 yr at entry) exhibited a stronger
association with PSA than that in older men (67-71 yr at baseline). Addition of the
cumulative number of PSA tests slightly improved the overall prediction of PCa death
based on Harrell’s C-statistic (base model 0.683 vs 0.717). The relatively small number
of deaths, particularly among men with low-risk disease, may potentially limit the sta-
tistical precision of the results.

Our findings highlight the importance of a
nuanced approach to PSA in PCa screening, suggesting utility for combining PSA with
other tests at low levels and indicating minimal risk associated with discontinuing
screening at ages 67-71 yr when PSA is low.

In this study, we analyzed prostate cancer deaths in Finnish men
with low initial prostate-specific antigen (PSA) levels. We found that the risk of prostate
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cancer death increases in relation to PSA, especially in younger men. Screening might
safely be stopped at ages 67-71 yr if PSA remains low.

© 2024 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/).

1. Introduction

Although recent evidence has shown a predominantly
decreasing trend in the incidence of and mortality from
prostate cancer (PCa), especially in high-income countries
[1], PCa still exerts a substantial public health burden,
accounting for 7.3% of global cancer incidence and 4.1% of
mortality [2].

Prostate-specific antigen (PSA)-based screening for PCa
has the potential to reduce the incidence of advanced PCa
and PCa mortality. The European Randomized Study of
Screening for Prostate Cancer (ERSPC) including the FinRSPC
as its largest component demonstrated a 20% relative reduc-
tion in PCa mortality [3,4], while a recent 15-yr update from
the cluster-randomized trial in the UK (CaP) reported a sub-
stantially smaller 8% relative reduction in long-term mor-
tality following one-time screening [5]. Although initial
results from the Prostate, Lung, Colorectal, and Ovarian Can-
cer Screening (PLCO) trial showed no mortality impact, an
analysis at 17 yr showed a nonsignificant 7% reduction
[6]. Furthermore, a reanalysis accounting for the low biopsy
rate and contamination in the trial’s control arm showed up
to 25-32% mortality reduction [3].

In the ERSPC, a PSA cutoff of >3 ng/ml was used for fur-
ther clinical evaluation. However, earlier studies have
shown a substantial PCa incidence in men with initial PSA
<3 ng/ml, reaching 5.8-14.6% over a median follow-up per-
iod of 10-20 yr in many components of the trial [7-10],
underscoring the gradual increase in PCa risk across all
PSA levels [11].

Understandably, the higher risk of lethal PCa at higher PSA
levels, often >3 ng/ml, presented a compelling reason for
most previous mortality studies to focus on men with ele-
vated PSA levels. However, given the poor specificity of PSA
at lower values [11], the clinical significance of initial PSA
levels <3 ng/ml in predicting long-term PCa mortality
remains an area of ongoing research, with only a few studies
reporting mortality estimates in this PSA group [7,8]. Despite
its limitations, PSA remains an important factor in PCa risk
stratification, and it remains a key tool in the ongoing screen-
ing trials [12-14]. However, the optimal PSA cutoff and its
use in combination with other markers remain an open issue.

Our study evaluated PCa incidence and mortality by
baseline PSA among men with initial PSA levels below
3 ng/ml in the Finnish Randomized Study of Screening for
Prostate Cancer (FinRSPC) during 20 yr of follow-up.

2. Patients and methods

2.1. Study design and data source

A retrospective cohort study was conducted using data from
the FinRSPC. The data used in this study have fully been

described in our previous analysis [10]. Briefly, data were
extracted from the screening arm of the FinRSPC, a
population-based randomized trial that started in Finland
in 1996. Of the total 80 458 men aged 55-67 yr randomized
in the trial, 32 000 were in the screening arm to be invited
for serum PSA determination up to three times at 4-year
intervals until age 71 yr. In the current analysis, follow-up
started at the first screening attendance and ended at death,
emigration from Finland, or the common closing date on
December 31, 2016.

2.2. Inclusion/exclusion criteria and sample size

Men in the screening arm who had serum PSA levels <3 ng/
ml at the first screening attendance in years 1996-1999
were included. After excluding men with PSA >3 ng/ml
(n = 3503), those randomized but not invited for screening
(n = 1671), and invited participants who failed to attend
screening (n = 6424), a total of 20 268 men were included
in this analysis (Fig. 1).

2.3. Measures

As in our previous report [10], the study population was
categorized into three groups based on their initial PSA val-
ues: <1, 1-1.99, and 2-2.99 ng/ml. PSA levels were mea-
sured using the Hybritech Tandem-E assay, with all
measurements performed at the Department of Clinical
Chemistry, Helsinki University Hospital, Helsinki, Finland.

Data on PCa diagnoses were retrieved from the Finnish
Cancer Registry. Data on biochemical relapse as well as clin-
ical staging of PCa, based on tumor, node, and metastasis
(TNM) classification, Gleason score, and PSA concentration
at diagnosis, were obtained from the medical records and
used to stratify PCa into low, intermediate, high, and
advanced disease based on the risk classification system of
the European Association of Urology (EAU) [15]. Information
on causes and dates of death were obtained from Statistics
Finland (permission number TK/3536/07.03.00/2021), and
information on family history was acquired from the partici-
pants based on questionnaires. Emigration was obtained
from the Population Registry.

24. Statistical analysis

A Cox regression analysis was used for inferential statistics.
To control for the effect of age, given its correlation with
PSA [16] and mortality, age at the first screening was used
as the time axis in the Cox model.

The analysis was stratified by Gleason score and EAU risk
group to account for the potential mediating effect of these
variables in the association between PSA levels and PCa
mortality. The cumulative number of PSA tests, PSA level
at diagnosis, and the interval between PSA testing and pros-
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Fig. 1 - Study flowchart showing the trial participants included in the analysis. PSA = prostate-specific antigen.

tate biopsy were also included in the Cox model to assess cubic spline using the “splines” package in RStudio (RStudio
their potential influence on PCa mortality. We also explored Inc., Boston, MA, USA). We set the internal and boundary
PSA as a continuous predictor of PCa mortality, including a knots at default based on the PSA quantiles and the degree
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of freedom at 3, to allow for moderate flexibility in model-
ing the association between PSA and PCa mortality.

The Harrell’s Concordance Index (C-statistic) was used to
assess the predictive accuracy of the regression models. The
Schoenfeld and scaled Schoenfeld residuals were used to
check the proportionality assumption for the Cox model.

A secondary, competing-risk regression analysis was
performed to account for the presence of other non-PCa
causes of mortality using the Fine and Gray subdistribution
hazard model. Using the “cmprsk” package in RStudio
(RStudio Inc.), we estimated the cumulative incidence func-
tion and hazard ratios (HRs) for the effect of initial PSA
levels on the subdistribution hazard. The pseudolikelihood
ratio test (%: 54.8; degrees of freedom: 2) indicated an
excellent overall model fit (p < 0.001). Subgroup analyses
by 5-alpha reductase inhibitor (5-ARI) use, diabetes, and
family history were conducted using the penalized Cox
model with Firth’s correction to account for the very low
number of events in these subcategories.

A sensitivity analysis was performed by restricting the
follow-up period to the year 2012 to minimize the potential
bias introduced by the widespread adoption of multipara-
metric magnetic resonance imaging (mpMRI), which may
have improved PCa survival in the more recent period com-
pared with that in earlier periods [17].

All analyses were performed using RStudio version 4.3.2
(RStudio Inc.), with figures (except Fig. 1) generated using
the “ggplot2” package within RStudio. All tests were two
sided, with type 1 error <0.05 taken as statistically
significant.

3. Results

The distribution of participants by baseline PSA and PCa
cases by Gleason score, EAU risk classification, and bio-
chemical relapse is presented in Table 1. The proportion of
men by age at entry for PSA screening decreased from
35.1% (n = 7116) at age 55 yr to 16.5% (n = 3352) at age
67 yr. There were 322 102 person-years of follow-up, with
a median follow-up time of 17.8 yr (13.9-19.2 yr) for partic-
ipants without PCa.

Of the study participants, 52.9% (n = 10 719) had a base-
line PSA level of <1 ng/ml, 34.5% (n = 7000) had 1-1.99 ng/
ml, and 12.6% (n = 2549) had 2-2.99 ng/ml (Table 1).

During the follow-up, 1840 (9.1%) PCa cases were diag-
nosed, most frequently in the low-risk categories by Glea-
son score <7 (cumulative incidence 4.3% [867/20 268])
and EAU low-risk group 3.3% (678/20 268; Table 1).

A total of 128 PCa deaths were recorded during the
follow-up. The crude PCa mortality rate was approximately
four per 10 000 person-years, with cumulative cause-
specific mortality of 7% among men diagnosed with PCa (ir-
respective of clinical significance) and 0.6% among all study
participants. The cumulative cause-specific mortality
among men with PSA <1 ng/ml was 0.3% (n = 27), while it
was 0.8% (n = 57) in men with PSA 1-1.99 ng/ml, and 1.7%
(n = 44) in those with PSA 2-2.99 ng/ml (Table 2).

Overall, PCa mortality more than doubled as the PSA
level increased from 1 to 1.99 ng/ml (HR 2.8, 95% confidence
interval [CI] 1.8-4.4) compared with that at PSA <1 ng/ml

and was five-fold at PSA 2-2.99 ng/ml (HR 5.0, 95% CI
3.1-8.1).

An assessment of PCa mortality with PSA as a continuous
predictor showed a nearly three-fold increase in mortality
risk per 1 ng/ml increase in PSA for any PCa (HR 2.5, 95%
CI 2.0-3.2). Furthermore, a spline analysis revealed a curvi-
linear relationship, indicating a higher slope, that is, a stron-
ger increased risk per unit increase in PSA at PSA values of
>1 ng/ml than at <1 ng/ml (Fig 2).

In the analysis of PCa mortality by Gleason score, cases
with a Gleason score of <7 demonstrated a higher increase
in mortality with PSA level, especially as the PSA increased
up to 2-2.99 ng/ml (HR 30.5, 95% CI 3.9-239.2) compared
with PSA <1 ng/ml. The smallest effect sizes per unit PSA
were observed for Gleason >7 cases (HR 3.7, 95% CI 2.0-
6.6 for PSA 2-2.99 ng/ml relative to PSA <1 ng/ml; Table 2).

When PCa mortality was analyzed by EAU risk group,
mortality risks in relation to PSA level were similar to the
pattern observed for Gleason score, albeit with a smaller
magnitude of effect for the low-risk (HR 15.0, 95% CI 1.7-
129.3 for PSA 2-2.99 ng/ml compared with PSA <1 ng/ml)
and intermediate-risk (HR 15.2, 95% CI 3.3-70.5 for PSA
2-2.99 ng/ml compared with PSA <1 ng/ml) groups. In
high-risk and advanced PCa, PSA level had a smaller impact,
with effect sizes comparable with those in high Gleason
score cancers (Table 2).

In addition, low initial PSA estimates appear to predict
higher mortality in the younger age groups, with a monoto-
nous decline in the effect size from the age group 55-58 yr
(HR 14.1, 95% CI 4.3-45.8 for PSA 2-2.99 ng/ml compared
with PSA <1 ng/ml) to the age group 67-71 yr (HR 2.6, 95
%Cl 1.1-5.8 for PSA 2-2.99 ng/ml compared with PSA
<1 ng/ml; Table 2).

Adjusted analyses incorporating the cumulative number
of PSA tests, PSA levels at diagnosis, and the interval
between the initial PSA test and biopsy materially affected
the relation between baseline PSA and PCa mortality. For
men with PSA levels of 1-1.99 ng/ml, the adjusted hazard
ratio (aHR) was 0.8 (95% CI 0.5-1.3), and for those with
PSA levels of 2-2.99 ng/ml, the aHR was 0.6 (95% CI 0.3-
1.0), compared with men with PSA levels <1 ng/ml. Consid-
ering only the cumulative number of PSA tests showed
results similar to the unadjusted findings: aHR 2.8 (95% CI
1.8-4.4) for men with PSA levels of 1-1.99 ng/ml and aHR
4.8 (95% CI: 3.0-7.8) for men with PSA levels of 2-
2.99 ng/ml, compared with those with PSA levels <1 ng/ml
(Supplementary Table 1).

Our analysis accommodating mortality from other
causes as competing risks further corroborated the primary
findings, demonstrating a strong increase in PCa mortality
with higher initial PSA levels. Specifically, men with PSA
1-1.99 ng/ml had a three-fold increased risk (subdistribu-
tion HR [sHR] 3.0, 95% CI 1.87-4.67), while those with PSA
2-2.99 ng/ml had a more than five-fold increase in risk
(sHR 5.6, 95% CI 3.5-9.1) compared with baseline. Adjusted
analyses using the aforementioned variables demonstrated
risk patterns consistent with the primary findings (Supple-
mentary Table 2).

Subgroup analyses also yielded no statistically signifi-
cant differences in the impact of initial PSA levels on PCa
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Table 1 - Characteristics of the study cohort

Variables Men, N (%) PSA level, N (%) PCa mortality
0-0.99 1-1.99 2-2.99 PCa deaths, N (%)
Total, N (%) 20 268 10 719 (52.9) 7000 (34.5) 2549 (12.6) 128 (0.6)
Age (yr)
55-58 7116 (35.1) 4186 2258 672 23 (0.3)
59-62 5546 (27.4) 2976 1938 632 34 (0.6)
63-66 4254 (21.0) 2080 1559 615 37 (0.9)
67-71 3352 (16.5) 1477 1245 630 34 (1.0)
Family history of PCa in first-degree relatives
Yes 1429 (7.1) 677 543 209 7 (0.5)
No 18 774 (92.6) 10 006 6437 2331 121 (0.6)
Missing 65 (0.3)
5-ARI use
Yes 248 (1.2) 108 76 64 3(1.2)
No 20 020 (98.8) 10 611 6924 2485 125 (0.6)
Diabetes
Yes 1748 (8.6) 1045 506 197 10 (0.6)
No 18 205 (89.8) 9506 6390 2309 118 (0.6)
Missing 315 (1.6)
PCa characteristics
Gleason
<7 867 (4.3) 120 359 388 13 (0.1)
7 597 (2.9) 142 284 171 31(0.2)
>7 376 (1.9) 120 160 96 84 (0.4)
EAU risk group
Low 678 (3.3) 83 191 304 7 (0.03)
Intermediate 577 (2.8) 116 266 195 22 (0.1)
High 209 (1.0) 61 89 59 16 (0.1)
Advanced 324 (1.6) 105 141 78 83 (0.4)
Evidence of disease progression (biochemical relapse)
Yes 511 96 210 205 -
No 1166 239 520 407 -
Not applicable® 163 47 73 43 -

5-ARI = 5-alpha reductase inhibitor; BCR = biochemical recurrence; EAU = European Association of Urology; N = number of participants; PCa = prostate cancer;

PSA = prostate-specific antigen.

2 Others include men with no primary treatment and those whose BCR cannot be defined.

mortality between men with and without 5-ARI usage, dia-
betes, or family history of PCa (Table 2).

When follow-up was limited to the year 2012, 65 PCa
deaths (0.3%, 65/20,268) were observed, and the mortality
results remained consistent with the primary analysis.
However, the effect sizes were slightly larger, with HR 3.1
(95% CI 1.6-6.1) for men with PSA levels of 1-1.99 ng/ml
and HR 6.3 (95% CI 3.2-12.7) for men with PSA levels of
2-2.99 ng/ml.

4. Discussion

Our study provides a post hoc analysis of PCa mortality
among men with initial PSA levels <3 ng/ml in the FinRSPC
trial, revealing a cumulative mortality of 0.6% after 20 years
of follow-up. The results highlight that even among men
with low initial PSA levels, the risk of PCa mortality
increases substantially with rising PSA levels. Further, we
found that disease-specific mortality increases with PSA in
all subgroups, but with stronger impact in less aggressive
cancers.

We observed a clear gradient in PCa mortality with PSA,
with up to six-fold higher mortality in men with PSA 2-
2.99 ng/ml relative to those with PSA <1 ng/ml. These find-
ings indicate that low initial PSA levels are still predictive of
PCa mortality, and PSA levels might be most effectively

applied as a continuous risk indicator [18]. Yet, PSA alone
is far from optimal as a screening test, and the currently
investigated screening regimens combine it with magnetic
resonance imaging (MRI) alone [13] or with an additional
reflex test prior to MRI [12,14,19].

The relatively lower predictive power of PSA in more
aggressive PCa observed in our study may be due to the
incidence of truly de novo cases in men with low baseline
PSA. Aggressive cases in men with initially low PSA may
also involve tumor dedifferentiation, with loss of ability to
produce PSA or variation in tumor microenvironment dilut-
ing PSA’s predictive power [20,21].

Our findings align with previous studies that have shown
an association between baseline PSA levels and PCa mortal-
ity among men with PSA levels below the traditionally con-
sidered cutoff points [7,8,22,23]. While the overall risk
pattern observed in this study appears consistent with the
findings from the Dutch and Swiss components of the
ERSPC, the cumulative PCa mortality was substantially
higher, reaching 0.6% after a median follow-up of 17.8 yr
compared with 0.18% and 0.15% after median follow-ups
of 10-11 yr in the Dutch and Swiss studies, respectively
[7,8].

To enhance PSA-based screening and reduce mortality
risk in this subgroup, rescreening intervals of 1-3 yr have
been suggested for men with PSA levels of 2-2.99 ng/ml
and longer intervals of 3-6 yr for those with PSA levels of
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Table 2 - Cox regression analysis of PCa mortality by baseline PSA (age as time axis)

Variables Number of deaths and mortality rate Baseline PSA (ng/ml) C-statistic
(per 1000 person-years)
0-0.99 (reference) 1-1.99 2-2.99
HR HR (95% CI) HR (95% CI)
Cases, n (%) ° 27 (0.3) 57 (0.8) 44 (1.8)
All PCa mortality 128 (0.4) 1 2.8 (1.8-4.4) 5.0 (3.1-8.1) 0.683
Clinically insignificant PCa subgroups
Gleason <7 13 (0.04) 1 2.6 (0.2-29.1) 30.5 (3.9-239.2) 0.873
EAU low risk 7 (0.02) 1 1.3 (0.1-21.0) 15.0 (1.7-129.3) 0.858
Clinically significant PCa subgroups
Gleason 7 31(0.1) 1 3.4 (1.3-8.7) 5.4 (3.3-14.9) 0.705
Gleason >7 84 (0.3) 1 2.6 (1.5-4.5) 3.7 (2.0-6.6) 0.647
EAU intermediate risk 22 (0.07) 1 7.6 (1.7-34.1) 15.2 (3.3-70.5) 0.767
EAU high risk 16 (0.05) 1 1.7 (0.4-6.2) 5.4 (1.6-18.5) 0.693
EAU advanced disease 83 (0.3) 1 2.6 (1.5-4.5) 3.5 (1.9-6.4) 0.641
Age group (yr)
55-58 23 (0.05) 1 46 (1.5, 14.8) 14.1 (4.3, 45.8) 0.750
59-62 34 (0.1) 1 49 (1.9, 12.2) 7.1 (2.5, 20.0) 0.696
63-66 37 (0.14) 1 3.8 (1.5,9.6) 8.0 (3.1, 20.7) 0.701
67-71 34 (0.15) 1 1.2 (0.5,2.7) 26(1.1,5.8) 0.595
Subgroup analyses (all PCa mortality)
5-ARI use 3(0.2) 1 0.3 (0.0, 3.3) 0.9 (0.1,7.1) 0.291
Diabetes 10 (0.1) 1 5.4 (0.9, 53.5) 133 (2.7, 130.1) 0.237
Family history of PCa 7 (0.1) 1 0.9 (0.1, 4.5) 1.9 (0.3, 10.1) 0.338

5-ARI = 5-alpha reductase inhibitor; CI = confidence interval; C-statistic = concordance statistic; EAU = European Association of Urology; HR = hazard ratio; PCa =

prostate cancer; PSA = prostate-specific antigen;.

@ Percentages are calculated as proportion of the total participants in each of the PSA subgroups.
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Fig. 2 — Cubic spline plot showing the relationship between prostate-specifci antigen (PSA) and prostate cancer mortality hazard.

1-1.99 ng/ml [8,10]. Our results imply that these screening
protocols are indeed reasonable to maximize the impact of
screening on PCa mortality. A previous report indicated that
one-fifth of high-risk PCa cases were detected in men with
PSA <3 ng/ml [19]. Additionally, a US-based study demon-

strated that a PSA level of <2.5 ng/ml was the most signif-
icant predictor of PCa mortality in Gleason 8-10 PCa cases
[24]. However, the risk of mortality at these low PSA levels
could also indicate the presence of aggressive PCa pheno-
types that are poorly detectable by PSA alone.
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In the context of population screening programs, the
concern for overdiagnosis and overtreatment of indolent
PCa has led to the development of enhancements to PSA,
such as PSA density, velocity and doubling time, use of bio-
chemical and urinary markers, and radiological techniques
[10,25,26]. Recent reports also highlight the potential of
polygenic risk score-adjusted PSA in improving the detec-
tion of aggressive PCa in European men; however, the use-
fulness of this genetically adjusted PSA at lower PSA levels
remains uncertain [27]. Furthermore, empirical evidence
has demonstrated greater predictive accuracy of urinary
PSA for detecting aggressive PCa, especially when combined
with serum PSA [28]. Further research is needed to explore
the potential application of these methods in men with low
initial PSA to selectively identify high-risk PCa.

An analysis of baseline PSA <2.5 ng/ml in the PLCO trial
suggested that screening could be discontinued in men aged
65 yr and older with PSA <0.5 ng/ml, since no mortality was
recorded among them during 15 yr of follow-up [22]. In
Europe, a study among previously screened 70-74-yr-old
men after 16-yr follow-up in the Rotterdam section of the
ERSPC suggested that for those with PSA <3 ng/ml, it was
safe to discontinue screening [29]. Similarly, no beneficial
effect of screening was found in 68-70-yr-old men whose
baseline PSA at the median age of 60-61 yr was and
remained <2 ng/ml [30]. Our study demonstrated a cumula-
tive mortality rate of 1% among 67-71-yr-old men with PSA
<3 ng/ml after 20 yr of follow-up. However, long-term mor-
tality risk (by HR) declined sharply at ages 67-71 yr and
remained substantially higher among younger men aged
55-58 yr with baseline PSA <3 ng/ml. Our findings suggest
that, given the relatively low PCa mortality risk, discontinu-
ation of screening after age 67 yr could be regarded as safe,
particularly when other factors, including individual life
expectancy, are considered.

Ongoing efforts to enhance methods for timely and selec-
tive identification of potentially lethal PCa in men with low
initial PSA levels will likely advance the understanding of
the issue. Ultimately, a nuanced and multifaceted approach
is essential, encompassing selection of target groups, appro-
priate rescreening intervals, enhancement of screening tech-
niques, and timely discontinuation of screening at an age
when the screening benefits wane due to low residual PCa
mortality and increasing competing risks. Following recent
EAU PCa screening guidelines, the use of mpMRI in diagnostic
evaluation and active surveillance in management can reduce
overdiagnosis and overtreatment [31].

The strengths of the study include the use of large,
prospective data collected within a randomized screening
trial, enhancing validity and statistical power. Additionally,
the registry linkage of the data enabled complete follow-up
for all study participants, allowing us to retrieve the most
relevant clinical information, particularly mortality
outcomes.

A limitation of this study is that the criteria for Gleason
grading have been revised, and in the early years of the trial
(started almost 30 yr ago), older definitions were employed
[32]. Therefore, the Gleason grading is not comparable with
the current practice, and there is also some variability
within this dataset. This is likely to cause misclassification,

which may attenuate associations but not generate false
positive results. We also acknowledge the potential limita-
tion due to the relatively small number of deaths, particu-
larly among men with low-risk disease. This limits the
statistical precision of the results in this subgroup. Owing
to the absence of data on tumor subtypes, we were unable
to address more aggressive histotypes, such as neuroen-
docrine PCa [33]. Future studies should evaluate these sub-
types to better understand their role in men with low PSA.
Similarly, we did not have data on the incidence of metasta-
sis after diagnosis and are thus unable to provide detailed
information on disease progression.

5. Conclusions

Our findings among men with low baseline PSA in the
FinRSPC indicate the prognostic significance of PSA even
at levels <3 ng/ml in predicting PCa mortality with a clear
gradient at these levels. Over a median follow-up of 17.8
yr, the impact of initial PSA is highest in low-risk cases
and more pronounced among men aged 55-58 yr than
among older men. These results underscore the need for a
nuanced approach for PSA in PCa screening and suggest
minimal risk from the discontinuation of screening at ages
67-71 yr, when PSA levels are low.
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