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Abstract

Prostate cancer is the most diagnosed cancer and the leading cause of cancer-
related death among men in Sweden. The natural history and risk factors of
prostate cancer, particularly within hereditary populations, have been
extensively studied in the Swedish context. Despite the absence of national
recommendations for prostate-specific antigen (PSA) screening, a large pro-
portion of Swedish men undergo PSA testing. This unstructured testing
approach has shown limited effectiveness and imposes a considerable burden
on healthcare resources. To address these challenges, many regions in Sweden
began implementing organized prostate cancer testing (OPT) in 2020. OPT
targets specific age groups, providing them with comprehensive information
about PSA testing, including its potential benefits and harms, to support in-
formed individual decision-making. Subsequent PSA testing and follow-up
procedures adhere to a standardized algorithm that incorporates individual risk
factors, genetic predisposition, and the natural progression of prostate cancer.
This review outlines the current recommendations, implementation strategies,
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1 | INTRODUCTION

The incidence of prostate cancer in Sweden doubled
between 1995 and 2004, and currently, approximately
one in five Swedish men receives a prostate cancer
diagnosis during their lifetime. In 2022 alone, nearly
12 000 new cases were reported[l]. The sharp increase in
incidence around the turn of the millennium was pri-
marily attributed to the widespread adoption of prostate-
specific antigen (PSA) blood testing and systematic
biopsies for men with moderately elevated PSA levels.
The data presented in this review, including epide-
miological and clinical outcomes, are derived primarily
from the National Prostate Cancer Register (NPCR) of
Sweden. Established in 1998, the NPCR captures data on
98% of all incident prostate cancer cases recorded in the

and emerging frontiers for prostate cancer diagnosis in Sweden.

epidemiology, organized prostate cancer testing, prostate cancer, screening

legally mandated Swedish Cancer Registry[z]. In 2008,
the NPCR underwent substantial expansion, including
the introduction of computerized reporting, an increase
in the number of registered clinical variables, and the
incorporation of patient-reported outcome measures
(PROMs)l. A large portion of NPCR data is now
publicly accessible through interactive dashboards on
the npcr.se platform. Furthermore, a national digital
decision-support tool—the Individual Patient Overview
(IPO) for prostate cancer—has been developed to
facilitate personalized clinical decision-making[4].
Beyond its clinical utility, the NPCR also serves as a
valuable research resource. In 2009, the Prostate Cancer
data Base Sweden (PCBaSe) was established by linking
NPCR data with other national health and demographic
registries. PCBaSe includes data on more than 200 000
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prostate cancer cases, five matched controls per case,
and close relatives, offering a robust infrastructure for
epidemiological and health services research!>®,

Despite the lack of a national recommendation for PSA-
based screening, PSA testing remains prevalent among
Swedish men. However, this opportunistic testing has
shown limited clinical benefit and has imposed a signifi-
cant burden on healthcare resources. Between 1996 and
2016, it is estimated that more than 60 000 men in Sweden
were overdiagnosed—receiving a prostate cancer diagnosis
that would not have occurred without PSA testing and
systematic biopsies[7’8]. Consequently, following the Swed-
ish National Board of Health and Welfare's (Socialstyrelsen,
SoS) 2018 decision to again advise against a national
screening program, several Swedish regions initiated the
development of organized prostate cancer testing (OPT).

OPT involves proactively inviting men in defined age
groups and providing them with balanced information
on the potential benefits and harms of PSA testing,
thereby supporting informed individual decision-
making. PSA testing and subsequent diagnostics are
conducted according to standardized protocols that
incorporate individual risk factors and the known nat-
ural history of prostate cancer®. This review aims to
outline the current recommendatlons and implemen-
tation strategies for OPT in Sweden.

2 | EPIDEMIOLOGY

2.1 | Incidence (number of new cases)

Prostate cancer is the most commonly diagnosed cancer
in Sweden, with more than 10 000 new cases reported
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annually. Between 2019 and 2020, the number of newly
diagnosed cases declined from approximately 11 000 to
9000. This reduction was likely due to decreased diag-
nostic activity during the COVID-19 pandemic, as well
as the implementation of updated national clinical
guidelines in spring 2020, which recommended mag-
netic resonance imaging (MRI) prior to performing a
prostate biopsy. In 2021, 10 199 new cases were regis-
tered, increasing to 12 004 in 2022, possibly reflecting a
delayed, compensatory rise in diagnoses following the
pandemic.

The incidence of prostate cancer rose sharply
around the turn of the century, doubling between 1990
and 2004 (Figure 1). This increase was primarily driven
by more intensive diagnostic efforts, including the
introduction of PSA testing and systematic prostate
biopsies. In addition, demographic changes—
specifically, the growing number of elderly men in the
population—contributed to the rising incidence. Cur-
rently, one in five Swedish men is diagnosed with
prostate cancer during their lifetime. Age-standardized
incidence trends are depicted in Figure 2.

Prostate cancer is strongly age-dependent. It is rare
before the age of 50 and almost nonexistent before the
age of 40. Increased diagnostic activity during the early
2000s contributed to a reduction in the median age at
diagnosis, from 74 years in 1995 to 69 years in 2005.
Detailed data on incidence, clinical characteristics at
diagnosis, and primary treatment modalities are avail-
able through the NPCR, which also provides regional-
and hospital-level statistics.

The sharp rise in incidence linked to increased
diagnostic activity is largely attributable to the high
prevalence of clinically insignificant prostate cancer.
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FIGURE 2 Age-standardized incidence and mortality of prostate cancer per 100 000 men in Sweden, 1970-2021. The upper line shows the

incidence, and the lower line shows the mortality. Source: NORDCAN.

Histopathological examinations performed during
autopsies and cysto-prostatectomies for bladder cancer
have shown that prostate cancer is present in approxi-
mately one-third of men in their 60s and in half of men
in their 80s!®!°. There is a broad consensus that Sys-
tematic prostate biopsies in men with PSA levels just
above the intervention threshold frequently lead to
diagnoses of indolent cancers that would not have
produced symptoms during the patient's lifetime.

2.2 | Mortality

Prostate cancer is the leading cause of cancer-related
death among men in Sweden, accounting for approxi-
mately 5% of all male deaths. In 2021, prostate cancer
was reported as the underlying cause of death for 2077
Swedish men. The majority of these deaths occur at an
advanced age; half of the men who die from prostate
cancer are over 82 years old, and three-quarters are
older than 75.

The overall age-standardized mortality rate for
prostate cancer showed a modest decline between 1970
and 2020, with a more consistent downward trend
observed since the early 2000s (Figure 2). When strati-
fied by age, a more pronounced reduction in mortality is
evident across all age groups (Figure 3). Notably, the
mortality rate among men younger than 75 years has
decreased by approximately 50% over the past 15 years
(Figure 4). Despite these improvements, the absolute
number of prostate cancer deaths has remained rela-
tively constant—at around 2400 annually over the past

decade—due to the ongoing demographic shift toward
an older male population.

2.3 | Prevalence (number of men living
with prostate cancer)

In 2021, approximately 125000 men in Sweden were
living with a prostate cancer diagnosis[g’w], repre-
senting a threefold increase compared to two decades
earlier (Figure 5). This substantial rise in prevalence is
attributable to several factors: the aging male popu-
lation, a shift toward earlier-stage diagnoses, and
improved survival among men with advanced disease,
largely due to the introduction of more effective

therapeutic options.

2.4 | Future projections
The prevalence of prostate cancer in Sweden is expected
to continue rising in the coming years[g]. However,
projecting the magnitude of this increase—as well as
future trends in incidence and mortality—remains
challenging. Both prevalence and incidence are closely
influenced by the extent of PSA testing and the diag-
nostic strategies employed for men with PSA levels
above the intervention threshold. Moreover, prevalence
is affected by the survival duration of men living with
chronic prostate cancer.

Recent advances in systemic therapies have con-
tributed to a growing number of men living with
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FIGURE 3 Age-specific mortality of prostate cancer per 100 000 men in Sweden. Source: The National Board of Health and Welfare
(Socialstyrelsen) and Statistics Sweden (SCB). Age-standardized according to the age distribution of the NORDCAN population in the year 2000.
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FIGURE 4 Number of deaths from prostate cancer per 100 000 men younger than 75 years in Sweden, 1998-2022. Source: The National Board

of Health and Welfare.

metastatic prostate cancer, significantly increasing the
demand for healthcare resources within urologic
oncology. This trend is anticipated to persist in the
foreseeable future. According to projections by Statistics
Sweden, the population of men aged 75 years and older
is expected to rise from approximately 350 000 today to
580 000 by 2030. As a result, despite improvements in
curative treatment strategies and prolonged survival, the
absolute number of prostate cancer-related deaths is
unlikely to decline in the coming decade.

3 | NATURAL HISTORY

The natural history of a disease refers to its progression in
the absence of medical intervention. For ethical and
practical reasons, no contemporary studies can fully
characterize the untreated natural course of prostate
cancer. However, several earlier studies have monitored
patients with various stages of prostate cancer who were
observed without immediate treatment and later received
hormonal therapy upon symptom onset!!113],
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FIGURE 5 Number of men in Sweden living with a prostate cancer diagnosis per year, 1980-2021. Source: The Nordic Statistical Database

(NORDCAN).

Autopsy studies have demonstrated that microscopic
prostate cancer can be present as early as in men's 20s,
although clinically evident disease is extremely rare
before the age of 50. The prevalence of microscopic
(latent) prostate cancer increases steadily with age, ex-
ceeding 50% in men in their 80s. Tumors that remain
asymptomatic throughout a man's life are referred to as
clinically insignificant or latent prostate cancer. PSA
screening frequently results in the diagnosis of such
indolent cancers!'*!. Unfortunately, in clinical practice, it
is often challenging to determine whether a newly
diagnosed tumor is clinically insignificant. On average,
PSA testing advances the timing of a prostate cancer
diagnosis by 5-15 years compared to detection without
screening!' ¥,

Non-metastatic prostate cancer is stratified into risk
groups based on local tumor stage, Gleason score, and
PSA level. For men who do not receive curative treat-
ment, the risk of developing symptomatic disease and
cancer-specific mortality depends on both the initial risk
group and the patient's age at diagnosis[ll]. Estimated
prostate cancer-specific mortality rates at 10 years and
15 years after diagnosis for non-metastatic disease are as
follows:

o Low-risk cancer: 4.5% at 10 years; 9% at 15 years.
o Intermediate-risk cancer: 13% at 10 years; 20% at
15 years.
o High-risk cancer: 29% at 10 years; 36% at 15 years[lg‘].
Risk group definitions (Swedish National Care
Program):
e Very low risk

° Tlc, Gleason score 6, < 8 mm total cancer in 1-4 of
8-12 systematic biopsy cores, PSA <10 pg/L, and
PSA density < 0.15 pg/L-cm®.

e Other low risk

°© T1-T2a, Gleason score 6, and PSA <10 pg/L not

meeting the criteria for very low risk.
o Intermediate risk
° T2b-T2c and/or Gleason score 7 and/or PSA
10-19 pg/L.
o High risk
© One of the following:
m T3.
m Gleason score 8.
m Gleason score 4+ 3 =7 in more than 50% of system-
atic biopsy cores.
m Gleason score 4+3 in targeted biopsies from PI-
RADS 5 lesions.
= PSA 20-49 pg/L.
e Very high risk

° Two or more high-risk factors, or at least one of the

following:
m T4.
m Gleason score 9-10.
m PSA>50pg/L.

For patients with clinically detected lymph node-only
metastases, median survival with hormonal therapy alone
is approximately 6 years[m]. Historically, men diagnosed
with distant metastases—usually involving the skeleton—
had a median survival of around 3 years. However, recent
advances in systemic therapies have significantly ex-
tended survival in many cases, with some patients now
living more than 10 years post-diagnosis[”]. The presence



UroPrecision

| 215

of visceral metastases, particularly in the liver or lungs, is
associated with shorter survival outcomes.

4 | RISK FACTORS AND
PREVENTION
4.1 | Geographics, ethnic variations, and

chronic inflammation

The prevalence of prostate cancer varies markedly
across different regions and populations worldwide. The
highest incidence is observed among men of African
descent in the United States and the Caribbean, fol-
lowed by White populations in the United States and
Scandinavia. In contrast, the disease is relatively
uncommon in Southeast Asia. This considerable geo-
graphic variation is believed to reflect a complex inter-
play between genetic susceptibility and environmental
influences. Although the specific contributing factors
remain incompletely understood, evidence suggests that
adoption of a Western lifestyle—including dietary pat-
terns and lower physical activity—may increase the risk
of developing prostate cancer!*?,

Chronic inflammation of the prostate is another sus-
pected contributor to prostate carcinogenesis. Persistent
infection may lead to long-term inflammation, promoting
DNA damage through the sustained generation of
reactive oxygen and nitrogen species by infiltrating leu-
kocytes. Mutations in the tumor suppressor gene TP53
are frequently observed in prostate cancer cells that arise
in chronically inflamed tissue!™?,

4.2 | Hereditary risk and genetics
Hereditary factors represent a significant risk for the
development of prostate cancer. Men with a first-degree
relative diagnosed with prostate cancer have a subs-
tantially increased risk of the disease. Sons of affected
men have a 1.5-2-fold increased risk, while brothers
have a 2-3-fold increased risk—corresponding to an
absolute risk of approximately 15% by age 65 and up to
30% by age 75. The risk increases further if multiple
family members are affected or if the diagnosis occurred
at a younger age. Men with both a father and a brother
diagnosed with prostate cancer—particularly if one was
diagnosed before the age of 70-75—face an estimated
40-50% lifetime risk of developing the disease before
that same age. Absolute risk estimates, compared to the
general population, can be made even in the absence of
a known germline mutation (see Table 1)019:20:21]
Among men with three or more affected male relatives,
the onset of prostate cancer tends to occur approximately
6 years earlier than in the general population, although the
clinical progression and prognosis are typically similar.
Notably, familial clustering of prostate cancer does not

appear to confer a significantly increased risk of other
cancers—except in families carrying a BRCA2 mutation,
which is associated with elevated risks of breast and
ovarian cancer.

A family history of prostate cancer on the maternal side
alone generally does not significantly elevate a man's risk,
unless the mother has been diagnosed with breast or
ovarian cancer, which may indicate an underlying BRCA2
mutation. However, if a brother is also affected, the risk may
approximate that associated with paternal inheritancel??.

The genetics behind hereditary susceptibility to
prostate cancer is complex. Here we subdivide into:

4.2.1 | High-penetrance genes

BRCA2: Mutations in the BRCA2 gene confer about
3-fold increased risk of prostate cancer. The disease
often presents at a younger age, is poorly differentiated,
and shows aggressive behavior'?®!,

HOXB13 (G84E mutation) mutation increases prostate
cancer risk by approximately three times. About one-third
of Swedish carriers are diagnosed before age 80. Although
the median age at diagnosis is 3 years younger than aver-
age, the distribution of risk groups is similar. Sweden has
the highest known prevalence: 1.3% in the general popu-
lation and 4.5% among men with prostate cancer®,

TP53 mutations (Li-Fraumeni syndrome) greatly
increase the risk for several cancers, including early-
onset, poorly differentiated prostate cancer®?,

4.2.2 | Moderate-penetrance genes
BRCAI mutations slightly increase prostate cancer risk
but not enough to classify carriers as high-risk[26].
MSH2 (Lynch syndrome) significantly raise the life-
time risk of clinically significant prostate cancer (up to
23% per NCCN). Other Lynch syndrome-related genes
(e.g., MLHI, MSH®6) have only a modest effect on prostate
cancer risk and do not warrant high-risk classification®”).

4.2.3 | Common variants

In addition to rare, high-risk mutations, over 250 common
genetic variants (single-nucleotide polymorphisms) asso-
ciated with prostate cancer have been identified. Indi-
vidually, these confer small risk increases but may
collectively influence risk through polygenic risk scores.

4.3 | Modifiable risk factors for prostate
cancer prevention

The European Code Against Cancer outlines twelve
evidence-based recommendations for reducing cancer risk.
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Among these, adopting a healthy lifestyle—such as main-
taining a balanced diet, engaging in regular physical
activity, and practicing safe sun exposure—constitutes a
critical strategy for reducing the incidence of many cancers,
including prostate cancer.

Several modifiable lifestyle factors have been asso-
ciated with prostate cancer risk. Overweight and obesity,
as well as high dairy consumption, have been identified
as probable risk factors for prostate cancer, particularly
for advanced stages of the disease?®2. The 2018 World
Cancer Research Fund (WCRF) report provides strong
evidence linking obesity with an increased risk of
advanced prostate cancer (WCRF, 2018). Conversely,
some dietary components—such as soy products, to-
matoes (rich in lycopene), pomegranate juice, and green
tea—have been associated with a potentially reduced
risk of prostate cancer in epidemiological studies.
However, the evidence remains inconclusive and, in
many cases, contradictory®”,

Micronutrients such as selenium and vitamin E have
also been investigated for their protective potential.
Nevertheless, findings from a large randomized trial
(SELECT) demonstrated no benefit; rather, an increased
risk of prostate cancer was observed among men who
received these supplements[SS]. Furthermore, the 2018
WCREF report concluded there is strong evidence that
beta-carotene, whether consumed through food or
supplements, does not influence prostate cancer risk.

Tobacco smoking, though not a direct etiological fac-
tor for prostate cancer, is associated with numerous
adverse health outcomes and has been linked to more
aggressive disease. Smoking may increase the risk of
developing high-grade prostate cancer, recurrence fol-
lowing curative treatment, and prostate cancer-specific
mortality®* 7. Additionally, among men with conserva-
tively managed low- or intermediate-risk prostate cancer,
the risk of dying from smoking-related conditions exceeds
the risk of death from the cancer itself'*®!. Smoking ces-
sation, therefore, remains a key component of overall
cancer risk reduction and long-term health preservation.

4.4 | Primary prevention

4.4.1 | Alpha reductase inhibitors

Two drugs—finasteride and dutasteride—are approved
5-alpha reductase inhibitors. A major randomized study
showed that 7 years of finasteride reduced the incidence of
low-grade prostate cancer (Gleason <6) by 6 percentage
points but slightly increased the diagnosis of higher-grade
cancers (Gleason 7-10) by 1.3 percentage points[39]. How-
ever, overall prostate cancer mortality was unchanged[4°].
This increase in high-grade diagnoses may be due to im-
proved detection rather than a true increase in aggressive
cancers®”., Registry studies suggest these inhibitors reduce
the risk of being diagnosed with Gleason 6-7 cancers but

do not affect the incidence of Gleason 8-10 cancers!* ™%,

Dutasteride, over 4 years, similarly reduced the detection of
low-grade cancer in men with PSA 2.5-10 pg/L, but had no
effect on Gleason > 7 cancers™*!. A Swedish registry study
found no increased risk of prostate cancer death with
5-alpha reductase inhibitors after 8 years of follow-up[45].

4.42 | Aspirin, statins, and metformin
Meta-analyses show that long-term use of aspirin and
other NSAIDs is associated with a reduced risk of death
from various cancers, including prostate cancer!*®*”),
and possibly a lower risk of advanced prostate can-
cer!®®, Statins have also been linked to reduced risks of
advanced disease and mortality[49’5°]. Similarly, metfor-
min use may be associated with a lower risk of prostate
cancer®", Despite these associations, current evidence
is insufficient to recommend any of these medications
solely for prostate cancer prevention.

4.4.3 | Captopril and ACE inhibitors

Based on a previous epidemiological study indicating that
captopril users exhibited a reduced risk of subsequent
prostate cancer’®?, our research group conducted a small,
randomized study in 2009 involving 62 patients following
radical prostatectomy (RP)"®®!. This study demonstrated a
reduction in biochemical failure after RP in patients who
received postoperative captopril treatment (Figure 6).
Captopril (d-3-mercapto-2-methylpropanoyl-l-proline) is
an inhibitor of angiotensin I-converting enzyme (ACE, CD
143), a type I cell surface zinc metallopeptidase. Addi-
tionally, captopril may inhibit matrix metalloproteases
through direct interaction with the zinc atom on prosta-
somes. This inhibition could act synergistically with ACE
inhibition, thereby suppressing the development and
progression of prostate cancer. There is also evidence
suggesting that ACE plays a role in the pathophysiology of
carcinomas at a local level. ACE is differentially expressed
in various malignancies and influences tumor cell
proliferation, migration, angiogenesis, and metastatic
potential[54]. However, to date, no large-scale, random-
ized, double-blind, placebo-controlled study has been
conducted to confirm the preventive effects of ACE
inhibitors against prostate cancer.

5 | PROSTATE CANCER
SCREENING
5.1 | Current landscape

Prostate cancer screening has long been a subject of
debate. Initial studies employed digital rectal examina-
tion (DRE), but the introduction of PSA testing in the
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FIGURE 6 Kaplan-Meier estimate of biochemical failure (BF) following radical prostatectomy (RP) in 32 captopril-treated and 30 control

patients after RP (p =0.034).

early 1990s markedly increased interest in early detec-
tion. As early as 1994, PSA testing was shown to identify
significantly more cases of organ-confined prostate
cancer compared to DREP®. Following these findings,
widespread PSA testing of asymptomatic men expanded
rapidly in the United States and, with some delay, in
Europe.

This surge in interest led to the initiation of multiple
randomized controlled trials across Europe, in which
participants were assigned either to repeated PSA test-
ing or to a control group. These trials were primarily
designed to evaluate prostate cancer-specific mortality
under an intention-to-screen framework—wherein all
prostate cancer deaths were counted regardless of actual
screening participation. This effort culminated in the
establishment of the European Randomized Study of
Screening for Prostate Cancer (ERSPC) in the early
1990s, involving eight centers. The first mortality out-
comes were published in 2009, with the most recent
update released in 2019161,

Notably, the Swedish Goteborg 1 trial, initiated
independently in 1995 and later integrated into ERSPC,
has reported up to 22 years of follow-up data’®”. Both
ERSPC and Goteborg 1 demonstrated a 20%-30% rela-
tive reduction in prostate cancer-specific mortality
associated with PSA-based screening.

In contrast, the US-based Prostate, Lung, Colorectal,
and Ovarian (PLCO) Cancer Screening Trial—initiated

in the late 1990s—reported no significant difference in
mortality. However, substantial contamination of the
control group, with widespread off-study PSA testing,
compromised the trial's interpretability regarding
screening efficacy'®®,

Similarly, a large UK study evaluating one-time PSA
testing failed to show a mortality benefit’®™®. These
findings suggest that single, opportunistic PSA testing is
ineffective and that structured, interval-based screening
protocols are essential to detect clinically significant
tumors in a timely manner.

Current evidence suggests that lethal prostate
tumors tend to progress rapidly and require frequent
PSA screening (every 2-3 years) for early detection.
However, individualized screening intervals based on
baseline PSA levels are now recommended. For men
with PSA < 1.0 pg/L, screening intervals of 6-8 years may
be appropriate[m]. Conversely, PSA screening is not
advised for men with a life expectancy of less than
10 years, as the mortality benefit is delayed.

A major limitation of PSA-based screening is its low
specificity and the high prevalence of indolent cancers,
leading to substantial overdiagnosis and overtreatment!®!],
This concern has catalyzed research into improved risk
stratification, notably through the incorporation of MRI.

In the Stockholm3 study, 49118 men aged 50-74
were invited, and 12 750 participated. Among the 1532
men with elevated PSA, participants were randomized
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to receive either MRI with targeted biopsy or systematic
biopsy. Over half of those in the MRI group avoided
biopsy due to absence of suspicious lesions. Detection
of clinically insignificant cancer was significantly lower
in the MRI group (4% vs. 12%), while detection of clin-
ically significant cancers remained comparable[ﬁz].

The Goteborg 2 study, involving 33875 men aged
50-60, evaluated three MRI-based screening protocols. All
arms employed MRI for elevated PSA, but differed in
biopsy strategy. Arm 1 used both systematic and targeted
biopsies; Arms 2 and 3 used targeted biopsy alone. MRI-
targeted biopsy alone halved the risk of overdiagnosis and
significantly reduced the biopsy rate (2.8% vs. 6.8%)
compared to combined biopsy. Although detection of
significant cancer was slightly lower with targeted biopsy
alone, this difference was not statistically signiﬁcant[%].
Ongoing MRI-based screening trials in Finland and
Germany aim to further refine risk-adapted protocols.

5.2 | National recommendations in

Sweden

The Swedish National Board of Health and Welfare has
conducted two formal assessments (2014 and 2018) re-
garding the implementation of a national prostate can-
cer screening program. On both occasions, the Board
concluded that the benefits of systematic screening do
not clearly outweigh the potential harms at the popu-
lation level.

Nonetheless, the Board recommends that men who
express an interest in PSA testing should be provided
with balanced, evidence-based information regarding its
potential risks and benefits. Informed individuals may
then undergo testing if they choose. This approach is
consistent with recommendations from most interna-
tional health authorities, with the notable exception of
Lithuania, where opportunistic PSA testing is actively
recommended during primary care visits.

6 | OPT

6.1 | Background and rationale
Although there is currently no national recommendation
for PSA testing in asymptomatic men, opportunistic test-
ing remains widespread in Sweden. This unstructured
approach is suboptimal—both in terms of effectiveness
and resource utilization—when compared to systematic,
organized strategies. In light of this, following the Swedish
National Board of Health and Welfare's renewed decision
in 2018 not to implement a national screening program,
several regions initiated OPT programs.

OPT entails systematically offering men in defined
age groups objective information about the benefits and
risks of PSA testing, thereby enabling informed decision-

making. Those who OPT to participate undergo PSA
testing and, if necessary, further diagnostic evaluation
according to a standardized algorithm (Figure 7). This
structured model was developed to address the
inefficiencies associated with previous opportunistic
testing practices and to promote consistency and equity
in prostate cancer diagnostics.

Since 2020, most of Swedish regions have launched
OPT initiatives. As of spring 2024, 15 out of 21 regions
had implemented such programs. Approximately
150 000 men have been offered participation, with a 48%
acceptance rate. These initiatives are supported by the
National Board of Health and Welfare, which views
them as a means to improve diagnostic efficiency,
reduce inequity, and contribute valuable data to address
key knowledge gaps regarding PSA-based screening[64].

Importantly, organized testing differs fundamentally
from formal population-wide screening. The Swedish
National Board of Health and Welfare clarifies this
distinction:

Organized PSA testing means that men
receive clear information about the ad-
vantages and disadvantages of PSA testing
and then make an individual decision on
whether to get tested or not. Organized PSA
testing should therefore not be confused with
a national screening program, where testing
is recommended, and men receive a direct
invitation to undergo testing. Conducting
organized PSA testing within the framework
of research and development is fully in line
with the recommendations outlined in the
national guidelines for prostate cancer.

This approach allows for structured implementation
and scientific evaluation while respecting the current
recommendations against nationwide screening.

In December 2022, the European Union issued a
recommendation for member states to progressively
implement and assess organized prostate cancer screen-
ing programs. This position reflects concerns over
ineffective opportunistic testing, recognizes recent ad-
vancements in imaging and targeted biopsy techniques,
and underscores the need for structured testing pathways.
The EU's recommendation is aligned with the Swedish
model, and Sweden's experience is now serving as a ref-
erence for other European countries seeking to improve
the efficiency and quality of prostate cancer diagnostics.

6.2 | Implementation of OPT

6.2.1 | Eligibility criteria

OPT in Sweden typically targets men aged 50 years to
74 years. The core objective is to ensure that all
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FIGURE 7 A basic algorithm for organized prostate test (OPT). MRI, magnetic resonance imaging; PSA, prostate-specific antigen.
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individuals within this age group are provided with
balanced, evidence-based information about the
potential advantages and limitations of PSA testing,
thereby supporting informed decision-making.

The implementation of OPT has varied regionally.
For example, Region Skéne initiated its program in 2020
and has progressively expanded its inclusion criteria to
additional age groups. Other regions have adopted
similar staggered approaches, allowing for local adap-
tation based on healthcare capacity and population
demographics.

6.2.2 |
protocol

Testing workflow and follow-up

Eligible men are invited via mail to participate in the
OPT program. The invitation includes detailed written
information on PSA testing, allowing individuals to
make an informed choice. If a recipient does not
respond, a follow-up invitation is sent after 2 years.
Men who accept the invitation undergo a PSA blood
test. If PSA levels are within normal limits, the timing of
the next test is based on age and PSA concentration:

e PSA<1.0pg/L (age<65 vyears):
6 years.

e PSA<1.0ug/L (age>65 years): No further testing
recommended.

o PSA 1.0-2.9 ug/L (ages < 70); PSA 1.0-4.9 ug/L (ages
70-74): Retesting every 2 years until age 74.

e PSA increase >1.0 ug/L from prior test: Repeat test
after 1 year.

Retesting every

If PSA is elevated, the individual is referred for
multiparametric magnetic resonance imaging (mpMRI)
of the prostate.

MRI findings guide further action using PI-RADS
(prostate imaging reporting and data system) scoring in
conjunction with PSA density (PSAD):

e PI-RADS 1-2 with PSAD <0.15, or PI-RADS 3 with
PSAD < 0.10: No immediate action; next MRI and PSA
reassessment after approximately 2 years.

e PI-RADS 1-2 with PSAD=>0.15, PI-RADS 3 with
PSAD = 0.10, or PI-RADS 4-5: Referral to urology for
prostate biopsy, typically using MRI-ultrasound
fusion-guided technique.

If the biopsy does not detect cancer, the patient is
either scheduled for re-biopsy or monitored with follow-
up MRI and PSA testing in approximately 2 years.

This structured algorithm aims to balance early
cancer detection with minimization of overdiagnosis,
leveraging MRI and PSAD as triage tools to refine the
diagnostic pathway (Figure 7).

6.3 | Individual-based PSA testing

For asymptomatic men who express interest in prostate
cancer screening outside of organized programs,
individual-based PSA testing remains an option. In such
cases, men should be provided with written, evidence-
based information that outlines the potential benefits
and limitations of PSA testing. Informed consent is es-
sential to support shared decision-making.

Men who elect to proceed with PSA testing following
this information should undergo a DRE prior to referral
under the Swedish Standardized Cancer Care Pathway
(SVF). This step is crucial to ensure appropriate priori-
tization by the receiving clinical unit.

6.3.1 | Eligibility and life expectancy
considerations

PSA testing should be discouraged in asymptomatic
men with a life expectancy of less than 10-15 years, as
the potential benefits are unlikely to materialize within
that time frame. For reference, average remaining life
expectancy among Swedish men is:

¢ 15 years at age 70.
¢ 12 years at age 75.
« years at age 80.

These averages are derived from population data
provided by Statistics Sweden and include both healthy
and comorbid individuals. Clinicians should tailor life
expectancy assessments based on individual health
status, comorbidities, and risk factors such as smoking
or genetic predisposition.

Conversely, men with an expected survival
> 10-15 years, who wish to proceed after reviewing the
relevant information, may undergo regular PSA testing,
with or without DRE. Referral to urology under the SVF
should occur under the following circumstances:

e Men < 70 years: PSA > 3.0 pg/L.

e Men aged 70-80 years: PSA = 5.0 ug/L.

e Men > 80 years: PSA >7.0 pg/L.

e« Men on 5-alpha reductase inhibitors: Refer if PSA
exceeds half of the applicable threshold.

Additionally, any palpable hardening of the prostate
on DRE warrants referral, regardless of PSA level.

6.3.2 | Special considerations

e Men under 50 years of age without symptoms or a
family history of prostate cancer are unlikely to benefit
from PSA testing and should generally not be tested.
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e« Men with hypogonadism (testosterone <8 mmol/L)
and a functioning prostate should undergo PSA test-
ing at 2-year intervals. In contrast, men without
documented hypogonadism can be assumed to have
normal testosterone levels and do not require altered
testing frequency.

6.3.3 | Overuse in low-risk populations
Several longitudinal studies®®! have demonstrated
that men with very low PSA values have a negligible
risk of developing clinically significant prostate cancer
in subsequent decades. Nonetheless, many such
individuals are tested annually, which constitutes
unnecessary overtesting without added clinical benefit.
Testing intervals should therefore be adjusted based on
baseline PSA to avoid overtreatment and preserve
healthcare resources.

6.4 | Management of men in the
hereditary risk
6.4.1 | PSA testing

PSA testing should begin at age 40 and continue until
curative treatment for prostate cancer is no longer a
viable option:

e Men with a father or brother diagnosed with prostate
cancer and at least one first-degree relative of these
individuals also diagnosed with prostate cancer. One
of the family members should have been diagnosed
before the age of 75.

« Men with a known disease-associated variant (class 4
or class 5 according to the ACMG criteria) in any of
the genes BRCA2, MSH2, or TP53.

6.4.2 | Follow-up of men in the hereditary
risk group

Men in the hereditary risk group should be recom-
mended follow-up starting at the age of 40. The follow-
up should occur in primary care as long as the PSA level
is < 2 ug/L and should be discontinued when curative
treatment for prostate cancer would no longer be con-
sidered, that is, when the expected remaining lifetime is
shorter than 10-15 years. The first check should include
a PSA test and DRE. Afterward, follow-up should pro-
ceed as follows:

o PSA <1 pg/L: PSA test every 2 years in primary care.

e PSA 1-1.9 pg/L: PSA test annually in primary care.

e PSA>2pg/L: Management in urological clinic. The
man should be offered an MRI of the prostate and a

DRE. Targeted and/or systematic biopsies should be
offered generously, especially for men with a BRCA2
mutation. If no cancer is detected, the man should be
followed up in a urological unit with a maximum
interval of 1 year.

6.4.3 | Cancer genetic

Investigation and genetic testing recommendations for
men with prostate cancer who should be offered cancer
genetic investigation:

e Men younger than 60 years old who have metastatic
prostate cancer and/or a Gleason score of 5, and at
least one first-degree relative diagnosed with breast
cancer, ovarian cancer, prostate cancer, or pancreatic
cancer, should be offered testing for a BRCA2 mutation.

e For men younger than 50 years old who have meta-
static prostate cancer with a Gleason score of 5,
consider testing for TP53. For men with multiple
family members with breast or ovarian cancer, refer to
the National Care Program for Breast Cancer, Chapter
10, for details.

e If the family history suggests another hereditary can-
cer syndrome, men should be offered testing for other
relevant genes.

6.4.4 | Testing for BRCA2

If a mutation in the BRCA2 gene is detected, it can be
significant not only for the individual but also for close
relatives, both male and female, as they may also carry
the mutation. Women with such a mutation have a
significantly increased risk of breast cancer and ovarian
cancer (see the National Care Program for Breast Can-
cer, Chapter 10), while men with the mutation have a
substantial risk of:

« Developing prostate cancer as early as their 50s.

e Having cancer with low PSA production.

e Developing low-risk cancer that progresses to
incurable cancer under active monitoring.

« Developing metastatic prostate cancer.

e Developing castration-resistant prostate cancer with
particularly poor prognosis.

BRCA2 (and BRCAI) mutations are also significant
for the treatment of metastatic prostate cancer, as PARP
inhibitors are effective specifically for cancers with such
mutations. Therefore, the care program group recom-
mends that men with early-onset, severe prostate cancer
who have BRCA2-associated cancer in their family
should be offered oncogenetic testing (see the recom-
mendation box above). The defined group is estimated
to include approximately a hundred men per year.
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6.4.5 | Other genes and biomarkers

Routine germline testing for genes beyond BRCA2 is not
currently recommended. The European Association of
Urology (EAU), together with EANM, ESTRO, ESUR,
ISUP, and SIOG, has issued guidance supporting a
broader constitutional mutation panel for blood-based
analysis, including BRCAI, BRCA2, ATM, CHEK?2,
HOXBI3, MLH1, MSH2, MSH6, and PMS2.

However, outside of cases involving BRCA2 muta-
tions or families with clear hereditary cancer syndromes,
current evidence does not support widespread imple-
mentation of multigene panel testing. Data remain
limited regarding the clinical utility of such testing for
both index patients and their relatives. As a result, the
Swedish care program group recommends that multi-
gene testing should be limited to those fulfilling specific
clinical or familial criteria, as outlined in current
national recommendations.

For example, ATM (ataxia-telangiectasia mutated)
gene mutations are associated with up to a 4-fold
increased risk of prostate cancer and are more fre-
quently observed in men with younger age at diagnosis,
high Gleason scores, or metastatic disease. However,
even among these higher-risk groups, ATM mutations
are relatively uncommon (1%-2%), limiting the utility of
routine testing. Moreover, screening asymptomatic men
for heterozygous carrier status is not advised, given the
lack of proven benefit in clinical decision-making.

7 | THE FUTURE OF PROSTATE
CANCER HEALTHCARE

Prostate cancer remains the most common malignancy
among Swedish men. Each year, more than 20 000 men
are investigated for suspected prostate cancer, and over
100 000 undergo follow-up for elevated PSA levels. Ad-
vances in diagnostics, imaging, and treatment strategies
have made the management of prostate cancer
increasingly complex, necessitating a high level of spe-
cialized clinical expertise.

Treatment modalities—such as robot-assisted surgery,
precision radiotherapy, and systemic therapies (e.g., hor-
monal treatments, chemotherapy, targeted agents)—
require individualized decision-making and coordination
across disciplines. In parallel, the number of men living
with prostate cancer continues to rise, now exceeding
130 000. While many are disease-free and monitored only
with annual PSA testing, others contend with treatment-
related side effects or progressive disease.

To address these growing demands, Sweden is ex-
ploring the development of specialized prostate cancer
centers, designed to deliver integrated, high-quality care
for patients with suspected or confirmed prostate cancer.
A small number of such centers have already been estab-
lished, with the expectation that more will follow. These

centers aim to streamline care pathways and improve
outcomes through centralized diagnostics, shared decision-
making, and optimized resource allocation.

Emerging frontiers: Biomarkers and
artificial intelligence (AI)

Technological innovation is accelerating change in
prostate cancer care. Recent developments in Al have
shown promise in improving diagnostic accuracy, risk
stratification, and workflow efficiency. Furthermore,
biomarker research is advancing rapidly.

A notable study from Karolinska Institutet, Stockholm,
recently identified promising urine-based biomarkers
using mRNA, immunohistochemistry, and proteomics in a
cohort of over 2000 patients with and without prostate
cancer. Using machine learning models, researchers
achieved an area under the curve of 0.92 for detecting
prostate cancer. These biomarkers were also significantly
associated with tumor grade, suggesting potential not only
for detection but also for risk classification!®®.

These findings pave the way for a non-invasive
diagnostic test that could one day inform not only the
presence of prostate cancer, but also the biological
aggressiveness of the tumor and individualized treat-
ment strategies. Such a development could radically
transform screening, diagnosis, and treatment decision-
making. Envision a future where a single urine test can
reveal whether a man has prostate cancer, what subtype
it is, and what treatment (if it needed) is most appro-
priate. Realizing this vision will depend on continued
research, cross-disciplinary collaboration, and sustained
investment in precision medicine and data science. The
evolution of prostate cancer care is well underway.

8 | CONCLUSION

Prostate cancer remains the most commonly diagnosed
malignancy and the leading cause of cancer-related
mortality among men in Sweden. Extensive research
conducted within the country has contributed to a
deeper understanding of the disease's natural history
and associated risk factors.

Despite the absence of national recommendations for
population-wide PSA screening, opportunistic PSA testing
is widespread. However, such unstructured testing is
inefficient, clinically suboptimal, and imposes a substan-
tial burden on healthcare resources. In response, Sweden
has introduced OPT in several regions. This approach
involves actively informing men in specific age groups
about the potential benefits and risks of PSA testing,
allowing for informed decision-making and individualized
participation. OPT follows a structured diagnostic algo-
rithm that incorporates PSA levels, genetic predisposition,
and knowledge of disease progression to optimize
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detection and minimize overdiagnosis. This risk-adapted
strategy represents a more equitable and evidence-based
framework for early detection.

Looking ahead, emerging technologies—including
non-invasive urine-based biomarker assays and Al-
driven decision tools—offer the promise of revolution-
izing prostate cancer diagnostics. These innovations
may soon allow clinicians to diagnose, classify, and
guide treatment decisions for prostate cancer using a
single, highly accurate urine test. Sweden's ongoing ef-
forts in structured testing, biomarker discovery, and
precision oncology place it at the forefront of prostate
cancer care innovation.
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