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ABSTRACT
Objective: The Stockholm3 test combines clinical variables and biomarkers to improve the diagnosis 
of clinically significant prostate cancer (csPCa). We aimed to validate and compare its performance to 
prostate-specific antigen (PSA)-based decision-making.
Material and methods: We conducted a prospective observational cohort study at a nationwide Finnish 
private primary care provider between July 2017 and February 2018. We included 1,379 men scheduled 
for PSA tests, excluding 74 men with missing PSA results or previously diagnosed prostate cancer. The 
clinical assessment was based on the PSA value and other clinical parameters, with clinicians unaware of 
the Stockholm3 result. We compared PSA-based decision-making with counterfactual Stockholm3 reflex 
testing. 
Results: Among the 1,305 men, the median age was 58 (interquartile range [IQR]: 51–64). PSA was ≥3 ng/
mL in 209/1,305 (16%) men and above the age-specific reference limit in 119/1,305 (9%) men. Among 
men with PSA ≥1.5 ng/mL, a Stockholm3 Risk Score ≥15% would have selected 44% fewer men for further 
diagnostic evaluation than PSA ≥3 ng/mL (117/469 vs. 209/469). Over 6 years of registry-based follow-up, 
men with a Stockholm3 Risk Score ≥15% despite PSA below the age-specific reference limit represented 
a clinically relevant subgroup with subsequent csPCa diagnoses. The main limitation of this study was its 
observational design.
Conclusions: The hypothetical clinical implementation of Stockholm3 reflex testing would have reduced 
referrals, helped standardise decision-making, and identified a different group of men for further diagnos-
tic evaluation.
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Introduction 

Prostate cancer accounted for approximately 14% of new cancer 
diagnoses among men globally in the year 2020 [1]. Finland is 
among the countries with the highest incidence and mortality 
rates for prostate cancer. According to the Cancer Registry of 
Finland, over 5,000 new cases were diagnosed, and 928 men 
died from prostate cancer in 2020 [2]. The health burden and 
costs for the healthcare system are substantial, with over 58,000 
prevalent cases in the country [2].

The use of prostate-specific antigen (PSA) for early diagnosis 
of prostate cancer reduces the risk of metastatic disease and 
death from prostate cancer. However, it causes overdiagnosis 
and treatment-related complications, which may be reduced by 
active surveillance [3–5]. The Council of the European Union 
recommends evaluating organised screening programmes due 
to the preliminary evidence and widespread opportunistic 
screening [6, 7]. No organised screening programmes exist in 
Finland, but a randomised screening trial is being conducted in 
certain parts of the country [8]. 

As a screening tool at a test threshold of 4 ng/mL, the PSA 
test has a sensitivity of 72% and a specificity of 30–35% [9]. 
However, many countries have adopted a lower threshold (3 ng/
mL, resulting in higher sensitivity but lower specificity [10, 11]. 
Therefore, there is a need for new blood- and urine-based tests 
that, when combined with clinical parameters, would provide 
more accurate risk stratification than PSA alone [12].

The Stockholm3 test combines clinical variables and 
previously identified biomarkers, including PSA, to provide a 
percentage risk of clinically significant prostate cancer (csPCa) 
defined as the International Society of Uropathology Grade 
Group 2 or higher [13]. The Stockholm3 test was first evaluated 
in the STHLM3 trial in 2012–2015. The study results showed that 
at the same sensitivity level as the PSA test, using a cut-off of ≥ 3 
ng/mL to diagnose csPCa, the Stockholm3 test could reduce the 
number of biopsies by 32% and avoid 44% of benign biopsies. 
The STHLM3-MRI trial, conducted from 2018–2020, studied the 
Stockholm3 test in combination with magnetic resonance 
imaging (MRI) and targeted biopsies [14]. The study showed 
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that, compared with PSA ≥ 3 ng/mL and systematic biopsies, the 
Stockholm3 test, combined with MRI and targeted biopsy, could 
have reduced the number of biopsies by 53% and the number of 
benign biopsies by 78%. 

The FIN3 study aimed (1) to characterise PSA and Stockholm3 
test result distribution in a Finnish primary care cohort, (2) to 
compare Stockholm3-based risk estimation with PSA-based 
clinical decision-making, and (3) to evaluate the long-term rates 
of MRI/biopsy referral and csPCa detection.

Patients and methods 

This prospective, observational validation study was conducted 
at selected Mehiläinen’s healthcare facilities in Finland between 
July 2017 and February 2018. The Helsinki and Uusimaa Hospital 
District Coordinating Ethics Committee approved the study, and 
all patients provided informed consent. The ethical committee´s 
approval number is HUS/1777/2017.

Patient population

The study population comprised consecutive primary care 
patients referred by a general practitioner, occupational health 
doctor or urologist for a PSA test, typically due to urinary symp-
toms or early detection of prostate cancer. The patients pro-
vided 8 mL of blood in two ethylenediaminetetraacetic acid 
tubes. Their age was recorded, and the laboratory nurse 
recorded yes/no answers to questions on prostate cancer diag-
nosis, previous biopsy, family history (first-degree relatives), and 
use of 5-alpha-reductase inhibitors. The referral for MRI or biopsy 
and follow-up was decided by the clinician based on PSA value 
and other clinical parameters, and neither clinicians nor patients 
had access to the Stockholm3 result.

Laboratory tests

PSA was measured at the Mehiläinen Laboratory (Helsinki, 
Finland) using a Siemens ADVIA Centaur XPT analyser, with 
nationally used age-specific reference limits: <50 years, 2.5 ng/
mL; 50–59 years, 3.5 ng/mL; 60–69 years, 4.5 ng/mL; and >70 
years, 6.5 ng/mL [15]. Blood samples from men with PSA ≥1.5 
ng/mL were analysed using the Stockholm3 test at A3P Lab in 
Uppsala, Sweden, and the Stockholm3 Risk Score was calculated 
as described by Grönberg et al. [13]. 

Statistical analysis

Baseline characteristics of the study population were summa-
rised using descriptive statistics. Categorical variables are pre-
sented as frequencies and percentages (%), while continuous 
variables are reported as medians with interquartile ranges 
(IQR). For the follow-up analysis, we included all men with an 
initial PSA ≥1.5 ng/mL, because Stockholm3 testing was per-
formed only above this reflex threshold. Clinical outcomes were 
retrieved from the National Patient Data Repository, which all 
healthcare providers are required to use, until December 2024. 

Survival analysis was performed using the Kaplan–Meier 
method to estimate time-to-event distributions. Follow-up 
started on the date of the initial PSA test and was censored at 
the first prostate MRI or biopsy, prostate cancer diagnosis, death 
from any cause, or 6 years after the initial PSA test, as applicable 
to the analysed outcome. The analysed outcomes were (1) the 
first occurrence of MRI or biopsy and (2) csPCa diagnosis. We 
used PSA ≥3 ng/mL, PSA above age-specific reference limit, and 
Stockholm3 Risk Score ≥15% for stratification of exposure. Cox 
proportional hazards regression analysis was used to calculate 
hazard ratios (HR) with 95% confidence intervals (CI). The Cox 
models were univariable and exploratory without covariates. 
Time from the initial PSA test to PCa diagnosis was compared 
using the Mann–Whitney U-test. All statistical analyses were 
performed using IBM SPSS version 29 (IBM Corporation, Armonk, 
NY, USA).

Results

Baseline characteristics

We recruited 1,379 men into the study (Figure 1). We excluded 
48 men due to missing PSA test results and 26 men due to pre-
viously diagnosed prostate cancer. Table 1 shows the charac-
teristics of the 1,305 eligible men. The median age was 58 (IQR: 
51–64) years for all men, 62 (IQR: 57–67) years for men with 
PSA ≥1.5 ng/mL, 63 (IQR: 58–68) years for men with PSA ≥3.0 
ng/mL, and 60 (IQR: 56–65) years for men with PSA above the 
age-specific reference range. Additionally, 950/1,305 (73%) 
men were aged 50–69, 110/1,305 (8.4%) were younger than 45, 

Figure 1.  Flowchart of the included patients. PSA, prostate-specific anti-
gen; PCa, prostate cancer.

Stockholm3 test performed
n = 469
(36%)

Recruited
n = 1,379

Exclusion
      No PSA (n = 48)
      Previous PCa (n = 26)

Eligible
n = 1,305

PSA < 1.5
n = 836
(64%)

PSA ≥ 1.5
n = 469
(36%)

Stockholm3 test not performed
n = 836
(64%)
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and 47/1,305 (3.6%) were older than 75. The median PSA was 
1.08 ng/mL (IQR: 0.70–2.07), and 836/1,305 (64%) men had a 
PSA of <1.5 ng/mL. PSA values ranged from 2 to 9.9 ng/mL in 
326/1,305 (25%) men. The relationship between PSA values 
and Stockholm3 Risk Scores is shown in Figure 2.

Comparison of referral criteria

Among the 469 men with PSA ≥1.5 ng/mL, 209/469 (45%) had 
PSA ≥3 ng/mL, while 117/469 (25%) had a Stockholm3 Risk 
Score ≥15% (Figure 3A). Using a Stockholm3 Risk Score ≥15% as 
a threshold for further diagnostic evaluation would have 

selected 44% fewer men than PSA ≥3 ng/mL (117 vs. 209). PSA 
≥3 ng/mL and Stockholm3 Risk Score ≥15% showed discordant 
results in 142/469 (30%) men. 

Among the 469 men with PSA ≥1.5 ng/mL, 119/469 (25%) 
had PSA above the age-specific reference limit, and 117/469 
(25%) had a Stockholm3 Risk Score ≥15% (Figure 3B). Using a 
Stockholm3 Risk Score ≥15% as a threshold for further 
diagnostic evaluation would have selected a similar number of 
men as PSA above the age-specific reference limit (117 vs. 119). 
Results were discordant in 134/469 (29%) men when comparing 
PSA above the age-specific reference limit with a Stockholm3 
Risk Score ≥15%.

Out of 119 men with PSA above the age-specific reference 
limit, 25/119 (21%) men were referred for MRI or biopsy in 
routine clinical practice within 6 months after the PSA test 
(Supplementary Figure 1). In routine clinical practice, 9/68 (13%) 
men with a Stockholm3 Risk Score <15% and PSA above the 
reference limit were referred for MRI or biopsy. The MRI and 
biopsy results are shown in Supplementary Table 1. Furthermore, 
35/51 (69%) men with a Stockholm3 Risk Score ≥15% and PSA 
above the reference limit were not referred for MRI or biopsy in 
routine clinical practice.

Long-term outcomes

Over the 6-year follow-up period following the initial PSA test, 
119/469 (25%) men with an initial PSA ≥1.5 ng/mL were referred 
for MRI or biopsy. Cumulative incidences of referral for MRI or 
biopsy and csPCa diagnosis stratified according to initial PSA 
≥3.0 ng/mL, initial PSA above the age-specific reference limit, 
and Stockholm3 Risk Score ≥15% are shown in Figure 4. In the 

Table 1.  Baseline characteristics of men scheduled for PSA tests at a private, nationwide primary healthcare provider from 2017 to 2018.
Variable All men Men with  PSA ≥ 1.5 Men with  PSA ≥ 3.0 Men with PSA > reference 

limit

(n = 1,305) (n = 469) (n = 209) (n = 119)

Age (years)
  < 50 236 (18.1%) 32 (6.8%) 8 (3.8%) 13 (10.9%)
  50–59 497 (38.1%) 148 (31.6%) 59 (28.2%) 44 (37.0%)
  60–69 453 (34.7%) 216 (46.1%) 105 (50.2%) 54 (45.4%)
  ≥70  119 (9.1%) 73 (15.6%) 37 (17.7%) 8 (6.7%)
PSA (ng/mL)
  < 2.0 964 (73.9%) 128 (27.3%) N/A N/A
  2.0–2.9 132 (10.1%) 132 (28.1%) N/A 5 (4.2%)
  3.0–3.9 80 (6.1%)  80 (17.1%) 80 (38.3%) 11 (9.2%)
  4.0–9.9 114 (8.7%) 114 (24.3%) 114 (54.6%) 88 (73.9%)
  ≥ 10.0 15 (1.1%) 15 (3.2%) 15 (7.2%) 15 (12.6%)
Earlier biopsy
  Yes 77 (5.9%) 55 (11.7%) 43 (20.6%) 36 (30.3%)
  No 1,228 (94.1%) 414 (88.3%) 166 (79.4%) 83 (69.7%)
Family history of prostate cancer
  Yes 216 (16.6%) 76 (16.2%) 28 (13.4%) 17 (14.3%)
  No 1,089 (83.4%) 393 (83.8%) 181 (86.6%) 102 (85.7%)
Use of 5-alpha-reductase inhibitors
  Yes 73 (5.6%) 32 (6.8%) 19 (9.1%) 7 (5.9%)
  No 1,232 (94.4%) 437 (93.2%) 190 (90.9%) 112 (94.1%)

PSA: prostate-specific antigen.
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Figure 2.  Scatter plot of prostate-specific antigen (PSA) (ng/mL; logarith-
mic x-axis) versus Stockholm3 Risk Score (%) among men with PSA ≥ 1.5 ng/
mL (n = 469). Each point represents a participant. The vertical dashed line 
marks PSA = 3 ng/mL, and the horizontal dashed line marks Stockholm3 Risk 
Score = 15%. Stockholm3 Risk Score was measured only in men with PSA ≥ 
1.5 ng/mL, as per the protocol.
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comparison between men with Stockholm3 Risk Score ≥15% 
and initial PSA <3.0 ng/mL versus those with Stockholm3 Risk 
Score <15% and initial PSA ≥3.0 ng/mL, the former group 
showed numerically lower, although not statistically significant 
referral rates (5/25 vs. 43/117; HR: 0.48, 95% CI: 0.19–1.22) and 
higher csPCa risk (5/25 vs. 15/117; HR: 1.65, 95% CI: 0.60–4.53). 
When comparing men with Stockholm3 Risk Score ≥15% and 
initial PSA below the age-specific limit to those with Stockholm3 
Risk Score <15% and initial PSA above the limit, the former 
group had a statistically significant 61% lower risk of referral 
(18/66 vs. 37/68; HR: 0.39, 95% CI: 0.22–0.69). However, despite 
fewer referrals, the risk of csPCa was similar (13/66 vs. 12/68; HR: 
1.17, 95% CI: 0.53–2.56), and the median time from the initial 
PSA test to diagnosis did not differ significantly (3.2 vs. 4.1 years; 

P = 0.769) between the two groups. Supplementary Table 2 
shows the numbers of prostate MRI examinations and biopsies 
performed during follow-up until prostate cancer diagnosis, 
death from any cause, or 6 years after the initial PSA test, 
together with median PSA values preceding the first MRI, first 
biopsy, and first MRI or biopsy.

Discussion

This observational study, based on a nationwide Finnish clinical 
cohort, suggests that, in a counterfactual comparison, the 
Stockholm3 test used as a reflex test would have selected fewer 
men for follow-up MRI or biopsy than a PSA cut-off of 3 ng/mL. 
Reducing the number of men referred for MRI or biopsy remains 
relevant because, although prebiopsy MRI and the transperineal 
biopsy approach can reduce biopsy-related infections, both 
procedures involve costs, cause patient discomfort, and require 
specialised expertise. Compared with age-specific PSA refer-
ence limits, the overall number of men selected for further eval-
uation was similar, but the selected men differed substantially. 
In a 6-year registry-based follow-up, men with a Stockholm3 
Risk Score ≥15% despite PSA below the age-specific reference 
limit appeared to represent a clinically relevant subgroup. 
However, because clinical decisions were not guided by the 
Stockholm3 test, the effect of a Stockholm3-based pathway on 
csPCa detection cannot be determined directly. The ages of men 
in most previous studies using the Stockholm3 test ranged from 
50 to 69 years [13, 16–17] or 50 to 74 years [14], depending on 
the study design. Our study population consisted of men who 
were consecutively scheduled for PSA testing at a nationwide 
private primary healthcare provider, resulting in a broader age 
range. The proportion of men in the core age group of 50 to 69 
years was 73%, similar to findings from other studies with clini-
cal cohorts [18]. 

PSA was above 3 ng/mL in 16% of the men in our study, 
which is lower than the 19–35% observed in previous studies 
based on clinical cohorts [17–19]. Similarly, the proportion of 
men with a Stockholm3 Risk Score ≥15% was lower at 10% 
compared with 14–19% in other clinical cohorts [18].

We estimated that a Stockholm3 Risk Score ≥15% would 
have selected 44% fewer men for further MRI or biopsy than PSA 
≥3 ng/mL. The reduction in follow-up examinations in our study 
was comparable to the 26–44% decrease seen in other studies 
with clinical cohorts [17, 18] and the 35% decrease observed in 
studies involving screening cohorts [14], despite differences in 
the criteria used to perform the Stockholm3 test. The Stockholm3 
test was developed in Sweden, a country with which Finland 
shares a long history. However, Finns are more genetically 
distinct from Swedes than Swedes are from many other 
nationalities [20]. As a result, our study provides further evidence 
of the test’s performance across genetically diverse European 
populations.

We observed that 56% of men with PSA ≥3 ng/mL could have 
avoided further examinations, although a small number of 
csPCa might be present in the group with PSA ≥3 ng/mL and 
Stockholm3 Risk Score <15%. The number of avoided MRIs or 
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Figure 3.  Distribution of men according to prostate-specific antigen 
(PSA) thresholds and Stockholm3 Risk Scores. Men are shown according to 
(A) PSA below or above the cut-off value of 3 ng/mL and (B) PSA below or 
above age-specific reference limits. Only men with PSA above 1.5 ng/mL 
are included, as the Stockholm3 test was not performed in men with PSA 
below 1.5 ng/mL.
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biopsies in men with PSA ≥3 ng/mL was similar to that found in 
a previous screening study [13] but higher than the 32–38% 
reduction observed in men referred for biopsy [21–23]. 

Age-specific reference limits were initially developed to 
improve the specificity of the PSA test in older men and increase 
its sensitivity in younger men [15]. Age-specific PSA reference 
limits are reported in Finland, and current Finnish prostate cancer 
guidelines recommend PSA values above the age-specific 
reference limit as a trigger for further investigation [24]. We 
observed that the Stockholm3 test would have led to a similar 
number of MRIs or biopsies compared with the age-specific 
reference limits. However, the men referred for further 
examination would have differed in 29% of cases. Only 43% of 

men with PSA levels above the age-specific reference limits 
would have undergone further diagnostic evaluation if the 
Stockholm3 test had been used. Furthermore, if PSA levels above 
the reference limits had been used, 56% of men with a 
Stockholm3 Risk Score ≥15% would not have been referred for 
MRI or biopsy. Men with a Stockholm3 Risk Score ≥15% and PSA 
below the reference limits were diagnosed with a comparable 
number of csPCa within 6 years following the initial PSA test, 
despite undergoing significantly fewer MRIs or biopsies than 
those with a Stockholm3 Risk Score <15% and PSA above the 
reference limit. This may reflect risk enrichment by the 
Stockholm3 test. However, we cannot rule out lead-time effects 
or delayed diagnosis, despite the time from initial PSA test to PCa 

Figure 4.  Referral for magnetic resonance imaging or biopsy or detection of clinically significant prostate cancer within six years after an initial prostate-spe-
cific antigen (PSA) of 1.5 ng/mL or higher. MRI indicates magnetic resonance imaging; csPCa, clinically significant prostate cancer; HR, hazard ratio; and 
STHLM3, Stockholm3 Risk Score. 
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diagnosis not being significantly different between the groups. 
After reviewing patient outcomes from the National Patient Data 
Repository, we found that only a small proportion of men with a 
PSA ≥3.0 ng/mL were referred for an MRI or biopsy within 
6 months of the PSA test. In our study, clinicians were unaware of 
the Stockholm3 test results, which could have influenced their 
decision-making. According to patient records, most men with a 
Stockholm3 Risk Score ≥15% had not been referred for further 
diagnostic tests within 6 months. Similar findings were reported 
in a Swedish study, which showed that relying solely on the PSA 
test would have led to better patient selection for biopsy, and 
that incorporating the Stockholm3 test would further enhance 
decision-making [25]. They estimated that 40% of the 
improvement resulted from better clinical decisions and 60% 
from the new information provided by the Stockholm3 test. 

Men were not referred for an MRI or biopsy for several 
reasons. Firstly, some men might have recently undergone an 
MRI or biopsy and may be reluctant to undergo further tests. 
Secondly, the clinician could be aware of other factors, such as 
prostate size and stable or declining PSA levels, which may 
influence their decision not to refer for additional examinations. 
Third, the clinician might rely on age-specific reference limits, 
although only a small number of men with PSA above these 
limits would actually be referred. Fourth, since our study was 
conducted in private healthcare, MRI or biopsy procedures may 
incur additional costs. However, the patient can still be referred 
to a public healthcare facility. Fifth, despite the PSA measurement, 
the clinician and patient may decide that further tests are not in 
the patient’s best interests due to poor health. Lastly, the 
clinician may find it challenging to integrate the available 
information to assess the risk of csPCa and to communicate this 
effectively to the patient.

Besides PSA alone or biomarker-based tests, risk calculators 
and PSA density have been evaluated for prostate cancer risk 
stratification [26, 27]. Although they provide convenient options, 
the effectiveness of risk calculators varies across study 
populations. Their performance also depends on the quality of 
referrals from primary care providers. Accurate measurement of 
PSA density requires transrectal ultrasound, which primary care 
providers may not readily have access to. Although we did not 
conduct a cost-effectiveness analysis, previous studies have 
shown that the Stockholm3 test as a reflex test after PSA may be 
a cost-effective alternative [28].

The main limitation of our study was its observational design. 
Decisions were made by clinicians based on PSA values and 
other clinical information, not on Stockholm3 test results. 
Clinicians’ adherence to the age-specific PSA thresholds 
recommended by national guidelines was low. Therefore, we 
can only estimate the effect of the Stockholm3 test results on 
decision-making. The observed reduction in MRI or biopsy 
procedures aligns with studies from other countries, suggesting 
similar results across populations. This study was conducted in 
private healthcare, where costs are covered by patients, 
employers, or voluntary insurance, potentially leading to a 
selective group of participants with higher socioeconomic 
status. In Finland, many working-age adults access primary care 

through private providers, whereas retired individuals more 
commonly use public primary care. Therefore, early detection 
may be a more common indication for the PSA test in private 
healthcare than in the public sector. Access to prostate MRI in 
the private sector may vary across the country and may not 
always be covered by occupational health contracts, and 
prostate biopsies are often performed in public sector hospitals. 
Thus, although the index PSA tests in our study were performed 
in a private primary care setting, further diagnostic evaluation 
was at least partly conducted in the public sector. The 
conclusions based on follow-up of up to 6 years are limited 
because the follow-up was not based on a standardised protocol. 
Subsequent PSA testing, MRI, biopsy, and referral decisions were 
made by treating clinicians as part of routine care. Also, the 
Stockholm3 test was rarely repeated. In contrast, the PSA test 
was usually performed before referral for MRI or biopsy. The 
repeat screening conducted after 2–3 years has been examined 
in a secondary analysis of the STHLM3-MRI trial [29]. Furthermore, 
the long-term clinical benefits of potential earlier diagnosis of 
csPCa through the Stockholm3 test remain uncertain.

In conclusion, we demonstrated that nationwide logistical 
implementation of the Stockholm3 test was feasible in a Finnish 
private primary care setting. However, because clinicians and 
patients did not receive the Stockholm3 results, the clinical 
implementation was hypothetical. In a counterfactual clinical 
pathway, Stockholm3 reflex testing would have identified a 
different group of men for further diagnostic evaluation than 
PSA-based thresholds and would have selected fewer men for 
MRI or biopsy than PSA ≥3 ng/mL. Therefore, the effect of a 
Stockholm3-guided pathway on csPCa detection cannot be 
determined directly from this observational study. The results 
also suggest that decision-making based on PSA is currently 
inconsistent. A significant proportion of men with an elevated 
PSA did not undergo further investigations, potentially leading 
to missed or delayed diagnoses of csPCa. Consequently, a 
structured test with clear guidance may help to standardise and 
improve decision-making.
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