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ABSTRACT

Objective: Magnetic resonance imaging (MRI) improves prostate cancer detection, but some tumours
may be undetectable. This study assessed prostate cancer detection in biopsy-naive men undergoing first-
time prostate MRI.

Material and methods: In this nationwide Danish cohort (2018-2022), men aged =40 years undergoing
first-time prostate MRI were classified as MRI-positive if biopsied within 30 days, and MRI-negative if not.
This served as a proxy for the radiology report findings. One-year cumulative incidence of prostate cancer
diagnosis in the Danish Prostate Cancer Registry, repeated MRI, biopsy and mortality was estimated by
MRI-status (positive/negative) and prostate-specific antigen (PSA) level, using the Aalen-Johansen estima-
tor. Occurrence of high-grade cancer was also assessed.

Results: Among 10,777 men, 40% were MRI-positive and 60% MRI-negative. The cumulative incidence of
prostate cancer was higher in the MRI-positive than the MRI-negative men during 1-year follow-up (63%
vs. 5% at PSA levels 2-3.9 pg/L), increasing with higher PSA levels (91% vs. 38% at PSA levels =20 pg/L). At
1 year, repeated MRI occurred in 21% of MRI-positive men and 9% of MRI-negative men; the subsequent
1-year biopsy incidence was 15% among MRI-negative men. Mortality was comparable between MRI-
positive and MRI-negative men (1% vs. 1%). The risk of high-grade prostate cancer at the time of diagnosis
was 80% in MRI-positive and 74% in the MRI-negative men.

Conclusions: Among biopsy-naive men undergoing first-time prostate MRI, MRI-positive status strongly
predicts prostate cancer, even in men with low PSA. In MRI-negative men with PSA < 4.0 pg/L, prostate
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cancer risk remains low within the 2-year follow-up.

Introduction

Prostate cancer is the second most common cancer among
men worldwide [1], with over 4,100 new cases diagnosed in
Denmark in 2024 [2]. Typically, prostate-specific antigen
(PSA) testing serves as an entry point to the diagnostic path-
way [1, 3]. Due to imaging improvements, prostate magnetic
resonance imaging (MRI) has become a key diagnostic tool,
providing detailed information on the lesion characteristics
and enabling targeted biopsies [4, 5]. Prostate MRI has signif-
icantly improved sensitivity and specificity in prostate cancer
detection compared to PSA testing alone [4, 5], and the
European Association of Urology has since 2019 recom-
mended a prostate MRI before biopsy [6]. Individual risk
assessment still considers age, PSA level and prior negative
biopsy history [3, 71.

Meta-analyses have demonstrated that MRI-informed
targeted prostate biopsy outperforms systematic biopsy in

men undergoing first-time biopsy [8], and performs well in
detecting prostate cancer among men with PSA levels of 4-10
pg/L [9]. Other studies indicate that long-term adverse
oncologic outcomes (recurrence, metastases and prostate
cancer-specific mortality) are low in the MRI-negative
population [10, 11], and omitting biopsy in MRI-negative men
eliminated more than half of the actively treated low-risk
prostate cancers [11, 12]. Still, some aggressive prostate
cancers may not be detectable by prostate MRI [10, 13]. The
proportion and characteristics of MRI-negative men who are
cancer-free remain unknown [2, 14]. Hence, further research is
recommended to characterize the size and clinical profile of
the anticipated large population with MRI-negative findings
who are not initially diagnosed with prostate cancer [2, 12].

We aimed to examine the prostate cancer detection in men
undergoing a first-time prostate MRI, in a large real-world cohort
of biopsy-naive men.
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Materials and methods

We used existing registries, with prospectively collected infor-
mation from the Danish healthcare system, covering the entire
nation (@approximately 5.9 million people) [15]. All residents have
access to tax-financed primary and secondary healthcare [16].
By linking these registries, we conducted a population-based
cohort study of men undergoing a first-time prostate MRI. The
study is registered at the institutional review board (Journal
number: 2022-068-03232).

Data sources

The Danish Civil Registration System (CRS) holds information on
sex, date of birth, migration and vital status for the entire popu-
lation [17]. The Danish National Patient Registry (DNPR) has
recorded all inpatient hospital contacts since 1977 and outpa-
tient encounters since 1995, providing information on discharge
diagnosis and secondary diagnoses according to the 10th revi-
sion of the International Classification of Diseases (ICD) since
1994 [18]. The Danish Prostate Cancer Database (DaProCa) has
recorded information on patient, cancer and treatment charac-
teristics for all men with prostate cancer since 2003 [19]. The
Danish National Laboratory Registry has recorded clinical bio-
chemical laboratory measurements in Denmark since 2013,
based on the international Nomenclature for Properties and
Units coding [20]. Statistics Denmark, the Danish Health Data
Authority, the Danish Healthcare Quality Institute, and the
Danish Prostate Cancer Registry provided the data for the study.
According to Danish data protection rules, we cannot share
individual-level data. Researchers who fulfil the requirements
set by the data providers can apply to obtain similar data.

Study population

We included all men aged =40 years with a first-time prostate
MRI (procedure code: UXMD92) in the DNPR during 2018-2022,
with no data on previous prostate biopsies since 1996. Data on
prostate biopsy procedures were collected from the DNPR
(Procedure code: KTKE). The date of the first prostate MRI was
defined as the index date. Men were excluded if they had a prior
prostate cancer diagnosis, had no registration of a PSA measure
at the time of the prostate MRI, or died within 30 days after the
MRI. Men who were diagnosed with histopathologically verified
prostate cancer within 30 days after the prostate MRI but had no
registration for a diagnostic biopsy were excluded.

Men were classified as ‘MRI-positive’ if they underwent a
biopsy within 30 days of the index, or ‘"MRI-negative’ if they did
not. This definition was used as a proxy for the prostate MRI
result because radiology reports were not available. The
definition represents the clinical diagnostic pathway of the
prostate MRI-informed biopsy decision pathway.

Baseline variables

Information on age was obtained from the CRS and classified as
40-49, 50-59, 60-69, 70-79 and 80+ years. The PSA level

measured most recently before the prostate MRI was collected
from the Danish Laboratory Registry and classified as 0-1.9,
2-3.9,4-9.9, 10-19.9 and =20 pg/L. The Charlson comorbidity
index (CCI) score was used to summarize the comorbidity bur-
den at index, using scores of 0, 1, 2, 3 and =4 points [21].

Follow-up

All men were followed from the index date of the first prostate
MRI for 2 years, to a diagnosis of prostate cancer (in the
DaProCa database, where the diagnosis date is defined as the
first requisition date in the pathology registry with a relevant
diagnosis), emigration, death, or 31 December 2023, which-
ever occurred first. Additionally, they were monitored for
repeated prostate MRI within 1 year, and the MRI-negative
men were followed for biopsies between 31 days and 1 year
after the initial MRI. Information on incident prostate cancer
and Gleason score at diagnosis was collected from the DaProCa
database and categorized as low-grade (<7) or intermedi-
ate-to-high-grade cancer (= 7).

Statistical analysis

Characteristics were summarized as frequencies and propor-
tions of the categorical variables, separately for MRI-positive
and MRI-negative men.

We calculated the cumulative incidence of a prostate cancer
diagnosis among the biopsy-naive men undergoing first-time
prostate MRI within 30 days, 60 days, 1- and 2 years after the
index date, accounting for the competing risk of death using the
Aalen-Johansen estimator, according to MRI-positive or MRI-
negative status and within strata of PSA level.

The cumulative incidences of a new prostate MRI, prostate
biopsy at 1-year after the index date, were calculated, accounting
for the competing risk of prostate cancer or death using the
Aalen-Johansen estimator. The cumulative incidence of
mortality 1 year after the index was also calculated according to
MRI-status. The crude and adjusted risk of intermediate-to-high-
grade prostate cancer (Gleason score > 7) was calculated among
the MRI-positive and -negative men. Adjustment was restricted
to PSA level category and calendar year, which capture the
primary confounding factors, while avoiding adjustment for
variables that lie on the causal pathway of the MRI-informed
biopsy decision. A 95% confidence interval (Cl) was applied to
all estimates. All data analysis was performed using STATA18.1
(StataCorp.2023. Statistical Software: Release18. College Station,
TX: StataCorp LLC).

Results

The study included 10,777 biopsy-naive men with a first-time
prostate MRI, without prior prostate cancer. A flowchart of
the cohort construction is shown in Figure 1. Of these, 40%
(N = 4,314) were MRI-positive, whereas 60% (N = 6,463) were
MRI-negative, defined by the presence or absence of biopsy
within 30 days, respectively.
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Figure 1. Flowchart of cohort construction: men with first-time prostate
MRI and no prior biopsy or prostate cancer. N: number of unique men; MRI:
magnetic resonance imaging; PSA: prostate-specific antigen.

Baseline characteristics of the study population are presented
in Table 1. Use of prostate MRI increased extensively from 2018
to 2022. Among MRI-positive men, a higher proportion were
aged 70 years or older and had an elevated PSA level compared
to MRI-negative men. The comorbidity levels were comparable
between the two groups.

The cumulative incidence of prostate cancer at 30-, 60 days,
1- and 2 years following prostate MRI, accounting for the
competing risk of death, stratified by MRI result (positive or
negative MRI-informed biopsy decision) and PSA level, is
presented in Figure 2. The cumulative incidence of cancer was
highly dependent on the MRI result and baseline PSA level.

Most MRI-positive men received a prostate cancer diagnosis
within 30 days; only few were diagnosed later during follow-up
(Figure 2). The prostate cancer incidence rose with increasing PSA
levels. The 1-year cumulative incidence of prostate cancer was
61% (95% Cl: 54-67) at 0-1.9 pg/L, 63% (95% Cl: 57-69) at 2-3.9
Hg/L, 76% (95% Cl: 74-78) at 4-9.9 pg/L, 82% (95% Cl: 80-85) at
10-19.9 pg/L and 91% (95% Cl: 89-93) at PSA levels =20 pg/L.
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Among MRI-negative men, prostate cancer incidence was
especially low among those with PSA levels <4 ug/L but rose
during follow-up according to the higher PSA levels (Figure 2).

The 1-year cumulative incidence of prostate cancer was
8% (95% CI: 6-10) at 0-1.9 ug/L, 5% (95% Cl: 4-7) at 2-3.9
Hg/L, 11% (95% Cl: 10-12) at 4-9.9 pg/L, 18% (95% Cl: 15-20)
at 10-19.9 pg/L and 38% (95% Cl: 30-45) at PSA levels > 20
pg/L. Across all PSA levels, MRI-positive men had a consistently
higher cumulative incidence of prostate cancer over the 2-year
follow-up period compared to the MRI-negative men.

Within 1 year of the initial prostate MRI, the cumulative
incidence of a repeated MRI, accounting for the competing risk
of prostate cancer or death, was 9% (95% Cl: 9-10) among the
MRI-negative men and 21% (95% Cl: 18-23) among the MRI-
positive men. The cumulative incidence of a biopsy, accounting
for the competing risk of prostate cancer or death, was 15%
(95% Cl: 14-16) among the MRI-negative men.

Among the men diagnosed with prostate cancer, the crude
risk of intermediate-to-high-grade cancer (Gleason score > 7)
was 74% (95% Cl: 71-77) in MRI-negative and 80% (95% Cl: 79-
82) in MRI-positive men. After adjusting for PSA level and calendar
year, the corresponding risks were 76% (95% Cl: 73-79) and 80%
(95% Cl: 79-81), respectively. The cumulative incidence of
mortality within 1 year after the prostate MRI was 1% (95% Cl:
1-1) for the MRI-negative and 1% (95% CI: 1-2) for the MRI-
positive men.

Table 1. Baseline characteristics of the cohort of men with a first-time
prostate MRI.

Characteristics Total MRI-negative  MRI-positive
Men, n 10,777 6,463 4,314
Year, n (%)

2018 333(3) 136 (2) 197 (5)
2019 917 (9) 557 (9) 360 (8)
2020 1,559 (14) 820 (13) 739(17)
2021 2,745 (25) 1,751 (27) 994 (23)
2022 5,223 (48) 3,199 (49) 2,024 (47)
Age, n (%)
40-49 247 (2) 185 (3) 62 (1)
50-59 2,242 (21) 1,474 (23) 768 (18)
60-69 4,913 (46) 3,023 (47) 1,890 (44)
70-79 3,288 (31) 1,727 (27) 1,561 (36)
80+ 87 (1) 54 (1) 33(1)
PSA level ug/L, n (%)
0-1.9 765 (7) 559 (9) 206 (5)
2-39 918(9) 681 (11) 237 (5)
4-9.9 6,379 (59) 4,140 (64) 2,239 (52)
10-19.9 1,880 (17) 886 (14) 994 (23)
220 835 (8) 197 (3) 638 (15)
CCl score,
n (%)
0 7,598 (71) 4,588 (71) 3,010 (70)
1 1,403 (13) 857 (13) 546 (13)
2 1,070 (10) 608 (9) 462 (11)
3 362 (3) 204 (3) 158 (4)
4+ 344 (3) 206 (3) 138 (3)

CCl: Charlson Comorbidity Index score; MRI: Magnetic Resonance Imaging;
N: Number of men; PSA: prostate-specific antigen.
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Discussion

In this nationwide cohort study, 40% of biopsy-naive men
undergoing prostate MRI in Denmark (2018-2022) underwent
biopsy within 30 days and were thus classified as MRI-positive.
Prostate cancer incidence was lower in the MRI-negative men
and rose with PSA levels in both groups.

Prostate cancer detection in MRI-positive men

When prostate MRI was followed by a biopsy within 30 days,
the detection rate of prostate cancer was between 60% and
95%, depending on the PSA level. The further detection after
the 30-day timepoint was very limited, despite the evidence of
further clinical investigation with prostate MRI and biopsy in
many of the men, where prostate cancer was not detected in
the initial biopsy. This shows that the combination of prostate
MRI and subsequent biopsy can be considered conclusive
regarding the presence or absence of prostate cancer, and
that the continued clinical surveillance after MRI and a nega-
tive biopsy may be redundant. This aligns with previous stud-
ies, which reported only a small number of recurrences,
metastases, cases of incurable prostate cancer, or prostate
cancer-specific mortality among men with MRI-negative find-
ings [10, 11]. The investigation with prostate MRI and biopsy
left many men with no evidence of prostate cancer in the
biopsy. Two potential explanations may account for this obser-
vation. Firstly, the basic assumption that a prostate MRI with
immediate biopsy was indicative of a positive MRI result, with
a high suspicion of prostate cancer, may have been incorrect in

some of these cases. We speculate that in the early years of
prostate MRI use, the clinical decision in men with suspected
prostate cancer may sometimes have been to perform pros-
tate MRI followed by biopsy, regardless of the MRI result.
Secondly, the observed pattern may indicate that a positive
MRI result may arise in some men where cancer is not subse-
quently detectable by biopsy. With no recorded information
on the radiological findings, we cannot estimate the relative
importance of the two possible mechanisms. Other studies
have indicated that false-positive MRI results may arise [22, 23].

Regarding the predictive value of the PSA measurement, it is
not surprising that there is a high rate of detection of prostate
cancer in men with high PSA (=20 pg/L), prostate MRI and
biopsy. Importantly, emerging evidence suggests that the
likelihood of clinically significant disease varies markedly
according to MRI suspicion level [24]. On the other hand, the
detection of prostate cancer in 60% of the men with low PSA
(0-1.9 pg/L or 2-3.9 ug/L) is indicative of false-negative PSA
results. This occurs when the PSA level is low despite the
presence of prostate cancer. This can happen because not all
prostate cancers produce elevated PSA levels, leading to
approximately 15% of cases being missed by the PSA test
[25, 26].

Prostate cancer detection in MRI-negative men

After the gradual introduction of an MRI-first strategy in pros-
tate cancer detection, it has become clinical practice to pursue
rapidly with a tissue biopsy in men with MRI findings suggestive
of prostate cancer. We therefore consider that when the prostate



MRI was not followed by a biopsy within the following 30 days,
this indicated a negative MRI result. The rate of detection of
prostate cancer in these supposedly ‘MRI-negative’ men was
highly dependent on the pre-MRI PSA measure and reached
about 40% in men with the highest PSA levels, indicating the
benefit of combining information from the prostate MRI and
PSA test in the diagnostic pathway of prostate cancer [11].

Among the men diagnosed with prostate cancer, the risk of
intermediate-to-high-grade disease was marginally lower in
MRI-negative cases compared to MRI-positive ones. This
observation may highlight the limitations of prostate MRI in
detecting certain tumours that lack characteristic imaging
features [7, 10, 13]. Alternatively, some MRI-negative patients
may experience a delayed diagnosis of initial low-grade
disease, allowing time for disease progression to a more
advanced grade by the time of detection. These findings
emphasize the need for a comprehensive diagnostic approach
that integrates prostate MRI results with clinical assessments
and histopathological data to minimize the risk of
underestimating cancer severity [6, 10, 13]. Given that the
cumulative 1-year mortality was very low and nearly identical
between MRI-positive and MRI-negative men, and considering
the limited follow-up period, these small differences are
unlikely to represent cancer-specific mortality or to indicate
any clinically meaningful divergence in outcomes.

Possible implications for early detection and organized
screening

Focusing on men with very low PSA measurements, we are
interested in the large contrast between cancer detection in
men with negative or positive MRl results, varying from less than
10% at the 2-year timepoint in MRI-negative men to 60% in MRI-
positive men. There is much debate about organized screening
for prostate cancer [11, 27, 28], and we, as many others [27, 29,
30], remain unconvinced about the usefulness of such screening
and concerned about the possible overdiagnosis and overtreat-
ment that occur with the detection of slow-growing tumours,
known from autopsy studies to be highly prevalent in the male
population [29, 30]. However, as the ‘MRI-first’ strategy (i.e. MRI
before biopsy) is introduced in prostate cancer diagnostics,
prognostication and treatment choice, an ‘MRI-first’ strategy
may be considered if organized screening were to be devel-
oped. The data suggest that the combination of MRI-negative
imaging and low PSA largely rules out prostate cancer and
makes tissue sampling unnecessary, whereas an MRI-positive
finding may usefully be followed by a targeted biopsy, regard-
less of the PSA measure [27, 31].

Strengths and limitations

A key strength of this study is its nationwide cohort design
within a universal, tax-funded healthcare system, which enables
individual-level linkage across registries containing prospec-
tively collected data [17-20]. The mandatory reporting and min-
imal financial or insurance-related barriers further enhance data
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completeness and reduce information and selection bias
[17-20]. In 2018-2022, prostate MRI use in men with prostate
cancer in Denmark rose to 52%, and to 80% among those
treated or monitored [2]. This enabled the build-up of the pres-
ent large cohort of men undergoing their first MRI, with no prior
biopsy or prostate cancer diagnosis [2].

By incorporating the prostate imaging-reporting and data
system (PI-RADS), prostate MRI supports biopsy-informed
decision-making regarding a subsequent prostate biopsy [4, 6].
No data on the PI-RADS score from the prostate MRI
were available in the present study. However, findings from a
recent Swedish population-based study demonstrate that the
proportion of reports including PI-RADS scores increased
markedly over time, from 38% in 2015-2016 to 83% in 2022-
2023 [24].Thisimprovement appears to have occurred in parallel
with the increasing implementation and clinical use of prostate
MRI, reflecting a broader maturation and standardization of
MRI-based prostate cancer diagnostics. Consequently,
upcoming data could provide improved opportunities to
evaluate MRI-informed and PI-RADS-guided clinical decision-
making in future studies. Hence, we cannot rule out that some
biopsies were delayed beyond 30 days in some men with an
actual positive MRI result. The standard timeframe in a Danish
prostate cancer pathway is 36 calendar days from suspicion of
prostate cancer until all examinations are completed and results
are available, and the 30-day time window between prostate
MRI and biopsy was based on specific advice from Danish
consultant urologists. Still, this erroneous classification of the
MRI result may have contributed to the emergence of prostate
cancer in the period from 30 days to 60 days after the prostate
MRI. However, this cannot explain the continued detection of
prostate cancer beyond the 60-day timepoint, and most
certainly not beyond the 360-day timepoint. This finding
suggests the presence of false-negative MRI results, particularly
among men with elevated PSA levels. This aligns with previous
studies, which have reported approximately 15% false-negative
results in MRI for prostate cancer diagnostics [5, 7, 131. Still, our
findings should be interpreted as reflecting the MRI-informed
biopsy decision process rather than the diagnostic performance
of the prostate MRI results. Furthermore, biopsy decisions in
clinical practice may be influenced by factors beyond MRI
findings, which may lead to additional misclassification.
Information on clinical T stage and detailed biopsy characteristics
(including biopsy approach and number of positive cores) was
not available in a valid form for the study period, which limited
our ability to describe these aspects. We report Gleason scores
for all detected cancers, providing a clinically meaningful
measure of tumour grade and aggressiveness relevant to the
focus on cancer detection after prostate MRI. Because several
age-specific strata contained very small cell counts, cumulative
incidence analyses stratified by PSA level and age could not be
reported due to microdata confidentiality restrictions; this
limits our ability to provide age-specific risk estimates across
diagnostic pathways in the present study. The absence of
sensitivity analyses limits our ability to assess the robustness
of the findings under alternative assumptions and definitions.
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Importantly, our findings should be interpreted as reflecting
clinical decision-making processes following prostate MRI,
rather than the intrinsic diagnostic performance of the imaging.
Biopsy decisions are influenced by multiple clinical factors in
addition to MRI results, and therefore, the observed patterns of
prostate cancer detection cannot be directly translated into
measures of prostate MRI accuracy.

Conclusion

Among biopsy-naive men undergoing first-time prostate MRI,
MRI-positive status, defined by MRI-informed biopsy decision,
was strongly associated with a high incidence of prostate can-
cer, including clinically significant cases, even in individuals with
PSA levels below 4.0 pg/L. Conversely, MRI-negative men, espe-
cially with PSA levels under this threshold, exhibited a low risk of
prostate cancer during 2 years of follow-up. These findings sug-
gest that an MRI-negative status combined with a low PSA level
indicates a lower likelihood of prostate cancer. Still, the relatively
limited follow-up duration and absence of central MRI results
restrict the ability to draw firm conclusions regarding the long-
term necessity of continued surveillance. Overall, the results
support the role of prostate MRI as a reliable triage tool in the
detection and diagnostic pathway for prostate cancer. Clinically,
this may justify deferring biopsy in MRI-negative men with low
PSA, thereby reducing unnecessary procedures, anxiety and
potential complications. Adopting MRI-based risk stratification
could lead to more cost-effective use of healthcare resources,
minimize overdiagnosis and overtreatment and align with
emerging European guidelines [6] that advocate personalized
biopsy decisions based on prostate MRI findings and PSA
density.
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