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ABSTRACT
Background and aim: Magnetic resonance imaging (MRI) is crucial for prostate cancer (Pca) diagnosis, risk 
stratification, and treatment planning. However, large-scale observational studies require structured MRI 
data, which are often only obtainable from free-text reports. We aimed to extract information from narra-
tive prostate MRI reports and to describe subsequent biopsy outcomes in a nationwide population-based 
cohort.
Methods: We identified 108,361 prostate MRI examinations in Prostate Cancer database Sweden with 
extended treatments and endpoints data (PCBase Xtend) performed in 2015–2023. A rule-based text 
recognition algorithm was created and used to extract Prostate Imaging Reporting and Data System 
(PI-RADS) score and prostate volume from free-text MRI reports. Extracted data were validated against 
manually extracted information in the National Prostate Cancer Register (NPCR). We examined biopsy rates 
and Gleason score according to PI-RADS, Prostate Specific Antigen (PSA) density, and calendar year.
Results: The proportion of reports with identifiable PI-RADS scores increased from 38% in 2015–2016 to 
83% in 2022–2023, with excellent agreement with NPCR data (correlation coefficient r = 0.94). Extracted 
prostate volumes correlated well with those in NPCR (r = 0.88). Biopsy rates decreased for PI-RADS 3 lesions 
over time, particularly in men with PSA density < 0.15 ng/ml/ml, while the proportion of men with PI-RADS 
5 lesions who underwent biopsy increased. Almost all prostate cancers in men with PI-RADS 3 lesions were 
Gleason 6 or 7 (3+4). Gleason 9–10 was almost exclusively found in PI-RADS 5 lesions.
Conclusions: Automated extraction of information from unstructured MRI reports is feasible and accurate. 
The observed temporal trends reflecting increasing quality and standardization of prostate MRI support its 
use in large-scale epidemiological research.
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Introduction

Magnetic resonance imaging (MRI) of the prostate has rapidly 
become crucial for detection, localization, and risk stratification 
of men with prostate cancer (Pca) [1–3]. Early clinical applica-
tions of prostate MRI were primarily anatomical, with the aim to 
improve tumor localization and staging, and limited by low res-
olution and consequently poor accuracy. As technology 
advanced, characterization of tumor aggressiveness and local 
extent improved and usefulness of MRI increased [4]. The emer-
gence of multiparametric MRI provided a comprehensive 
assessment tool that is useful for biopsy targeting, risk stratifica-
tion, and treatment planning. Standardization by use of Prostate 
Imaging Reporting and Data System version 2.1 (PI-RADS 2.1) 
further enhanced reproducibility [5–9]. 

With the increased importance of MRI in the diagnostic 
work-up and risk classification of Pca follows a need to be able to 
incorporate this information in large-scale epidemiological 

research. This requires automated extraction of this information 
from narrative radiology reports in electronic patient records or 
radiology information systems. Such data would make it feasible 
to investigate the use of prostate MRI in large population-based 
studies. 

We aimed to identify key diagnostic information in narrative 
prostate MRI reports extracted from routine clinical information in 
radiology information systems, by use of a rule-based text 
recognition algorithm in order to assess outcome after MRI 
according to PI-RADS, PSA density and calendar time in terms of 
prostate biopsies performed, and Pca diagnosis and Gleason score.

Methods

PCBase Xtend

The Prostate Cancer database Sweden (PCBase) is a linkage of 
the National Prostate Cancer Register (NPCR) to multiple 
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national health care registers [10, 11]. NPCR aims to provide data 
for optimal and equal cancer care to all men diagnosed with Pca 
[12–15]. NPCR records 98% of all men with newly diagnosed 
Pca in Sweden as compared to The Cancer Register, to which 
reporting is legally mandated. Several other registers, such as 
the Patient Register, the Cause of Death Register, and the 
Prescribed Drug Register are included in PCBase [16]. In 2025, 
we enriched PCBase with data from regional healthcare IT sys-
tems in Sweden and created PCBase with extended treatments 
and endpoints data (PCBase Xtend) [10]. We retrieved longitu-
dinal information on available PSA values, prostate biopsies, 
and prostate MRI for all men in Sweden, with data both before 
and after a Pca diagnosis, and also for men without a diag-
nosed Pca. Between 2016 and 2020, the coverage was com-
plete (100%) for PSA and MRI data, and 97% for biopsy data 
(Figure 1). Future updates will continue to improve coverage of 
more recent years.

Study population

We identified prostate MRIs performed from 1 January 2015 to 
31 December 2023 in men free of Pca (Supplementary Figure 1) 
and we identified prostate biopsies performed up to 180 days 
after MRI. To calculate PSA density, we used prostate volume 

from the MRI and the latest PSA value within the 90-day period 
prior to the MRI.

PI-RADS versions

The study spans over two versions of the PI-RADS protocol, that 
is, v2 [17] introduced in 2014 and v2.1 [9], with updates and 
refinements of the scoring system, introduced in 2019. 

MRI data in PCBase Xtend

All prostate MRI reports were recorded as free-text entries. To 
extract structured information, we developed and applied sep-
arate algorithms in order to identify PI-RADS scores and pros-
tate volume. MRI reports with fewer than 29 characters were 
excluded.

The PI-RADS extraction algorithm began by identifying all 
instances of the term ‘PI-RADS’, including potential misspellings 
(Figure 2). The first digit following ‘PI-RADS’ was then evaluated. 
If the digit was ‘2’ and referred to the protocol version (e.g. PI-
RADS 2.0 or 2.1), it was excluded. In cases where no digit was 
found nearby, the algorithm searched for text indicating a non-
conclusive examination, which was also excluded. Mentions of 
‘PI-RADS’ as part of the referring physician’s question were 

Figure 1.  Data availability during the study period
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ignored. Valid PI-RADS scores were defined as single digits (1–5) 
or intervals (e.g. 1–2, 2–3, 3–4, 4–5), except for ‘3–5’, which was 
interpreted as ‘1–2’ if preceded by a negating statement. 
Otherwise, ‘3–5’ was disregarded, anticipating a more specific 
score later in the report. The highest valid PI-RADS score 
identified was selected.

For extraction of prostate volume, the algorithm searched 
for volume units such as ‘cm³’, ‘ml’, ‘cc’, or their full-text 
equivalents (e.g. ‘cubic centimetre’, ‘millilitre’) (Supplementary 
Figure 2). Directly stated prostate volumes were extracted, 
excluding unrelated volumetric data (e.g. bladder or tumor 
volume, or values mentioned in the patient history). Volumes 
mentioned in the text from referring physician’s or those 
deemed implausible were excluded. When only prostate 
diameters were provided, volume was estimated using the 
ellipsoid formula.

Biopsy data in PCBase Xtend

Biopsy results were available in PCBase Xtend [10]. A prostate 
biopsy was considered negative if no Pca diagnosis was recorded 
in NPCR. 

Statistical analysis

We compared the extracted PI-RADS and prostate volume with 
the corresponding data recorded in the NPCR for men diag-
nosed with Pca, and calculated Spearman’s correlation coeffi-
cient. We also assessed the time trend for the relation between 
PI-RADS and biopsy results. PI-RADS scores were categorized as 
1–2, 3, 4, and 5. For each PI-RADS category, we estimated the 
proportion of men with prostate biopsy preformed within 180 
days of the MRI by applying kernel smoothing based on calen-
dar time. For positive prostate biopsies, the distribution of 
Gleason score was assessed. The analyses were stratified by PSA 
density, using a cutoff of 0.15 ng/ml/ml. 

Results

Study population characteristics

According to our selection criteria, we identified 95,988 men 
without Pca and 108,361 MRI reports performed as a part of a 
diagnostic workup for suspected Pca 2015 – 2023. A total of 95% 
(102,713) of the MRIs were performed after 2016 (Table 1). 
Median age at MRI was 66 years with little change over time. The 
median PSA at the time of the MRI was 6.0 ng/mL, with a slight 
decrease over time, from 7.6 ng/ml in 2015–2016 to 5.8 ng/ml in 
2022–2023.

PI-RADS 

The proportion in which a PI-RADS score could be identified in 
the narrative report increased over time, from 38% in 2015–2016 
to 83% in 2022–2023 (Table 1). In men diagnosed with Pca there 
was a strong agreement between PI-RADS extracted from MRI 
reports and PI-RADS recorded in NPCR (correlation coefficient 
0.94) (Figure 3).

Prostate volume

The proportion of MRI reports in which a prostate volume could 
be identified increased from 60 to 95% during the study period 
(Table 1). The median prostate volume was 48 mL, with a slight 
decrease over time, from 52 ml in 2015–2016 to 47 ml in 2022–
2023 (Table 1). There was a high correlation with the volume 
recorded in NPCR (correlation coefficient 0.88) (Supplementary 
Figure 3). 

PI-RADS in relation to biopsy, Gleason score, and PSA 
density

Approximately one third of the 21,312 MRI examinations eligi-
ble for comparison to biopsy results (Supplementary Figure 1) 

Figure 2.  Flowchart of the algorithm for PI-RADS score extraction from free-text MRI reports
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Table 1.  Characteristics of 108,361 men without prostate cancer from in the Prostate Cancer database of Sweden with extended treatments and endpoints 
data (PCBaSe Xtend) who underwent multiparametric magnetic resonance imaging (mpMRI) of the prostate.

Year of MRI All MRIs
2015–2023

(n = 108,361)
2015–2016
(n = 5,648)

2017–2019
(n = 27,296)

2020–2021
(n = 38,798)

2022–2023
(n = 36,619)

Age (years)
Median (Q1–Q3) 65.5 (59.6–70.3) 65.6 (59.8–70.8) 66.4 (60.6–72.3) 66.7 (60.4–73.1) 66.2 (60.3–72.0)
Age groups, n (%)
≤ 50 years 219 (3.9) 886 (3.2) 1,107 (2.9) 946 (2.6) 3,158 (2.9)
50 – ≤ 60 years 1,283 (22.7) 6,157 (22.6) 7,751 (20.0) 7,647 (20.9) 22,838 (21.1)
60 – ≤ 65 years 1,198 (21.2) 5,895 (21.6) 7,961 (20.5) 6,989 (19.1) 22,043 (20.3)
65 – ≤ 70 years 1,459 (25.8) 6,548 (24.0) 9,041 (23.3) 8,226 (22.5) 25,274 (23.3)
70 – ≤ 80 years 1,387 (24.6) 7,285 (26.7) 11,542 (29.7) 11,101 (30.3) 31,315 (28.9)
80+ years 102 (1.8) 525 (1.9) 1,396 (3.6) 1,710 (4.7) 3,733 (3.4)
Extracted 
PI-RADS, n (%)
PI-RADS 1–2 578 (10.2) 5,419 (19.9) 10,533 (27.1) 12,372 (33.8) 28,902 (26.7)
PI-RADS 3 593 (10.5) 5,805 (21.3) 9,513 (24.5) 8,023 (21.9) 23,934 (22.1)
PI-RADS 4 580 (10.3) 4,664 (17.1) 6,235 (16.1) 5,520 (15.1) 16,999 (15.7)
PI-RADS 5 423 (7.5) 2,663 (9.8) 4,658 (12.0) 4,542 (12.4) 12,286 (11.3)
Missing 3,474 (61.5) 8,745 (32.0) 7,859 (20.3) 6,162 (16.8) 26,240 (24.2)
Prostate volume (ml)
Median (Q1-Q3) 52.0 (39.0–73.0) 49.0 (36.0–68.7) 49.0 (36.0–68.0) 47.0 (35.0–65.0) 48.0 (35.0–67.0)
Missing 2,252 (39.9) 4,030 (14.8) 2,016 (5.2) 1,721 (4.7) 10,019 (9.2)
Prostate volume n (%)
≤ 30 ml 462 (13.6) 3,421 (14.7) 5,542 (15.1) 5,877 (16.8) 15,302 (15.6)
30 – ≤ 50 ml 1,182 (34.8) 8,963 (38.5) 14,127 (38.4) 13,947 (40.0) 38,219 (38.9)
50 – ≤ 80 ml 1,117 (32.9) 7,170 (30.8) 11,493 (31.2) 10,271 (29.4) 30,051 (30.6)
80 – ≤ 100 ml 304 (9.0) 1,902 (8.2) 2,875 (7.8) 2,466 (7.1) 7,547 (7.7)
100+ ml 331 (9.7) 1,810 (7.8) 2,745 (7.5) 2,337 (6.7) 7,223 (7.3)
Biopsy capture, n (%) *
Yes 5,459 (96.7) 26,249 (96.2) 34,812 (89.7) 13,851 (37.8) 80,371 (74.2)
No 189 (3.3) 1,047 (3.8) 3,986 (10.3) 22,768 (62.2) 27,990 (25.8)
Biopsy finding, n (%)
Pca 1,001 (17.7) 5,561 (20.4) 10,373 (26.7) 10,961 (29.9) 27,896 (25.7)
Negative biopsy 1,438 (25.5) 5,593 (20.5) 5,497 (14.2) 1,674 (4.6) 14,202 (13.1)
No biopsy 3,052 (54.0) 15,285 (56.0) 19,998 (51.5) 7,989 (21.8) 46,324 (42.7)
No biopsy data 
Available

157 (2.8) 857 (3.1) 2,930 (7.6) 15,995 (43.7) 19,939 (18.4)

PSA capture, n (%) *
Yes 5,473 (96.9) 27,128 (99.4) 37,873 (97.6) 33,580 (91.7) 104,054 (96.0)
No 175 (3.1) 168 (0.6) 925 (2.4) 3,039 (8.3) 4,307 (4.0)
PSA (ng/ml)
Median (Q1-Q3) 7.6 (5.0–12.0) 6.1 (4.1–9.2) 5.8 (4.0–8.8) 5.8 (4.0–8.8) 6.0 (4.0–9.1)
Missing data 630 (11.5) 2,912 (10.7) 3,643 (9.6) 3,597 (10.7) 10,782 (10.4)
PSA, n (%)
≤ 3 (ng/ml) 403 (8.3) 2,788 (11.5) 3,486 (10.2) 3,021 (10.1) 9,698 (10.4)
3 – ≤ 5 (ng/ml) 829 (17.1) 6,303 (26.0) 10,039 (29.3) 9,027 (30.1) 26,198 (28.1)
5 – ≤ 7 (ng/ml) 946 (19.5) 5,388 (22.2) 7,787 (22.7) 6,759 (22.5) 20,880 (22.4)
7 – 10 (ng/ml) 1,088 (22.5) 4,,782 (19.7) 6,495 (19.0) 5,498 (18.3) 17,863 (19.2)
10+ (ng/ml) 1,577 (32.6) 4,955 (20.5) 6,423 (18.8) 5,678 (18.9) 18,633 (20.0)
PSA density (ng/ml2)
Median (Q1-Q3) 0.14 (0.09–0.21) 0.12 (0.08–0.18) 0.12 (0.08–0.18) 0.12 (0.08–0.18) 0.12 (0.08–0.18)
Missing data 2,669 (47.3) 6,213 (22.8) 5,712 (14.7) 8,071 (22.0) 22,665 (20.9)
PSA density, n (%)
< 0.1 ng/ml2 893 (30.0) 7,957 (37.7) 12,865 (38.9) 10,595 (37.1) 32,310 (37.7)
0.1 – < 0.15 ng/ml2 765 (25.7) 5,862 (27.8) 9,022 (27.3) 7,903 (27.7) 23,552 (27.5)
0.15 – < 0.2 ng/ml2 492 (16.5) 3,245 (15.4) 4,812 (14.5) 4,215 (14.8) 12,764 (14.9)
0.2 – < 0.5 ng/ml2 676 (22.7) 3,471 (16.5) 5,291 (16.0) 4,695 (16.4) 14,133 (16.5)
0.5+ ng/ml2 153 (5.1) 548 (2.6) 1,096 (3.3) 1,140 (4.0) 2,937 (3.4)
PSA:  prostate specific antigen  ; MRI: magnetic resonance imaging.
*Availability of biopsy and PSA data.
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were followed by a prostate biopsy and with no apparent trend 
over time (Figure 4). Gleason score varied according to PI-RADS, 
PSA density, and calendar period (Figure 4). In men with a 
PI-RADS 3 lesion, the proportion who underwent prostate 
biopsy decreased over time, whereas in men with PI-RADS 5 the 
proportion who underwent prostate biopsy increased. 

In parallel with decreasing trend for biopsies of PI-RADS 3 
lesions, the proportion of men diagnosed with Pca increased in 
all PI-RADS strata. A two-fold increase was observed in PI-RADS 
5 lesions, whereas it increased only marginally in PIRADS-3, 
especially in those with PSA density ≥ 0.15 ng/ml2. Almost all 
Pcas in men with PI-RADS 3 lesions were Gleason 6 or 7 (3+4). 
Gleason 9–10 was almost exclusively found in PI-RADS 5 lesions 
(Figure 4).

PSA values for calculation of PSA density were available for 
approximately 96% of MRI reports (Table 1). Among those, 65% 
had a PSA density < 0.15 ng/ml/ml and 35% a higher PSA density.  
For men with PSA density < 0.15 ng/ml/ml, there was a stronger 
decrease in the proportion of biopsied PI-RADS 3 lesions than in 
men with higher density. PSA density < 0.15 ng/ml was 
associated with higher proportion diagnosed with cancer within 
PI-RADS 4 and 5 lesions, with a two-fold increase in PI-RADS 5 
with low PSA density versus 30% increase in PI-RADS 5 with low 
PSA density. In men with low PSA density diagnosed with Pca 
almost all PI-RADS 3 lesions were Gleason 6 cancers (Figure 4).

In men with PI-RADS 4 and 5 lesions, PSA density ≥ 0.15 ng/
ml was associated with higher Gleason scores, compared to 
lower PSA density. The proportion with negative biopsies 
decreased consistently over time across all PI-RADS score strata, 
irrespective of PSA density.

Discussion

A summary of main results and evolving use of MRI in 
Sweden

In this population-based study in PCBase Xtend with data on 
MRI, PSA and prostate biopsy from all men in Sweden we were 
able to extract structured, clinically relevant data from 108,361 
free-text prostate MRI reports by use of a rule-based language 
processing algorithm. Extracted PI-RADS scores and prostate 
volumes were very similar to those manually registered in NPCR. 
We observed an increased use of MRI during the study period 
and in parallel an increase in the proportion of men with PI-RADS 
5 who underwent biopsy and a decrease in the proportion of 
men with PI-RADS 3 who underwent biopsy. These changes 
were particularly strong in men with low PSA density, which cor-
relates to the recommendations in the Swedish National Pca 
guidelines [15]. 

Previous studies and interpretation of findings

In a recent study, similar feasibility was demonstrated with 
large-scale processing of heterogeneous clinical free text in 
155,000 prostate MRI and biopsy reports from U.S. Veterans 
Affairs [18]. The validation indicated that a rule-based text min-
ing algorithm was able to extract relevant data.

Several studies have previously supported the clinical utility 
of PI-RADS and MRI overall in predicting clinically relevant Pca at 
biopsy, monitoring men on active surveillance, and identifying 
adverse pathological features prior to radical prostatectomy [3, 
10–14]. However, these studies were small (< 1,000 men) 

Figure 3.  Correlation of PI-RADS score extracted from free-text MRI reports with those in the National Prostate Cancer Register of Sweden (NPCR)
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compared to our study. With our large population-based 
longitudinal sample we were able to observe time trends.

There were large changes in the distribution of PI-RADS and 
biopsy rates during the study period. We hypothesize that the 
increase in radiologists’ expertise in reading and reporting MRI, 
improved technical quality of MRI imaging, as well as an 
increasing familiarity of urologists with MRI were the main 
factors driving the decrease in the number of biopsies performed 
for PI-RADS 3 lesions and the increase in the proportion of 
positive biopsies for PI-RADS 5 [4]. The latter biopsies were 
positive for clinically significant cancer in around 70% of cases in 
2023, in line with the literature [19]. 

Our results also show the incremental use of PSA density as a 
risk stratification tool for PI-RADS 3 lesions [20–22]. The increase 
from 2020 coincides with the introduction of such 
recommendations in both the Swedish and European guidelines. 
The number of biopsied PI-RADS 3 lesions in our study 
population dropped markedly from 2020 onwards in cases with 
PSA density ≤ 0.15, whereas there was an increase of the 
proportion with positive biopsy in men with PSA density > 0.15. 

A recent multi-institutional study reported substantial 
variability in the assignment of PI-RADS scores (particularly PI-
RADS 4–5) between centers, which influenced Pca detection 
rates, as well as how radiologists’ experience influences PI-RADS 
assignment [6, 7, 23–25]. In one study the specificity of PI-RADS 

for clinically significant Pca was merely 64% when assessment 
was made by radiologists with little experience but 84% for 
experienced radiologists [24]. The time trends in our study are 
likely partly explained by an overall increased experience in the 
reporting and interpretation of MRI results.

Strengths and limitations

This study has several strengths. It is based on a nationwide and 
population-based collection of data from healthcare IT systems, 
including nearly all prostate MRIs performed in Sweden during 
the studied time frame. Our study allows for assessment of the 
change in use of MRI, capturing the evolution of clinical practice, 
with an increasing uptake and improved performance and inter-
pretation of MRI reports. The integration of imaging data with 
PSA, prostate biopsies, and other data provides a resource for 
understanding the impact of MRI in Pca diagnosis.

Some limitations should be acknowledged. The lower con-
cordance between prostate volume derived from MRI reports 
and that recorded in the NPCR, compared with PI-RADS scores, is 
likely due to the fact that prostate volume in the NPCR is estimat-
ed using transrectal ultrasound. The MRI reports were not stand-
ardized and reflect substantial variability in reporting style, ter-
minology, and level of detail across institutions and over time. 
Although we developed and applied a rigorous extraction algo-

Figure 4.  Prostate biopsy findings according to MRI PIRADS score, stratified by PSA density.
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rithm, the assessment of PI-RADS scores and prostate volumes 
was based on reports, not on a direct image review. Additionally, 
there were differences in MRI hardware, scanning protocols, radi-
ology information system, and radiologist expertise. This large 
variability in performance is inherent in routine clinical data from 
many health care providers. The structured reporting templates 
for MRI, biopsies and pathology, with direct transfer of data into 
NPCR, created by the diagnostic working group within NPCR, will 
hopefully facilitate quality assessments and research [26].

Conclusions

Clinically relevant data can be extracted from unstructured free-
text MRI reports by use of a systematic algorithm approach. We 
found an increased use of MRI during the study period, along 
with changes indicating an increased quality in the MRI reports. 
This approach to free text reports can be used to incorporate 
data on MRI prostate, an increasingly important investigation, in 
large epidemiological studies. 
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