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Introduction Prostate-specific antigen (PSA) density has previously been identified as a predictor  
of histological upgrading at radical prostatectomy, but how information from pre-treatment biparamet-
ric magnetic resonance imaging (bpMRI) contributes needs further clarification. The objective of this 
register-based study was to identify predictors of upgrading at prostatectomy in men with Grade group 
(GG) 1 and pre-treatment bpMRI. 
Material and methods This single-center study included men with GG 1 cancer on prediagnostic biopsy, 
who underwent bpMRI and robotic-assisted radical prostatectomy (RARP) between March 2014 and 
September 2019. We estimated logistic regression models to explore predictors for upgrading. The ex-
plored potential predictors were age, PSA density, tumor stage and Prostate Imaging Reporting and Data 
System (PI-RADS) score (dichotomised 1–3 versus 4–5).
Results Upgrading was observed in 56% (73/130) of the men. PSA density was the only significant 
predictor for upgrading (unadjusted OR = 1.7, 95% CI 1.2; 2.4 adjusted OR = 1.7, 95% CI 1.2; 2.5). The 
probability of upgrading was lower for men with a PIRADS 1–3 than for PIRADS 4–5, but the difference 
was not statistically significant (adjusted OR 0.4, 95% CI 0.2; 1.1, p = 0.082). Among men with PI-RADS 
1–3, the probability increased with increasing PSA density (p = 0.036). With PI-RADS 4–5 the probability 
of upgrading was high over the entire PSA density range.
Conclusions PSA density is a clinically important factor to predict upgrading from GG1 when bpMRI 
shows PI-RADS 1–3. In men with PI-RADS 4–5 on bpMRI, the probability of an undetected GG 2–5 can-
cer is high regardless of the PSA density. 
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INTRODUCTION

The clinical diversity of localized prostate cancer 
often makes it difficult to decide how best to treat 
an individual patient. Clinically significant pros-
tate cancers eventually may cause local symptoms, 
spread to other organs and lead to death. Opposed  
to this, insignificant, low-grade, prostate cancers 
progress over decades, or not at all, and the patients 
die of other causes. Thus, for these men, guidelines 
recommend monitoring rather than treatment [1]. 
Despite this, many men with low-grade prostate 
cancer are still offered either radiation therapy  
or surgery. One reason may be that some men that 
we presume have a low-grade cancer, actually har-
bour an undetected high-grade cancer, and that we 
have insufficient models to predict this [2].
The International Society of Urological Pathology 
(ISUP) recommends that prostate cancer histology 
is categorized into five grade groups (GG 1–5) [3]. 
There is no consensus on how to define clinically 
significant prostate cancer, but one common defini-
tion is grade group 2–5 (previously Gleason score 
7–10) [4]. According to this definition, GG 1 (previ-
ously Gleason score 6) represents clinically insig-
nificant cancer. GG on biopsy does, however, often 
not accurately represent the GG of the entire pri-
mary tumor. For men with GG 1 on biopsy, the can-
cer is upgraded in the final histology after radical 
prostatectomy in more than one third of the cases  
[5, 6, 7]. This clearly is of concern for men with  
a presumed GG 1 cancer who consider opting for 
active surveillance rather than having upfront sur-
gery or radiotherapy.
One clinically important predictor of histological up-
grading is prostate-specific antigen (PSA) density, 
i.e. the serum PSA value divided by the prostate vol-
ume [5, 8]. Findings on prostate magnetic resonance 
imaging (MRI) are also associated with histological 
tumor grade [9–12]. Prostate Imaging-Reporting 
and Data System (PI-RADS) is the method of choice 
for evaluation of the prostate gland on MRI [13, 14]. 
Although the PI-RADS system is based on multipa-
rametric MRI, it can also be applied on biparamet-
ric MRI (bpMRI), a protocol without dynamic con-
trast enhancement [15, 16]. BpMRI has detection 
rates comparable with multiparametric MRI. It is 
less time-consuming and therefore more cost-effec-
tive [9], and is increasingly used to assess men with 
raised PSA values. 
In previous studies of the association between MRI 
findings and prostate cancer grade, a protocol with 
dynamic contrast enhancement was used [11, 12, 17]. 
As MRI without contrast is gaining a larger place in 
prostate cancer diagnostics, it is essential to establish 

how findings on bpMRI should affect clinical decision-
making for men who consider active surveillance.
We therefore designed the present study to identi-
fy predictors of upgrading at radical prostatectomy  
in men with GG1 prostate cancer who have had  
a pre-treatment bpMRI, and to explore the associa-
tion between PSA density and the probability of up-
grading in men with versus without a suspicious tu-
mor on the bpMRI.

MATERIAL AND METHODS

Study design

This was a single-center, observational study.

Study population

Between March 2014 and September 2019, 1049 pa-
tients underwent robotic-assisted radical prostatec-
tomy (RARP). All patients were included in a qual-
ity register. Among these, all men with GG on initial 
biopsy and bpMRI before biopsy were included in the 
study, a total of 130. Both patients diagnosed with 
targeted biopsy and patients diagnosed with system-
atic biopsies were included. Among these, 84 men 
had systematic, transrectal biopsies, 15 patients sys-
tematic, transperineal biopsies and 28 targeted bi-
opsies. For three men, information about how the 
biopsies were performed are missing. 

Clinical and histological data

The clinical data included age, PSA, PSA density, 
tumor stage on bpMRI, PI-RADS score, GG on pre-
treatment biopsy, and GG and stage (pT) in the pros-
tatectomy specimen. GG was assessed by trained 
uropathologists. PSA density was calculated as last 
available preoperative PSA value divided by the 
prostate volume as estimated based on MRI mea-
surements (length x width x height x π/6). 

Biparametric magnetic resonance imaging 

At the study center over 800 biparametric prostate 
MRIs are performed each year for diagnostic pur-
pose, and all patients in the present study had a 
bpMRI before biopsy. BpMRI was performed with 
1.5 Tesla (Phillips Achieva) resolution without en-
dorectal coil. The protocol included T2-weighted and 
diffusion-weighted images. All bpMRIs were clas-
sified by dedicated uroradiologists according to PI-
RADS (version 1.0 and 2.0). For this study, the most 
experienced uroradiologist re-evaluated all bpMRIs 
for staging purposes.
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Statistical analysis

Clinical characteristics were described by medians, 
min and max values, means, and standard devia-
tions (SD) for continuous variables, and frequencies 
and percentages for categorical variables. Unadjusted 
and adjusted logistic regression models were used 
to assess the preoperative factors age, PSA density,  
PI-RADS (1–3 versus 4–5) and MRI stage (T1–2 versus 
T3a or T3b) as predictors for the outcome measure: 
histological upgrading to GG 2–5 in the prostatectomy 

Table 1. Clinical data for patients with GG 1 and GG 2–5 after 
prostatectomy, N = 130

Covariate Total GG 1
(N = 57)

GG 2–5
(N = 73)

Age, years
Median (min–max)
Mean (SD)

65 (44–79)
63.9 (6.6)

63 (44–76)
63.2 (6.5)

66 (46–79)
64.4 (6.6)

PSA, ng/mL
Median (min–max)
Mean (SD)

10.0 (2.2–56.7)
11.2 (6.5)

9.7 (3.9–20.8)
9.7 (3.4)

10.9 (2.2–56.7)
12.4 (7.9)

PSA density, ng/mL/cm3

Median (min-max)
Mean (SD)

0.19 (0.04–1.22)
0.23 (0.15)

0.17 (0.06–0.61)
0.19 (0.09)

0.22 (0.04–1.22)
0.26 (0.18)

PI-RADS score
≤3, n (%)
4 or 5, n (%)

27 (20.8)
103 (79.2)

16 (28.1)
41 (71.9)

11 (15.1)
62 (84.9)

Tumor stage on MRI
T1–2, n (%)
T3a, n (%)
T3b, n (%)

102 (78.5)
25 (19.2)

3 (2.3)

48 (84.2)
9 (15.8)

0

54 (74.0)
16 (21.9)

3 (4.1)

pT
T2, n (%)
T3a, n (%)
T3b, n (%)

83 (63.8)
44 (33.8)

3 (2.3)

42 (73.7)
14 (24.6)

1 (1.8)

41 (56.2)
30 (41.1)

2 (2.7)

GG – grade group; N – number of patients; SD – standard deviation; PSA – prostate-
specific antigen; PSA density – PSA divided by prostate volume; PI-RADS – Prostate 
Imaging Reporting and Data System; MRI - magnetic resonance imaging

specimen. The small number of patients with PI-RADS 
1–3 justified dichotomization of these variables for 
logistic regression analysis. Odds ratios (ORs) with 
95% confidence intervals (CIs) were calculated. The 
association between PSA density and the probability  
of upgrading among patients with PI-RADS 1–3 and 
PI-RADS 4–5 on MRI was explored by logistic regres-
sion model with PSA density, PI-RADS and the inter-
action between these two. Given the limited sample 
size and the distribution of the outcome measure, the 
number of preoperative factors that were included in 
the regression analysis had to be restricted. We chose 
to include PSA density in the model, but excluded 
PSA, as previous studies have unanimously shown 
that PSA density is the better marker of the two.
All tests were two-sided, and results with p-values 
<0.05 were considered statistically significant. Sta-
tistical analyses were done with SPSS v26.

RESULTS

The median age of the 130 men included was 65 years 
(range 44–79 years), their median PSA 10.0 ng/mL  
(range 2.2–56.7 ng/mL) and their median PSA den-
sity 0.19 ng/mL/cm3 (range 0.004–1.22 ng/mL/cm3).  
On bpMRI, 27 men (20.8%) had PIRADS 1–3 and 
102 (78.5%) were staged to have T1 or T2 tumors. 
The final histology stage on the prostatectomy speci-
men was T2 in 83 (63.8%) of the men (Table 1). 
Upgrading from GG 1 to GG 2–5 was observed  
in more than half of the patients (56%). The char-
acteristics of those who were upgraded versus 
those who were not are presented in Table 1. PSA 
density was the only analyzed preoperative factors 
that significantly predicted upgrading in both unad-
justed and adjusted logistic regression (unadjusted  
OR = 1.7, 95% CI 1.2; 2.4 and adjusted OR = 1.7, 
95% CI 1.2; 2.5, Table 2). The association between 

Table 2. Predictors for upgrading from biopsy GG 1 to GG 2–5 in radical prostatectomy specimens from 130 men, results of unad-
justed and adjusted logistic regression

Covariate
Unadjusted model Adjusted model

OR (95% CI) P-value OR (95% CI) P-value

Age 1.03 (0.98; 1.08) 0.308 1.01 (0.96; 1.07) 0.688

PSA density1 1.65 (1.15; 2.36) 0.006 1.72 (1.19; 2.49) 0.004

PI-RADS
1–3
4 or 5 – ref.

0.46 (0.19; 1.08)
1

0.073 0.43 (0.17; 1.11)
1

0.082

Tumor stage on MRI
T2 – ref.
T3a+T3b

1
1.88 (0.78; 4.5)

0.163 1
1.75 (0.69; 4.4)

0.240

1OR for 0.1 ng/ml/cm3 increments 
GG – grade group; PSA – prostate-specific antigen; PSA density – PSA divided by prostate volume; PI-RADS – Prostate Imaging Reporting and Data System ; OR – odds 
ratio; CI – confidence interval
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PSA density and the probability of upgrading is il-
lustrated in Figure 1. The probability of upgrading 
was about half as high for men with a PIRADS 1–3 
on MRI as for men with PIRADS 4–5, but neither 
PI-RADS score nor tumor stage on MRI were found 
to be significant predictors in unadjusted or adjusted 
models (Table 2).

For patients with PIRADS 4–5, the probability of up-
grading was high over the entire PSA density range 
(p = 0.061), whereas for patients with PI-RADS 1–3 
the probability increased from very low for men with 
low PSA density to higher for those with higher PSA 
density (p = 0.036, Figure 2).

DISCUSSION

The aim of this study was to identify predictors of up-
grading at prostatectomy in men with GG 1 on biopsy 
and pretreatment bpMRI. About half of the cancers 
in our study were upgraded at prostatectomy, which 
is consistent with previous publications [6, 7], and 
in our cohort, we found that PSA density was the 
only significant predictor for upgrading. According 
to exploratory analyses, however, the probability of 
upgrading was independent of PSA density level for 
patients with PI-RADS 4–5, whereas for men with 
PI-RADS 1–3 the probability for upgrading increased 
from low to high with increasing PSA density. 
Our findings indicate that PSA density is of clini-
cal importance mainly for men with PI-RADS 1–3, 
not for those with PI-RADS 4–5. To the best of our 
knowledge, this has not been previously reported. 
The finding is, however, supported by previous stud-
ies using multiparametric MRI, showing that the 
pre-diagnostic probability of GG 2–5 cancer in men 
with PI-RADS 1–3 lesions is strongly associated 
with PSA density. The risk of detecting a GG 2–5 
in men with PI-RADS 1–3 and PSA density under  
0.15 ng/ml/cm3 is much lower than in those with 
higher PSA density; so low that a biopsy usually  
is not considered necessary [4, 18]. 
Our results suggest that men with GG 1 and PI-RADS 
4–5 on bpMRI, as well as those with PI-RADS score 
1–3 and a high PSA density should be recommended 
repeated targeted biopsies before they consider ac-
tive surveillance or upfront radical treatment. 
That PSA density predicts upgrading is also in line 
with previously published studies. In a population-
based study including 4500 men, age, PSA, PSA den-
sity above 0.15 ng/ml/cm3, clinical stage T3 and more 
than 4 mm cancer length on biopsy were associated 
with upgrading and/or upstaging in men with GG 1 
cancer who underwent prostatectomy [5]. Another 
study concluded that PSA density better predicts up-
grading after prostatectomy in men with GG 1 than 
PSA alone [19].
In our main regression analyses, neither the PI-RADS  
score nor the MRI tumor stage was significantly as-
sociated with upgrading, but the confidence inter-
vals were wide so we cannot exclude that a clinically 
important association exists. Two other studies have 
reported an association between PI-RADS score on 

Figure 1. The association between PSA density and the prob-
ability for upgrading from biopsy GG 1 to GG 2–5 in radical 
prostatectomy specimens from 130 men. 
GG – grade group; PSA – prostate-specific antigen; PSA density – PSA 
divided by prostate volume

Figure 2. The association between PSA density and the  
probability of upgrading from biopsy GG 1 to GG 2–5  
in the radical prostatectomy specimen stratified by PI-RADS 
1–3 and PI-RADS 4–5.
GG – grade group; PSA – prostate-specific antigen; PSA density – PSA  
divided by prostate volume; PI-RADS – Prostate Imaging Reporting and  
Data System
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they are read by specially trained radiologists, all radi-
ologists involved in our study had considerable experi-
ence. Staging was accomplished by a dedicated urora-
diologist with several years’ experience, but staging 
with bpMRI has generally been reported to have poor 
sensitivity for identifying pT3a tumors [24]. Another 
limitation is how the biopsies were taken. This reg-
ister-based study has recruited patients over several 
years and the routine for how biopsies are taken has 
changed over time. Hence, some patients had system-
atic biopsies, while others are diagnosed on targeted 
biopsies. Furthermore, the histological specimens 
were not reviewed. The limitations mentioned above 
are a consequence of the study design. 

CONCLUSIONS

PSA density is a strong predictor for upgrading  
at radical prostatectomy in men with GG 1 prostate 
cancer on biopsy only for those with a biparamet-
ric MRI categorised as PI-RADS 1–3. For men with  
PI-RADS 4–5 tumor, the probability of upgrading is 
high regardless of PSA density. Due to this high prob-
ability of upgrading, men with GG 1 and PI-RADS 4–5 
on bpMRI, as well as those with PI-RADS score 1–3 
and a high PSA density, should be advised to repeated 
biopsies before being accepted for active surveillance.
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multiparametric MRI and upgrading after prosta-
tectomy in men with GG 1 on biopsy [17, 20] and 
considering the strong association between PI-RADS  
and GG in the diagnostic setting it is reasonable 
to assume that there is a clinically significant as-
sociation also for men with a biopsy GG 1 cancer.  
In a recent meta-analysis including men under active 
surveillance, PI-RADS score was shown to predict 
upgrading [21]. We could not reproduce these results, 
and a possible explanation is the small sample size.
Limitations of our study include the small sample size 
and the unknown selection process leading to surgery. 
The latter means that our results are not representa-
tive for all patients diagnosed with GG 1, as the pa-
tients in our study might have been recommended 
surgery because of MRI findings, a high PSA density 
or rising PSA values. This limitation is shared with 
all similar studies. Due to this selection process, there 
were only 27 patients with PI-RADS score 1–3 on 
our sample, hence our findings need to be confirmed  
in larger study populations. The small sample size 
also necessitated selecting a few variables in the anal-
ysis and our study did not include all possible predic-
tors for upgrading. The omission of for instance cir-
culating testosterone levels, which was not registered 
in our database, limits our results [22]. Moreover, 
inter-rater discrepancy for MRI reading may affect 
the external validity of our results [23]. However, as 
prostate bpMRI is routinely done before biopsy at the 
study centre (more than 800 procedures per year) and 
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