Am J Clin Exp Urol 2025;13(4):294-300
www.ajceu.us /ISSN:2330-1910/AJCEU0161984

Original Article

Impact of commonly used

medications on the detection of clinically

significant prostate cancer in the targeted biopsy era

Krista N Brackman®*, Marcelo P Bigarella'?*, Arighno Das?, Diana Garcia, Glenn O Allen?, David Jarrard?*

1Department of Urology, University of Wisconsin School of Medicine and Public Health, Madison, WI, USA;
2Department of Urology, University of Arkansas for Medical Science, Little Rock, AR, USA. “Equal contributors.

Received November 13, 2024; Accepted August 11, 2025; Epub August 15, 2025; Published August 30, 2025

Abstract: Objectives: To compare prostate cancer rates in magnetic resonance imaging (MRI)-detected lesions for
patients who are chronically taking beta-blockers, nonsteroidal anti-inflammatory drugs (NSAIDs), or immunosup-
pressors. Methods: This cohort consisted of 897 Prostate Imaging Reporting & Data System (PI-RADS)v2 3-5 le-
sions from 590 MRI-targeted fusion prostate biopsies (UroNav). Baseline characteristics and clinicopathological
data were collected. A matching cohort was analyzed, and multivariate analysis was completed for each medica-
tion group. Matching analysis accounted for age, prostate-specific antigen (PSA), and PI-RADS score. Multivariate
analysis additionally considered lesion size. Results: Of the 897 lesions, 261/897 (29%) of lesions were identified
as PI-RADS 3, 373/897 (42%) were PI-RADS 4, and 263/897 (29%) were PI-RADS 5. In the patient cohort, 16%
were taking a beta-blocker, 3.9% were taking an NSAID, and 5.4% were taking an immunosuppressant. An equal
number of lesions in controls were matched to 148 lesions in males taking beta-blockers, 37 lesions in males tak-
ing NSAIDs, and 46 lesions in males taking immunosuppressants. Matching was based on age, PSA, and PI-RADS
score. In the matched cohort, neither beta-blockers, NSAIDs, nor immunosuppressants altered clinically significant
prostate cancer (csPCa) identification on MRI (OR 1.11, Cl 95% 0.6, 1.9; OR 0.70, Cl 95% 0.32, 1.66; OR 1.73, CI
95% 0.59, 5.35, respectively). Conclusion: This pilot study shows no difference in csPCa detection rates in patients
using anti-inflammatories or drugs that alter prostate blood flow.
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Introduction

The widespread use of multiparametric mag-
netic resonance imaging (mpMRI) and mpMRI-
transrectal ultrasound (TRUS) fusion-targeted
prostate biopsies has changed the diagnostic
pathway of prostate cancer (PCa). Targeted
biopsies can improve the detection of clinically
significant PCa (Gleason score > 7, Grade
Group > 2) while reducing the detection of
clinically insignificant PCa [1-3].

Men undergoing magnetic resonance imaging
(MRI) for suspicion of PCa often present with
other associated comorbidities for which differ-
ent classes of medications are prescribed,
both for urological and nonurological condi-
tions, such as benign prostate hyperplasia,

hypertension, and diabetes [4, 5]. Some medi-
cations have been proposed to potentially alter
prostate vasculature (5-alpha reductase inhibi-
tors, beta-blockers), change prostate smooth
muscle tone (a-antagonists, phosphodiester-
ase inhibitors), reduce inflammation (nonste-
roidal anti-inflammatory drugs (NSAIDs)), or
change the prostate immune microenvironment
(systemic immunosuppressors) [6-8]. However,
the precise ways in which these medications
may affect prostate cancer detection via MRI
have not been thoroughly investigated.

No study to date has evaluated the effect of
chronic use of such medicines within a cohort
of MRI-targeted fusion biopsies. Therefore, the
association between potential changes in pros-
tate inflammation or blood flow and the detec-
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MRI-targeted fusion
prostate biopsies from
2016-2022 at a tertiary

medical center

grade group for each biopsied
lesion.

Patients in each medication
cohort (beta-blocker, NSAID,
immunosuppressant) were ac-

PI-RADS lesion 2 3
on index MRI

PI-RADS lesion < 3
on index MRI

tively taking the respective
medication at least three

A4
Collected age, race,
index PSA, prostate
volume, grade group

N

Medication use for No or insufficient
at least 3 months medication use
prior to biopsy

Excluded

months prior to the index MRI.
Y Inhaled and oral immunosup-
pressants of any dose were in-
cluded; topical and nasal im-
munosuppressants were ex-
cluded. This was based on the
immunosuppressant’s syste-
mic absorption. Patients who
were on 81 mg daily of aspirin
were notincluded in the NSAID
cohort.

Figure 1. Data Collection Flowchart. Patients with a magnetic resonance

imaging (MRI)-targeted prostate biopsy and at least one PI-RADS lesion >
3 were included in the study. Multiple variables, including age, race, index
PSA, prostate volume, and grade group, were collected for each patient.
Patients were then screened for the use of a beta-blocker, NSAID, or im-
munosuppressant for at least 3 months prior to UroNav. MRI = magnetic
resonance imaging, PI-RADS = Prostate Imaging Reporting & Data System,

PSA = prostate specific antigen.

tion of clinically significant prostate cancer re-
mains unclear. In this study, we aim to compare
prostate cancer detection rates stratified by
different Prostate Imaging Reporting & Data
System (PI-RADS) scores with MRI-TRUS fusion
biopsy in patients using chronic beta-blockers,
NSAIDS, and immunosuppressors.

Materials and methods
Patient population

Clinical, imaging, and pathologic data were col-
lected for patients who underwent an MRI-
targeted fusion prostate biopsy from 2016
through 2022 at the University of Wisconsin, a
single tertiary medical center. Biopsies that
solely included Prostate Imaging Reporting &
Data System Version 2.1 (PI-RADSv2.1) lesions
< 3 were excluded from the cohort. Biopsies
that contained at least one lesion of at least
PI-RADS 3 on index MRI were included in the
study.

Clinical data collected included age, race, index
prostate-specific antigen (PSA), and prior biop-
sy history (Figure 1). Prostate volumes were
calculated and recorded from index MRI.
Pathology results were used to elucidate the
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Analysis was performed on
a per-lesion basis. Compa-
rative analysis was perform-
ed using RStudio (Boston,
MA). Baseline variables bet-
ween the groups were com-
pared using either a Student’s
T-test, Mann-Whitney Test, or Chi-Square Test.
Multivariable logistic regression analyses adju-
sting for age, PSA, and PI-RADS lesion score
were performed, with final pathology identified
on targeted biopsy as the dependent variable.

Biopsy protocol and histopathology

All patients underwent targeted biopsies. Fe-
llowship-trained abdominal radiologists manu-
ally contoured the prostate and PI-RADSv2.1
score 3, 4, and 5 lesions (DynaCAD, Philips
Healthcare, Massachusetts, USA) and import-
ed them to ultrasound (bk3000, BK Medical,
Massachusetts, USA) with image-fusion soft-
ware (UroNav, Philips Healthcare), fellowship-
trained Urologists performed the biopsies.
Tissue cores were fixed in a 10% formalin solu-
tion and re-reviewed by a subspecialty urologic
pathologist. Tissue cores obtained from the tar-
geted and template biopsies were labeled and
fixed separately. Biopsies with no associated
Gleason Score due to non-malignant designa-
tion are referred to as “negative biopsies”.

Prostate volume calculation

Prostate volume was measured using T2-wei-
ghted MRI images acquired on a 3T scanner
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with axial, sagittal, and coronal orientations. A
radiologist blinded to outcomes manually con-
toured the prostate on axial slices. Volume was
calculated using the ellipsoid formula, where
length was the cranio-caudal dimension on
sagittal view, width the maximal transverse
diameter on axial view, and height the an-
teroposterior dimension on sagittal view. In
cases where segmentation software with expo-
nential signal modeling was used, volume was
computed by summing cross-sectional areas
across slices, adjusting for signal decay to
enhance boundary detection. Measurements
were recorded in mL.

Statistical analysis

Given the numerical imbalance between all
three medication cohorts and the non-medicat-
ed cohort, lesions in patients on each medica-
tion with lesions in non-medicated patients
were subsequently matched. All matching anal-
ysis was performed using the Matchlt package
in R, which calls functions from the Matching
package [9, 10]. Several matching methods
were tested, including coarsened exact match-
ing (CEM), nearest neighbor matching with and
without replacement, and genetic matching.
The balance of each matching method was
assessed by evaluating standardized mean
differences (SMD) and variance ratios. Pre-
matching and post-matching SMD are shown in
the Love Plot’s. Lesions were matched based
on age, corrected PSA, and PI-RADS score. The
genetic matching algorithm ultimately provided
the most balanced results, with all SMDs less
than the threshold of 0.1. Logistic regression
was performed to estimate the marginal treat-
ment effect on the pathologic outcome.

Results
Characteristics of cohort

590 MRI-targeted fusion patient prostate biop-
sies (UroNav) were reviewed, and 897 of the
biopsied lesions (36%) met inclusion criteria
and were identified as clinically significant pros-
tate cancer (csPCa) (defined as PI-RADSv2.1
3-5). Of these 590 UroNavs, 94 (15.9%) of
patients were taking a beta-blocker, 23 (3.9%)
were taking an NSAID, and 32 (5.4%) were tak-
ing an immunosuppressant. Patients had an
average of 1.52 lesions found on UroNav. The
average age was 66.4 years, and the average
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PSA was 10.4 ng/mL. 55.4% of patients were
found to have clinically significant prostate can-
cer (Supplementary Table 1). Analyzing the 897
individual lesions, 29% of lesions were identi-
fied as PI-RADS 3, 42% were PI-RADS 4, and
29% were PI-RADS 5. 16% of PIRADS lesions
were found in patients on a beta-blocker, 4.1%
in patients on an NSAID, and 5.1% in patients
on an immunosuppressant. As indicated by the
pathology report, 45.5% of lesions were nega-
tive, 32.9% were Grade Group (GG)1-2, and
21.6% were GG3-5 (Table 1).

Characteristics of medication sub-groups

The baseline characteristics of the NSAID and
immunosuppressant subgroups were not sig-
nificantly different from their respective non-
NSAID and non-immunosuppressant groups
when considering age, PI-RADS score, PSA,
number of csPCa lesions identified on targeted
biopsy, and pathological Grade Group (Table 1).

In the beta-blocker sub-group, PI-RADS scores
were significantly different between the two
groups. 31% of lesions were PI-RADS 3 in the
non-beta-blocker group compared to 18% in
the beta-blocker group. Conversely, 28% of
lesions were PI-RADS 5 in the non-beta-blocker
group compared to 35% in the beta-blocker
group. Significantly more lesions were found to
be clinically significant on targeted prostate
biopsy in the beta-blocker group (44%) com-
pared to the non-beta-blocker group (35%).
Grade Groups were not significantly different
between the two groups (Table 1).

There were no significant differences found in
age, PI-RADS score, PSA, presence of csPCa on
targeted biopsy, or pathology of targeted biopsy
between the beta-blocker, NSAID, nor immu-
nosuppressant groups and their associated
matched groups (Table 2).

Analysis of medication sub-groups

Multivariate analysis of the medication sub-
groups, adjusting for age, PSA, lesion size, and
PI-RADS lesion score, showed that medication
use was not significantly associated with the
detection of csPCa on targeted biopsy: beta-
blocker use (P = 0.93, Table 3), NSAID use (P =
0.34, Table 3), and immunosuppressant use
(P =0.33, Table 3).
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Table 1. Baseline characteristics of the overall cohort and medication subgroups on a per-lesion

basis
Characteristic Total Cohort Beta-Blocker NSAID Immunosuppressant
Number of Lesions 897 148 (16%) 37 (4.1%) 46 (5.1%)
PI-RADS Score
3 261 (29%) 27 (18%) 10 (27%) 18 (39%)
4 373 (42%) 69 (47%) 17 (46%) 18 (39%)
5 263 (29%) 52 (35%) 10 (27%) 10 (22%)
(p-value) (0.006) (0.9) (0.3)
csPCa on Targeted Biopsy 324 (36%) 65 (44%) 13 (35%) 18 (39%)
(p-value) (0.03) (0.9) (0.7)
Pathology of Targeted Biopsy
No cancer 408 (45.5%) 60 (40.5%) 14 (37.8%) 19 (41.3%)
GG1-2 295 (32.9%) 47 (31.8%) 13 (35.1%) 19 (41.3%)
GG3-5 194 (21.6%) 41 (27.7%) 10 (27.0%) 8 (17.4%)
(p-value) (0.13) (0.58) (0.44)

Each medication group was compared to the remainder of the total cohort to avoid duplicative comparison. PI-RADS = Prostate

Imaging Reporting & Data System, csPCa = clinically significant prostate cancer, GG = grade group.

Table 2. Baseline characteristics of the matched medication subgroups

Characteristic Beta-Blocker Beta—g(l)ocker NSAID  No NSAID Immuno-suppressant Immuno—s’\ij(:)pressant
Match Size (N) 148 148 37 37 46 46
Age (years)” 67 67 66 66 67 68
(p-value) > 0.9 >0.9 >0.9
PSA (ng/mL)" 8.6 8.7 8.3 8.2 7.5 7.7
(p-value) >0.9 >0.9 >0.9
PI-RADS Score”
3 27 (18%) 27 (18%) 10 (27%) 10 (27%) 18 (39%) 18 (39%)
4 69 (47%) 69 (47%) 17 (46%) 17 (46%) 18 (39%) 18 (39%)
5 52 (35%) 52 (35%) 10 (27%) 10 (27%) 10 (22%) 10 (22%)
(p-value) >0.9 >0.9 >0.9
csPCa on Targeted Biopsy 65 (44%) 62 (42%) 13 (35%) 15 (41%) 18 (39%) 14 (30%)
(p-value) 0.7 0.6 0.4
Pathology of Targeted Biopsy
No cancer 73 (49%) 76 (51%) 19 (51%) 21 (57%) 24 (52%) 29 (63%)
GG1 10 (6.8%) 10 (6.8%) 5(14%) 1(2.7%) 4 (8.7%) 3(6.5%)
GG2 31 (21%) 42 (28%) 6 (16%) 7 (19%) 12 (26%) 5 (11%)
GG3 12 (8.1%) 9 (6.1%) 2(5.4%) 5 (14%) 3 (6.5%) 3 (6.5%)
GG4 9 (6.1%) 6 (4.1%) 4(11%) 1(2.7%) 2 (4.3%) 3 (6.5%)
GG5 13 (8.8%) 5 (3.4%) 1(2.7%) 2(5.4%) 1(2.2%) 3 (6.5%)
(p-value) 0.3 0.3 0.5

* Indicates matching criteria. NSAIDs = Nonsteroidal anti-inflammatory drugs, PSA = prostate-specific antigen, PI-RADS = Prostate Imaging Re-
porting & Data System, csPCa = clinically significant prostate cancer, GG = grade group.

In the matched cohorts, beta-blockers, NS-
AIDs, nor immunosuppressants were associat-
ed with enhanced or detracted csPCa identifi-
cation on MRI (OR 1.11, Cl 95% 0.6, 1.9; OR
0.70, C1 95% 0.32, 1.66; OR 1.73, Cl 95% 0.59,
5.35, respectively).
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Discussion

The use of multiparametric magnetic reso-
nance imaging (mpMRI) combined with MRI-
transrectal ultrasound (TRUS) fusion-targeted
prostate biopsies has enhanced the detection
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Table 3. Multivariate analysis of medication sub-groups (OR = Odds

Ratio, Cl = Confidence Interval)

Beta-blockers bind to beta-1
and beta-2 adrenergic re-

ceptors, thereby counteract-

Medication Characteristic OR 95% Cl  p-value ) h - p hol
Beta-blocker Age (years) 105 1.03,1.08 - ng the actions of catechol-
amines like epinephrine and
PSA (ng/mL) 1.03 1.01,1.06 - . . .
oo norepinephrine. These medi-
Lesion size (cm) 1.05 0.80,1.38 - cations are most commonly
PI-RADS score prescribed for their effects
3 - - - on slowing the heart rate
4 241 1.71,3.39 - and reducing blood pressure
5 432 2.74,6.82 - by decreasing renin and car-
Beta-blocker use 1.02 0.69,1.50 0.93 diac output [11]. Studies
NSAID Age (years) 105 1.03,1.08 - have shown that the pros-
PSA (ng/mL) 1.03 1.01,1.06 - tzzjte has a high dep\?':]yho‘c
Lesionsize cm) ~ 1.05 0.80,1.38 - adrenerglc nerves, which he-
PLRADS Ips the prostate smooth mu-
) score scle contract to expel pros-
3 - - - tatic fluid [12]. Murine mod-
4 241 1.71,338 - els have revealed that adren-
5 434 275,684 - ergic nerve density increas-
NSAID use 1.42 0.69,2.91 0.34 es in early prostate cancer,
Immunosuppressant Age (years) 1.05 1.03,1.08 - and human studies have sh-
PSA (ng/mL) 1.03 1.01, 1.06 _ own higher adrenergic nerve
Lesionsize (cm) ~ 1.05 0.80,1.38 - density correlates with more
PILRADS score aggressive pathology and
3 poorer prognosis [13, 14].
Because beta-blockers re-
4 243 1.73,342 - duce blood flow and there is
5 4.38 2.78,6.92 -

Immunosuppressant use 1.38

0.72,2.66 0.33

a high adrenergic nerve den-
sity in early prostate cancer,

No drug was shown to have an impact on the detection rate of clinically significant
prostate cancer (p-value 0.93, 0.34, and 0.33 for beta-blocker, NSAID, and immuno-
suppressant use, respectively). NSAIDs = Nonsteroidal anti-inflammatory drugs, PSA

this blood flow reduction
could be particularly pro-
nounced in lesions where

= prostate-specific antigen, PI-RADS = Prostate Imaging Reporting & Data System.

of clinically significant prostate cancer (PCa)
while reducing the identification of clinically
insignificant cancer. In our research, we re-
viewed 590 patients undergoing targeted biop-
sies, correlating the radiological findings with
histopathology in patients using drugs with
potential effects on prostate blood flow and
inflammation. Despite variations in lesion de-
tection rates and characteristics between me-
dication sub-groups, multivariate analysis, and
matching analysis revealed that chronic use of
beta-blockers, NSAIDs, and immunosuppres-
sants was not significantly associated with
changes in the detection rate of clinically sig-
nificant PCa on MRI-targeted biopsies. This pro-
vides additional evidence that imaging proto-
cols should not be interpreted differently when
these medications are present.
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prostatic cancer is present.

Since mpMRI relies on blood
flow changes to detect lesions, this reduction
of blood flow in prostate cancer lesions could
potentially alter imaging properties associated
with lesion identification and grading. Several
research articles have explored how beta-
blockers can affect prostate cancer mortality
and their effect on the incidence of prostate
cancer. Still, none have addressed how beta-
blockers could alter the detection of clinically
significant prostate cancer on imaging [14-17].
We find that PI-RADS 3 lesions are found less
commonly in patients on beta-blockers (Table
1), potentially reflecting alterations in vascular
flow. However, our results suggest that despite
the physiological potential for beta-blockers
to alter properties within the prostate, these
changes are not consequential enough to
change the ability to detect clinically significant
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prostate cancer using mpMRI on a per-lesion
basis. It is not clear if there is a dose-depen-
dent effect, or whether a time-dependent effect
would show any differences.

NSAIDs primarily reduce inflammation by inhib-
iting cyclooxygenase-2, which is inducibly ex-
pressed during an inflammatory response [18].
In contrast, immunosuppressants can reduce
inflammation by inhibiting the release of im-
mune mediators and reducing cytokine produc-
tion [19]. Prior studies have shown that pros-
tatic inflammation can confound the ability to
accurately detect prostate cancer on MRI [20,
21]. However, no studies have explored how
NSAID or immunosuppressant use may alter
the detection of clinically significant prostate
cancer on imaging. By reducing prostatic infla-
mmation through either NSAIDs or systemic
immunosuppressants, cancerous prostatic le-
sions may have higher visibility on imaging and
decrease the rate of false positives. However,
our results did not show that using systemic
NSAIDs or immunosuppressants reduced infla-
mmation in the prostate enough to enhance
the detection of clinically significant prostate
cancer using mpMRI, which leads us to believe
the cumulative effect is not substantial enough
to change radiological findings, altering accu-
racy for prostate cancer detection.

Although the retrospective acquisition of the
data is a limitation to the interpretation of the
findings, the database analyzed has few miss-
ing data points, as the prostate MRIs were
reread by fellowship-trained radiologists, which
also reduces the interobserver variability. Our
per-lesion analysis method guided by MRI has
both strengths and limitations. This approach
provides insight into our primary aim of under-
standing how an individual MRI lesion may be
affected by medications. We did not focus this
analysis on accounting for multiple lesions in a
patient and did not assess the overall clinical
impact of medication use on cancer detection
given that this analysis would be confounded
by nontargeted biopsies done concurrently.

Conclusion

Based on multivariate analysis and analysis of
a matched MRI-targeted fusion biopsy cohort,
no differences in lesion detection rates of clini-
cally significant prostate cancer were seen
across different medication subgroups. These
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results suggest that the long-term use of beta-
blockers, NSAIDs, and immunosuppressants
do not significantly alter the detection rates of
clinically significant prostate cancer on MRI-
targeted biopsies, and such findings support no
changes in the current reporting protocols in
case of the presence of these medications.
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Supplementary Table 1. Baseline characteristics of the overall cohort and medication subgroups on a
per-patient basis

Characteristic Total Cohort Beta-Blocker NSAID Immunosuppressant
Sample size (N) 590 94 (15.9%) 23 (3.90%) 32 (5.42%)
Lesions per patient 1.52 1.57 1.61 1.44
Age (years) 66.4 68.6 67.3 67.6
PSA (ng/mL) 10.4 9.42 9.03 9.41
Highest PI-RADS Score

3 114 (19.3%) 10 (10.6%) 3 (13.0%) 10 (31.3%)

4 234 (39.7%) 39 (41.5%) 10 (43.5%) 12 (37.4%)

5 242 (41.0%) 45 (47.9%) 10 (43.5%) 10 (31.3%)
csPCa on Targeted Biopsy 327 (55.4%) 58 (61.7%) 15 (65.2%) 19 (59.4%)
Pathology of Targeted Biopsy

No cancer 263 (44.6%) 36 (38.3%) 8 (34.8%) 13 (40.6%)

GG1-2 197 (33.4%) 33 (35.1%) 9 (39.1%) 13 (40.6%)

GG3-5 130 (22.0%) 25 (26.6%) 6 (26.1%) 6 (18.8%)

NSAIDs = Nonsteroidal anti-inflammatory drugs, PSA = prostate-specific antigen, PI-RADS = Prostate Imaging Reporting & Data
System, csPCa = clinically significant prostate cancer, GG = grade group.



