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Abstract
Background: New MRI-guided targeting biopsy methods have increased cancer yield of prostate biopsies.
However, cost and time constraints have made it di�cult for many institutions to implement these newer
methods. We evaluated the diagnostic performance of a low-cost, minimally-invasive, cognitive MRI-
targeted biopsy protocol based on 1.5T multiparametric MRI graded with Prostate Imaging Reporting and
Data System version 2 that is easily implemented in any low- to intermediate- volume center. 

Methods: Retrospective analysis of 255 patients who underwent prostate biopsy between December 2016
and March 2019 at a single facility. Indication for biopsy was based on clinical parameters including 1.5T
multiparametric MRI. In addition to 10-core systematic biopsy, targeted cores were obtained with
cognitive recognition under ultrasound. A control group of 198 patients biopsied without prior MRI from
January to December 2015 was also analyzed.

Results: Prostate biopsy preceded by MRI had a signi�cantly higher probability of detecting both prostate
cancer (68.1% vs. 43.6%) and clinically signi�cant cancer (56.2% vs. 29.4%) (p values< 0.01).
Combination of systematic biopsy and targeted biopsy outperformed either regimen alone for detection
of prostate cancer. Multivariate analysis showed PSA density and prostate imaging reporting and data
system score were independent risk factors of prostate cancer. A proposed diagnostic model showed
sensitivity of 88.6%, speci�city of 55%, PPV of 81.2%, NPV of 68.8%, and accuracy of 78%. Prostate
imaging reporting and data system score was correlated with a higher presence of prostate cancer,
clinically signi�cant prostate cancer, and a higher pathological grade. 

Conclusions: Incorporation of pre-biopsy MRI imaging, scoring, and targeted biopsy improved cancer
yield and achieved diagnostic performance comparable to newer methods of higher cost. Future
alterations of possible bene�t included increasing the number of target cores per lesion, and combining
prostate imaging reporting and data system score and PSA density as indicators for biopsy.

Background
Systematic transrectal ultrasound (TRUS)- guided biopsy has long been the standard for diagnosis of
prostate cancer. However, systematic biopsy (SB) has a fairly high percentage of false-negative results at
21-34%1,2, and overdiagnosis of clinically-insigni�cant cancer has been mentioned as a limitation3.
Furthermore, biopsies are associated with risks of bleeding, infection, and voiding di�culty4. Indications
for a prostate biopsy are elevated prostate-speci�c antigen (PSA) levels, positive digital rectal
examination (DRE), hypo-echoic lesions on TRUS, and more recently, detection of lesions on
multiparametric magnetic resonance imaging (mpMRI). Recent studies have shown high sensitivity and
speci�city for mpMRI in diagnosing clinically signi�cant prostate cancer (csPCa) 5, and conducting
mpMRI before biopsy has been shown to reduce unnecessary biopsies6. It was further popularized by the
introduction of Prostate Imaging Reporting and Data System (PI-RADS)7 in 2012. Updated in 2015, PI-
RADS version2 provided a �ve-point scale of reference for urologists as indications for prostate biopsy8.
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 Increasing evidence on the e�cacy of mpMRI to diagnose csPCa has led to several MRI-guided targeted
biopsy (TB) protocols, each of which have delivered promising results: cognitive-targeting biopsy (COG-
TB) for which visual registration is used to determine the point of biopsy on TRUS9, in-bore MRI-targeting
biopsy (MRI-TB) performed within the MRI suite with MR-imaging compatible software10, and MRI/US
fusion targeting biopsy (FUS-TB) in which MR and TRUS images are fused for real-time visual
feedback11. However, the high cost and time constraints of FUS-TB and MRI-TB have made it di�cult for
many hospitals to implement these newer methods while maintaining capital regarding prostate biopsy.
In line with the evidence and circumstances, we adopted a protocol we believe to be cost-effective and
minimally-invasive, easily implemented in any low- to intermediate-volume center. Following 1.5T mpMRI
of the prostate and evaluation with PI-RADS v2, patients received a COG-TB of 1-2 cores per reported
lesion plus concomitant 10-core SB under local anesthesia on an outpatient basis. We will evaluate the
outcomes of the �rst two years of implementing this protocol and report its effect on prostate cancer
detection.

Methods
Patient population

All data was collected retrospectively from electronic patient records with approval of the institutional
review board of the Institute of Medical Science, University of Tokyo (Approval No.2019-2-0607), and
Musashino Red Cross Hospital (Approval No.1025). From December 2016 to March 2019, 267 patients
with elevated PSA underwent mpMRI and subsequently received prostate biopsy at our institution. Twelve
patients were excluded for incomplete mpMRI scans, incomplete PI-RADs evaluation, and in the case of
patients with PI-RADS score ≥3, no target cores acquired. To compare biopsies before and after the
introduction of mpMRI and TB, we extracted data for a control group of 198 patients who received
prostate biopsy without prior mpMRI or TB from January to December 2015.

MRI

All imaging studies were performed with a 1.5T MRI scanner (Signa HDxt 1.5T, GE Healthcare, Chicago,
IL), using 8 channel body array coils. Endorectal coil was not used. Sequences obtained included T2
weighted imaging (axial, coronal, and sagittal planes, 3 mm thickness), diffusion-weighted imaging (b-
value 2000), and dynamic contrast-enhanced imaging with 15ml intravenous gadolinium.
Classi�cation of mpMRI �ndings were conducted by a single experienced radiologist according to PI-
RADS v2.

 Prostate biopsy

All DRE, TRUS, and biopsies were performed by six experienced urologists. Patients with lesions of PI-
RADS score 1-2 underwent a routine 10-core SB. Patients with lesions of PI-RADS score 3 received both
TB and SB. One or two TB cores were taken from each suspicious lesion. For SB, a 10-core biopsy of
lateral cores from the basal, mid-gland and apical sections and mid-lobar cores from the basal and apical
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sections was conducted. Biopsies were performed using a Toshiba Xario100 ultrasound system (Canon
Medical Systems, Tochigi, Japan) under local anesthesia with 8ml of 1% lidocaine, with no
hospitalization.

 Pathology

All biopsy specimens were embedded, �xed, and underwent histopathological analysis by experienced
pathologists according to International Society of Urological Pathology (ISUP) standards. A Gleason
Score was given for each core, and an overall ISUP score was determined. CsPCa was de�ned as ISUP
score 2 for this study.

Statistical analysis

We evaluated the following factors for each patient: age, initial PSA, free/total PSA ratio (F/T), prostate
volume (PV), PSA density (PSAD), DRE and TRUS �ndings, mpMRI �ndings including PI-RADS score for
each detected lesion, previous biopsy history, and biopsy results. Independent sample t tests were
performed to compare variables between PCa-positive and -negative groups, and also csPCa-positive and
-negative groups. Detection rates of TB and SB were analyzed with McNemar’s chi-squared test.
Multivariate analyses were performed with logistic regression analysis to determine signi�cant predictors
of PCa and csPCa. To determine cutoff value for continuous and ordinal variables such as PSAD and PI-
RADS score, we used receiver operating characteristic (ROC) curve and Youden index. Comparison of ROC
curves were conducted with DeLong’s test. Diagnostic performance was evaluated using sensitivity,
speci�city, positive predictive value (PPV), negative predictive value (NPV), and accuracy, which were
reported with 95% Con�dence interval (CI). Correlation of ordinal variables such as ISUP score and PI-
RADS score was determined using Spearman’s rank correlation coe�cient, or “r”.

All statistical analyses were performed by using software (JMP Pro, version 14.2, SAS, Cary, NC), and a p
value of <0.05 was considered to indicate statistical signi�cance.

Results
Patient demographics and biopsy results are shown in Table 1. For the purposes of this analysis, the
older cohort which received SB without mpMRI was labeled “CP” (conventional protocol), and the newer
cohort which received both SB and TB preceded by mpMRI was labeled “RP” (revised protocol). We found
a tendency for patients with high PSA levels to forgo pre-biopsy mpMRI in favor of a swift diagnosis with
immediate prostate biopsy, and signi�cantly more patients with a PSA level over 50ng/ml were included
for the CP cohort (24 of 187 patients, range 50.8-1428.7 ng/ml) than the RP cohort (4 of 255 patients,
range 50.4-63.5) (p value<0.01). In order to conform the cohorts for direct comparison, we excluded these
patients for a total of 251 and 163 patients for this analysis only. As a result, no difference was seen
between the two groups in age, PSA, PV, PSAD, TRUS-�ndings, or previous prostate biopsies. F/T and DRE
�ndings were signi�cantly more speculative of prostate cancer in the CP cohort. Despite this, the RP
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cohort showed a signi�cantly higher probability of detecting both prostate cancer (68.1% vs. 43.6%, p
value<0.001) and clinically signi�cant cancer (56.2% vs. 29.4%, p value<0.001).

We analyzed how SB and TB fared individually with biopsy results as standard of reference (Table 2).
Both SB and TB each accounted for over 70% of total prostate cancer cases, but the combination of SB
and TB statistically outperformed SB alone and TB alone for the detection of both PCa and csPCa. SB
alone outperformed TB alone for the detection of both PCa and csPCa in our cohort. The number of cores
biopsied per suspicious lesion showed no correlation with detection of either PCa (r=0.1690) or csPCa
(r=0.1754). Overall, 201 of 435 total TB cores (46.2%) and 423 of 2810 total SB cores (15.1%) were
positive for PCa.

The RP cohort was analyzed for risk factors of PCa and csPCa (Table3). Cutoffs were determined by
Youden Index and rounded to the nearest round number with the largest AUC. Univariate analysis showed
age, PSA, PV, PSAD, positive DRE and TRUS �ndings, and PI-RADS score to be a signi�cant risk factor of
both PCa and csPCa. As PSA, PV, and PSAD are obviously heavily correlated, we conducted ROC curve
analysis, and found AUC for PSAD to be greatest both as nominal variables and continuous variables
(Suppl. Table 1). We determined that PSAD was the strongest predictor of PCa and csPCa, and thus most
suitable for multivariate analysis. Multivariate analysis showed that age, PSAD, and PI-RADS score were
independent risk factors for detection of PCa, and PSAD and PI-RADS score were independent risk factors
for detection of csPCa.

 Since excluding patients of younger age for biopsy would be counterproductive due to longer life
expectancy and larger bene�t from radical treatment, we examined the two remaining risk factors to
determine whether their combination would result in better risk evaluation. The combination of ROC
curves are shown in Fig.1. For both PCa and csPCa, AUC was signi�cantly greater for the combination of
PSAD and PI-RADS score than PSAD or PI-RADS score alone.

Diagnostic performance was evaluated for PSA, PV, PSAD, PI-RADS score, and the combination of PI-
RADS and PSAD. The same cutoff values as those given in Table 3 were used. For the combination
model, we proposed a model based on the ROC curve above where one or more risk factors above the
cutoff point (PSAD>0.25, PI-RADS score4) would be considered positive (Model 1). When applying to
patient selection in a real-world setting, a stringent cutoff value would lead to more signi�cant cancers
being left undiagnosed. Therefore, we adopted for comparison a second combination model with lower
cutoff values proposed in past literature, in which all patients with PI-RADS score above 4, and those with
PI-RADS score 3 with PSAD above 0.15 would be considered positive (Model 2). Results are listed on
Table 4. Cutoff of PI-RADS score at ≥3 resulted in high sensitivity at 98.3% but low speci�city of 10%,
which led to Model 2 having a similarly low speci�city of 23.8%. Model 1 resulted in a higher speci�city
(55%), PPV(81.2%), NPV(68.8%), and overall accuracy(78%), with minimal dropoff in sensitivity(88.6%).

The pathological results of prostate biopsy are shown in Fig. 2, strati�ed by PI-RADs scores. The ratio of
positive biopsies can be seen rising along with the PI-RADS score (27.2% vs. 39.4% vs. 77.5% vs. 91.4, p
value <0.0001), and a correlation was seen between PCa detection and PI-RADS score (r=0.44). A
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correlation was also seen between csPCa detection and PI-RADS score (r=0.45). ISUP score also tends to
be higher in patients with higher PI-RADS scores (r=0.47).

Discussion
Introduction of pre-biopsy mpMRI and PI-RADS scoring along with MRI-targeting have improved prostate
biopsy. However, while FUS-TB generally achieved the highest detection rate in past studies, others
reported that COG-TB showed no signi�cant difference in cancer detection on a per patient basis12-14.
Furthermore, multiple studies have pointed out a decrease in cost-effectiveness with MRI-TB and FUS-
TB15-17. MRI-TB, while having the most direct targeting of the speci�ed lesion, is associated with longer
operative time, increased costs, and patient discomfort. Inability to perform concomitant systematic
biopsy has also been noted as a demerit10. FUS-TB, while delivering promising results, currently does not
have a billable medical care code in our country, and additional cost of equipment is not compensated
for. As of 2018, the Ministry of Health, Labor, and Welfare has not deemed the evidence su�cient to
provide for the method under public health insurance. Our institution is one of many that have been
unable to incorporate FUS-TB for this reason. In addition, our MRI scanner is 1.5T, inferior in resolution to
the newer-generation 3T models. Although PI-RADS scoring has allowed urologists to incorporate mpMRI
into patient selection for prostate biopsy far more easily, it was unclear whether pre-biopsy mpMRI would
be bene�cial under these circumstances. We conducted this retrospective study to analyze whether
conducting 1.5T mpMRI imaging before biopsy and adding cognitive-targeted biopsy to systematic
biopsy in a minimally-invasive protocol improved diagnostic yield, and to determine what measures we
could take to further improve within the constraints of cost.

Conducting mpMRI before biopsy signi�cantly improved the percentage of positive biopsies for both PCa
and csPCa, consistent with previous reports comparing SB and TB. Past studies have compared COG-TB
and SB cores in a single cohort and reported that the combination of COG-TB and SB was superior to SB
or COG-TB alone18. Several groups have also applied this to FUS-TB and found the combination of SB
and FUS-TB to be superior, especially in the detection of csPCa 19-21. In all studies except the PI-RADS
score3 subgroup in Hansen et al. 21, TB alone showed a tendency to outperform SB alone. Although
comparison between cohorts may be di�cult, cancer detection rate for TB alone was 52.9% for all PCa,
similar to those previously reported for COG-TB (36-59%) 13,14,18,22 and FUS-TB (36-77%)13,18,19,22. It is of
note that SB alone outperformed TB alone in our cohort. 46.2% of TB cores were positive for PCa, similar
to past reports (32-47%) 12-13, and approximately 3 times more likely than the SB core to be PCa-positive,
so this difference most likely comes from the number of TB cores per biopsy. For comparison, the
average number of COG-TB cores per patient in our study was 1.7, as opposed to 4 for Peuch et al.12 and
7 for Borkowetz et al.18. We failed to detect a correlation between the number of TB cores per lesion and
cancer detection, probably due to small sample size with 2 or more cores taken per lesion in only 10
cases (4.1%). Although a single study reports that a second TB core per lesion adds minimal value in
MRI-TB23, a statement from the American Urological Association recommends a minimum of two biopsy
cores per suspicious lesion24. In prioritizing minimal invasiveness we initially adopted a one TB core per
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lesion protocol, but it seems likely that more TB cores per lesion would lead to higher accuracy moving
forward.

Logistic regression analysis identi�ed PI-RADS score and PSAD as independent predictors of csPCa. A
few reports have incorporated ROC curve analysis to support this conclusion25-27. In these studies ROC
for PSAD was presented as a continuous variable, but in a real-life setting, decision making for
recommendation of biopsy would be better served with a designated cutoff value. We used Youden index
to determine cutoffs and constructed a model that would be easy to implement in everyday practice; i.e.,
recommending biopsy to patients with either PSAD0.25 or PI-RADS score4. Venderlink et al.25 proposed a
similar model in which a PSAD cut-off of 0.15 was proposed for patients with PI-RADS score3. Both
diagnostic models showed high sensitivity and accuracy in our cohort, although speci�city and NPV was
higher in our model. NPV and speci�city were generally low across all parameters, probably due to the
low percentage of PI-RADS score 1-2 (11 of 255 patients, 4.3%) which decreased the true negative
population. The value of the tradeoff between reducing biopsies by 23.1% while missing 9.7% of csPCa is
debatable, but we feel the easy-to-implement model would be a feasible option going forward.
Interestingly, in the sole report which states that PSAD did not improve PCa detection28, the ROC curve for
PI-RADS score had an extremely high AUC of 0.92. A learning curve for PI-RADS evaluation has been
detected in multiple studies, the ratio of score3 lesions progressively decreasing along with radiologist
experience. This may indicate that modeling with variables such as PSAD would have less value in the
future with the re�nement of MRI evaluation.

Lastly, we evaluated the performance of MRI prostate imaging. Thompson et al. reported that magnet
strength (1.5T vs. 3T) was not an independent predictor of csPCa detection29. While imaging resolution is
obviously higher with 3T MRI, there may not be as much of a difference in the quality of its evaluation. In
our cohort, PI-RADS was correlated with a higher presence of PCa, csPCa, and a higher ISUP score. These
�ndings were consistent with previous studies using either 1.5T 19 or 3T 20. With our results re�ecting
traits from existing literature, we concluded that PI-RADS v2 scoring of 1.5MRI at our institution was of a
comparable quality to scoring with newer methods of imaging.

This study is limited by its retrospective nature, especially by patient selection bias which is apparent in
the small number of PI-RADS score 1-2. This directly led to lower speci�city and NPV for diagnostic
models. However, since this is a result of less patients with low PI-RADS score electing for biopsy, we feel
it re�ects real-life clinical practice. Multiple urologists were involved with patient selection and biopsy
procedure, possibly leading to differing standards in recommending pre-biopsy MRI or levels of biopsy
technique. We also acknowledge that de�ning csPCa as ISUP score≥2 regardless of core cancer volume
is debatable. Unfortunately, core cancer volume is not currently calculated for all cores at our institution,
therefore we were unable to incorporate it into our classi�cations.

Conclusion
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In summary, we found that incorporation of pre-biopsy 1.5T mpMRI imaging, PI-RADS v2 scoring, and a
minimally-invasive combined SB and COG-TB protocol improved prostate cancer yield and achieved
diagnostic performance comparable to newer methods with higher cost. Future alterations that may be
bene�cial included obtaining more target cores per suspicious lesion, and incorporating the combination
of PIRADS v2 score and PSA density as indicators for prostate biopsy. Along with the original protocol,
both alterations are easily applicable in everyday clinical practice regardless of the scale of the
institution.

Declarations
Ethics approval and consent to participate: All data was collected retrospectively from electronic patient
records with approval of the institutional review board of the Institute of Medical Science, University of
Tokyo (Approval No.2019-2-0607), and Musashino Red Cross Hospital (Approval No.1025).

Consent for Publication: Not applicable

Availability of data and materials: The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.

Competing Interests: None declared.

Funding: None declared.

Authors’ Contributions: YuT was responsible for conception and design of the study, as well as
acquisition and analysis of data, and drafted the manuscript. YoT oversaw the conception and design of
the study, and supervised data acquisition and drafting of the manuscript. KT and SN contributed equally
to YT in the acquisition of data. EY served a primary role in interpretation of the data. HK provided
supervision for the drafting of the manuscript, and a chief role in critical revision of the manuscript. All
authors read and approved the �nal manuscript.

Acknowledgements: Not applicable.

Abbreviations
AUC = area under curve

CI=con�dence interval 

COG-TB=cognitive targeting biopsy 
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csPCa=clinically signi�cant prostate cancer
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DRE=digital rectal examination

F/T= free PSA/ total PSA ratio

FUS-TB=MRI/US fusion targeting biopsy

ISUP=International Society of Urological Pathology

mpMRI=multiparametric magnetic resonance imaging

MRI-TB=in-bore MRI targeting biopsy

NPV=negative predictive value

OR=odds ratio

PCa=prostate cancer

PI-RADS= prostate imaging reporting and data system

PPV= positive predictive value

PSA=prostate speci�c antigen

PSAD=PSA density

PV=prostate volume

ROC=receiver operating characteristic

RP=revised protocol

SB= systematic biopsy

TB=targeted biopsy

TRUS=transrectal ultrasound
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Figure 1

ROC curves for combination of PI-RADS score and PSAD The ROC curves for PI-RADS score, PSAD, and
their combination were analyzed for their diagnostic value in the detection of both PCa and csPCa.
Pairwise comparison of ROC curves were conducted with DeLong’s test. For both PCaand csPCa, the
combination of PI-RADS and PSAD showed a signi�cantly higher AUC than each of the parameters alone.
Abbreviations: ROC: receiver operating characteristic, PI-RADS: prostate reporting imaging and data
system, PSAD: PSA density, PCa: prostate cancer, csPCa: clinically signi�cant prostate cancer, AUC: area
under curve
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Figure 2

Biopsy results strati�ed by PI-RADS score Biopsy results for each PI-RADS score group were analyzed.
Percentage of positive biopsies and ISUP score both showed a tendency to rise along with the PI-RADS
score. All numerals represent percentages within the PI-RADS score group. Abbreviations: PI-RADS:
prostate imaging reporting and data system, PCa: prostate cancer, ISUP: International society of
urological pathology
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