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Abstract

Purpose Transrectal ultrasound (US) imaging is paramount to the successful completion of prostate biopsies. Certain US
features have been associated with prostate cancer (PCa), but their utility remains controversial. We explored the role of
multiparametric US (mpUS) in the detection of clinically significant PCa.

Methods We performed a retrospective cohort study to contrast the findings of prostate MRI and mpUS. Patients who under-
went MRI, US and biopsy between 2015 and 2021 were included. Biopsies were performed using a systematic approach
(12 cores), as well as with MRI (4 cores/lesion) and US (1 core/lesion) targeting. The US features analyzed consisted of:
calcifications, hypoechoic lesions and power or color Doppler positivity. Gleason 3 +4 or higher was used as to define true
positives. Measures of diagnostic accuracy were calculated for the different imaging modalities.

Results The final cohort included 74 patients, of which 24 (32.4%) had clinically significant PCa. The concordance between
MRI and US was 63.5%. Seven individuals with discordant results had clinically significant PCa. MRI alone was more sensi-
tive (87.5% vs 75%) but less specific (28% vs 32%) than US alone. An all-inclusive approach considering any suspicious US
or MRI finding had a sensitivity of 95.8%. A more restrictive approach, targeting lesions noted in both US and MRI, yielded
the highest specificity (50.0%) and accuracy (55.4%).

Conclusion Biopsy targeting based on US findings can provide additional diagnostic information that may increase sensitiv-
ity or specificity. Additional research into this topic could open the door to a more personalized approach to prostate biopsy.

Keywords Imaging-guided biopsy - Multiparametric MRI - Prostate cancer - Sensitivity and specificity - Ultrasonography

Introduction resonance imaging (mpMRI) and mpMRI fusion biopsy

have changed our ability to detect more clinically significant

For several decades, prostate cancer (PCa) diagnosis was
largely dependent on a non-targeted 12-core biopsy tech-
nique. The introduction of multiparametric magnetic
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neoplasms with a targeted approach [1]. mpMRI has not only
demonstrated superior sensitivity and accuracy in the detec-
tion of clinically significant PCa compared to a non-targeted
approach, but its use does not preclude the combination of
this technique with a systematic 12-core sampling method.
The inclusion of both sampling modalities during prostate
biopsy has been used frequently to achieve improved detec-
tion and has now been widely adopted in clinical practice
[2].

Although the added value of mpMRI fusion biopsy has
been clearly established, real-time ultrasound (US) guidance
remains paramount to the successful conduction of both sys-
tematic and fusion biopsies. Transrectal US performed at the
time of prostate biopsy provides real-time anatomical guid-
ance as well as potentially useful diagnostic information.
For example, it has been previously shown that hypoechoic
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lesions identified on US can represent prostatic neoplasms
[3], leading some authors to propose the inclusion of a
targeted approach based on US findings in addition to the
standard 12-core sampling method [4]. Other US features
have been shown to be associated with the presence of PCa;
for example, color Doppler positivity has been associated
with PCa positivity as well as higher Gleason grade [5].
Similarly, power Doppler positivity has been reported to be
a positive predictor of disease [6]. However, it remains con-
troversial whether imaging findings on transrectal ultrasound
provide diagnostic information that results in improved
PCa detection or diagnostic accuracy when combined with
mpMRI fusion biopsy, and previous studies have mostly
focused on individual US features [7].

Given the paucity of data regarding this question, we per-
formed a retrospective cohort study with a pragmatic design
to determine the utility of a US-targeted prostate biopsy
approach. Several US-based parameters and features were
considered suspicious for PCa and used to target prostate
biopsies. We contrast the findings of this multiparametric
US-based targeting approach with mpMRI findings and
assess the utility of both imaging modalities in detecting
clinically significant disease.

Methods
Data collection and patient selection

Data were extracted from our prospectively maintained insti-
tutional PCa database, and included patients who underwent
ultrasound-guided prostate biopsy at Virginia Mason Medi-
cal Center from January 2015—-September 2021. Data were
cross-referenced with the prospectively collected MRI data-
base from the same institution. Individuals 18 years or older
who had a mpMRI of the prostate followed by transrectal
US-guided biopsy within 6 months were included in the
analysis. All biopsies were performed by the same expe-
rienced urologic oncologist (C.P.) who was not blinded to
the mpMRI results. A single US operator was utilized with
the goal of minimizing inter-operator variability. After ini-
tial patient selection, manual review of the medical records
was performed for accuracy. Demographic, clinicopatho-
logic and imaging data were collected and managed using
REDCap tools [8, 9]. All the individuals included provided
written informed consent and all research-related activities
were pre-approved by our independent institutional ethics
review board.

Multiparametric magnetic resonance imaging

Prior to biopsy, all patients had PSA testing, digital rectal
exams, and a mpMRI using an endorectal coil, with a 3 T
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MRI scanner (GE Siemens Symphony with TIMS). This was
subsequently read by a radiologist specializing in prostate
MRI interpretation. MRI positivity was defined as PI-RADS
3 or greater according to PI-RADS v2 [10]. MRI fusion was
performed on the UroNav System (v2.2.1807.3d6a4180)
by the same urologist performing the biopsy. All recorded
lesions were analyzed separately and results later combined
at the patient level for the primary analysis.

Multiparametric ultrasound (mpUS)

Multiparametric ultrasound (mpUS) of the prostate was
performed using the Philips HD11XE model with a C95ec
rectal probe at the time of transrectal US. mpUS lesion posi-
tivity was defined as the presence of any of the following fea-
tures: (1) significant hypoechoic areas on b-mode ultrasound
with a level of suspicion greater than 2 on a 1-5 scale, (2)
increased flow on power or color Doppler when compared
to the majority of the surrounding parenchyma [11, 12] or
(3) calcified lesions. The mpUS was performed and inter-
preted by the same urologist performing the biopsy (C.P).
After formal MRI/US image fusion, suspicious lesions were
identified and evaluated with different US modalities prior
to targeting (see above). No formal image fusion was per-
formed between the different mpUS maps; for lesions not
identified on MRI, cognitive fusion of the different US maps
was performed by the urologist operating the US.

Biopsy sampling

Systematic 12 core biopsies were obtained in all individuals
without a prior recent biopsy (i.e., last biopsy < 1 year ago).
Samples were systematically obtained from the right mid-
gland, right mid-lateral gland, right apex of the gland, right
lateral apex of the gland, right base of the gland, right base
of the lateral portion of the gland and then mirrored on the
other side of the prostate. A total of four cores were obtained
from each lesion identified on mpMRI, while a single core
was obtained from lesions identified only on mpUS. If a
particular sextant was found to have a lesion on ultrasound,
the lesion was targeted and the sextant was not rebiopsied
during systematic sampling.

Pathologic review

Pathologic review was performed by an experienced geni-
tourinary pathologist. For each individual, the most aggres-
sive histologic finding reported on the pathology report was
considered for analysis. The pathologic results considered
for analysis included high-grade prostatic intraepithe-
lial neoplasia (hgPIN), atypical small acinar proliferation
(ASAP), and PCa with its corresponding Gleason grade.
Biopsies showing any of these findings were considered
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‘non-negative’. Biopsies showing prostate cancer Gleason
grade 3+ 3 or higher were considered ‘positive’, while those
showing Gleason 3 +4 or higher were considered as harbor-
ing ‘clinically significant’ disease. For the primary analysis,
each individual was considered separately and the presence
of clinically significant disease was noted regardless of the
number of lesions or positive biopsy cores.

Statistical analysis

Individuals were grouped into four categories based on
mpMRI and mpUS positivity. Correlation between the imag-
ing findings and pathology results was then determined at
the patient level. Basic frequencies and summary measures
were calculated and compared between the four imaging
groups. Numerical results were summarized using medians
and interquartile ranges (IQR). Nonparametric statistical
testing was conducted to compare the four diagnostic sub-
groups with regard to clinically relevant covariates. Kru-
kal-Wallis tests were used to compare differences in the dis-
tribution of numerical variables, while Fisher’s exact tests
were used for categorical variables. The utility of MRI, US
and their combination with regard to detection of clinically
significant PCa was explored by constructing 2 X 2 confu-
sion matrices. Positive results noted on pathologic review
(i.e., Gleason score > =3 +4) were considered true positives
(TP). Measures of sensitivity, specificity and accuracy were

then calculated for each imaging modality and different com-
binations. Data formatting was conducted using Microsoft
Excel for Mac v.16.53 and all statistical analysis was done
using the R platform v. 4.0.0 (R Core Team, 2019).

Results

The final cohort consisted of 74 male patients who under-
went both MRI and US-guided biopsy within 6 months.
Participants were categorized into four groups for analysis
based on their MRI and US findings (Fig. 1) and their base-
line characteristics compared (Table 1). The median age of
the sample was 66.5 years (IQR 62.4 to 70.9) and the median
PSA level was 6.44 (IQR 4.46, 8.76). The median time from
PSA testing to MRI was 2.0 months (IQR 1.1, 3.4) and the
median time from MRI to biopsy was 1.5 months (IQR 0.7,
2.1). The timeline of the different diagnostic tests performed
in each patient are shown individually (Fig. 2).

No differences were observed between the four diag-
nostic groups in the time from PSA testing to MRI
(Kruskal-Wallis, p=0.6) nor in the time from MRI to
biopsy (Kruskal-Wallis, p =0.5). Of the 74 individuals
included, 35 (47.3%) had prior biopsies and 18 (24.3%) had
a prior positive biopsy (i.e., showing PCa Gleason 3 +3
or higher). A total of 24 individuals (32.4%) were found
to have clinically significant PCa, while 58 (78.4%) had a
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Fig. 1 Participant selection process: CONSORT diagram. Flow diagram showing the characteristics of the participant selection process in the
study. MRI magnetic resonance imaging, n number of participants, US ultrasound
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Table 1 Baseline characteristics of the participants included in the study

Level Overall MRI(+)/US(+) MRI(+)/US(-) MRI(-)/US(+) MRI(-)/US(-) p value

n 74 41 16 11 6

Age at biopsy 66.54 [62.39, 66.74 [62.77, 65.67 [61.27, 68.74 [58.98, 64.19 [58.01, 0.8
(years) (median 70.88] 71.68] 70.35] 69.82] 68.46]
[IQR])

PSA (ng/ml) 6.44 [4.46,8.76] 7.00 [4.70,8.90] 5.26 [4.43,7.41] 5.60[3.80,9.15] 6.58[4.50,10.82] 0.4
(median [IQR])

AUA score 8.00 [5.00, 13.00] 8.00 [5.75, 14.25] 5.50[3.75,9.75] 13.00 [9.00, 9.00 [5.00, 11.00] 0.1
(median [IQR]) 13.50]

IIEF score 17.00 [11.75, 17.00 [8.00, 21.00 [15.25, 17.00 [13.00, 22.00 [18.00, 0.3
(median [IQR]) 23.00] 22.00] 23.25] 23.50] 25.00]

QoL score 2.00[1.00, 3.00] 2.00[1.00,3.00] 1.00[0.00,3.00] 3.00[2.00,4.00] 2.00[1.00,2.00] 0.08
(median [IQR])

Time from PSA 2.01[1.09,3.40] 1.81[0.89,3.45] 222][1.11,3.33] 2.66[1.61,4.01] 1.86[1.67,2.47] 0.6
test to MRI
(mo) (median
[IQR])

Prior biopsy (%) No 39 (52.7) 27 (65.9) 8 (50.0) 1(9.1) 3(50.0) 0.007

Yes 35 (47.3) 14 (34.1) 8 (50.0) 10 (90.9) 3(50.0)

Prior positive No 56 (75.7) 34 (82.9) 11 (68.8) 6 (54.5) 5(83.3) 0.2
biopsy (%) Yes 18 (24.3) 7(17.1) 5(31.2) 5(45.5) 1(16.7)
(i.e., Glea-
son> =3+3)

Time from MRI 1.50[0.67,2.11] 1.09[0.59,2.11] 1.71[1.05,1.97] 1.28[0.61,2.43] 2.14[1.01,4.84] 0.5

to biopsy (mo)
(median [IQR])

Biopsy cores (n) 16.00 [12.00, 16.00 [16.00,
(median [IQR]) 18.00] 19.00]
PIRADS score  lor?2 17 (23.0) 0(0.0)
(%) 3 23 (31.1) 14 (34.1)
dor5s 34 (45.9) 27 (65.9)
Clinically signifi- Gleason< =343 50 (67.6) 25 (61.0)
cantPCa (%)  Gleason> =3+4 24 (32.4) 16 (39.0)
Any biopsy find- Benign 16 (21.6) 7(17.1)
ing (%) PIN/ASAP/PCa 58 (78.4) 34 (82.9)

16.00 [6.00, 12.00 [12.00, 18.00 [12.00,
16.00] 12.00] 24.00]
0(0.0) 11 (100.0) 6 (100.0)
9 (56.2) 0(0.0) 0(0.0)
7 (43.8) 0(0.0) 0(0.0)
11 (68.8) 9(81.8) 5(83.3) 0.5
5(31.2) 2(18.2) 1(16.7)
7 (43.8) 2(18.2) 0(0.0) 0.1
9 (56.2) 9(81.8) 6 (100.0)

Results are presented for the overall cohort (n=74) and categorized based on the imaging results

ASAP atypical small acinar proliferation, /QR interquartile range, MRI magnetic-resonance imaging, PCa prostate cancer, PIN prostate intra-
epithelial neoplasia, PIRADS Prostate Imaging-Reporting and Data System, PSA prostate-specific antigen, US ultrasound

non-negative biopsy. Baseline characteristics were compared
between the four diagnostic groups used for analysis. Indi-
viduals in the MRI(+)/US(+) group were found to have
a significantly lower rate of prior biopsy compared to the
other groups (34.1% vs 50.0, 90.9 and 50.0% for MRI+/
US-, MRI-/US +and MRI-/US-, respectively, Fisher’s exact,
p=0.007). No significant differences in the other baseline
characteristics studied were observed between the four diag-
nostic groups (Table 1). Notably, the distribution of PSA val-
ues was found to be comparable between the four diagnostic
groups (Kruskal-Wallis, p=0.4) (Fig. 3a). Similarly, no dif-
ferences were observed between the four diagnostic groups
in the proportion of non-negative biopsies (Fisher’s exact,
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p=0.1), nor in the proportion of individuals with clinically
significant PCa (Fisher’s exact, p=0.5) (Fig. 3b).

MRI and ultrasound findings were compared at the
patient-level with regard to the rate of detection of clini-
cally significant PCa. The concordance between MRI, US
and biopsy findings was evaluated (Fig. 4). Most individu-
als (n=47, 63.5%) had concordant MRI and US results
(i.e., both positive or both negative). Of the 41 individu-
als in which both MRI and US were positive, 16 (39.0%)
were found to have clinically significant PCa. Of the 6
individuals with negative results in both imaging studies,
only one was found to have clinically significant disease
(16.7%). Of the 27 individuals with discordant results, 7
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Fig.2 Timeline of diagnostic studies performed. Bar plot depicting
the studies assessed for each participant and the time when these were
performed. Results are displayed in months with regard to the date
of MRI used in the study. Both the time from PSA to MRI (crosses)
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with different imaging findings. B Breakdown of pathologic review
results among participants with different imaging findings. Each bar
represents the entirety of individuals in a given group, the colored
bars represent the proportion of individuals with a given histologic
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Gleason
>=3+4

16

Fig.4 Concordance between MRI, ultrasound, and pathology. Euler
plot showing the concordance between MRI, US, and biopsy results
in the study cohort. The areas of the ellipses represent the number
of individuals in each group, with overlapping regions representing

had clinically significant prostate cancer (25.9%). Five of
these were only identified with MRI and two only with US.

Finally, we assessed the diagnostic accuracy of the dif-
ferent imaging modalities and their combination in detect-
ing Gleason 3 +4 or greater disease (Fig. 5). MRI alone
was found to have a sensitivity of 87.5% but a specificity
of only 28%. US alone was found to be less sensitive (75%)
and slightly more specific (32%) than MRI alone. Overall,
accuracy was lower for US alone compared to MRI alone
(47.3 vs 45.9%). Next, we evaluated an approach in which
positive results by either MRI or US were considered. As
expected, this resulted in increased sensitivity (95.8%)
but decreased specificity (10.0%). Notably, this approach
also resulted in lower overall accuracy (37.8%). On the
other hand, consideration of only positive results in both
imaging modalities resulted in greater specificity (50.0%)
and greater accuracy (55.4%) than each imaging modality
alone, at the expense of lower sensitivity (66.7%).
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positive results in two or more tests. Results are also shown numeri-
cally (i.e., n individuals). The red circle corresponds to individuals
who had negative results in all three tests. MRI magnetic resonance
imaging, US ultrasound

Discussion

PCa diagnosis has progressed in the past decade to focus
on the detection of clinically meaningful disease, and
mpMRI has been established as an important pre-biopsy
tool to improve detection [13]. However, ultrasound guid-
ance remains the operational tool of choice at the time
of performing a prostate biopsy and its diagnostic utility
remains controversial. We used a pragmatic retrospective
study design to assess the impact of detailed multipara-
metric ultrasonographic evaluation in the detection of
Gleason grade > 7 disease during mpMRI fusion biopsy
of the prostate.

Recent studies have demonstrated that systematic
biopsies are an integral part of the diagnostic algorithm.
Patients with a low (< 15%) predicted chance of malig-
nancy outside of the index lesion still showed a 7% rate
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Fig.5 Comparison of different imaging approaches in the detection
of clinically significant prostate cancer. Bar plot showing the sensi-
tivity, specificity and accuracy estimates when comparing the dif-
ferent imaging modalities in the detection of prostate cancer Glea-
son> =3+4 by biopsy. Positive results in both MRI and US seemed
to increase biopsy accuracy and specificity. Targeting of any suspi-
cious lesion noted on imaging resulted in increased sensitivity while
negatively impacting specificity. MRI magnetic resonance imaging,
US ultrasound

of missed clinically significant prostate cancer when a
systematic transrectal prostate biopsy was omitted. When
omitted, only 16% of their cohort was spared a system-
atic (non-targeted) transrectal US-guided biopsy [14]. A
similar result was identified in a trial published by Van der
Leest et al. in 2019, where patients underwent a combined
approach that included both non-targeted and MRI-guided
biopsies. Clinically significant cancers were detected 30%
of the time with both modalities, as opposed to 23% with
systematic biopsy alone and 25% with MRI alone [15].
This was further confirmed in a study from 2020 suggest-
ing that, combined systematic biopsy and MRI fusion
guidance reduced both over and under diagnosis of PCa
[16]. Our results are consistent with prior literature in that
certain lesions are not readily visible with either US nor
MRI. One individual with PCa Gleason> =3 +4 and 5
with less aggressive biopsy findings did not show any pos-
itive findings in either MRI or US. Notably, three of these
individuals underwent transperineal saturation biopsies
(i.e., 24 cores obtained systematically) which might have
a better yield than a standard 12-core approach.

The operational need for US guidance during prostate
biopsy (with or without MRI-based targeting) and the ben-
efits that systematic non-targeted biopsies provide in PCa
detection, make transrectal ultrasound fundamental for the
successful completion of a prostate biopsy regardless of MRI
targeting. Thus, it is not surprising that investigators have
attempted to obtain additional value from the US images

routinely obtained during prostate biopsy. In previous work,
it was noted that the addition of ultrasound targeted lesions
during MRI fusion biopsy resulted in a slight increase in
finding clinically significant PCa [17]. Other studies have
looked at the added value of targeting lesions seen on ultra-
sound at the time of MRI fusion biopsy. The results showed
that there is added benefit to performing additional biopsies
of hypoechoic areas seen on US. The area under the curve
(AUQ) of the receiver-operating characteristic (ROC) curve
in this study was 0.85 for lesions targeted by both MRI and
ultrasound vs 0.80 for US alone and 0.83 for MRI alone [18].

Our study demonstrates that mpUS assessment during
mpMRI fusion biopsy of the prostate provides tangible bene-
fits in the detection of clinically significant disease. In terms
of overall detection, mpUS aided in detecting additional
patients with clinically significant disease than mpMRI
fusion biopsy alone. Although only 2 additional patients
with Gleason> =7 disease were detected by considering
the mpUS results, this represents a roughly 10% increase in
detection. These results are not clinically insignificant, par-
ticularly when noting the minimal costs and effort associated
with the inclusion of mpUS results during standard tran-
srectal US-guided biopsy. Other studies have also reported
potential benefits in using US results in conjunction with
mpMRI fusion biopsy. In the MRI-FIRST study, 21% of
patients had a normal MRI [7]. These patients were subse-
quently biopsied, and 5 patients of the 53 who had “normal”
MRIs had clinically significant PCa. Furthermore, 5.2% of
the cohort would have been missed if systematic biopsy was
skipped. This study defined systematic biopsy as includ-
ing up to 2 hypoechoic lesions identified on transrectal US
[7]. Overall, the combination of the two biopsy techniques
yielded better results than one or the other alone.

The results from this study are consistent with previous
literature in that a combined approach using both mpUS
and mpMRI can improve PCa detection as well as diagnos-
tic accuracy of clinically significant disease. The potential
implementation of an approach that considers only lesions
that are positive by both US and MRI yielded greater speci-
ficity and accuracy in the detection of clinically significant
disease. While the use of a less restrictive ‘include-all’
approach, where any lesion identified in either US or MRI
was considered positive, resulted in greatly improved sen-
sitivity which approached nearly 100% for the detection
of clinically significant disease (only 1 patient missed by
both imaging modalities). Multiparametric transrectal US
offered the opportunity to perform a multi-feature evalu-
ation of the prostate looking for suspicious findings at the
same time that it allowed guidance of non-targeted biopsies
and MRI fusion targeting, rendering it a viable alternative
that might increase the diagnostic utility of prostate nee-
dle biopsy in general and potentially allow for personalized
decision-making at the time of targeting suspicious prostatic
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lesions. It is important to note that a pragmatic approach was
chosen for the design of this study, focusing on standard US
modalities (i.e., b-mode, color Doppler, power Doppler).
However, these have been reported not to be the most sensi-
tive for PCa detection. In fact, extensive research in recent
years has shown that other modalities such as elastography
or contrast-enhanced US can serve as powerful tools for the
detection of PCa [19, 20], and their inclusion in predictive
models has been shown to boost classification performance
[21-23]. Although not included in this study, future research
efforts exploring the utility of mpUS could benefit from the
inclusion of these additional image modalities.

Limitations of the study include its retrospective nature as
well as relatively small sample size which render it suscep-
tible to selection bias. However, sample size is comparable
to prior studies in this area [7, 15]. Additionally, while the
urologist performing the ultrasound has significant experi-
ence in the evaluation of prostatic lesions on ultrasound,
this may not be generalizable to other urologists who might
require additional training in the interpretation of mpUS
findings. We opted for an approach that would minimize
inter-operator variability given that transrectal US of the
prostate is an operator-dependent test and the interpretation
of its findings requires considerable expertise. Although the
ultrasound features included might differ in their value to
detect clinically significant PCa, we were unable to assess
them independently due to lack of statistical power. It is pos-
sible that the results observed are due to overrepresentation
of specific US features, in which case a multiparametric US
assessment would not be required. However, determination
of the clinical value of every single ultrasonographic fea-
ture was outside the scope of our study and future research
endeavors with larger sample sizes should investigate this
issue further. Furthermore, although the lesions identified
on MRI and US were recorded separately in each sextant,
results were then aggregated for analysis. Therefore, the con-
cordance rates between the two imaging modalities must
be interpreted with caution as these could be overestimated
when considering the whole gland instead of each lesion
separately. Finally, it must also be considered that results
could be influenced by sampling bias due to the fact that
more cores were obtained when targeting MRI-positive
lesions compared to US-positive lesions.

Conclusion

Multiparametric US of the prostate seems to provide tangi-
ble benefits in terms of improved detection and diagnostic
accuracy for clinically significant PCa. The results from
this pragmatic study suggest that mpUS can be used as an
adjunct to MRI-targeted and systematic non-targeted biop-
sies to improve either sensitivity or specificity depending on
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the approach used. Implementation of this technology during
the conduction of prostate needle biopsy appears to be fea-
sible and cost-effective, however, further studies are needed
to optimize its use and determine the diagnostic value of the
different US features evaluated.
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