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Background: To ensure reproducibility and representativeness of hypoechoic lesions in transrectal ul-
trasonography (TRUS), we used grayscale values and evaluated their usefulness in predicting prostate
cancer (PCA).
Methods: A total of 172 patients scheduled for prostate biopsy for suspected PCA between October 2016
and May 2018 were prospectively enrolled. Patients underwent 12 core target biopsies for hypoechoic
lesions in 12 areas of the prostate and two additional target biopsy cores for two hypoechoic lesions. We
estimated the grayscale value of the image using a red/green/blue scoring method through a function
embedded in the picture archiving and communication system. Imaging data were analyzed using
estimated grayscale values.
Results: Of the 127 patients (median age ¼ 68.5 years, median prostate-specific antigen level ¼ 6.19 ng/
mL), 67 (52.8%) had PCA. Of 1778 biopsy lesions, 327 (18.4%) were PCA lesions. No differences in the
grayscale values were found between PCA and benign lesions; however, the grayscale value between
28.0 and 57.0 for hypoechoic lesions was identified as a significant factor for predicting PCA in multi-
variable analysis (p¼0.008). Multivariable analysis indicated a grayscale value between 34.0 and 48.0 as a
predicting factor for clinically significant PCA (cs-PCA: Gleason grade group �2) (p¼0.001). The area
under the curve (AUC) for predicting cs-PCA was higher for combined clinical and grayscale value pa-
rameters than for TRUS grayscale values (0.780 vs. 0.561, p<0.001).
Conclusions: Hypoechoic lesions that meet the quantitative criteria seem useful for predicting cs-PCA.
The presence of hypoechoic lesions is not a predicting factor for PCA.
© 2022 Asian Pacific Prostate Society. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Unlike other solid organ cancers where imaging plays a pivotal
role in identifying patients requiring biopsy, prostate cancer (PCA)
is diagnosed by 10e12 random core prostate biopsies (PBxs) from
10e12 areas in the prostate.1e3 Recently, prebiopsy magnetic
resonance imaging (MRI) has been recommended in the National
Comprehensive Cancer Network (NCCN) guidelines based on re-
sults of improving prediction of clinically significant PCA (cs-
PCA).4e6 Furthermore, introducing MRI/transrectal ultrasonogra-
phy (TRUS) fusion biopsy reduces sampling error and improves risk
stratification.7e10
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In the NCCN guidelines, the indication for a PBx is an elevated
serum prostate-specific antigen (PSA) level or the presence of
suspicious lesions palpated on digital rectal examination.6

Although the presence of a hypoechoic lesion on TRUS was not
included as an indication for PBx, several studies have reported the
usefulness of hypoechoic lesions in predicting high-grade can-
cer.11,12 Additionally, hypoechoic lesions detected on TRUS were
used as an indicator for imaging matching in MRI/TRUS fusion
biopsy.

Our group has sought to improve cancer detection in patients
who cannot afford to undergo expensive MRI and MRI/TRUS fusion
biopsy.13 Our previous study proposed a method for quantifying
hypoechoic lesions using grayscale values to detect PCA that can be
easily implemented without additional equipment in practical
TRUS-guided biopsy.13 In the present study, we aimed to validate
this imaging analysis method by quantifying hypoechoic lesions,
demonstrating the diagnostic accuracy of grayscale values, and
specifying the quantitation range of hypoechoic lesions.
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2. Materials and methods

2.1. Patient cohort

This prospective study enrolled patients scheduled for PBxs for
suspected PCA at our institution between October 2016 and May
2018. The indication for a PBx was a PSA level �3.0 ng/mL or the
presence of a palpable nodule on a digital rectal examination. Of the
initial 172 patients, 45 were excluded because of a prior PCA
diagnosis (n ¼ 2) and a planned MRI/TRUS fusion biopsy or other
protocols (n¼ 43). The remaining 127 patients were included in the
final study group. All procedures performed in studies involving
human participants were in accordance with the ethical standards
of the institutional and/or national research committee and with
the 1964 Helsinki Declaration and its later amendments or com-
parable ethical standards. Study details were explained to the pa-
tients, and informed consent was obtained. The study was
approved by the institutional ethics committee (2016-0288-003).

2.2. Data collection

Patient characteristics, including clinicopathological data, such
as age, history of a PBx, the prostate volume (PV), PSA, PSA density
(PSAD: PSA value divided by PV), and a number of biopsy cores,
were obtained.

2.3. Prostate biopsy procedures

The PBx protocol used was slightly different from that used in
our previous study.13 Previously, we obtained a 12-core random
systematic biopsy in addition to a targeted biopsy (TBx) for up to
two lesions in each patient. In the present study, we performed a
prostate biopsy targeting the most hypoechoic lesion in each of the
12 peripheral zones of a 12-core random biopsy, which is generally
performed. The 12 core random biopsy was performed in the
following order: the right lateral base, right lateral mid, right lateral
apex, right medial base, right medial mid, right medial apex, left
lateral base, left lateral mid, left lateral apex, left medial base, left
medial mid, and left medial apex. Additional two-core TBxs for two
hypoechoic lesions in the prostate (one each from the right and left
sides of the prostate), which were selected by the operator as being
most suspicious for PCA, were performed before the 12-core target
biopsies of hypoechoic lesions were obtained according to the
procedure described in our previous study. In total, 14 core biopsies
were performed.

All target biopsies of the hypoechoic lesions were obtained by
one urologist, who, to date, has performed <600 MRI/TRUS fusion
target biopsies. A hypoechoic lesion was defined as a region with a
lower grayscale value than the surrounding tissue. Ultrasonography
settings, including the gain, repetition, frequency, power output,
and filter settings, were fixed to neutral according to our previous
study because time gain compensation modulation was not
required because of the short distance between the prostate and
transducer.13 We used a BK Medical Ultra-View 800 ultrasound
system (Analogic Corporation, Peabody, MA, USA) and a 7.5e12-
MHz multiplanar probe.

2.4. Imaging analysis

All target lesion imageswere collected and stored using a picture
archiving and communication system (PACS) (GE Healthcare, Bar-
rington, IL, USA) at our hospital.We estimated the grayscale value of
the image using a red/green/blue (RGB) scoring method through a
function embedded in the PACS as the PACSwe used did not provide
the grayscale value directly. An average RGB value was obtained
from scores at three other randomized points in the most identical
slice to reduce any selection bias in selecting the points. After con-
firming that there was no difference between one point and the
average of the three points by a paired-samples test, we used the
average of each parameter as the representative value. Grayscale
values were replaced with average RGB values on a pixel-by-pixel
basis (Y ¼ 0.2126 � Redþ0.7152 � Greenþ0.0722 � Blue).14

2.5. Statistical analysis

Data are reported asmedian (interquartile range) for continuous
variables and as a number of occurrences (frequency) for categor-
ical variables. The Pearson c2 test was used to statistically compare
continuous and categorical variables. Simple and multiple logistic
regression analyses were used to predict PCA and cs-PCA. Receiver
operating characteristic curves and the area under the curves
(AUCs) were used to calculate the performance of imaging to detect
PCA and cs-PCA (Gleason grade group �2) using grayscale
values.15,16 These optimal cut-off values were based on predefined
values and analysis using the Youden index (sensitivityþ specificity
e 1). Comparisons of the AUC were performed using the DeLong
method for statistical significance of AUC differences. SPSS software
version 25.0 (IBM Corp., Armonk, NY, USA) and MedCalc version
11.6 (MedCalc Software, Acacialaan, Oostende, Belgium) were used
to perform the statistical analyses; all statistical tests were two-
tailed. P <0.05 was considered statistically significant.

3. Results

3.1. Baseline characteristics of the patients and hypoechoic lesions

Baseline characteristics of the study population that underwent
a PBx are shown in Table 1. Among the 127 patients (median
age ¼ 68.5 years, median PSA level ¼ 6.19 ng/mL), 67 (52.8%) were
diagnosed with PCA (PSA level <10 ng/mL: 46.2% [43/93], PSA level
�10 ng/mL: 70.6% [24/34]). Patients diagnosed with PCA were
significantly older and had a higher PSA and PSAD than those not
diagnosed with PCA. Of 1778 biopsy lesions from the 127 patients,
327 (18.4%) were diagnosed as PCA. In total, 179 (54.7%) lesions
were detected in the peripheral zone. The cut-off grayscale values
for predicting PCA ranged from 28.0 to 57.0, and the cut-off gray-
scale values for predicting cs-PCA among PCA ranged from 34.0 to
48.0 by the Youden index. A higher proportion of lesions with
grayscale values ranging from 28.0 to 57.0 was PCA lesions rather
than benign lesions (57.5% vs. 50.4%, p¼0.021). In our study, there
were no significant differences in the grayscale values between the
peripheral and transitional zones (p¼0.520).

Age (odds ratio [OR]¼ 1.06; p¼0.034), PSA (OR¼ 1.16; p¼0.006),
and PV (OR ¼ 0.97, p¼0.009) were identified as significant predic-
tive factors of PCA in multiple logistic regression analysis (Table 2).

3.2. Association of TRUS images with grayscale values and
pathology reports of the prostate biopsies

Fig. 1 describes the association of TRUS images with the gray-
scale values and pathology reports of the PBxs. In Figure (A), the
grayscale value was 91.23, and the lesion was pathologically
noncancerous. Figure (B) shows the grayscale value of 25.36, which
was categorized as noncancerous. Figures (C) and (D) present the
grayscale values of 53.72 and 31.43, and the corresponding pa-
thology report indicates PCA with a Gleason score of 6. Figures (E)
and (F) show grayscale values of 45.65 and 39.51, and the corre-
sponding pathology report indicates PCA with Gleason scores of 7
and 8, respectively.



Table 1
Baseline characteristics of the study population who underwent a prostate biopsy

Study population (n ¼ 127) Prostate cancer

No (n ¼ 60) Yes (n ¼ 67) P-value

Age (y) 68.5 (61.8e72.8) 65.2 (59.0e72.2) 69.7 (64.2e75.1) 0.020
PSA level (ng/mL) 6.19 (4.60e10.22) 5.19 (4.15e8.07) 8.01 (5.11e13.59) 0.028
Prostate volume (cm3) 35.9 (27.8e51.7) 39.7 (31.7e57.8) 32.0 (25.4e46.8) 0.107
PSAD (ng/mL/cm3) 0.17 (0.12e0.28) 0.13 (0.10e0.18) 0.23 (0.15e0.41) 0.018
History of prostate biopsy (yes) 26 (20.5) 11 (18.3) 15 (22.4) 0.321
Detection of prostate cancer 67 (52.8)
Gleason grade <1 22 (32.8)

�2 45 (67.2)
No. of lesions 1778 1451 (81.6) 327 (18.4)
Gleason grade <1 135 (41.3)

�2 192 (58.7)
Vascularity (yes) 1265 (72.1) 1028 (70.8) 237 (72.5) 0.918
Peripheral zone (yes) 1070 (60.2) 891 (61.4) 179 (54.7) 0.648
Grayscale value 53.0 (42.0e66.0) 53.0 (42.0e66.0) 51.0 (40.8e65.0) 0.063
Grayscale value (34.0e48.0) 471 (26.5) 372 (25.7) 98 (30.0) 0.115
Grayscale value (28.0e57.0) 920 (51.7) 732 (50.4) 188 (57.5) 0.021

Data are presented as n (%) or median (interquartile range).
PSA, prostate-specific antigen; PSAD, prostate-specific antigen density.
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3.3. Use of grayscale values of hypoechoic lesions for predicting
prostate cancer and clinically significant prostate cancer

In multivariable analyses, age, PSA, PV, and grayscale value
(28.0e57.0) were identified as significant predictive factors for PCA,
whereas age, PSA, PV, and grayscale value (34.0e48.0) were iden-
tified as significant predictive factors for cs-PCA (Table 3).

The sensitivity and specificity for detecting PCA lesions using
TRUS grayscale values ranging from 28.0 to 57.0 were 57.5% and
49.6%, respectively, and the AUC was 0.535. When using clinical
variables that were significantly associated with PCA detection
(age, PSA, and PV), the AUC was 0.754, which was significantly
higher than that when using only the TRUS grayscale values (p
<0.001). When combining the grayscale values and clinical vari-
ables, the AUC was 0.755, which was higher than that when using
only the TRUS grayscale values (p <0.001) (Fig. 2).

The sensitivity and specificity of detecting cs-PCA lesions using
TRUS grayscale values ranging from 34.0 to 48.0 were 37.4% and
74.8%, respectively, and the AUC was 0.561. When using clinical
variables that were significantly associated with cs-PCA detection
(age, PSA, and PV), the AUC was 0.771 (95% confidential interval:
0.733e0.810), which was significantly higher than that when using
only the TRUS grayscale values (p <0.001). When combining the
grayscale values and clinical variables, the AUC was 0.780
(0.742e0.818), which was higher than that when using only the
TRUS grayscale values (p <0.001) (Fig. 3).

4. Discussion

This study is the first to provide a validation report of consis-
tent prediction of cancer detection and malignancy aggressiveness
using grayscale values of hypoechoic lesions obtained by a TRUS
Table 2
Results of univariable and multivariable logistic regression analyses for predicting the pr

Univariable analysis

OR (95% CI)

Age 1.06 (1.01e1.11)
PSA level 1.13 (1.04e1.22)
Prostate volume 0.97 (0.95e0.99)
History of prostate biopsy (yes) 1.29 (0.59e3.07)

CI, confidence interval; OR, odds ratio; PSA, prostate-specific antigen.
biopsy. As proposed from our previous study with 229 hypoechoic
lesions, the present study was an extension of our first attempt to
assign numerical values to hypoechoic lesions using RGB as
grayscale components.13 In this study, we evaluated our method
using 1778 biopsy lesions and provided the specific range of
grayscale values that could improve the accuracy of detecting PCA
and cs-PCA. Herein, we proposed a specific target range of the
grayscale value for discriminating PCA and cs-PCA in hypoechoic
lesions.

The normal human eye has limitations in identifying hypoechoic
lesions in terms of reproducibility and representativeness. There-
fore, we tried to minimize the ambiguity of hypoechoic lesions
because what may be seen as hypoechoic lesions on TRUS may
differ in numerical values. We intended to present specific guide-
lines for defining significant hypoechoic lesions that are associated
with PCA and cs-PCA, which could be objectively used and should
not be dependent on operators, using numerical values that we
termed as grayscale values. We provided the specific ranges that
showed good performance in detecting PCA and cs-PCA. The range
of grayscale values was largely different in hypoechoic lesions.
Therefore, we tried to determine the specific range of these gray-
scale values. The grayscale values ranging from 28.0 to 57.0 and
from 34.0 to 48.0 showed good performance in detecting PCA and
cs-PCA, respectively. Although the performance of including gray-
scale values did not increase the performance of including only
clinical variables in defecting PCA or cs-PCA, the focus of this study
was to identify and demonstrate the usefulness of grayscale values
in detecting PCA and cs-PCA lesions. Because this study was an
extension of our previous study that demonstrated the possible
role of grayscale values in identifying PCA or cs-PCA, we did not
consider or focus on increasing the performance of automatically
detecting PCA or cs-PCA.
esence of prostate cancer

Multivariable analysis

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

0.008 1.06 (1.00e1.11) 0.034
0.006 1.16 (1.042e1.29) 0.006
0.025 0.97 (0.94e0.99) 0.009
0.572



Fig. 1. Association of transrectal ultrasound images with grayscale values and pathology reports of the prostate biopsies. A: The grayscale value of 91.23 is pathologically categorized
as noncancerous. B: The grayscale value of 25.36 is pathologically categorized as noncancerous. C: The grayscale value of 53.72 is pathologically categorized as prostate cancer with a
Gleason score of 6. D: The grayscale value of 31.43 is pathologically categorized as prostate cancer with a Gleason score of 6. E: The grayscale value of 45.65 is pathologically
categorized as prostate cancer with a Gleason score of 7. F: The grayscale value of 39.51 is pathologically categorized as prostate cancer with a Gleason score of 8.
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Similar to our study, previous studies reported that a hypoechoic
lesion represented significantly high-grade disease.11,12 In 500 pa-
tients with hypoechoic lesions on TRUS, PCA presented as a hypo-
echoic area in 496 men (99.2%).11 Patients who underwent
prostatectomy with hypoechoic lesions, as detected by MRI-TBx, had
significantly worse outcomes than thosewithout hypoechoic lesions,
despite significant differences in the Gleason grade, PSA level, and
percentage of positive core biopsies.12 However, normal prostate
tissue and prostatic adenomas can appear as hypoechoic lesions, and
30% of all PCAs are isoechoic.17e19 Owing to the low positive biopsy
rate of hypoechoic versus isoechoic lesions, a systematic biopsy
should be chosen regardless of echogenicity.20,21 Our result showing
no increase in AUCs for predicting PCA by adding the grayscale value
to conventional parameters was useful for supporting the guidelines
that recommend random PBxs regardless of echogenicity. However,
for predicting cs-PSA, the AUCs of combined clinical and grayscale
value parameters were marginally higher than those of clinical
Table 3
Results of univariable and multivariable logistic regression analyses for predicting the pr

Univariable analysis

OR (95% CI)

Age 1.05 (1.035e1.067)
PSA level 1.04 (1.027e1.042)
Prostate volume 0.99 (0.978e0.994)
History of prostate biopsy (yes) 1.10 (0.818e1.469)
Transitional zone (yes) 0.76 (0.597e0.968)
Grayscale value 1.00 (0.989e1.002)
Grayscale value (28.0e57.0) 1.33 (1.043e1.693)

Prediction of clinically significant prostate cancer

Age 1.10 (1070e1.114)
PSA level 1.02 (1.019e1.028)
Prostate volume 0.99 (0.977e0.997)
History of prostate biopsy 1.28 (0.895e1.818)
Transitional zone (yes) 1.25 (0.926e1.698)
Grayscale value 0.99 (0.983e1.000)
Grayscale value (34.0e48.0) 1.78 (1.293e2.428)

CI, confidence interval; OR, odds ratio; PSA, prostate-specific antigen.
parameters, indicating that hypoechoic lesions are useful for
discriminating cancer aggressiveness.

Until now, several diagnostic image modalities, including TRUS
andMRI, have been suggested.22,23 The sensitivity and specificity of
standard sextant biopsy in predicting cs-PCAwere 53.0% and 66.0%,
respectively, and the AUC was 0.59. For prebiopsy MRI with MRI/
TRUS fusion biopsy, the sensitivity and specificity were 85.0% and
49.0%, respectively, and the AUC was 0.67.10 The MRI and TRUS
biopsy in PCA study reported ranges of 87.0%e93.0% for sensitivity
and 48.0%e60.0% for specificity according to several definitions for
cs-PCA.24 Our diagnostic accuracy of grayscale values showed a
sensitivity, specificity, and AUC of 66.0%, 79.6%, and 0.535, respec-
tively, which is similar to those reported in a previous study.
Therefore, TRUS showed a low diagnostic ability for PCA regardless
of using grayscale values. However, the sensitivity, specificity, and
AUC for cs-PCA were 37.4%, 74.8%, and 0.561, respectively. Based on
these results, evaluating hypoechoic lesions with grayscale values
esence of prostate cancer or clinically significant prostate cancer in biopsied lesions

Prediction of prostate cancer

Multivariable analysis

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

<0.001 1.03 (1.016e1.049) <0.001
<0.001 1.03 (1.027e1.041) <0.001
<0.001 0.97 (0.964e0.983) <0.001
0.539
0.026 0.86 (0.52e1.120) 0.258
0.186
0.022 1.44 (1.098e1.890) 0.008

<0.001 1.07 (1.049e1.094) <0.001
<0.001 1.24 (1.019e1.028) <0.001
0.009 0.98 (0.962e0.987) <0.001
0.177
0.144
0.062
<0.001 1.82 (1.285e2.570) 0.001



Fig. 2. ROC curves of detecting PCA lesion using clinical variables and grayscale values
(ranging from 28.0 to 57.0) of hypoechoic lesions. AUC of clinical variables: 0.754, AUC
of grayscale value of hypoechoic lesion: 0.535, AUC of the grayscale of clinical variables
plus grayscale of hypoechoic lesion: 0.755. AUC, area under the curve of receiver
operator characteristic; PCA, prostate cancer; ROC, receiver operator characteristic.
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may be useful as an aided diagnostic tool to make more accurate
stratification of lesions suspected of being cs-PCA with a Prostate
Imaging Reporting and Data System (PI-RADS) score �3 on MRI.25

Thus, implementation of the grayscale value in MRI/TRUS fusion
biopsy can help detect cs-PCA.
Fig. 3. ROC curves of detecting cs-PCA lesion using clinical variables and grayscale
values (ranging from 34.0 to 48.0) of hypoechoic lesions. AUC of clinical variables:
0.771, AUC of the grayscale value of hypoechoic lesion: 0.561, AUC of the grayscale of
clinical variables plus grayscale of hypoechoic lesion: 0.780, AUC, area under the curve
of receiver operator characteristic; cs-PCA, clinically significant prostate cancer; PCA,
prostate cancer; ROC, receiver operator characteristic.
Themethod presented in this study has two clinically significant
aspects: it is cheaper than MRI, and errors due to overlooking
cancerous lesions during TRUS biopsies are avoided. In terms of
clinical implication, our team is developing a program that can
display suspicious lesions on ultrasonograms in real time using
artificial intelligence based on this study’s results. Moreover, our
findings will be useful as explainable variables for lesions selected
by computer-aided diagnosis. Our future study will focus on the
association of PI-RADS lesions and TRUS grayscale lesions.

The present study has several limitations. First, it was a single-
institution, non-randomized study. Further randomized multi-
center studies are warranted to verify our results. Second, ultra-
sound settings, such as the gain, repetition frequency, power
output, and filter settings, were fixed, but they can vary between
instruments and operators. Future studies for developingmodels to
predict PCA and cs-PCA should consider this variability according to
the settings and ultrasound devices. Third, we targeted most
hypoechoic lesions in approximately 12 systematic areas in the
prostate. Because TBx of hypoechoic lesions was done at 12 sites in
the present study, the performance of using grayscale values cannot
be compared with our previous study, which only performed TBx at
a maximum of two hypoechoic lesions in a single patient. More-
over, because this is the first study of its kind and an extension of
our first attempt at using grayscale values for detecting PCA and cs-
PCA, direct comparison of the performance of our method for
detecting PCA or cs-PCA with other study methods is not possible.
Finally, in some of the 12 areas, hypoechoic lesions may be poorly
identified. In this case, the target for measuring the grayscale value
may be different depending on the subjectivity of the physician.
However, such bias in grayscale values of relatively isoechoic le-
sions is not expected to significantly affect our endpoints to
determine the grayscale values of relatively hypoechoic lesions.
5. Conclusions

Using a specific range of grayscale values would promote an
objective assessment of lesions and increase the sensitivity and
specificity of a TRUS biopsy. This imaging analysis method can be
easily implemented without additional equipment in practical
PBxs. Moreover, we improved the ability to discriminate hypo-
echoic lesions using grayscale values. Using this range, we plan to
develop automated computer-assisted models that predict PCA and
cs-PCA without using expensive diagnostic tools.
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