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Background: Ultrasound has advantages in prostate cancer (PCa) detection and biopsy guidance but lacks 
a comprehensive quantitative evaluation model with multiparametric features. We aimed to construct a 
biparametric ultrasound (BU) scoring system for PCa risk assessment and to provide an option for clinically 
significant prostate cancer (csPCa) detection.
Methods: From January 2015 to December 2020, 392 consecutive patients at Chongqing University 
Cancer Hospital who underwent BU (grayscale, Doppler flow imaging, and contrast-enhanced ultrasound) 
and multiparametric magnetic resonance imaging (mpMRI) before biopsy were retrospectively enrolled in 
the training set to construct the scoring system. From January 2021 to May 2022, 166 consecutive patients 
at Chongqing University Cancer Hospital were retrospectively enrolled in the validation set. The ultrasound 
system was compared with mpMRI, and the gold standard was a biopsy. The primary outcome was the 
detection of csPCa in any area with a Gleason score (GS) ≥3+4, and the secondary outcome was defined as a 
GS ≥4+3 and/or maximum cancer core length (MCCL) ≥6 mm. 
Results: Malignant association features in the nonenhanced biparametric ultrasound (NEBU) scoring 
system included echogenicity, capsule, and gland asymmetrical vascularity. In the biparametric ultrasound 
scoring system (BUS), the feature of contrast agent arrival time was added. In the training set, the area under 
the curves (AUCs) of the NEBU scoring system, BUS, and mpMRI were 0.86 [95% confidence interval (CI): 
0.82–0.90], 0.86 (95% CI: 0.82–0.90), and 0.86 (95% CI: 0.83–0.90), respectively (P>0.05). Similar results 
were also observed in the validation set, in which the areas under the curves were 0.89 (95% CI: 0.84–0.94), 
0.90 (95% CI: 0.85–0.95), and 0.88 (95% CI: 0.82–0.94), respectively (P>0.05). 
Conclusions: We constructed a BUS that showed efficacy and value for csPCa diagnosis as compared with 
mpMRI. However, in limited circumstances, the NEBU scoring system may also be an option.
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Introduction

The incidence of prostate cancer (PCa) continues to rise, 
with an estimated 1.4 million (7.3%) new cancer cases 
worldwide in 2020 (1). It ranks second in incidence and 
fifth in mortality globally, and sixth in incidence and 
seventh in mortality in China (1,2). PCa is multifocal, with 
guidelines recommending ultrasound-guided systematic 
biopsy with or without targeted biopsy (3,4). Based on the 
clinical management and prognosis, PCa can be simply 
divided into non-clinically significant prostate cancer (non-
csPCa) and clinically significant prostate cancer (csPCa) (4). 
This classification is based on the Gleason score (GS) and 
maximum cancer core length (MCCL) (5,6). GS is scored 
based on primary and secondary structure types, which are 
added together to indicate the degree of PCa malignancy. 
The relevant guidelines recommend multiparametric 
magnetic resonance imaging (mpMRI) in patients with 
elevated prostate-specific antigen (PSA; PSA >4 ng/mL) 
and/or abnormal digital rectal examination (DRE) (4), 
and this has yielded cancer detection rates of 38% to 54% 
for csPCa (7-9). The widespread use of mpMRI benefits 
from the Prostate Imaging Reporting and Data System 
(PI-RADS), which mitigates interobserver variability (10). 
However, it remains difficult to implement mpMRI in some 
developing countries due to a lack of resources and its high 
cost (11). Although guidelines also recommend transrectal 
ultrasound-guided biopsy, this results in inconsistencies 
in scan and biopsy images (4). Therefore, developing an 
economical and accurate method to evaluate csPCa and 
guide biopsy is urgently needed.

For years, ultrasound, including nonenhanced ultrasound 
(grayscale, Doppler flow imaging, and elastography) and 
contrast-enhanced ultrasound, has been employed for 
prostate scans and biopsies, demonstrating promising 
ability for the detection of PCa (12-15). Grayscale visualizes 
the heterogeneity and margin of the gland through 
echogenicity signals, and Doppler flow imaging displays 
the intensity and distribution of blood flow through color 

coding. Elastography reflects the stiffness of the gland 
(12,16), and contrast-enhanced ultrasound dynamically 
displays microvascular flow after the intravenous injection 
of contrast agents. In contrast to the poor diagnostic 
performance of single modality, multiparametric ultrasound, 
which usually includes grayscale, Doppler flow imaging, 
contrast-enhanced ultrasound, and elastography, has 
been reported to provide complementary images, with 
a higher detection rate (17). The Cancer Diagnosis by 
Multiparametric Ultrasound of the Prostate (CADMUS) 
trial assessing multiparametric ultrasound found that it 
could be an alternative to mpMRI (18). Although several 
multiparametric ultrasound studies have affirmed the value 
of elastography in the diagnosis of PCa, there are some 
associated problems. For instance, strain elastography is 
operator-dependent (16), and shear wave elastography 
cannot maintain uniform pressure on the large gland (19). 
Moreover, there is a lack of quantitative thresholds of 
Young’s modulus to distinguish malignant from benign 
tissue (20). These issues increase the difficulty of quality 
control in elastography. 

The current research based on multiparametric 
ultrasound mostly lacks quantitative criteria for the 
diagnosis of PCa. There are various ultrasound diagnostic 
systems for the thyroid, breast, and liver (21-23), but not the 
prostate, while the existing PI-RADS is based on mpMRI. 
A reason for this is that there are no obvious nodules as 
in other solid tumors, and lesions are mostly scattered in 
the prostate, making it difficult to detect PCa. Therefore, 
constructing a diagnostic model based on various 
ultrasound features may help clarify the image evaluation 
criteria and improve the diagnostic efficacy of ultrasound. 
This study thus focused on ultrasound images of the entire 
prostate and aimed to establish a biparametric ultrasound 
(BU) scoring system, consisting of grayscale, Doppler flow 
imaging, and contrast-enhanced ultrasound, to provide a 
quantitative diagnostic reference for PCa. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://qims.amegroups.com/article/
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Methods

Patients

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and was 
approved by the Ethics Committee of Chongqing 
University Cancer Hospital (No. 2019 [177]). All patients 
provided written informed consent. 

B e t w e e n  J a n u a r y  2 0 1 5  a n d  D e c e m b e r  2 0 2 0 ,  
451 consecutive patients with suspected PCa at Chongqing 
University Cancer Hospital were retrospectively enrolled in 
our single-center study. The inclusion criteria were as follows: 
(I) serum PSA >4 ng/mL or DRE revealing suspicious 
nodules in the prostate, (II) urologic symptoms suggestive of 
PCa, (III) application of BU and mpMRI, and (IV) definitive 
pathological results. The exclusion criteria were as follows: 
(I) absence of BU (n=10), (II) absence of mpMRI (n=24), 
(III) refusal to undergo biopsy (n=6), (IV) previous prostate 
treatment (n=11), and (V) pathological results without a GS 
(n=8). Finally, 392 patients were enrolled in the training 
set. From January 2021 to May 2022, 4, 11, 3, 7, and  
5 cases in the validation set were excluded due to absence of 
BU, absence of mpMRI, biopsy refusal, previous prostate 
treatment, and lack of GS score, respectively. Ultimately, 
166 consecutive patients at Chongqing University Cancer 
Hospital were retrospectively included. 

Procedure

BU scans were performed from the apex (within 5 mm 
from the tip of prostate), middle (the largest plane between 
the tip and base of prostate), and base (within 10 mm 
from the bottom of prostate) with the patient in the left-
lateral decubitus position using an endocavity probe (PVT-
781VTE; Cannon Aplio 500 or i800). BU consisted of 
grayscale, Doppler flow imaging, and contrast-enhanced 
ultrasound, and was performed in the axial plane to visualize 
the prostate sequentially. Doppler flow imaging included 
color Doppler flow imaging, power Doppler flow imaging, 
and superb microvascular imaging. For contrast-enhanced 
ultrasound, the plane was first adjusted to the suspicious 
area, which was observed under grayscale and/or Doppler 
flow imaging and followed by scans of the 3 abovementioned 
planes. If there was no suspicious area, contrast-enhanced 
ultrasound was performed in these 3 planes sequentially. 

Subsequently, a 2.4-mL bolus of the SonoVue contrast 
agent (Bracco) was injected and followed by a 5-mL saline 
flush, with a 2-minute dynamic video being saved. All 
mpMRI scans were performed using a 1.5 T (Achieva, 
Philips Healthcare) or 3.0 T (Magnetom Prisma, Siemens 
Healthineers) with a multichannel phased-array body coil. 
The protocol included T2-weighted imaging obtained using 
3 planes (axial, sagittal, and coronal), diffusion-weighted 
imaging obtained with multiple b values (0, 50, and  
1,400 s/mm2), and dynamic contrast-enhanced MRI. The 
dynamic contrast-enhanced magnetic resonance imaging 
scan was started at the same time as the gadolinium-
based contrast agent injection at a dose of 1.0 mmol/kg 
body weight and lasted for 5 minutes. There was no fixed 
order between the BU and mpMRI scans, but the interval 
between the two was less than 2 weeks. All images were 
complete, and the acquisition position of each patient was 
standardized to meet the requirements of clinical diagnostic 
quality control.

Ultrasound features

According to previous studies (18,24-26), we generalized the 
ultrasound features as follows: (I) nodule (present, absent), 
(II) echogenicity (hyperechoic, hypoechoic, isoechoic), (III) 
echogenicity location (in the peripheral zone, others), (IV) 
echogenicity margin (irregular, smooth), (V) capsule (ill-
defined, clear), (VI) demarcation between the internal and 
external gland (ill-defined, clear), (VII) gland increased 
vascularity (1 or more vessel in the gland, capsular and 
periureteral flow only), (VIII) gland asymmetrical vascularity 
(present, absent), (IX) nodule vascularity (present, absent), 
(X) contrast agent arrival time [abnormal (earlier than the 
internal gland or the opposite side tissue, or synchronous 
with the internal gland), normal], (XI) perfusion pattern 
[abnormal (increased enhancement than the adjacent or 
the opposite side tissue), normal], and (XII) perfusion at 
the demarcation between the internal and external gland 
(present, absent). 

Image analysis

Ultrasound images were analyzed according to the 
consensus of 3 operators with more than 3 years of 
experience and who were trained by an expert radiologist 
with more than 10 years of experience in prostate images. 
The operators were blinded to clinical characteristics, 
mpMRI findings, and pathology results. The mpMRI 
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images were analyzed according to the consensus of another 
3 operators with more than 3 years of experience in prostate 
images based on PI-RADS version 2 and on a Likert-type 
score. The operators’ experience, volume, and training were 
the same as those of the ultrasound operators. Similarly, 
the mpMRI results were blinded in terms of the clinical 
characteristics, ultrasound findings, and pathology results.

Biopsy

A biopsy was performed within 2 weeks after image 
scanning, and the pathological results obtained with the 
gold standard. If a suspicious lesion was found on BU and/or  
mpMRI, the ultrasound/mpMRI cognitive fusion target 
biopsy was performed under the transrectal or transperineal 
route with 1–3 cores by 1 of 2 operators with more than  
5 years of experience in prostate biopsy, and this was 
followed by a 10–12 core systematic biopsy. Biopsies were 
conducted with biplane endorectal probes using PVL-
715RST equipped on Aplio 500/i800 (Canon; Japan) 
or EUP-U53 equipped on Hi Vision Preirus systems 
(Hitachi; Japan). The specimens were sent to the pathology 
department for analysis based on the 2014 International 
Society of Urological Pathology Consensus Conference (5). 
The primary outcome was the detection of csPCa in any 
area with a GS ≥3+4 (27,28). The secondary outcome was 
the detection of csPCa with definition 1, which was defined 
as a GS ≥4+3 and/or MCCL ≥6 mm (18). 

Statistical analysis

The continuous variables are expressed as medians with 
interquartile ranges, and the categorical variables are 
expressed as percentages. Logistic regression analysis 
was performed to determine the significant features 
associated with malignancy. All variables with P<0.05 in the 
univariable logistic regression analysis were incorporated 
into the multivariable logistic regression analysis. Features 
with P<0.05 in the multivariable analysis were included 
to construct the ultrasound scoring system. The points 
were assigned based on the regression coefficient of the 
multivariable logistic regression analysis. The sensitivity, 
specificity, and area under the curve (AUC) were used to 
evaluate the diagnostic performance. Differences among 
the AUCs of systems were compared using the Delong 
test. P<0.05 was considered statistically significant. The 
Delong test was performed using R 4.1.3 software (The R 
Foundation of Statistical Computing), the sample size was 

estimated using PASS 11.0 (NCSS LLC), and other statistical 
analyses were performed using SPSS 25.0 (IBM Corp).

Results

Participant characteristics

All eligible patients underwent BU and mpMRI scans, and 
the flowchart is shown in Figure 1. Between January 2015 
and December 2020, 392 patients (median age 71 years) 
were enrolled in the training set. The median volume of the 
prostate was 48.6 mL (Table 1). Pathologically, 270 patients 
were diagnosed as PCa, of whom 242 had a GS ≥3+4, and 
236 were identified as csPCa according to definition 1.

From January 2021 to May 2022, 166 patients (median 
age 71 years) were included in the validation set. The 
median volume of the prostate was 49.0 mL. Pathologically, 
116 patients were diagnosed as PCa, of whom 104 had a 
GS ≥3+4, and 105 were identified as csPCa according to 
definition 1 (Table 1). 

There were no significant differences in the baseline 
characteristics between the training and validation sets, and 
no serious adverse events occurred during image scanning 
and biopsy.

Ultrasound scoring system establishment

Univariable logistic regression was used to analyze the 
nonenhanced BU (NEBU) features, including nodule, 
echogenicity,  echogenicity location, echogenicity 
margin, capsule, demarcation between the internal 
and external gland, gland increased vascularity, gland 
asymmetrical vascularity, and nodule vascularity. Three 
were found to be significant factors according to the 
multivariable logistic regression analysis (Table 2). 
According to the regression coefficient, hyperechoic, 
ill-defined capsule, and gland asymmetrical vascularity 
were assigned 1 point, and hypoechoic was assigned 
2 points .  Hypoechoic  was  only  recorded i f  both 
hyperechoic and hypoechoic were present. The NEBU 
scoring system (NEBUS) was developed based on the 
sum of the points, which ranged from 1 to 5 (Figure 2).  
The contrast-enhanced ultrasound features were then added 
to the logistic regression analysis (Table 3). In addition to 
the above 3 nonenhanced ultrasound features, the contrast 
agent arrival time feature was also included, which was 
assigned 1 point. The BU scoring system (BUS) was 
constructed, containing features from both nonenhanced 
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647 patients enrolled

196 patients enrolled. 
(2021.1–2022.5)

  451 patients enrolled. 
(2015.1–2020.12)

Underwent biopsyUnderwent biopsy

166 included in the 
validation set

392 included in 
the training set

ValidationScoring system constructed

Target biopsyTarget biopsy

Positive images on 
BU and/or mpMRI

Positive images on 
BU and/or mpMRI

Negative 
images

Negative 
images

Systematic biopsySystematic biopsy

Excluded
4 absence of BU;
11 absence of mpMRI;
3 refusal to biopsy;
7 previous prostate treatment

Excluded
10 absence of BU; 
24 absence of mpMRI; 
6 refusal to biopsy;
11 previous prostate treatment

Excluded
5 absence of Gleason score

Excluded
8 absence of Gleason score

1.	Analysis ultrasound images
2.	Statistical analysis 

Analysis ultrasound images

Figure 1 Study and participant selection flow diagram. BU, biparametric ultrasound; mpMRI, multiparametric magnetic resonance imaging. 

and contrast-enhanced ultrasound (Figure 2). 

Diagnostic performance of the systems

The diagnostic performance in the training set is shown in 
Tables 4,5. The cutoff of NEBUS, BUS, and mpMRI was 
a Likert score ≥3. Using the definition of GS ≥3+4, the 
sensitivities of NEBUS, BUS, and mpMRI were 97%, 96%, 
and 96%, respectively. There was no significant difference 
in the AUCs (P>0.05; Figure 3A). According to definition 
1, the sensitivities of NEBUS, BUS, and mpMRI were 
97%, 96%, and 97%, respectively. The AUC of mpMRI 
was 0.88 [95% confidence interval (CI): 0.84–0.91] and was 
not significantly different from the AUCs of 0.86 (95% CI: 
0.82–0.90; P>0.05) and 0.87 (95% CI: 0.83–0.90; P>0.05) of 
NEBUS and BUS, respectively.

In the validation set, NEBUS showed a sensitivity 
at 95%, BUS at 95%, and mpMRI at 97% under the 
definition of GS ≥3+4. The BUS showed higher specificity 
at 65%, followed by NEBUS at 63%, and mpMRI at 39%. 
Consistent with the results of the training set, there was 
no significant difference in the AUCs (P>0.05, Figure 3B). 
Under definition 1, the AUCs were 0.87 (95% CI: 0.81–
0.92) and 0.88 (95% CI: 0.82–0.93) for NEBUS and BUS, 
respectively, and were not significantly different from that 
of mpMRI (0.87; 95% CI: 0.81–0.94; P>0.05).

As shown in Table 6, we further grouped PSA according 
to different ranges to eliminate the deviation caused by 
a large PSA. PSA levels were divided into group A (PSA  
<4 ng/mL), group B (PSA 4–<10 ng/mL), group C (PSA 
10–20 ng/mL), and group D (PSA >20 ng/mL) (29), with 
27, 104, 109, and 318 of 558 patients being placed in each of 



Liu et al. Quantitatively biparametric ultrasound diagnostic system3708

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(6):3703-3715 | https://dx.doi.org/10.21037/qims-22-1354

Table 1 Participant characteristics in the training and validation sets

Characteristic Training set (n=392, 70%) Validation set (n=166, 30%) P value

Median age, years [IQR] 71 [65–76] 71 [65–76] 0.913

Median PSA, ng/mL (IQR) 24.5 (10.0–55.9) 27.9 (12.1–47.9) 0.971

Median fPSA, ng/mL (IQR) 5.4 (1.7–7.6) 7.5 (2.2–7.5) 0.772

Median fPSA/PSA, (IQR) 0.17 (0.11–0.28) 0.18 (0.11–0.30) 0.783

Median volume, mL (IQR) 48.6 (34.3–74.4) 49.0 (32.7–68.1) 0.960

Pathological result, n [%]

Benign 122 [31] 50 [30]

PCa 270 [69] 116 [70]

Non-csPCa1† 150 [38] 62 [37]

csPCa1‡ 242 [62] 104 [63]

Non-csPCa2§ 156 [40] 61 [37]

csPCa2¶ 236 [60] 105 [63]

Gleason grade, n [%]

1 28 [10] 12 [10]

2 25 [9] 11 [9]

3 30 [11] 18 [16]

4 93 [34] 31 [27]

5 94 [35] 44 [38]
†, the definition of csPCa1 was the detection of csPCa in any area with a Gleason score ≥3+4; ‡, benign and clinically insignificant prostate 
cancer (Gleason score <3+4) were included in the non-csPCa1 group; §, the definition of csPCa2 was the detection of csPCa, which was 
defined as a Gleason score ≥4+3 and/or maximum cancer core length ≥6 mm; ¶, benign and clinically insignificant prostate cancer (Gleason 
score <4+3 and a maximum cancer core length <6 mm) were included in the non-csPCa2 group. IQR, interquartile range; PSA, prostate-
specific antigen; fPSA, free prostate-specific antigen; PCa, prostate cancer; non-csPCa, non-clinically significant prostate cancer; csPCa, 
clinically significant prostate cancer. 

Table 2 Univariable and multivariable logistic regression analyses of the NEBU features

NEBU feature
Univariable analysis Multivariable analysis

β P value β P value

Echogenicity 9.87 <0.001 7.07 <0.001

Echogenicity location 13.22 <0.001

Echogenicity margin 3.03 <0.001

Capsule 4.94 <0.001 2.53 0.002

Demarcation 6.62 <0.001

Nodule 3.11 <0.001

Gland increased vascularity 4.05 <0.001

Gland asymmetrical vascularity 7.68 <0.001 2.40 0.006

Nodule vascularity 2.70 0.002

NEBU, nonenhanced biparametric ultrasound.
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Echogenicity

0 point

0–1 point

C1 
Benign 

No biopsy

C1 
Benign 

No biopsy

C2 
Mildly 

suspicious 
No biopsy

C2 
Mildly 

suspicious 
No biopsy

C3 
Marginally 
suspicious 

Biopsy

C3 
Marginally 
suspicious 

Biopsy

C4 
Moderately 
suspicious 

Biopsy

C4 
Moderately 
suspicious 

Biopsy

C5 
Highly 

suspicious 
Biopsy

C5 
Highly 

suspicious 
Biopsy

1 point

2 points

2 points

3 points

3 points

4 points

4 points

5 points

Capsule Gland asymmetric 
vascularity

Total points to determine NEBUS

+contrast-enhanced ultrasound

Contrast agent arrival time

Total points to determine BUS

B

C D

E

F

G

H

I

A

Figure 2 Biparametric ultrasound prostate cancer scoring system with or without contrast-enhanced ultrasound. (A) Hyperechoic in grayscale, 
assigned 1 point. (B) Hypoechoic in grayscale, assigned 2 points. (C) Ill-defined capsule in grayscale, assigned 1 point. (D-F) Doppler flow 
imaging showing gland asymmetrical vascularity, assigned 1 point. This feature can be seen in the 3 Doppler images, including color Doppler 
flow imaging (D), power Doppler flow imaging (E), and superb microvascular imaging (F). The nonenhanced multiparametric ultrasound 
feature point total indicates the risk level of malignancy. If a contrast-enhanced ultrasound scan is available, we recommend adding it. (G-I) 
Contrast agent arrival time was assigned 1 point and included 3 abnormal types: (G) contrast agent arrival time earlier than the internal gland, (H) 
contrast agent arrival time earlier than the opposite side tissue, and (I) contrast agent arrival time synchronous with the internal gland. NEBUS, 
nonenhanced biparametric ultrasound scoring system; C, category; BUS, biparametric ultrasound scoring system. 
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Table 3 Univariable and multivariable logistic regression analyses for the BU features

BU feature
Univariable analysis Multivariable analysis

β P value β P value

Echogenicity 9.87 <0.001 6.45 <0.001

Echogenicity location 13.22 <0.001

Echogenicity margin 3.03 <0.001

Capsule 4.94 <0.001 2.42 0.005

Demarcation 6.62 <0.001

Nodule 3.11 <0.001

Gland increased vascularity 4.05 <0.001

Gland asymmetrical vascularity 7.68 <0.001 2.19 0.016

Nodule vascularity 2.70 0.002

Contrast agent arrival time 6.64 <0.001 2.93 0.004

Perfusion pattern 7.31 <0.001

Perfusion at the demarcation 1.04 0.85

BU, biparametric ultrasound.

Table 4 The cross-tabulation of BUS and pathology results for csPCa1 detection in the training set

Diagnostic system
Pathology result

Total χ2 P value
Malignant Benign

Training set

BUS

Positive 232 56 288 162.78 <0.05

Negative 10 94 104

Total 242 150 392

Validation set

BUS

Positive 99 22 121 70.08 <0.05

Negative 5 40 45

Total 104 62 166

The definition of csPCa1 was the detection of csPCa in any area with a Gleason score ≥3+4. BUS, biparametric ultrasound scoring system; 
csPCa, clinically significant prostate cancer.

these 4 groups, respectively. In groups C and D, there was 
no difference in the AUCs for csPCa detection (P>0.05). In 
group A, the AUCs of NEBUS and BUS were higher than 
that of mpMRI regardless of which of the 2 definitions of 
csPCa was used (P<0.05). In group B, the AUCs of NEBUS 
and BUS were higher than that of mpMRI according to the 

definition of GS ≥3+4 (P<0.05).

Discussion

In recent years, mpMRI has been recommended for the 
detection of csPCa (4,10), but its use is limited by its high 
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BUS:	 AUC =0.86 95% CI (0.82, 0.90)
NEBUS:	 AUC =0.86 95% Cl (0.82, 0.90)
mpMRI:	 AUC =0.86 95% CI (0.83, 0.90)

BUS:	 AUC =0.90 95% CI (0.85, 0.95)
NEBUS:	 AUC =0.89 95% Cl (0.84, 0.94)
mpMRI:	 AUC =0.88 95% CI (0.82, 0.94)
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Figure 3 The AUC of the systems for csPCa1 detection. (A) The AUCs of BUS, NEBUS, and mpMRI in the training set. (B) The AUCs of 
BUS, NEBUS, and mpMRI in the validation set. The definition of csPCa1 was the detection of csPCa in any area with a Gleason score ≥3+4. 
BUS, biparametric ultrasound scoring system; AUC, area under the curve; CI, confidence interval; NEBUS, nonenhanced biparametric 
ultrasound scoring system; mpMRI, multiparametric magnetic resonance imaging; csPCa, clinically significant prostate cancer. 

cost and low specificity (18,30). Ultrasound is economical, 
real-time, modally diverse, and widely used (17-20). 
However, an ultrasound system similar to mpMRI PI-
RADS is lacking, resulting in the poor repeatability of 
ultrasound reports. In this study, we explored ultrasound 
practical features and constructed a quantitative ultrasound 
scoring system to provide an ultrasound option for PCa 
risk assessment. Our ultrasound scoring system had a 
comparable AUC for csPCa detection compared to that of 
mpMRI. The AUCs of NEBUS and BUS were 0.89 (95% 

CI: 0.84–0.94) and 0.90 (95% CI: 0.85–0.95), respectively, 
and the sensitivity of the ultrasound systems (95% in 
NEBUS and 95% in BUS) was not significantly different 
from that of mpMRI (97%). However, the specificity of the 
ultrasound system (63% in NEBUS and 65% in BUS) was 
better than that of mpMRI (39%).

We constructed a risk-scoring ultrasound system, 
which included the features of echogenicity, capsule, gland 
asymmetrical vascularity, and contrast agent arrival time. 
Grey et al. suggested that multiparametric ultrasound 

Table 5 Diagnostic performance of the systems in the training and validation sets

Groups
csPCa1 csPCa2

Sen Spe Acc (95% CI) AUC (95% CI) Sen Spe Acc (95% CI) AUC (95% CI)

Training set 

NEBUS 97% 55% 0.81 (0.77–0.85) 0.86 (0.82–0.90) 97% 53% 0.79 (0.75–0.83) 0.86 (0.82–0.90)

BUS 96% 63% 0.83 (0.79–0.87) 0.86 (0.82–0.90) 96% 61% 0.82 (0.78–0.86) 0.87 (0.83–0.90)

mpMRI 96% 51% 0.79 (0.75–0.83) 0.86 (0.83–0.90) 97% 51% 0.79 (0.75–0.83) 0.88 (0.84–0.91)

Validation set

NEBUS 95% 63% 0.83 (0.77–0.89) 0.89 (0.84–0.94) 94% 62% 0.83 (0.77–0.88) 0.87 (0.81–0.92)

BUS 95% 65% 0.84 (0.78–0.89) 0.90 (0.85–0.95) 94% 64% 0.83 (0.77–0.89) 0.88 (0.82–0.93)

mpMRI 97% 39% 0.75 (0.69–0.82) 0.88 (0.82–0.94) 97% 39% 0.76 (0.69–0.83) 0.87 (0.81–0.94)

The definition of csPCa1 was the detection of csPCa in any area with a Gleason score ≥3+4. The definition of csPCa2 was the detection 
of csPCa, which was defined as a Gleason score ≥4+3 and/or maximum cancer core length ≥6 mm. csPCa, clinically significant prostate 
cancer; Sen, sensitivity; Spe, specificity; Acc, accuracy; CI, confidence interval; AUC, area under the curve; NEBUS, nonenhanced 
biparametric ultrasound scoring system; BUS, biparametric ultrasound scoring system; mpMRI, multiparametric magnetic resonance 
imaging. 
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Table 6 The AUCs of the systems in the PSA subgroup

PSA groupǁ
csPCa1 csPCa2

NEBUS (95% CI) BUS (95% CI) mpMRI (95% CI) NEBUS (95% CI) BUS (95% CI) mpMRI (95% CI)

A 0.86 (0.71–1.00)* 0.86 (0.71–1.00)* 0.68 (0.38–0.98) 0.91 (0.80–1.00)* 0.91 (0.80–1.00) * 0.60 (0.33–0.88)

B 0.80 (0.70–0.89)* 0.84 (0.76–0.92)* 0.68 (0.57–0.80) 0.75 (0.65–0.86) 0.80 (0.70–0.90) 0.73 (0.62–0.83)

C 0.78 (0.69–0.86) 0.77 (0.69–0.86) 0.80 (0.72–0.89) 0.82 (0.75–0.90) 0.82 (0.74–0.90) 0.83 (0.75–0.91)

D 0.87 (0.80–0.94) 0.87 (0.81–0.94) 0.89 (0.82–0.95) 0.82 (0.75–0.89) 0.83 (0.75–0.90) 0.87 (0.81–0.94)

The definition of csPCa1 was the detection of csPCa in any area with a Gleason score ≥3+4. The definition of csPCa2 was the detection 
of csPCa, which was defined as a Gleason score ≥4+3 and/or maximum cancer core length ≥6 mm. ǁ, group A, PSA <4 ng/mL; group B, 
4 ng/mL ≤ PSA < 10 ng/mL; group C, 10 ng/mL ≤ PSA ≤ 20 ng/mL; and group D, PSA >20 ng/mL; *, P<0.05. AUC, area under the curve; 
PSA, prostate-specific antigen; csPCa, clinically significant prostate cancer; NEBUS, nonenhanced biparametric ultrasound scoring 
system; CI, confidence interval; BUS, biparametric ultrasound scoring system; mpMRI, multiparametric magnetic resonance imaging. 

might have considerable value in the diagnosis of PCa (31),  
which was confirmed in a subsequent study reporting 
that multiparametric ultrasound had an equivalent csPCa 
detection rate to mpMRI (18). Mannaerts et al. used a 
Likert score to evaluate a single ultrasound modality and 
multiparametric ultrasound using grayscale combined 
with shear wave elastography and contrast-enhanced  
ultrasound (17). Their results showed that the sensitivity 
of the multiparametric ultrasound was 74% for csPCa 
diagnosis, which was higher than that of the single modality. 
In their study, the sensitivity of shear wave elastography 
was 55%, which is not ideal. This may be because of the 
inability of shear wave elastography to maintain uniform 
pressure due to signal attenuation on a large prostate 
(16,17). Additionally, the size of the region of interest 
is small, resulting in the need for multiple imaging of 
the whole gland, which makes this examination time-
consuming. Although shear wave elastography is often 
equipped on advanced ultrasound instruments, it still 
requires a delay in image acquisition to satisfy image 
quality control (16). Furthermore, a clear cutoff of Young’s 
modulus for distinguishing benign from malignant tissue 
is also lacking (19,20). Unlike shear wave elastography, 
which differentiates shear wave speed in tissues, strain 
elastography displays hardness by detecting strain after 
external pressure. However, strain elastography is subjective 
due to the manual pressure applied by the operator and the 
inconsistent position and size of the region of interest (16). 
Given the variability of elastography in quality control, 
elastography was excluded from our study. 

The ultrasound features in our study were derived 
from 3 ultrasound modalities: grayscale, Doppler flow 
imaging, and contrast-enhanced ultrasound. We developed 

a quantitative system based on the regression coefficient 
of ultrasound features, which was similar to the ultrasound 
system of the breast and thyroid, to provide convenient 
access and accuracy for prostate risk assessment. Similarly, 
the ultrasound scoring system had a 5-point score indicating 
the risk of malignancy (21-23) with the following ranges: 
category 1 = benign, category 2 = mildly suspicious, 
category 3 = marginally suspicious, category 4 = moderately 
suspicious, and category 5 = highly suspicious. Among 
these, a category ≥3 indicated the need for biopsy. Notably, 
this system focused on the ultrasound features of the whole 
prostate rather than the targeted lesion, which makes 
it possible to manage various PCa situations, including 
multifocal and diffuse PCa.

To exclude the variability in the degrees of malignancy 
in patients admitted to the hospital, which could limit the 
clinical application of the scoring system, we verified that the 
scoring system applies to the early stage of PCa. We further 
analyzed 4 PSA subgroups: group A (PSA <4 ng/mL),  
group B (PSA 4–<10 ng/mL), group C (PSA 10–20 ng/mL),  
and group D (PSA >20 ng/mL) (32). We found that there 
were no significant differences in the AUCs of csPCa 
detection between the ultrasound and mpMRI systems in 
groups C and D. It is worth noting that the ultrasound 
system showed better AUCs than did the mpMRI in 
groups A and B. Meanwhile, the AUCs of the ultrasound 
system were more uniform across the PSA subgroups than 
those of mpMRI, indicating that this system may be more 
reliable for csPCa diagnosis. These results showed that the 
ultrasound system was not limited by collection bias and 
demonstrated a stable and efficient diagnostic ability for 
both early- and late-stage PCa, which attests to its clinical 
applicability.
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Our study had several strengths. First, we developed a 
quantitative scoring system for PCa risk assessment with 
simple calculations based on the features of grayscale, 
Doppler flow imaging, and contrast-enhanced ultrasound. 
Moreover, this system contained a nonenhanced ultrasound 
subsystem, which would be more accessible and economical 
for more grassroots hospitals. Second, the ultrasound system 
showed a satisfactory diagnostic ability for csPCa compared 
to mpMRI, especially with PSA <10 ng/mL. Third, only 
the contrast agent arrival time was considered for contrast-
enhanced ultrasound, avoiding the use of additional analysis 
software. However, there were also some limitations. First, 
our study was conducted in a cancer hospital, and there was 
potential for a bias of moderate- and high-risk csPCa, which 
could have affected the distribution of the csPCa scores. 
Analyses based on different PSA levels were used to reduce 
this effect. Second, external validation in a multicenter 
study with a larger sample size is necessary to reduce the 
impact of large PSA and verify its clinical practice. Third, 
a prospective study should be conducted to determine the 
optimal imaging diagnostic process. Fourth, the biopsy 
in our study was guided by cognitive fusion, which is 
dependent on the operator and requires greater anatomical 
knowledge and spatial sense. Fifth, although elastography 
was ruled out due to certain limitations, new elastography 
techniques have gradually emerged and developed into 
maturity, and we hope to enrich the relevant content in the 
subsequent experiments of this research series.

Conclusions

We constructed a quantitative BUS for csPCa risk 
assessment, with or without contrast-enhanced ultrasound. 
This scoring system can provide an option for clinical 
practice owing to its accessibility and relatively lower cost. 
The ultrasound system developed in this study requires 
further scrutiny and validation before it can be applied in a 
clinical context. 
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