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Background: Magnetic resonance imaging (MRI) has advantages in the diagnosis of prostate diseases, but
there is also overdiagnosis. We compensate for this with fusion imaging and elastography. In this study, we
want to evaluate Elastographic Q-analysis score (EQS) combined with Prostate Imaging Reporting and Data
System (PI-RADS), based on transrectal ultrasound (TRUS)/multi-parameter magnetic resonance imaging
(MP-MRI) fusion biopsy in differentiating benign and malignant prostate lesions.

Methods: A total of 296 patients with 318 prostate lesions who underwent TRUS/MP-MRI fusion biopsy
between October 2017 and October 2019 were retrospectively analysed. The performance of the EQS was
evaluated on the sites of the suspicious areas of MP-MRI. The cut-off value of EQS was obtained according
to receiver operating characteristic (ROC) curve, which was used to upgrade and downgrade the PI-RADS
scores. The area under the curve (AUC), integrated discrimination improvement, and decision curve analysis
were used to assess the new PI-RADS performance.

Results: In total, 318 MP-MRI suspicious prostate lesions (94 malignant vs. 224 benign lesions). The EQS
optimal threshold was 1.85, and the AUC was 0.816. All cases were constructed three models by using 1.85
as the cut-off value: upgrade-PI-RADS, downgrade-PI-RADS and complex-PI-RADS. The AUC of PI-
RADS, upgrade-PI-RADS, downgrade-PI-RADS and complex-PI-RADS were 0.869, 0.867, 0.872 and 0.873
respectively. The diagnostic coincidence rate of PI-RADS was increased from 0.667 to 0.874 by using strain
elastography, among which the diagnostic rate of prostate cancer was increased from 0.557 to 0.806, and
the diagnostic rate of non-prostate cancer was increased from 0.775 to 0.967. The integrated discrimination
improvement indicated that downgrade-PI-RADS had a better diagnostic capability (P<0.05). The net benefit of
all models, which downgrade-PI-RADS can maximize the net benefit value of patients by decision curve analysis.
Conclusions: The combination of PI-RADS and EQS with TRUS/MP-MRI fusion, particularly

downgrade-PI-RADS, can reduce unnecessary biopsy procedures and prevent overdiagnosis.
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Introduction

Prostate cancer (PCa) is the second most common
malignant tumour among the male population
worldwide (1), posing a significant threat to men’s health.
Multi-parameter magnetic resonance imaging (MP-
MRI) is being used increasingly in the diagnosis of PCa
and has emerged as a valuable imaging modality in PCa
detection, staging, and active surveillance (2-4). The first
version of Prostate Imaging-Reporting and Data System
(PI-RADS) was published by the European Society of
Urogenital Radiology in 2012, and the PI-RADS version
2.1 came into use in 2019 (5). MP-MRI is the most
sensitive imaging technique in the detection of localized
PCa, however, its specificity is limited. Some regions
might be mistakenly considered as malignant pathological
conditions (6).

Ultrasound elastography is an emerging imaging
method that can show the stiffness of the tissue. PCa tissue
is usually stiffer than the surrounding normal tissue (7).
Some studies suggest that elastography could improve the
detection of PCa better than systemic biopsies (8,9), thus
reducing the number of biopsy procedures (10). Other
studies have also proven that there was a significant positive
correlation between the strain index and the Gleason score
(11-13).

Elastographic Q-analysis score (EQS) software is a
semi-quantitative analysis based on strain elastography.
Conventional strain elasticity responds to the instantaneous
stiffness of the tissue, while EQS reflects the stiffness
change of the tissue during 2,000 ms. Comparing with the
traditional strain elasticity, EQS has higher accuracy and
better repeatability. Our previous research showed that the
EQS could improve the accuracy of diagnosing, grading
PCa (14-16).

The purpose of this study was to improve the diagnosis
of PCa and reduce unnecessary biopsies by combining the
PI-RADS with the EQS. We present the following article
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in accordance with the STARD reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/
qims-21-932/rc).

Methods
Patients

This study consecutively included patients who underwent
prostate biopsy in the ultrasound department between
October 2017 and October 2019. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013) and was approved by the Ethics Committee of
Shenzhen People’s Hospital. All patients provided signed
informed consent. The inclusion criteria were as follows:
the patients should meet clinical biopsy indications. Such
as, abnormal prostate-specific antigen (PSA) levels—both
PSA =4-10 ng/mL and free PSA (fPSA)/PSA <0.16, PSA
>10 ng/mL—and positive digital rectal examination, and
must express willingness to undergo to the procedure. All
patients must have undergone MP-MRI prior to biopsy.

The exclusion criteria were as follows: being unable to
tolerate or consent to MP-MRI, transrectal ultrasound
(TRUS), or biopsy and having no obvious lesions on the
MP-MRI image.

In total, 296 patients who underwent TRUS/MP-MRI
fusion biopsy and 318 prostate lesions detected at our
hospital from October 2017 to October 2019 were included.

Equipment

The magnetic resonance apparatus used was a Siemens
Magnetom Skyra 3.0-T scanner (Siemens Germany) with
a superconductive magnet. The ultrasonic diagnostic
equipment we used was a LOGIQ E9 colour Doppler
ultrasound instrument (GE Healthcare, Little Chalfont,
England) with a volume navigation system and an IC5-
9-D cavitary transducer. We chose a TSK 18-gauge
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automatic biopsy gun (T'SK Laboratory, Oisterwijk, the
Netherlands) for TRUS-guided prostate biopsy. Prior
to the biopsy, we also acquired a sterile condom and
coupling gel.

Procedures

Before the biopsy

All patients underwent MP-MRI. Before the MRI
examination, all were informed to urinate a small amount,
and were scanned lcm above the public symphysis. The
scanning scope included at least the prostate and seminal
vesicle. Imaging included T2-weighted imaging (T2WI)
sequence (including the cross section, sagittal plane,
and coronal plane), diffusion-weighted imaging (DWI)
generated by single-shot spin echo planar imaging (SS-
EPI) sequence, and dynamic contrast-enhanced MRI
(DCE-MRI) was generated by fat-suppressed T'1-weighted
imaging (T1WI) sequence with 3D spoiled gradient
echo, after rapid intravenous injection with gadopentetate
dimeglumine (0.2 mmol/kg). Image evaluation was
conducted, and the structured PI-RADS version 2 report
was prepared by two experienced radiologists together (J
Xu with over 25 years working experience and F Dong with
15 working experience).

During the prostate biopsy

First, the patient’s Digital Imaging and Communications
in Medicine data of MRI were transferred to the ultrasonic
diagnostic apparatus. Image fusion consisted of plane-to-
plane registration, and by point-to-point registration. All
registrations were performed in the axial plane. We used
muscoli puborectalis as the primary plane for image fusion.
Then, based on patients’ conditions, different points such
as calcification, cysts and urethral orifices were selected.
Subsequently, the MRI of the reference plane and selected
points were matched by the overlay mode to increase
observational accuracy. Secondly, TRUS was examined.
At the same time, the MP-MRI and TRUS images were
fused, and we applied a slight force to the lesions which
were detected on MRI in order to obtain the video of
strain elastography. Z Ding with over 25 years working
experience performed the TRUS, and did biopsies with the
guiding device. Thirdly, importing the video into the EQS
software, and placing the sampling box in the suspicious
area of the fusion image. Turning on smooth mode to
reduce interference from uneven external forces. The
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software is used to analyse the average elasticity score taking
2,000 ms. Finally, targeted MP-MRI/TRUS fusion-guided
prostate biopsy 2-core and systematic 12-core biopsy were
performed.

Statistical analyses

All analyses were conducted in SPSS version 25.0 software
(IBM Corporation, Armonk, NY, USA) and RStudio v1.3
(SAS Institute, Inc., Cary, USA). Figures were assembled
with Illustrator software (Adobe Illustrator CS6, California,
USA). T-test was used for numerical variables with normal
distribution, chi-square test was used for categorical
variables with normal distribution, and rank sum test was
used for variables with non-normal distribution. P<0.05
was considered statistical significance. The thresholds were
obtained by receiver operating characteristic (ROC) curve
and Youden index (17). The performances of different
models were assessed by s curve, integrated discrimination
improvement (IDI) and decision curve analysis (DCA).
Prostate volume was measured based on TRUS and
calculated using multiplying 0.52 with the diameters of the
prostate gland from three different axes (up-down, left-
right, and front-rear).

Results
Patient characteristics and pathologic features

A total of 457 persons prostate biopsies were performed
between October 2017 and October 2019. Patients who
hadn’t been performed prostate MRI or hadn’t been
performed prostate MRI in our hospital (n=98), hadn’t
been performed elastography (n=37), and did only systemic
biopsies (n=26). In total, 296 patients were included, and
318 lesions (94 malignant, 224 benign) were detected
(Figure ). Twenty patients had 2 lesions, and one patient
had 3 lesions. The baseline clinical character of these
patients was presented in Table 1.

PCa diagnosis by EQS

According to the EQS score and biopsy results, an ROC
curve was constructed. The Youden index was 0.609, the
EQS optimal threshold was 1.85, and the area under the
curve (AUC) was 0.816 [95% confidence interval (CI):
0.762-0.870] (Figure 2).
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Figure 1 Flow chart.
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Table 1 Baseline clinical characteristics of the final study cohort

98 only system biopsies
37 without targeted
26 without elastography

Variables Total (n=318) Benign (n=224) Malignant (n=94) P
Age (years), mean + SD 66.64+8.76 65.38+8.54 69.65+8.58 <0.001
fPSA (ng/mL), median (IQR) 1.45(0.91, 2.62) 1.35(0.88, 1.98) 2.34 (1.07, 6.36) <0.001
PSA (ng/mL), median (IQR) 10.48 (6.75, 20.14) 9.04 (6.17, 14.01) 23.39 (9.80, 59.48) <0.001
fPSA/PSA, median (IQR) 0.13(0.09, 0.18) 0.15(0.11, 0.20) 0.10 (0.07, 0.14) <0.001
Volume (mL), median (IQR) 47.44 (37.67, 65.56) 48.59 (38.09, 64.09) 45.31 (35.61, 66.22) 0.227
PSAD, median (IQR) 0.21(0.14, 0.44) 0.18 (0.12, 0.28) 0.48 (0.24, 1.11) <0.001
EQS, median (IQR) 1.5(1.1,2.5) 1.2(1.0,1.7) 2.6 (2.02, 3.4) <0.001
PI-RADS, n [%] <0.001

2 38[12] 37 [17] 1[1]

3 122 [38] 113 [50] 9[10]

4 105 [33] 71 [32] 34 [36]

5 53 [17] 3[1] 50 [53]

EQS, elastographic Q-analysis score; PSA, prostate-specific antigen; fPSA, free PSA; PSAD, PSA density; PI-RADS, Prostate Imaging-
Reporting and Data System; SD, standard deviation; IQR, interquartile range.

Combined with PI-RADS % Model complex-PI-RADS: when EQS >1.85, the
lesions of PI-RADS 2 or 3 upgraded to 4, in the
same time lesions of PI-RADS 4 or 5 downgraded to
3 when EQS <1.85.

According to the PI-RADS, new PI-RADS (upgrade-
PI-RADS, downgrade-PI-RADS, and complex-PI-RADS)
and considering the biopsy results as a golden standard, the
ROC curve was reconstructed and the AUC (95% CI) were
0.869 (0.827-0.911), 0.867 (0.825-0.909), 0.872 (0.823—
0.920) and 0.873 (0.828-0.918) respectively (Figure 2).

The optimal threshold of upgrade-PI-RADS,
downgrade-PI-RADS, and complex-PI-RADS was 4 based

Pathological results, PI-RADS results and EQS score of
lesions were shown in Table 2. All cases were constructed
three models by using 1.85 as the cut-off value (Table S1):

% Model upgrade-PI-RADS: when lesions’ PI-RADS
were 2 or 3 and whose EQS >1.85, the lesions were
upgraded to PI-RADS 4. The rest lesions PI-RADS
with EQS <1.85 did not change.

% Model downgrade-PI-RADS: when lesions’ PI-
RADS were 4 or 5 and whose EQS <1.85, the lesions
were downgraded to 3. The rest lesions PI-RADS
with EQS >1.85 did not change.
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on the ROC curve (Figure 2). PI-RADS scores were divided
into groups greater than or equal to 4 and less than 4, and
then the pathology results were compared. The coincidence
rate (CR), true-positive (TP), false-positive (FP), true-
negative (TN), false-negative (FN) values, sensitivities,
specificities, positive likelihood ratio (LR+), negative
likelihood ratio (LR-), negative predictive value (NPV) and

1.0 A
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-*g 0.6 " — pLRADS
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2 / PI-RADS
$ 0.4 4 // Downgrade-
// PI-RADS
/ — PI-RADS
4
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0.0 1
T T T
1.0 0.5 0.0

Specificity
Figure 2 ROC of the EQS, PI-RADS, upgrade-PI-RADS,
downgrade-PI-RADS, and complex-PI-RADS. ROC, receiver
operating characteristic; EQS, elastographic Q-analysis score; PI-
RADS, Prostate Imaging-Reporting and Data System.

Table 2 Pathological results, PI-RADS results and EQS score of lesions

3573

positive predictive value (PPV) were calculated in 7ible 3. In
the same time, we also calculated the diagnostic capacity of
PI-RADS and EQS in Table 3.

Models performance

AUC indicated that complex-PI-RADS and downgrade-
PI-RADS had basically the same diagnostic capability,
while IDI indicated that downgrade-PI-RADS had a
better diagnostic capability (IDI =10.3%o, P<0.05), but the
performance of both of them were better than PI-RADS
(complex-PI-RADS vs. PI-RADS: -3.0%0, downgrade-PI-
RADS vs. PI-RADS: 13.3%0). PI-RADS performed better
than upgrade-PI-RADS. See Figure 34 and Table 4 for
details.

Clinical use

Net benefit (NB) was plotted by DCA. We calculated
the NB of all models, which downgrade-PI-RADS can
maximize the NB value of patients (Figure 3B).

Discussion

Our study found that EQS has a good diagnostic capability,

PI-RADS and pathology (PCa)*

Fas PI-RADS 2 PI-RADS 3 PI-RADS 4 PI-RADS 5 Total

>1.85 2[1] 34 [5] 41 [25] 47 [46) 124 [77]
<1.85 36 [0] 88 [4] 64 [9] 6 [4] 194 [17)
Total 38 [1] 122 [9] 105 [34] 53 [50] 318 [94]

*, data in parentheses are the number of PCa. PI-RADS, Prostate Imaging-Reporting and Data System; EQS, elastographic Q-analysis

score; PCa, prostate cancer.

Table 3 Diagnostic capacity of PI-RADS, upgrade-PI-RADS, downgrade-PI-RADS, complex-PI-RADS and EQS

Models CR Sens. Spec. LR+ LR- NPV PPV AUC
PI-RADS 0.667 0.557 0.775 2.475 0.572 0.639 0.710 0.869
EQS 0.799 0.819 0.790 3.904 0.229 0.912 0.621 0.816
Upgrade-PI-RADS 0.660 0.463 0.967 14.381 0.554 0.535 0.957 0.867
Downgrade-PI-RADS 0.874 0.806 0.900 8.068 0.215 0.924 0.755 0.872
Complex-PI-RADS 0.802 0.624 0.917 7.527 0.410 0.790 0.829 0.873

AUC, area under the curve; PI-RADS, Prostate Imaging-Reporting and Data System; EQS, elastographic Q-analysis score; CR,
coincidence rate; Sens., sensitivities; Spec., specificities; LR+, positive likelihood ratio; LR—, negative likelihood ratio; NPV, negative

predictive value; PPV, positive predictive value.
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Figure 3 Risk-return comparison between different models. (A) Risk variation between two models was assessed by IDI. (B) DCA of EQS,
PI-RADS, upgrade-PI-RADS, downgrade-PI-RADS, and complex-PI-RADS. IDI, integrated discrimination improvement; PI-RADS,
Prostate Imaging-Reporting and Data System; EQS, elastographic Q-analysis score; DCA, decision curve analysis.

Table 4 Risk variation between two models was assessed by IDI

Comparison of models IDI (%o0) 95% ClI (%o) P

Complex-PI-RADS vs. upgrade-PI-RADS -3.6 -13.9t06.8 0.50
Complex-PI-RADS vs. downgrade-PI-RADS 10.3 1.7t018.9 0.02
Upgrade-PI-RADS vs. downgrade-PI-RADS 13.9 0.1t027.6 0.05
Complex-PI-RADS vs. PI-RADS -3.0 -14.71t0 8.7 0.62
Upgrade-PI-RADS vs. PI-RADS 0.6 -3.5t04.7 0.77
Downgrade-PI-RADS vs. PI-RADS -13.3 -26.2to -0.4 0.04

Cl, confidence interval; IDI, integrated discrimination improvement; PI-RADS, Prostate Imaging-Reporting and Data System.

but the combination of PI-RADS and EQS demonstrated
better diagnostic performance than PI-RADS or EQS alone.
According the results of IDI, AUC and DCA, downgrade-
PI-RADS had the best performance, and complex-PI-
RADS is slightly inferior to downgrade-PI-RADS. The
performance of upgrade-PI-RADS was not satisfactory. We
find that downgrade-PI-RADS and complex-PI-RADS had
better CR, and the CR of downgrade-PI-RADS is up to
0.874, which was higher than PI-RADS alone. Although the
EQS had higher sensitivities, it had the lowest NB in terms
of DCA. When diagnosing non-PCa, the combination of
PI-RADS and EQS was also superior to PI-RADS alone
(specificities: 0.967 vs. 0.775). The LR+ of upgrade-PI-
RADS, downgrade-PI-RADS, and complex-PI-RADS are
higher than PI-RADS, only upgrade-PI-RADS exceeds 10.
In the same time, LR~ of upgrade-PI-RADS, downgrade-
PI-RADS, and complex-PI-RADS are lower than PI-
RADS, but none of them is less than 0.1. Among the NPV

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

and PPV, upgrade-PI-RADS and downgrade-PI-RADS
exceed 0.9 respectively.

MP-MRI has become a major tool for the diagnosis of
PCa (18,19). The generalization of the clinical application
of the PI-RADS has witnessed the success of the PI-
RADS itself. However, it is not flawless, and there are still
some drawbacks in its clinical application, for example,
benign lesions, such as prostatitis, scarring, high-grade
prostatic intraepithelial neoplasia, and hyperplasia, mimic
the characteristics of PCa and thus lower the specificity.
Elastography can make up for certain deficiencies in
diagnosing benign and malignant prostate lesions.

Elastography can guide prostate biopsy and detect more
clinically significant PCa cases (20,21). The EQS based on
strain elastography has some advantages. It represents the
average of the stiffness fluctuation in target area during
2,000 ms, not the instant stiffness. Thereby achieving a
stable elastographic result if the curve is straight and parallel

Quant Imaging Med Surg 2022;12(7):3569-3579 | https://dx.doi.org/10.21037/qims-21-932
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Figure 4 A 52-year-old patient with PSA =12.13 ng/mL, fPSA =1.15 ng/mL, and fPSA/PSA =0.095. (A) Pre-biopsy MRI revealed an

abnormal signal area at the 7-11 o’clock position in the transition zone of the prostate, which was classified as PI-RADS 5. Elastography was

performed in the imaging fusion state. (B) The image of the TRUS/MP-MRI fusion. (C) MRI revealed a suspicious area where was found

by elastography that to be soft. (D) The EQS result of the suspicious zone was 1.1. (E) Targeted biopsy of the lesion, which was detected by

MRI and elastography. (F) The targeted biopsy revealed prostatic tuberculosis (hematoxylin and eosin stain). Arrow: the target lesion. PSA,

prostate-specific antigen; fPSA, free prostate-specific antigen; MRI, magnetic resonance imaging; PI-RADS, Prostate Imaging-Reporting

and Data System; TRUS/MP-MRI, transrectal ultrasound/multi-parameter magnetic resonance imaging; EQS, elastographic Q-analysis

score.

during 2,000 ms. It can avoid that selecting the single frame
elastography you need for measurement. So EQS is more
reliable than other instantaneous elastography.

Our study evaluated the PI-RADS score using the
EQS and found that some PI-RADS 4-5 lesions were
overestimated (36% all PI-RADS 4-5). Basing on statistical
data, 70 prostate lesions (44.3% all PI-RADS 4-5) with the
PI-RADS 4 or 5 were downgraded. Fifty-seven of them
(81.4%) are benign nodules including one case of prostate
tuberculosis. According to biopsy pathological results, we
analysed the causes of this phenomenon.

In these 57 prostate lesions, more than half of the lesions
showed infiltration of lymphocytes and other inflammatory
cells. This often indicates the occurrence of prostatitis.
Prostatitis is one of the common diseases of the prostate,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

and it is usually caused by Escherichia coli or Staphylococcus
infection. As the condition worsens, it can eventually lead
to the formation of an abscess (22). Both prostatitis and
PCa can cause elevated PSA levels. At the same time, focal
prostatitis or abscess could appear as a decreased signal on
T2WTI and increased perfusion on DCE-MRI. Depending
on the PI-RADS version 2, the aforementioned findings
could be scored at least 4/5, highly suggesting clinically
significant PCa. However, on TRUS, it appears as a small
honeycomb structure, with no obvious boundaries. During
elastography, prostatitis is softer than PCa tissue (11). The
elastogram shows that the lesion is usually green with a
low EQS. A case of successful downgrade (Figure 4). When
an abscess is formed, we can find a round region with
inhomogeneous low signal on T2-WI, ring enhancement

Quant Imaging Med Surg 2022;12(7):3569-3579 | https://dx.doi.org/10.21037/qims-21-932



3576 Tian et al. Fusion-guided biopsy in differentiating prostate lesion

Figure 5 A 67-year-old patient with PSA =4.440 ng/mL, fPSA =0.560 ng/mL, and fPSA/PSA =0.126. (A) Pre-biopsy MRI revealed multiple
lesions at the 8-o’clock position in the peripheral zone of the prostate, which was classified as PI-RADS 3. Elastography was performed in
the imaging fusion state. (B) The overlay image of the TRUS/MP-MRI fusion. (C) Elastography revealed a suspicious area with increased
local stiffness, which was detected by MRI. (D) The EQS result of the suspicious zone was 3.0. (E) Targeted biopsy of the lesion, which was
detected by MRI and elastography. (F) The targeted biopsy revealed PCa (hematoxylin and eosin stain; Gleason score: 4+4 =8 and WHO/
ISUP classification group: 4). Arrow: the target lesion. PSA, prostate-specific antigen; fPSA, free prostate-specific antigen; MRI, magnetic
resonance imaging; PI-RADS, Prostate Imaging-Reporting and Data System; TRUS/MP-MRI, transrectal ultrasound/multi-parameter
magnetic resonance imaging; EQS, elastographic Q-analysis score; PCa, prostate cancer; WHO/ISUP, World Health Organization/

International Society of Urological Pathology.

on dynamic contrast-enhanced, and restriction on DWI.
According to the PI-RADS version 2, this suggests
clinically significant PCa, requiring biopsy. However, the
elastographic appearances of the abscess are red and green,
the same as with prostatitis, with a low EQS. There were 13
prostate lesions that we failed to downgrade to PI-RADS
3, eight of them were classified as Gleason score 3+3 or
Gleason score 3+4, without clinical significance.

We also upgrade 36 prostate lesions with the PI-
RADS 2 or 3 and EQS >1.85, but only six of them were
PCa. A case of successful upgrade (Figure 5). Although
upgrade-PI-RADS could improve the diagnosis of PCa, it
generated more FP results. There are several reasons for
this phenomenon. First, according to the ROC, specificity

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

increases with the increase in the EQS. Second, the elastic
ultrasound image quality is affected by the strength of
the performer, especially those near the probe. When
the strength is very high, false positivity is likely to occur.
Third, lesions close to the inner urethra are prone to FP
results, especially in those who have a catheter attachment.
The balloon squeezes the inside of the urethra, making the
surrounding tissues firmer. Despite this, the catheter can
help us fuse the image better.

In this study, we confirmed that adding elastography into
TRUS/MP-MRI fusion-guided biopsy could help improve
the detection rate of PCa. Our previous research (23) was
consistent with the conclusions of study by Brock er a/. (21).
The study by Ageeli er 4. further confirmed the significant

Quant Imaging Med Surg 2022;12(7):3569-3579 | https://dx.doi.org/10.21037/qims-21-932
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correlation between elastography and Gleason score by
radical prostatectomy (24). At the same, we expanded the
sample size in this study, and analyzed the internal causes of
this result from the pathological results.

From what has been discussed above, downgrade-PI-
RADS was the best model because the high diagnostic
sensitivity of MRI leads to too many FPs, and elastic
ultrasound can just make up for this. If a prostate lesion’s
PI-RADS >3, and EQS <1.85, it is likely to be a benign
lesion. If the prostate lesion’s PI-RADS <3, and EQS
>1.85, We should be cautious in diagnosing it as PCa,
based on laboratory results and other relevant tests.
Using this method to diagnose prostate disease could
reduce the number of unnecessary biopsy procedures and
prevent overdiagnosis. With the development of artificial
intelligence (AI), it will integrate MRI with PI-RADS,
elastography, and clinical laboratory data such as PSA,
fPSA, e.g., to automate and rapidly obtain high-quality
information to assist in clinical decision, like Al working in
other areas of medical imaging (25).

There are several limitations to our study. Firstly, the
quality of the elastography depends on the skill level of
the physician, and thus, the examiner must be well trained.
Secondly, the location of the lesion can affect the results.
Lesions close to the inner urethra can easily lead to FP
results. At last, all pathological results were based on biopsy
specimens.

Conclusions

Using the EQS to supplement PI-RADS can improve the
efficiency in diagnosing benign and malignant prostate
lesions. The combination of the PI-RADS and the EQS
with TRUS/MP-MRI fusion can not only improve the
accuracy of PCa diagnosis but also reduce unnecessary
biopsy procedures and prevent overdiagnosis. This
technology compensates for the limitations of both
ultrasound and MRI, particularly with downgrade-
PI-RADS, could reduce FP results significantly in the
differentiating between malignant and benign prostate
lesions.
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Supplementary

Table S1 New models distribution

Models Total (n=318) Benign (n=224) Malignant (n=94) P
Complex-PI-RADS, n [%)] <0.001
2 36 [11] 36 [16] 0 [0]
3 157 [49] 141 [63] 16 [17]
4 78 [25] 46 [21] 32 [34]
5 47 [15] 1[0] 46 [49]
Upgrade-PI-RADS, n [%)] <0.001
2 36 [11] 36 [16] 01[0]
3 88 [28] 84 [38] 4[4]
4 141 [44] 101 [45] 40 [43]
5 53 [17] 3[1] 50 [53]
Downgrade-PI-RADS, n [%)] <0.001
2 38[12] 37[17] 1[1]
3 192 [60] 170 [76] 22 [23]
4 42 [13] 16 [7] 26 [28]
5 46 [14] 11[0] 45 [48]

EQS, elastographic Q-analysis score; PSA, prostate-specific antigen; fPSA, free PSA; PSAD, PSA density; PI-RADS, prostate imaging-
reporting and data system.
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