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Introduction

Prostate Cancer (PCa) ranks second in the incidence of male
malignancies in the world and ranks first in Europe, seriously
threatening the health of men [1]. From 1992 to 2017, owing
to various factors, such as changes in lifestyle, aging population,
and environmental pollution, the crude death rate of male PCa
in China (1/100000) rose from 3.39 to 7.17. PCa is known as
a “silent killer” and is hard to detect in the early stage. Most
patients have progressed to advanced stage at the time of diag-
nosis, therefore, missing the optimum period for surgical treat-
ment. Consequently, the accurate diagnosis and treatment of
early PCa have become new trends in medical development.
The consensus statement on early PCa diagnosis by the Euro-
pean Urological Association indicates the following [2,3]: first,
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Abstract

Transrectal Ultrasound (TRUS)-guided systematic biopsy
of the prostate is the current “gold standard” for biopsy of
the prostate gland. However, for saturated systematic bi-
opsy, blindness and randomness are inevitable. Prostate-
targeted biopsy emerged with the continuous development
of precision medicine. This procedure can not only reduce
the number of biopsy needles but also improve the accura-
cy of biopsy; it has become a new trend in the diagnosis of
prostate cancer. In this article, the up-to-date research data
about new ultrasound technologies in prostate-targeted
biopsy, such as contrast-enhanced ultrasound, ultrasound
elastography, magnetic resonance imaging-TRUS fusion,
and the combination of ultrasound and artificial intelli-
gence, were reviewed to guide targeted biopsy.

suspected cases are determined through the detection of tu-
mor markers, such as prostate-specific antigen (PSA), and digital
rectal examination (DRE); second, based on different situations,
further selection of transabdominal or rectal ultrasound, multi-
parametric magnetic resonance imaging (mpMRI) and other im-
aging examinations is performed for the accurate diagnosis of
suspected lesions; third, pathological diagnosis is obtained by
transrectal ultrasound (TRUS)-guided systematic biopsy. The six-
core systematic biopsy has been gradually accepted by scholars
from various countries since it was proposed in 1989 [4], and re-
lated research based on systematic biopsy has achieved consid-
erable progress. However, TRUS is not sufficiently sensitive nor
specific for biopsy procedures because this technology encoun-
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ters difficulty in distinguishing PCa by using standard grayscale
or Doppler imaging from the echo performance of diseases,
such as benign prostatic hyperplasia and prostatitis [5]. The ac-
curacy of its diagnosis and guidance of biopsy often depends on
the physician’s experience and skills, which are subjective to a
certain extent. The limitation of this approach have been recog-
nized, several experts [6] have put forward an 8-20 core system-
atic biopsy technology, including saturation biopsy. Increasing
the number of biopsies improves the detection rate to a certain
extent, but the advantage is offset by the harmful effects, such
as bleeding, infection, and anxiety and the increased detection
of clinically insignificant PCa (cisPCa), leading to over diagnosis
and overtreatment of microscopic tumor foci. Prostate-target-
ed biopsy technology emerged with the development of preci-
sion medicine. The imaging technologies currently available for
guiding targeted biopsy include TRUS and MRI. Although TRUS
is inferior to MRI in the diagnosis of PCa, the simplicity of guid-
ing prostate biopsy and the popularization and application of
new ultrasound technologies in recent years have successfully
compensated for this deficiency. Prostate-targeted biopsy guid-
ed by new ultrasound technologies, such as contrast-enhanced
ultrasound (CEUS), ultrasound elastography, MRI-TRUS fusion,
and artificial intelligence (Al), have shown excellent advantages
in accurate diagnosis. This article reviews the application and
progress of new ultrasound technologies in prostate-targeted
biopsy in recent years (Figures 1 & 2).
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Figure 1: New ultrasound technologies in prostate-targeted bi-
opsy.
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Figure 2: Literature search was performed through the PubMed
database using the keywords, “prostate biopsy” combined with
“contrast-enhanced ultrasound,” “strain elastography,” “shear
wave elastography,” “MRI-TRUS cognitive fusion,” “MRI-TRUS fu-

sion,” and “artificial intelligence.”

CEUS-guided targeted biopsy

The increase in the metabolism and oxygen demand of PCa
cells depends on the formation of tumor microvessels [7]. If the
changes in blood flow in these tissues can be visualized, the ac-
curacy of detecting PCa may be improved. The signal-to-noise
ratio can be enhanced by using microbubble ultrasound con-
trast agents to improve the sensitivity of detection of blood
flow. Therefore, CEUS can objectively evaluate the changes in
semi-quantitative parameters of blood flow and directly display
the microvascular network in PCa lesions. This technology has
several potential uses, including guided targeted biopsy, real-
time evaluation and confirmation of treatment during cancer
ablation, and detection of cancer recurrence after ablation, in
the diagnosis and treatment of PCa. Traditionally, the results of
PCa angiography are defined as rapid contrast enhancement.
PCa with a large lesion area shows uneven enhancement in
CEUS, which is caused by the rapid growth of tumors leading to
central ischemic necrosis and uneven tumor blood vessel thick-
ness and distribution.

CEUS can be used to select target patients with high-risk PCa,
as recently emphasized in a prospective cohort study by Zhu et
al. [8], who compared systematic biopsy with CEUS-targeted bi-
opsy. This study reported that CEUS can improve the detection
rate of clinically significant PCa (csPCa), especially for patients
with PSA <10 ng/ml and prostate volume between 30 and 60 ml.
Consistent with this notion, Koh et al. [9] compared the positive
rate of single-needle PCa with CEUS-targeted and systematic bi-
opsies. The positive rate of single-needle biopsy with targeted
biopsy was 16.4%, which was significantly higher than that of
systematic biopsy (11.4%). Similarly, a recent comparative study
[10] was conducted on 82 patients who were scheduled to un-
dergo prostate biopsy. The results showed that the positive
rate of systematic biopsy plus CEUS-targeted biopsy was 72.1%,
which was strongly higher than that of systematic biopsy alone
(42.8%). Xie et al. [11] argued that CEUS has more advantages
than TRUS in detecting PCa in different areas, but CEUS is more
likely to miss the lesions in apex; thus, we also need to pay at-
tention to the apex prostate tissue when performing CEUS, and
other imaging methods can be possibly combined to improve
the visualization of PCa.

Various new-generation contrast agents have been devel-
oped in decades to improve the visualization of CEUS. Yuan’s
team [12] introduced the SonoVue microbubbles carrying six-
transmembrane epithelial antigen of the prostate-1 (STEAP-1)
for CEUS examination of PCa in nude mouse xenograft models.
The results emphasized that SonoVue microbubbles carrying
STEAP-1 can improve the ultrasound visualization of PCa and
identify tumors more effectively, but further prospective studies
are needed to verify the findings. Ding et al. [13] further dem-
onstrated the optimized prostate-specific membrane antigen
and used single-chain variable fragment loaded nanobubbles as
new targeted ultrasound contrast agent for diagnosis of PCa,
thus opening the way for further clinical trials.

One of the disadvantages of CEUS is the potential for human
error. CEUS may also be unideal for the diagnosis of early un-
formed, infiltrative growth, or small-volume PCa, because of the
small volume or low Gleason score observed with new blood
vessels, similar to the CEUS performance in normal prostate tis-
sue. The contrast agent passes through the prostate tissue for a
short time, and only the suspicious section of two-dimensional
(2D) gray-scale ultrasound can be used as the observation sec-
tion. Thus, the diagnosis of gray-scale ultrasound without ab-
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normal lesions might be missed. Consequently, Ql et al. [14]
used multi-plane ultrasound as a supplement to conventional
CEUS, with a sensitivity of up to 92.3%, thus further improving
the detection rate of PCa.

These results indicate that CEUS-targeted biopsy provides
improved accuracy of prostate biopsy to a certain extent, but
it is influenced by the subjective interpretation of physicians.
Improving the identification of cancerous lesions and normal
tissues is the breakthrough point of future research.

Ultrasound elastography-guided targeted biopsy

Tissue hardness is considered a biomarker of histopathology
[15]. Most of the research [16] in prostate has emphasized that
compared with the surrounding normal tissues, the average
hardness of PCa increases by (2.5 + 0.8) times with the increase
in cell density and the changes in collagen distribution. In nor-
mal conditions, urologists understand the hardness of prostate
through DRE. However, this finding is highly dependent on the
personal experience of urologists, and only cancerous lesions
in the peripheral zone of the prostate can be touched. Ultra-
sound elastography is a novel technology that reflects informa-
tion about the elasticity and hardness of individual tissues [17].
This technology can express tissue hardness as a proportional-
constant Young’s modulus (E), which represents the force or
strain force per unit area, and the resulting relative change in
tissue size or strain. Elastography techniques have been devel-
oped based on two principles: the first kind uses quasi-static
elastography (SE), and the second utilizes shear wave elastog-
raphy (SWE).

SE

SE measures tissue hardness by applying external pressure to
the tissue. Strain refers to the deformation of tissues due to the
application of pressure. The E formula for SE is E = o/¢, where
o represents the external applied pressure, and € denotes the
strain [18]. The strain ratio is the ratio of the strain in the target
tissue area to that in the tissue reference area, and it is com-
monly used in clinical practice because the calculation of strain
ratio requires no prior knowledge of the applied pressure [19]
SE was first used to detect the elasticity of superficial organs;.
its maximum tissue penetration depth is 3-4 cm, which is insuf-
ficient to correctly distinguish benign and malignant prostate
deep tissues with large volume [20].

Zhu et al. [21] pointed out that compared with systematic
biopsy, SE-guided targeted biopsy has a higher detection rate
of PCa. Moreover, their study revealed a negative correlation
between prostate volume and targeted biopsy detection rate.
Chang et al. [22] examined the addition of SE and CEUS to guid-
ed targeted biopsy; the area under the receiver operating char-
acteristic curve of the PCa detection when combining the ap-
plication of the two methods reached (0.921 + 0.023), which is
higher than that of CEUS and SE (0.88 + 0.029 and 0.80 + 0.038,
respectively). Nygard et al. [23] combined SE and PCa gene 3
scores of 124 patients with suspected PCa and demonstrated
that the combination of the two methods compensates for the
lack of gray-scale ultrasound imaging, thus improving the vi-
sualization of malignant regions in the prostate. These results
indicate that the SE-guide targeted biopsy alone cannot yield a
satisfactory detection accuracy, but the joint inspection of other
methods can obtain a desirable detection rate.

Both elastography ultrasound technologies have limitations.
SE-guided targeted biopsy has high requirements for operating

physicians. In addition to the limited range of motion of the
probe in the rectal cavity and attenuation of force conduction,
the application of pressure to the prostate to maintain uniform
force on all parts is difficult, which will affect the accuracy of
targeted biopsy. Therefore, the role of SE in PCa needs further
investigation.

SWE

SWE is a new ultrasonic elastic quantification technology,
which uses multi-beam focused ultrasound to generate shear
wave in tissues [24]. This technology needs no applied pressure
to the tissue, thus avoiding the error caused by different pres-
sures of the human body. Consequently, this method has the
advantage of being objective. SWE can quantitatively measure
E of the tissue. The larger the E, the faster the shear wave speed
and the greater the hardness of the biological tissue [25]. How-
ever, the cut-off point for the best diagnostic efficiency between
PCa and prostate benign disease remains uncertain [26].

Wildeboer et al. [27] examined the PCa detection rate of
B-mode, SWE, and CEUS. For the per-patient comparison, SWE
alone showed no overwhelming improvement in the overall
performance over that of B-mode and CEUS. Meanwhile, the
combination of three methods demonstrated a higher PCa lo-
calization capability compared with SWE alone. Xiang et al. [28]
reported that for suspected PCa patients who are negative for
MRI, increasing the SWE test can improve the diagnosis rate and
reduce the false negative rate. Shoji et al. [29] advocated that
prostate imaging-reporting and data system (PI-RADS) com-
bined with 3D SWE measurement of E can significantly improve
the diagnosis of csPCa. Their study also implied a significant cor-
relation between the tissue elasticity of the lesion and Gleason
score. In recent years, medical experts have also conducted a
number of related studies [30]. Most of the studies indicated
that SWE can provide important information for PCa detection,
thus improving the guiding capability and reducing the require-
ment of unnecessary core biopsies.

A disadvantage of SWE is that the sampling frame needs to
be left in the area of interest for 3 s, and the patients need to
temporarily hold their breath, because the frame is easily af-
fected by respiratory movement during operation. Second, false
positives will be present if calcification occurs in the elastic re-
gion, because the shear wave propagates fast in solids. Third,
when the PCa lesion is located in the deep side, the color filling
defect in the SWE sampling frame is large, and poor image qual-
ity is likely to cause missed diagnosis.

In conclusion, SWE can reliably display the elastic charac-
teristics of PCa, providing information for the detection of PCa
and biopsy guidance reasonably [31,32]. However, systematic
diagnostic criteria and more large samples of data are needed
to achieve more accurate diagnosis results. Still, we strongly be-
lieve that the use of SWE will create a new era of cancer diagno-
sis, especially for PCa.

MRI-TRUS image fusion-guided targeted biopsy

MRI has evident advantages in identifying local infiltration
and peripheral metastasis of PCa [33]. The joint application of
multi-sequence imaging in decades has greatly improved the
diagnostic capability for PCa. A previous study [34] stated that
obtaining mpMRI information of patients before biopsy can
improve the detection of csPCa, but the need for systematic
biopsy cannot be avoided. However, MRI-directed targeted bi-
opsy is not routinely used due to its cost, time-consumption,
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and complicated operation. Despite the availability of related
studies [35], its wide application in clinical practice is difficult.
Thus, several scholars have proposed that patients with nega-
tive TRUS but positive MRI can undergo TRUS combined with
MRI to perform targeted biopsy in suspicious malignant areas.
MRI-TRUS image fusion technology allows urologists to prog-
ress from blind, systematic biopsy to targeted and tracked bi-
opsy. At present, this method is recommended in international
guidelines [36]. MRI-TRUS image fusion has been described ei-
ther cognitively or assisted by software.

Cognitive fusion-targeted biopsy (COG-TB)

In COG-TB, a physician carefully reads the patient’s MRI im-
age to form an impression of the suspected lesion in the mind
and simply aims the biopsy needle at the suspected prostate
area. This technique is the same as a general TRUS-guided pros-
tate biopsy but requires no additional training and facility be-
yond MRI and conventional ultrasound equipment. Although
simple and low-priced, this method is prone to errors because
of the wrong registration caused by the incorrect judgment of
the lesion location. American Urological Association and Society
of Abdominal Radiology stated that COG-TB is still an equitable
method in resource-poor circumstances [37]. Kuli$ et al. [38]
performed COG-TB on patients who persistently presented el-
evated PSA despite prior negative systematic biopsy. Although
the data are limited, COG-TB yields improved accuracy over sys-
tematic biopsy and provides a valuable supplement to system-
atic biopsy. However, COG-TB is inferior to other MRI-targeted
biopsy [39,40]. According to a previous study [41], COG-TB
missed more than 50% csPCa lesions, whereas MRI-TRUS fu-
sion accurately identified all lesions. However, Xu et al. [42] sug-
gested that in patients with high PI-RADS score and large lesion
volume, the accuracy of COG-TB in locating suspicious lesions is
consistent with that of MRI-TRUS fusion.

COG-TB is easy to operate and requires no additional eco-
nomic and time costs. However, this method lacks the use of a
software image fusion. Thus, this procedure highly depends on
the physician’s prostate anatomy, imaging knowledge and spa-
tial imagination. Therefore, in the actual biopsy operation, false
negative biopsies may be obtained for lesions with small size
and lesions in special parts such as the urethra.

Software-assisted targeted biopsy

MRI-TRUS software-assisted fusion-guided targeted biopsy
requires pre-biopsy mpMRI data, which are obtained and stored
in a specific device. During the biopsy session, the fusion soft-
ware enables the real-time TRUS imaging, and pre-stored MRI
images are fused to locate the lesion and guide the targeted
biopsy. This method plays a complementary role in systematic
biopsy and provides an objective basis for the development of
clinical diagnosis and treatment plans. This condition was re-
cently implied in a prospective cohort study by Siddiqui et al.
[43], who studied 1003 suspected PCa patients with elevated
PSA or abnormal DRE results. Their study examined the PCa
detection rate of MRI-TRUS software-assisted fusion-guided
targeted biopsy, systematic biopsy, and combined biopsy (tar-
geted + systematic). Patients with high-risk PCa (Gleason score
>4+3) diagnosed by targeted biopsy showed superior results to
those who underwent systematic biopsy; the combined biopsy
additionally diagnosed 22% of PCa patients. The study stated
that MRI-TRUS software-assisted fusion- targeted biopsy dem-
onstrated high detection rate of csPCa, but systematic biopsy
should not be eliminated. Fourcade et al. [44] demonstrated

that the positive detection rate of targeted biopsy using MRI-
TRUS software-assisted alone showed no significant increase
compared with systematic biopsy, whereas the combined ap-
plication of these methods are of great value for the diagno-
sis and prognosis of PCa but limited in the diagnosis of cisPCa.
A recent study [45] indicated that the best choice for patients
who undergo MRI-TRUS software-assisted fusion-targeted bi-
opsy is the targeted biopsy-added lateral six-core systematic bi-
opsy. In a study by Mischinger et al. [46], a comparative study of
MRI-TRUS robotic-assisted and software-assisted fusion-guided
targeted biopsy and systematic biopsy suggested that the two
methods had no statistically significant difference in the detec-
tion rate of PCa, but the number of targeted biopsy needles of
the former was significantly less than that of systematic biopsy,
which will become one of the forefronts of prostate-targeted
biopsy.

Scanning the prostate with an ultrasound cavity probe will
inevitably squeeze the prostate, which will cause the calibration
deviation of the prostate MRI and TRUS images. Therefore, im-
age registration is a critical component of MRI-TRUS software-
assisted fusion owing to the huge appearance difference be-
tween the two methods. In the past, several scholars implanted
markers in the prostate for registration. However, this method
is invasive and unsuitable for clinical promotion. A recent study
[47] showed that the similarity metric of learning with deep
neural network can be used to evaluate the MRI-TRUS regis-
tration, which can reduce the image reconstruction time, im-
prove image accuracy, and reduce operation complexity. The
hardware and software equipment and biopsy platforms for
MRI-TRUS image fusion-targeted biopsy, such as Artemis (Eigen,
USA), BiopSee (Pi Medical, Greece), and Logiq 9 (GE Healthcare,
UK), are gradually becoming commercially available [48]. How-
ever, the use of a fusion device, makes the MRI-TRUS software-
assisted fusion-targeted biopsy costlier than systematic biopsy.

Through the continuous maturation and development of im-
age fusion algorithms, combining the advantages of high intrin-
sic contrast of MRI with TRUS, which is convenient, fast, and
enables real-time imaging, MRI-TRUS software-assisted fusion-
guided prostate-targeted biopsy is likely to show extremely high
clinical application prospects.

Combined ultrasound and Al- guided targeted biopsy

Currently, TRUS-guided prostate systematic biopsy still main-
ly relies on traditional computer vision technology. Human er-
ror is inevitable in biopsy, and the accuracy of diagnosis has not
reached the desired effect. The application of Al technology can
provide new solutions to the current dilemma of PCa diagnosis.
In the auxiliary diagnosis of prostate diseases, studies [49,50]
are focused on the intelligent analysis and processing of pros-
tate MRI. With the development of computer and information
technology, a variety of ultrasound image intelligence-assisted
diagnosis and analysis systems are being developed to predict
benign and malignant prostate lesions, which have become a
tendency in PCa diagnosis. The first and best clinical test result
to date comes from the artificial neural network (ANN) analysis
computerized TRUS (ANNACTRUS) system. An ANN is a system
that uses a physical operating system to imitate the structure
and working mode of the human brain neural network; it is also
an outstanding representative of using machines to simulate
human brain intelligent activities [51]. As early as 1999, the
team of Professor Loch of Kiel University in Germany acted as
pioneer in applying ANN to TRUS images for analysis and label-
ing and attempted to build an ANNACTRUS prostate-targeted bi-
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opsy system [52]. Thorsten et al. [53] and Antoine et al. [54] fur-
ther verified the feasibility of ANN intelligence-assisted prostate
biopsy. Experimental studies have demonstrated that ANNAc-
TRUS targeted biopsy can not only improve early PCa diagnosis
sensitivity, specificity, cost-effectiveness, and patient comfort
but also detect low-risk PCa easily. More recent studies by Tokas
[55] followed up 71 patients with suspected PCa and who un-
derwent ANNACTRUS targeted biopsy for 12 years; the results
showed that ANNACTRUS is an effective method for monitor-
ing suspicious PCa patients and can be used as an alternative
for repeated systematic biopsy. A recent study [56] enabled a
targeted prostate biopsy system by improving architecture and
training of the network to provide a real-time prostate segmen-
tation. Wang et al. [57] used four methods: ANN, support vector
machine (SVM), least squares SVM, and random forest (RF) to
construct a PCa prediction model. The study advocated that the
accuracy of ANN in the detection of csPCa, sensitivity, and F1
scores were the highest, and RF is suitable to distinguish ma-
lignant and non-malignant prostate lesions and further identify
csPCa. Feng et al. [58] innovatively proposed a deep learning
framework based on 3D convolutional neural network to uni-
formly extract spatiotemporal features from continuous CEUS
images to detect PCa; the specificity and average accuracy of
this method for PCa CEUS image detection reached 91% and
90%, respectively. This finding suggests that the combination
of Al and other ultrasound modalities is expected to improve
the visualization of PCa and can be used as the focus of further
research.

Al can not only analyze the imaging information of PCa but
also integrate a patient’s other diagnosis and treatment infor-
mation, thus improving the accuracy of prostate-targeted biopsy
and effectively monitoring the progress of PCa. However, Al still
needs to overcome the limitations of PCa diagnosis, such as the
lack of extensive multi-center test, unified industry standards
and sharing and privacy issues. With the continuous develop-
ment of Al, the development of new ultrasound imaging intelli-
gence-assisted diagnosis technology will bring huge changes to
the diagnosis process and treatment mode of PCa [59,60]. At
the same time, we can use the commonality of medical images
to promote the development of Al in the field of medical image
analysis.

Summary and outlook

The development process of prostate biopsy is inextricably
linked with the rapid development of modern science and tech-
nology. In the present era, TRUS-guided systematic biopsy still
occupies an irreplaceable position in the diagnosis of PCa de-
spite its limited sensitivity. Prostate-targeted biopsy is receiving
clinical attention due to its advantages, such as excellent accu-
racy, low number of needles, and low complications. However,
no evidence indicates that targeted biopsy can be used as a sub-
stitute for systematic biopsy. CEUS and ultrasound elastogra-
phy-guided prostate-targeted biopsy improves the accuracy of
prostate biopsy to a certain extent, but several PCa lesions are
not displayed under ultrasound. MRI-TRUS fusion-guided tar-
geted biopsy takes advantage of two imaging tests, avoids the
blindness of biopsy, and reduces overdiagnosis and is worthy of
clinical application. Al, as a highly innovative scientific field, has
become a research topic and has received considerable atten-
tion in the diagnosis of PCa. Multiparametric ultrasound tech-
nologies, such as the combination of CEUS and SWE, have been
widely investigated in the diagnosis of PCa [61]. This condition
prompts us to select the most favorable diagnosis scheme based

on the comprehensive evaluation and analysis of patient condi-
tion. However, several problems remain unresolved for the new
ultrasound technologies in prostate-targeted biopsy. At this
stage, data support from multiple centers and large samples are
needed to achieve the accurate diagnosis of PCa.

With the increase in operator expertise and reduced costs,
the broad prospects of new ultrasound technologies in pros-
tate-targeted biopsy are undoubted. As increasing evidence
becomes available, we can look forward to the bright future of
ultrasound prostate-targeted biopsy with the ultimate aim of
replacing “blind” systematic biopsy with trustworthy targeted
biopsy.

Acknowledgements

This work was supported by Scientificand Technological Plan-
ning Project of Guangzhou, China (201903010041) and Medical
Scientific Research Foundation of Guangdong Province, China
(B2019023).

References

1. Zhang K, Bangma CH, Roobol MJ. Prostate cancer screening in
Europe and Asia. Asian journal of urology. 2017; 4: 86-95.

2. Sanda MG, Cadeddu JA, Kirkby E, Chen RC, Crispino T, et al. Clini-
cally Localized Prostate Cancer: AUA/ASTRO/SUO Guideline. Part
I: Risk Stratification, Shared Decision Making, and Care Options.
The Journal of urology. 2018; 199: 683-690.

3. Sanda MG, Cadeddu JA, Kirkby E, Chen RC, Crispino T, et al. Clini-
cally Localized Prostate Cancer: AUA/ASTRO/SUO Guideline.
Part II: Recommended Approaches and Details of Specific Care
Options. The Journal of urology. 2018; 199: 990-997.

4, Hodge KK, McNeal JE, Terris MK, Stamey TA. Random systematic
versus directed ultrasound guided transrectal core biopsies of
the prostate. The Journal of urology. 1989; 142: 71-74.

5. Bjurlin MA, Carter HB, Schellhammer P, Cookson MS, Gomella
LG, et al. Optimization of initial prostate biopsy in clinical prac-
tice: sampling, labeling and specimen processing. The Journal of
urology. 2013; 189: 2039-2046.

6. Scattoni V, Maccagnano C, Zanni G, Angiolilli D, Raber M, et al.
Is extended and saturation biopsy necessary? International jour-
nal of urology : official journal of the Japanese Urological Asso-
ciation. 2010; 17: 432-447.

7. van Sloun RJG, Demi L, Schalk SG, Caresio C, Mannaerts C, et
al. Contrast-enhanced ultrasound tractography for 3D vascular
imaging of the prostate. Scientific reports. 2018; 8: 14640.

8. Yunkai Z, Yaging C, Jun J, Tingyue Q, Weiyong L, et al. Compari-
son of contrast-enhanced ultrasound targeted biopsy versus
standard systematic biopsy for clinically significant prostate can-
cer detection: results of a prospective cohort study with 1024
patients. World journal of urology. 2019; 37: 805-811.

9. Koh J, Jung DC, Oh YT, Yoo MG, Noh S, et al. Additional Targeted
Biopsy in Clinically Suspected Prostate Cancer: Prospective Ran-
domized Comparison between Contrast-Enhanced Ultrasound
and Sonoelastography Guidance. Ultrasound in medicine & biol-
ogy. 2015; 41: 2836-2841.

10.  Liu G, Wu S, Huang L. Contrast-enhanced ultrasound evaluation
of the prostate before transrectal ultrasound-guided biopsy can
improve diagnostic sensitivity: A STARD-compliant article. Medi-
cine. 2020; 99: €19946.

11. Xie SW, Dong BJ, Xia JG, Li HL, Zhang SJ, et al. The utility and limi-
tations of contrast-enhanced transrectal ultrasound scanning

Journal of Radiology and Medical Imaging



MedDocs Publishers

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

for the detection of prostate cancer in different area of prostate.
Clinical hemorheology and microcirculation. 2018; 70: 281-290.

Yuan Y, Liu Y, Zhu XM, Hu J, Zhao CY, et al. Six-Transmembrane
Epithelial Antigen of the Prostate-1 (STEAP-1)-Targeted Ultra-
sound Imaging Microbubble Improves Detection of Prostate
Cancer In Vivo. Journal of ultrasound in medicine : official jour-
nal of the American Institute of Ultrasound in Medicine. 2019;
38:299-305.

DingY, CaoQ, Qian S, Chen X, Xu Y, et al. Optimized Anti-Prostate-
Specific Membrane Antigen Single-Chain Variable Fragment-
Loaded Nanobubbles as a Novel Targeted Ultrasound Contrast
Agent for the Diagnosis of Prostate Cancer. Journal of ultrasound
in medicine : official journal of the American Institute of Ultra-
sound in Medicine. 2020; 39: 761-773.

Qi TY, Sun HG, Li NF, Feng H, Ding YL, et al. Value of three-section
contrast-enhanced transrectal ultrasonography in the detection
of prostate cancer. Journal of clinical ultrasound : JCU. 2017; 45:
304-309.

Wei C, Li C, Szewczyk-Bieda M, Upreti D, Lang S, et al. Perfor-
mance Characteristics of Transrectal Shear Wave Elastography
Imaging in the Evaluation of Clinically Localized Prostate Cancer:
A Prospective Study. The Journal of urology. 2018; 200: 549-
558.

Mousavi SR, Rivaz H, Czarnota GJ, Samani A, Sadeghi-Naini A.
Ultrasound Elastography of the Prostate Using an Unconstrained
Modulus Reconstruction Technique: A Pilot Clinical Study. Trans-
lational oncology. 2017; 10: 744-751.

JiY, Ruan L, Ren W, Dun G, Liu J, et al. Stiffness of prostate gland
measured by transrectal real-time shear wave elastography for
detection of prostate cancer: a feasibility study. The British jour-
nal of radiology. 2019; 92: 20180970.

Sigrist RMS, Liau J, Kaffas AE, Chammas MC, Willmann JK. Ultra-
sound Elastography: Review of Techniques and Clinical Applica-
tions. Theranostics. 2017; 7: 1303-1329.

Emara DM, Naguib NN, Yehia M, El Shafei MM. Ultrasound elas-
tography in characterization of prostatic lesions: correlation
with histopathological findings. The British journal of radiology.
2020; 93: 20200035.

Boehm K, Tennstedt P, Beyer B, Schiffmann J, Beckmann A, et
al. Additional elastography-targeted biopsy improves the agree-
ment between biopsy Gleason grade and Gleason grade at radi-
cal prostatectomy. World journal of urology. 2016; 34: 805-810.

Zhu YC, Shan J, Zhang Y, Jiang Q, Wang YB, et al. Strain Elastogra-
phy-Targeted Biopsy: Does Prostate Volume Affect Prostate Can-
cer Detection? Medical science monitor : international medical
journal of experimental and clinical research. 2019; 25: 8836-
8842.

Chang, YangJ, Hong H, Ma H, Cui X, et al. The Value of Contrast-
Enhanced Ultrasonography Combined with Real-Time Strain
Elastography in the Early Diagnosis of Prostate Cancer. Aging
and disease. 2018; 9: 480-488.

Nygard Y, Haukaas SA, Halvorsen OJ, Gravdal K, Frugard J, et al. A
positive Real-Time Elastography (RTE) combined with a Prostate
Cancer Gene 3 (PCA3) score above 35 convey a high probability
of intermediate- or high-risk prostate cancer in patient admitted
for primary prostate biopsy. BMC urology. 2016; 16: 39.

Boehm K, Salomon G, Beyer B, Schiffmann J, Simonis K, et al.
Shear wave elastography for localization of prostate cancer le-
sions and assessment of elasticity thresholds: implications for
targeted biopsies and active surveillance protocols. The Journal
of urology. 2015; 193: 794-800.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Yang Y, Zhao X, Zhao X, Shi J, Huang Y. Value of shear wave elas-
tography for diagnosis of primary prostate cancer: a systematic
review and meta-analysis. Medical ultrasonography. 2019; 21:
382-388.

Woo S, Suh CH, Kim SY, Cho JY, Kim SH. Shear-Wave Elastography
for Detection of Prostate Cancer: A Systematic Review and Diag-
nostic Meta-Analysis. AJR. American journal of roentgenology.
2017; 209: 806-814.

Wildeboer RR, Mannaerts CK, van Sloun RJG, Budaus L, Tilki D,
et al. Automated multiparametric localization of prostate can-
cer based on B-mode, shear-wave elastography, and contrast-
enhanced ultrasound radiomics. European radiology. 2020; 30:
806-815.

Xiang LH, Fang Y, Wan J, Xu G, Yao MH, et al. Shear-wave elas-
tography: role in clinically significant prostate cancer with false-
negative magnetic resonance imaging. European radiology.
2019; 29: 6682-6689.

Shoji S, Hashimoto A, Nakamura T, Hiraiwa S, Sato H, et al. Novel
application of three-dimensional shear wave elastography in the
detection of clinically significant prostate cancer. Biomedical re-
ports. 2018; 8: 373-377.

FuS, Tang Y, Tan S, Zhao Y, Cui L. Diagnostic Value of Transrectal
Shear Wave Elastography for Prostate Cancer Detection in Pe-
ripheral Zone: Comparison with Magnetic Resonance Imaging.
Journal of endourology. 2020; 34: 558-566.

Correas JM, Tissier AM, Khairoune A, Vassiliu V, Méjean A, et
al. Prostate cancer: diagnostic performance of real-time shear-
wave elastography. Radiology. 2015; 275: 280-289.

Sang L, Wang XM, Xu DY, Cai YF. Accuracy of shear wave elas-
tography for the diagnosis of prostate cancer: A meta-analysis.
Scientific reports. 2017; 7: 1949.

Choi YH, Kang MY, Sung HH, Jeon HG, Chang Jeong B, et al. Com-
parison of Cancer Detection Rates Between TRUS-Guided Biopsy
and MRI-Targeted Biopsy According to PSA Level in Biopsy-Naive
Patients: A Propensity Score Matching Analysis. Clinical genito-
urinary cancer. 2019; 17: e19-e25.

Rouviére O, Puech P, Renard-Penna R, Claudon M, Roy C, et al.
Use of prostate systematic and targeted biopsy on the basis of
multiparametric MRI in biopsy-naive patients (MRI-FIRST): a
prospective, multicentre, paired diagnostic study. The Lancet.
Oncology. 2019; 20: 100-109.

Rosario DJ, Walton TJ, Kennish SJ. In-bore Multiparametric Mag-
netic Resonance Imaging Targeted Biopsy: As Good as it Gets?
European urology. 2019; 75: 579-581.

van der Leest M, Cornel E, Israél B, Hendriks R, Padhani AR, et
al. Head-to-head Comparison of Transrectal Ultrasound-guided
Prostate Biopsy Versus Multiparametric Prostate Resonance
Imaging with Subsequent Magnetic Resonance-guided Biopsy
in Biopsy-naive Men with Elevated Prostate-specific Antigen: A
Large Prospective Multicenter Clinical Study. European urology.
2019; 75: 570-578.

Rosenkrantz AB, Verma S, Choyke P, Eberhardt SC, Eggener SE,
et al. Prostate Magnetic Resonance Imaging and Magnetic Reso-
nance Imaging Targeted Biopsy in Patients with a Prior Negative
Biopsy: A Consensus Statement by AUA and SAR. The Journal of
urology. 2016; 196: 1613-1618.

Kulis T, Zekuli¢ T, Alduk AM, Lusi¢ M, Bulimbasic¢ S, et al. Targeted
prostate biopsy using a cognitive fusion of multiparametric mag-
netic resonance imaging and transrectal ultrasound in patients
with previously negative systematic biopsies and non-suspicious
digital rectal exam. Croatian medical journal. 2020; 61: 49-54.

Journal of Radiology and Medical Imaging



MedDocs Publishers

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

Kaufmann S, Russo Gl, Bamberg F, Lowe L, Morgia G, et al. Pros-
tate cancer detection in patients with prior negative biopsy un-
dergoing cognitive-, robotic- or in-bore MRI target biopsy. World
journal of urology. 2018; 36: 761-768.

John S, Cooper S, Breau RH, Flood TA, Cagiannos |, et al. Mul-
tiparametric magnetic resonance imaging - Transrectal ultra-
sound-guided cognitive fusion biopsy of the prostate: Clinically
significant cancer detection rates stratified by the Prostate Im-
aging and Data Reporting System version 2 assessment cat-
egory. Canadian Urological Association journal = Journal de
I’Association des urologues du Canada. 2018; 12: 401-406.

Cool DW, Zhang X, Romagnoli C, Izawa JI, Romano WM, et al.
Evaluation of MRI-TRUS fusion versus cognitive registration
accuracy for MRI-targeted, TRUS-guided prostate biopsy. AJR.
American journal of roentgenology. 2015; 204: 83-91.

Xu G, Xiang L, Wu J, Shao H, Liu H, et al. The accuracy of prostate
lesion localization in cognitive fusion. Clinical hemorheology and
microcirculation. 2020; 74: 223-229.

Siddiqui MM, Rais-Bahrami S, Turkbey B, George AK, Rothwax J,
et al. Comparison of MR/ultrasound fusion-guided biopsy with
ultrasound-guided biopsy for the diagnosis of prostate cancer.
Jama. 2015; 313: 390-397.

Fourcade A, Payrard C, Tissot V, Perrouin-Verbe MA, Demany N,
et al. The combination of targeted and systematic prostate biop-
sies is the best protocol for the detection of clinically significant
prostate cancer. Scandinavian journal of urology. 2018; 52: 174-
179.

Shen WW, Cui LG, Ran WQ, SunY, Jiang J, et al. Targeted Biopsy
With Reduced Number of Cores: Optimal Sampling Scheme in
Patients Undergoing Magnetic Resonance Imaging/Transrectal
Ultrasound Fusion Prostate Biopsy. Ultrasound in medicine &
biology. 2020; 46: 1197-1207.

Mischinger J, Kaufmann S, Russo Gl, Harland N, Rausch S, et al.
Targeted vs systematic robot-assisted transperineal magnetic
resonance imaging-transrectal ultrasonography fusion prostate
biopsy. BJU international. 2018; 121: 791-798.

Haskins G, Kruecker J, Kruger U, Xu S, Pinto PA, et al. Learning
deep similarity metric for 3D MR-TRUS image registration. In-
ternational journal of computer assisted radiology and surgery.
2019; 14: 417-425.

Sarkar S, Verma S. MR Imaging-Targeted Prostate Biopsies. Ra-
diologic clinics of North America. 2018; 56: 289-300.

Marami B, Sirouspour S, Ghoul S, Cepek J, Davidson SR, et al.
Elastic registration of prostate MR images based on estimation
of deformation states. Medical image analysis. 2015; 21: 87-
103.

Mehrtash A, Ghafoorian M, Pernelle G, Ziaei A, Heslinga FG,
et al. Automatic Needle Segmentation and Localization in MRI
With 3-D Convolutional Neural Networks: Application to MRI-
Targeted Prostate Biopsy. IEEE transactions on medical imaging.
2019; 38: 1026-1036.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

Manjunath G, Jaeger H. Echo state property linked to an input:
exploring a fundamental characteristic of recurrent neural net-
works. Neural computation. 2013; 25: 671-696.

Loch T, Leuschner |, Genberg C, Weichert-Jacobsen K, Kiippers F,
et al. Artificial neural network analysis (ANNA) of prostatic tran-
srectal ultrasound. The Prostate. 1999; 39: 198-204.

Ecke TH, Bartel P, Hallmann S, Koch S, Ruttloff J, et al. Outcome
prediction for prostate cancer detection rate with artificial neu-
ral network (ANN) in daily routine. Urologic oncology. 2012; 30:
139-144.

van Hove A, Savoie PH, Maurin C, Brunelle S, Gravis G, et al.
Comparison of image-guided targeted biopsies versus system-
atic randomized biopsies in the detection of prostate cancer:
a systematic literature review of well-designed studies. World
journal of urology. 2014; 32: 847-858.

Tokas T, Grabski B, Paul U, Baurle L, Loch T. A 12-year follow-up
of ANNA/C-TRUS image-targeted biopsies in patients suspicious
for prostate cancer. World journal of urology. 2018; 36: 699-
704.

Anas EMA, Mousavi P, Abolmaesumi P. A deep learning approach
for real time prostate segmentation in freehand ultrasound
guided biopsy. Medical image analysis. 2018; 48: 107-116.

Wang G, Teoh JY, Choi KS. Diagnosis of prostate cancer in a Chi-
nese population by using machine learning methods. Confer-
ence proceedings : ... Annual International Conference of the
IEEE Engineering in Medicine and Biology Society. IEEE Engineer-
ing in Medicine and Biology Society. Annual Conference. 2018;
2018: 1-4.

Feng Y, Yang F, Zhou X, Guo Y, Tang F, et al. A Deep Learning Ap-
proach for Targeted Contrast-Enhanced Ultrasound Based Pros-
tate Cancer Detection. IEEE/ACM transactions on computational
biology and bioinformatics. 2019; 16: 1794-1801.

Goldenberg SL, Nir G, Salcudean SE. A new era: artificial intelli-
gence and machine learning in prostate cancer. Nature reviews.
Urology. 2019; 16: 391-403.

Wildeboer RR, van Sloun RJG, Wijkstra H, Mischi M. Artificial in-
telligence in multiparametric prostate cancer imaging with focus
on deep-learning methods. Computer methods and programs in
biomedicine. 2020; 189: 105316.

Mannaerts CK, Wildeboer RR, Remmers S, van Kollenburg RAA,
Kajtazovic A, et al. Multiparametric Ultrasound for Prostate Can-
cer Detection and Localization: Correlation of B-mode, Shear
Wave Elastography and Contrast Enhanced Ultrasound with
Radical Prostatectomy Specimens. The Journal of urology. 2019;
202:1166-1173.

Journal of Radiology and Medical Imaging



