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The prostate cancer diagnosis has traditionally been based on a systematic biopsy method in which
tissue samples are randomly obtained from the prostate 10-12 sites. However, there are concerns as
the method can fail to diagnose all prostate cancers or lead to over-detection of clinically insignificant
cancers. MRI-guided prostate targeted biopsy has been proposed to address these shortcomings.
This method involves identifying suspicious lesions using MRI and performing targeted biopsies un-
der ultrasound or MRI guidance. We review the methods of MRI-based targeted biopsy and discuss
recent guidelines and trends in prostate cancer diagnosis.
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Fig. 1. Comparison between systematic biopsy and targeted biopsy.

A. The drawing illustrates a systematic biopsy scheme. In this method, the peripheral zones are targeted
due to their proximity to the rectum, where approximately 70%-80% of tumors are found. However, the an-
terior and central portions of glands (marked as dotted lines) are not sampled. Consequently, there remains
a likelihood of missing anterior tumors at systematic biopsies.

B. The drawing illustrates a targeted biopsy scheme in a hypothetical patient with a clinically significant an-
terior prostate tumor (yellow). The biopsy approach ensures that tissue samples are obtained across the le-
sions, providing comprehensive coverage and representation of the tumor during the biopsy procedure.
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Table 1. Indications and Use of MRI-US Fusion Targeted Biopsy Approved in Korea

Biopsy Naive Patients

Suspicious lesions (PI-RADS = 3) Systematic and targeted biopsy

Prior Negative Biopsy Patients

Suspicious lesions (PI-RADS = 3) Targeted biopsy only
Systematic and targeted biopsy

PI-RADS = Prostate Imaging Reporting Data System
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Table 2. Pros and Cons of MRI-Targeted Biopsy Methods

Pros Cons
Cognitive biopsy  « Time and cost-effective as the use of software and « Operator-dependency
additional equipment is not required « Limited in case of lacking landmarks, presence of large
« Concurrent systematic biopsies can be easily calcification obscuring the target, and in large prostate
performed glands with small targets

+ Diagnosis of lesions located anteriorly and at apex,
which can be missed via systematic biopsies

MRI-US software  « Ability to record the biopsy sites for both MRI-US « Costs for acquiring software system
fusion biopsy software fusion biopsy and the systematic biopsy « Longer procedure time compared to cognitive biopsy
« Concurrent systematic biopsies can be easily « Requiring multiple technical steps susceptible to
performed operator-dependent errors
» Better performances when targeting lesions not » Steep learning curve for operator

visualized with US, small lesions, and targeting areas
obscured by large calcifications

MRIin-bore biopsy « Direct visualization of target and needle on MRI « Expensive and longer duration of procedure
+ Requiring fewer number of cores « Less widely available compared to other techniques
« Concurrent systematic biopsies are usually not per-
formed
o]
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Fig. 2. Cognitive biopsy in a 71-year-old male with elevated prostate-specific antigen level of 5.3 ng/mL.

A-C. Axial T2-weighted image (A), diffusion-weighted image (b = 1500 s/mm?) (B), and apparent diffusion coefficient map (C) show a 0.8-cm
focal lesion with diffusion restriction in the left mid gland (white arrows; Prostate Imaging Reporting and Data System score 4).

D. The transrectal US image displays landmarks of the benign prostatic hyperplastic nodule (yellow dotted lines in A, D), prostatic urethra
(arrowheads in A, D), and the suspicious area, matched with an MRI-detected lesion (arrow).

E. A targeted biopsy was performed. Biopsy revealed prostate cancer, with a Gleason score of 3 + 4 and 43% of maximum core involve-
ment.
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Fig. 3. MR-transrectal US software fusion biopsy in a 63-year-old male with elevated prostate-specific antigen levels of 17.9 ng/mL and a
history of previous negative biopsy.

A-C. Axial T2-weighted image (A), diffusion-weighted image (b = 1500 s/mm?) (B), and apparent diffusion coefficient map (C) show a 1.0-cm
noncircumscribed low signal lesion in the left anterior transition zone (arrows; Prostate Imaging Reporting and Data System score 4).

D, E. A three-dimensional image of the prostate (left) was developed after the fusion of transrectal ultrasound (right) (D) and MRI (E) fol-
lowing the prostate segmentation (outlined in green) and suspicious lesion (outlined in yellow). The suspicious lesion (yellow) and the
cores obtained at the targeted biopsy (orange) are shown. Biopsy revealed prostate cancer in both cores, with a Gleason score of 3 +4 and
44% maximum core involvement.

Transverse View
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Fig. 4. MR-transrectal US software fusion biopsy aiding accurate fusion despite dense calcification.

A-C. In a 66-year-old male with an elevated prostate-specific antigen level of 31.0 ng/mL, Axial T2-weighted image (A), diffusion-weighted
image (b =1500 s/mm?) (B), and apparent diffusion coefficient map (C) show a 3.0-cm noncircumscribed low signal intensity mass in the
transition zone with extraprostatic extension (Prostate Imaging Reporting and Data System score 5).

D. The transrectal US image of the prostate shows dense calcifications (arrows) with posterior acoustic shadowing, inhibiting the identifi-
cation of landmarks such as benign prostatic hyperplastic nodules.

E. A three-dimensional image of the prostate (right) and corresponding ultrasound image (left) indicates the location of a suspicious le-
sion (yellow), thereby enabling targeted biopsy (orange lines) despite acoustic shadowing. Biopsy revealed prostate cancer in all three
cores, with a Gleason score of 4 + 5 and 100% of maximum core involvement.
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