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Abstract
Purpose: Transrectal ultrasound (TRUS) has been the gold standard of imaging for diagnosing
prostate cancer for decades but is plagued by user error and undersampling. We aim to explore
imaging modalities that are now being used in combination or alone for screening, diagnosis,
and/or active surveillance of prostate cancer.

Methods: A PubMed literature search was performed to include articles published up to April
2016. Data were extracted and analyzed.

Results: Several large-scale studies have found an increased cancer detection rate in MRI-
targeted lesions with an improved ability to target anterior lesions as well as an increased
cancer detection in high-risk cancers using fusion platforms vs TRUS alone.

Conclusions: To date, there have been few head-to-head trials to directly compare the use of
multiparametric MRI (mpMRI), transrectal ultrasound, and MRI-ultrasound fusion modalities
for accurate and reliable detection, active surveillance, or biopsy procedure success rates.
Further investigation utilizing these modalities are needed before they can be relied upon in
active surveillance management, although mpMRI appears to be currently the most reliable in
monitoring and diagnosing prostate lesions.

Categories: Oncology, Radiology, Urology
Keywords: active surveillance, prostate cancer, transrectal ultrasound, prostate-specific antigen,
digital rectal exam, multiparametric mri

Introduction And Background
Prostate-specific antigen (PSA) has been the gold standard screening test for prostate cancer
since its approval by the FDA in 1986 [1]. Its original use was for the surveillance of men who
had known prostate cancer. This simple serum analysis expanded its utility in 1994 when it was
approved as a screening test when combined with digital rectal exam (DRE) for screening
asymptomatic men [1].

Prostate cancer is the most common noncutaneous cancer in America and the most common
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cancer in men; The American Cancer Society estimates that there will be 180,890 new cases of
prostate cancer in the United States in 2016 [2]. As recommended by the European Urologic
Association, management of patients with a high PSA and an abnormal finding on DRE
necessitates a 12-core systematic ultrasound-guided transrectal biopsy in search of tissue
confirmation of cancer. Transrectal biopsies are invasive procedures associated with
complications, such as bleeding, pain, and infection, and should be avoided until absolutely
necessary. Increasing numbers of abnormal biopsies may lead to increasing numbers of
patients undergoing aggressive management.

Evidence began to accumulate against the utility of using PSA levels to screen for cancer;
detecting prostate cancer early may not reduce the chance of dying from prostate cancer and
the screening may give false positive or negative results. A large-scale population-based trial
completed in 2006, The Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial, found
that men undergoing annual PSA and DRE screening had the same rate of deaths from disease
as those in the control group while those in the screened group had a higher incidence of
prostate cancer [3]. The argument against screening and aggressive treatment in those with
positive screenings lies in the natural history of this disease process, which can be indolent;
many men may die with prostate cancer without ever treating it or knowing their diagnosis [4].

One potential shortcoming in the PSA screening tool lies in the fact that the screening value
cutoff of 4 ng/mL as the reference range for PSA was originally standardized using the PSA
levels in Caucasian males. Older age, African-American race, and a positive family history are
strong risk factors for prostate cancer. African-Americans are 56% more likely to develop
prostate cancer than white males and 2.5 times as likely to die from it; several studies similarly
determined that PSA levels in black men are higher than those in white men regardless of age or
presence of prostate cancer [5]. As there is variability in the “normal range” of different age
groups and races, use of standardized PSA measurements specific for age and race may improve
the specificity of the serum PSA test. Despite an effort to create better reference standards,
acute or chronic processes, such as prostatitis, benign prostatic hyperplasia, and other factors,
may cause unpredictable elevations of PSA.

Yearly PSA screening has fallen out of favor with most healthcare professionals and national
healthcare organizations for the above-stated reasons; however, there is still delay in the
adoption of these guidelines in general practice as insurance companies and Medicare are still
covering annual PSA screenings in men over 50 [1]. Yearly PSA screenings were given a grade D
recommendation, meaning that there is moderate or high certainty that the service has no
benefit or that the harms outweigh the benefits, by the 2012 United States Preventative Services
Task Force. Screening modalities need to be improved to prevent deaths from prostate cancer
and also take into consideration the serious treatment complications incurred by patients with
low-grade prostate cancer. The US Preventive Services Task Force has analyzed the data from
the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial and the European
Randomized Study of Screening for Prostate Cancer (ERSPC) and found that for every 1,000
men aged 55 to 69 years old, screened every one to four years for a decade, there would be one
death at most from prostate cancer that would be avoided; however, it would result in the
diagnosis of 110 men with prostate cancer and of those 110, 50 would have a complication from
treatment, such as erectile dysfunction, urinary incontinence, or serious cardiovascular events
[6].  These data indicate that for prostate cancer, an aggressive approach to treatment may do
more harm than good.

We look to discuss other imaging modalities that may be used for screening, diagnosis, and
active surveillance of prostate cancer that may result in more sensitive testing and lower the
false positives or better classify and/or monitor low disease burden. This review will discuss the
use of multiparametric MRI, transrectal ultrasound, and MRI-ultrasound fusion modalities in
prostate cancer screening, prevention, and diagnosis.  
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Review
Transrectal ultrasound (TRUS)
The advent of prostatic biopsy via a transrectal approach served as a welcomed replacement for
the previous percutaneous transperineal approach, which was both technically challenging for
the practitioner and painful for the patient [7]. Current guidelines recommend prostatic biopsy
for all patients with elevated serum prostate-specific antigen (PSA) or abnormal prostate
morphology on digital rectal exam. Standard practice for transrectal ultrasound (TRUS)-guided
biopsy involves the utilization of 10-12 core needle (16-18 gauge) biopsies; however, there is
not an established ideal number of biopsies [7-8]. Initially, in 1989, Hodge introduced the
practice of a six-core biopsy, but this method was later found to miss 22-30% of prostatic
cancers. Since its introduction, the number of core needle biopsies has been on the rise to
decrease sampling errors and increase prostatic cancer detection rates [7]. Extended biopsies
have been found to improve the concordance of Gleason scores between prostatic biopsies and
prostatectomy [9]. In contrast, Rodriguez-Patrón, et al. determined that in a comparison of 221
patients undergoing six-core versus ten-core biopsies, only 2.25% of patients benefited from
the augmented number of biopsies [8].

Prostate cancer (PCa) is often multifocal and microscopic; thus, detection can be quite difficult
with limitations in the sampling number [10]. TRUS-guided biopsies often fail to detect
cancerous lesions, misclassify the cancer risk, and have been found to have sensitivity for
detection as low as 60% [7, 11]. A study by Ouzzane, et al. found up to 46% of 12-core biopsies in
their trial had missed anteriorly located cancerous lesions [12-13]. Hu, et al. determined that
transperineal prostate mapping (TPM) was more accurate versus five traditional TRUS-guided
strategies at detecting and excluding lesions of tumor volume thresholds of 0.2 mL and 0.5 mL
[11]. Additionally, TRUS-biopsy failed to detect 30-40% of lesions > 0.2 mL compared to 5%
missed in TPM [11]. Schulte, et al. determined that in men classified with unilateral disease on
extended 12-core biopsy, only 40.4% had true unilateral disease when reevaluated on radical
prostatectomy [14]. In addition, the transperineal approach has no advantage over the
transrectal approach with respect to the determination of tumor laterality [15].

While TRUS-guided prostatic biopsies have become a welcome replacement for the
transperineal approach, this technique is not without disadvantages. TRUS-guided biopsy of
the prostate involves penetration through the rectal mucosa, leading to potential patient risk
and complications. Post-biopsy complications include sepsis, hospitalization, bacteriuria,
bacteremia, and acute urinary retention [16]. Peri-biopsy prophylactic fluoroquinolone has
been found to decrease infectious complication rates, but there has been a development of
increasing antimicrobial resistance [17]. In a five-year study of 12,968 TRUS-guided biopsies,
32 ( 0.25%) patients died within 30 days post-biopsy and 1,266 (9.76%) patients suffered from
post-biopsy voiding difficulty [9]. When compared to transrectal biopsy, transperineal biopsy is
associated with a higher prevalence of acute urinary retention and lower burden of
hospitalization and sepsis [16]. However, compared to lung, colorectal, and ovarian sampling in
screening, prostate biopsy demonstrates a very low risk and no evidence of excess mortality
post-biopsy [18].

The accuracy of TRUS-guided biopsy can be improved with anterior sampling, but this
approach requires the utilization of transperineal template prostate mapping, which involves
added patient discomfort and additional procedure risk [7, 11]. New literature suggests a change
in management culture from the removal of lesions towards an active surveillance of prostate
cancer [4]. To achieve this, the reliability of TRUS-guided biopsy must be increased, such that
the same area can be reliably surveyed multiple times. Suggested strategies to address this
include extended biopsies, transperineal saturation biopsies, and linkage of prostate cancer
biomarkers, such as TMPRSS2-ERG, to ultrasound imaging [7]. New advances in technology,
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including contrast-enhanced transrectal ultrasound (CE-TRUS) and real-time sonoelastography
(RTE), have shown promise, allowing for targeted biopsies and improving PCa detection [19]. In
addition, ultrasound may appear sonographically normal while containing neoplastic foci [5].

Multiparametric MRI
Magnetic resonance imaging (MRI) has evolved from a concept rooted in quantum mechanics to
a crucial and relevant healthcare imaging modality. The ability of an MRI to display and
differentiate minor soft tissue details have aided in the diagnosis and treatment of many life-
threatening diseases. Moreover, MRI has solidified its role in cancer diagnosis by being a useful
tool for early stage detection, decreasing overall cancer mortality. Prostate cancer (PCa)
diagnosis and treatment have especially benefitted from advancements in the resolution and
practicality of MRI, particularly multiparametric MRI (mpMRI). MpMRI is a three component
MRI modality consisting of regular T2-weighted imaging (T2WI), diffusion-weighted imaging
(DWI), and dynamic contrast-enhanced imaging (DCEI).

T2-weighted imaging, which highlights tissues containing a high water content (such as CSF),
provides excellent differentiation of anatomical zones of the prostate, such as the peripheral
zone (PZ), displayed as a relatively increased signal intensity, the central zone (CZ), displayed
as relatively decreased signal intensity, and the transitional zone (TZ), exhibiting a
heterogeneous, often swirled, signal intensity [20]. These images correlate with prostate cancer
Gleason scores in that higher scores exhibit decreased signal intensity. Disadvantages of T2WI
are false positives arising from more benign processes, such as acute and chronic prostatitis,
atrophy, scars, post-irradiation or hormonal treatment effects, hyperplasia, and post-biopsy
hemorrhage. In addition, PCa can often be difficult to detect in the TZ, but a TZ diagnosis error
can be reduced by looking for details in lesion abnormalities, such as homogenously decreased
signal intensity, poorly defined and irregular lesion borders, invasion into the urethra or
fibromuscular stroma, and lenticular lesion shape [21]. 

DWI takes advantage of the physics concept of Brownian motion, defined as the random
motion of particles contained in a defined space and suspended in a fluid (i.e., gas or liquid)
that can be affected by random collisions with other particles. Within tissue, the Brownian
motion refers to the random movement of water molecules in confined intracellular or
extracellular spaces. Moreover, b-value selection (b-value refers to the strength and timing of
gradients, defined by pulses consisting of varying magnitude and duration separated by time
intervals, used to create diffusion-weighted images) has proved to be crucial in detecting PCa

lesions. Traditionally, a maximal b-value of 1,000 s/mm2 has been used, although recent

studies show that using a b-value of 2,000 s/mm2 can increase the accuracy of PCa detection in
the PZ and TZ by lowering background noise [22-23]. Additionally, the apparent diffusion
coefficient (ADC) can be calculated by measuring signal intensities at multiple b-values to
quantify water movement restriction. ADC exhibits an inverse relationship between
quantitative ADC and the Gleason score indicating utility in the predictive value of ADC for
tumor aggressiveness; however, more studies need to be performed to confirm ADC's predictive
strength in comparison to the Gleason score [24]. The limitations of DWI arise with low signal-
to-noise ratios and image distortion, which worsens with higher b-values indicating that image
optimization will correlate with user determined b-values [25].

DCE-MRI consists of a series of rapid T1-weighted sequences imaging the entire prostate
before and after a bolus injection of gadolinium chelate at 2-4 mL per second [26]. This imaging
modality utilizes principles of contrast kinetics and incorporates the signal increase/peak upon
injection of contrast and follows the kinetics of contrast diffusion out of various areas of tissue.
As cancers have increased vascularity, the theory is that cancerous lesions will reach higher
peak signals and also have delayed dissipation of the contrast from the lesion. DCE-MRI,
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therefore, is useful in identifying the previously mentioned signal differences in lesions that are
suspected to be cancerous. However, DCE-MRI signals can vary greatly and can, at times,
overlap with the signals that would be seen in benign abnormalities, such as benign prostatic
hyperplasia (BPH) and prostatitis [26]. Therefore, DCE-MRI should not be used alone but rather
in conjunction with T2WI and DWI to further confirm the presence of a suspicious lesion.
Limitations of DCE-MRI revolve around the differentiation of signals between PCa and
prostatitis or highly vascularized BPH in the PZ and TZ, respectively, as well as lesion
resolution issues due to rapid imaging [26]. 

As stated above, image optimization is crucial to providing a clinician with the best possible
snapshot of a patient’s prostate lesions. The modalities described previously offer new and
advanced methods for imaging the prostate. However, mpMRI had a difficult road towards full
adaptation because there had never been a standardized image reporting system that defined
specific guidelines for image creation and data reporting. The American college of Radiology
and the European Society for Urogenital Urology convened together and made high-quality
mpMRI recommendations that led to improved detection and diagnosis of clinically significant
prostate cancer. This guideline is now known as PI-RADS v2 or Prostate Imaging Reporting and
Data System version 2. It was modeled after the Breast Imaging Reporting and Data System (BI-
RADS) for breast cancer and is a Likert-like scale aimed at helping clinicians characterize
prostate lesions found on mpMRI [27].

MpMRI imaging combined with the PI-RADS v2 scoring system provides prostate imaging that
increases the detection and localization of clinically significant prostate lesions
(intermediate/high risk PCa) while at the same time lowering the likelihood of overdetection of
clinically insignificant lesions (low risk PCa) that would otherwise lead to overtreatment and
the potential for increases in unnecessary risks for patients. MpMRI was found in one study to
aid in risk stratification of PCa based on lesion size, extent, and ADC value due to its superior
diagnostic capabilities [28]. Another study indicated that mpMRI sensitivity exceeded 80% for
detecting 0.2 cm3 of Gleason 4 + 3 or greater and 0.5 cm3 of Gleason 3 + 4 or greater disease
[29]. Yet another study by Yoshizako, et al. demonstrated that the combined use of DW, DCE,
and T2-weighted MRI increased accuracy in the detection of transition zone cancer compared
to T2WI alone from 64% to 79% [30]. Although the optimal diagnostic results come from the
combination of DW, DCE, and T2W imaging within mpMRI, the imaging modality still requires
a prostate biopsy to confirm the presence of PCa and to directly access the malignancy/Gleason
score of the lesion. mpMRI targeted biopsies are an area of PCa diagnostics where mpMRI has
great potential to assist.

Traditionally, prostate biopsies were performed using a transrectal ultrasound-guided biopsy
(TRUS-GB). Since the introduction of mpMRI in the detection and stratification of PCa, much
research has been performed to elucidate the benefit of using mpMRI for targeted biopsy of
suspicious prostate lesions. The main MRI-guided techniques include visual estimation,
software co-registered, and in-bore MRI-guided biopsy. Visual estimation relies heavily on user
comfort and the ability to use static images, thereby foregoing real-time feedback, in order to
guide a prostate biopsy. Visual estimation has the advantage of lower costs and can, therefore,
be a cheaper alternative for clinicians and patients. The effectiveness and accuracy of visual
estimation over regular systematic TRUS varies amongst studies with the detection rate being
tied heavily to user experience with the technique [31]. Other techniques, such as software co-
registered biopsy and in-bore MRI biopsy, have the advantage of allowing the user to have
reproducible and real-time imaging of the lesion during the biopsy process. Although more
expensive and requiring great upfront investment in equipment, these methods have shown
statistically significant advantages over systematic TRUS in multiple studies. These biopsy
methods also have the advantage of detecting cancer in patients with previously normal biopsy
results [32]. For example, in a study involving 265 patients with previously normal biopsies,
there was a cancer detection rate (CDR) of 41% with 87% of those lesions being clinically

2016 Birs et al. Cureus 8(7): e702. DOI 10.7759/cureus.702 5 of 12



significant [33].

All of these methods have shown the potential to overcome the limitations of traditional
biopsy methods; namely, false-negative biopsies (undersampling) where the normal 12 biopsy
cores miss the cancer completely, false risk stratification (undersampling) where clinically
significant lesions are classified as low-grade due to sampling a small portion of the lesion, and
identifying clinically insignificant tumors incidentally (oversampling), which leads to
overtreatment [26]. In addition to MRI-targeted biopsy being useful in detecting cancers in
patients with previously negative biopsies, MRI-targeted biopsies also aided in a better cancer
detection rate than traditional systematic biopsy in men with no previous biopsy and aided
improved risk stratification/cancer grading in patients with previously diagnosed low-grade
lesions. One study showed a CDR of 70.1% in a group of 890 patients with MRI-detected lesions
who underwent MRI-targeted and systematic biopsy compared to only 13.1% of 558 patients
who did not have MRI-detected lesions of targeted biopsy and only underwent systematic
biopsy [26]. Additionally, in a group of 141 patients, the MRI-targeted biopsy had a CDR of
90.1% in the anterior portion of the prostate, which is an area mostly missed by systematic
biopsies [34]. In terms of upgrading previously low-risk lesions, a study found that 20% of a
group of 388 patients had their cancers upgraded through the use of mpMRI and confirmatory
visual estimation co-registration biopsy [35]. Despite the success of MRI-targeted biopsy,
further studies need to be conducted to justify the cost of these methods as well to develop a
standardized protocol for targeting methods.

Patients with low-risk prostate lesions can also become candidates for active surveillance,
formerly known as "watchful waiting". Active surveillance is the practice of closely watching a
suspicious cancer lesion and monitoring any changes/progression over time. Active
surveillance aims to provide the patient with care and close monitoring while reducing the
probability of overtreatment. For example, a patient’s active surveillance could consist of a
doctor’s visit every six months where prostate specific antigen (PSA) levels are obtained and a
digital rectal exam (DRE) is performed with the option of obtaining a biopsy every year. A
physician can then make a note of any changes in the lesion and discuss treatment options with
the patient. MpMRI imaging of the prostate has an important and still yet to be a fully defined
role in helping to determine a patient’s eligibility for active surveillance. The risks of putting a
patient on active surveillance stem from underestimating the severity of the PCa, leading to
possible delays in potentially life-saving treatments. Therefore, the question was asked whether
mpMRI could help properly risk stratify and monitor suspicious lesions well enough to
determine which patients can enter/remain in active surveillance and which patients need to
have their PCa upgraded and receive treatment. The goal is also to reduce the need for repeat
biopsies, which come with their own inherent risks and limitations, as previously discussed.
The Vargas study looked at 388 patients who had clinically low-risk PCa and compared the
results of the endorectal MRI that was performed before the confirmatory biopsy. The study
aimed to elucidate any benefit from the imaging on risk stratification between clinically
significant and clinically insignificant PCa. As previously stated, the study showed an upgrade
in 79 patients’ Gleason scores to clinically significant lesions. Moreover, the study showed a
high negative predictive value (0.96-1.00) and specificity (0.95-1.00) for upgrading on MRIs
indicating low risk lesions when confirmatory biopsy was performed, as well as high sensitivity
(0.87-0.98) for upgrading when the MRI indicated that a high-risk lesion was present and then
confirmed on biopsy [35]. Another study stated that “A positive MRI makes the identification of
clinically significant disease at repeat biopsy more likely, especially when biopsies are targeted
to suspicious MRI lesions” [36]. Additional and more robust prospective studies need to be
conducted to fully determine the role of MRI in active surveillance, but the future of minimally
invasive PCa monitoring and diagnosis is promising.

Multiparametric MRI is developing an integral role in the diagnosis and surveillance of PCa
whether it be through lesion detection or by assisting in targeted biopsies. Further studies will
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confirm the ability of mpMRI to decrease false negatives/undersampling as well as limit
oversampling and treatment. Confirmatory results will provide patients and physicians with
alternative and less invasive methods for confronting PCa.

MRI-TRUS
MRI-TRUS fusion techniques include (1) in-bore MR-guided biopsy (2) cognitive registration,
and (3) software registration-based fusion. In-bore MR-guided biopsy uses pre-biopsy MRI
images to identify lesions of interest. Subsequently, the patient will undergo biopsy within the
bore of a magnet. Using MR fluoroscopy, successive images are taken to ensure that the needle
is placed in the desired location and a biopsy is taken and registered. Cognitive registration
entails the usage of a pre-biopsy MRI to create a map of the prostate. The physician will then
incorporate these imaging findings while performing the biopsy. Although the physician is
relying only on the ultrasound for real-time imaging at the time of the biopsy, the physician has
a cognitive awareness of the general locations of the high-risk lesions. Software-based
platforms combine a pre-biopsy MRI image with prostate contouring. At the time of biopsy, a
typical 2D TRUS is obtained and sent to the fusion platform where the platform will create a 3D
model using the previous MRI image and ultrasound. A live guidance of the biopsy, known as
“tracking”, is thus created [37-38].

Within software-based platforms lies three major technologies: Mechanical position encoders,
such as the Artemis (Eigen, Grass Valley, California, USA), the Urostation device (Koelis,
LaTronche, France), and electromagnetic tracking, such as the UroNav (Philips Electronics,
Amsterdam, the Netherlands). The Artemis tracks and records biopsy sites live and allows the
operator to return to a positive core biopsy site (within 1.2 - 3 mm accuracy) [39]. The return to
a prior site may allow for real-time pathology results and resampling. The Artemis was also
three times more likely to detect cancer in patients with active surveillance or prior negative
TRUS biopsy than a standard biopsy (21 vs 7 %) [40]. The Urostation device has the ability to
track each core biopsy in real time. As the physician takes core biopsies, the model of the
prostate is updated to reflect the biopsied regions; this allows for retrospective targeting
and real-time elastic registration. The UroNav has also performed very well and has been
extensively studied since its FDA approval in 2006. A landmark trial by Siddiqui, et al. showed
that UroNav detected 30% more high-risk cancers (Gleason score ≥ 4 + 3) than standard TRUS
biopsy [41]. 

The magnetic resonance imaging with transrectal ultrasound (MRI-TRUS) technique is the
newest of common techniques to detect prostate cancer (PCa). It holds value for patients that
have newly detected elevated levels of prostate-specific antigen (PSA). MRI can be used now to
assess risk, increase accuracy in evaluation of tumor margins, and also guide the biopsy portion
of PCa detection. The imaging used typically involves T2-weighted imaging with at least two
other nuclear modalities (such as diffusion-weighted or perfusion imaging), depending on the
clinical situation [26].

The MRI-TRUS technique was shown to reduce the number of biopsies done on patients that
have low-grade PCa, reducing the overall diagnoses of low-grade prostate cancers, and
increasing the detection of the intermediate and high-risk subgroups of patients compared to
traditional modalities [26, 42]. Specifically, with intraprostatic lesions, the MRI-TRUS has also
been found to be more accurate in biopsy targeting [38].

Past studies compiled and analyzed by Bjurlin, et al. showed consistently that while more cases
are detected through the systematic approach, a significant portion of them was either too
small or was too low-grade to be clinically significant. When MRI modalities were added, it
decreased the number of unnecessary biopsies performed.
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Pokorny, et al. found in a prospective study that when multiphasic magnetic resonance imaging
and magnetic resonance-guided biopsy was added for PCa detection in men with elevated PSA,
the need for biopsy was decreased by 51%, the diagnosis of low-risk PCa decreased by 89.4%,
and the detection of intermediate and high-risk PCa increased by 17.7%, all when compared to
transrectal ultrasound-guided biopsy. They found that the limitation of this study was the lack
of long-term follow-up [42].

In a prospective study done by Okoro, et al. in 2015, 50 patients underwent both TRUS
(systematic 12-core approach) and MRI-TRUS (targeting approach), intraprostatic lesions were
better targeted by the latter during biopsy [38]. The highest percentage core involvement in the
systematic approach and targeted biopsy was 22.5 ± 22 and 34.6 ± 27.4, respectively, while also
finding a larger PCa tumor length, 0.33 ± 0.32 for systematic 12-core approach and 0.49 ± 0.43
for targeted MRI-TRUS targeting.

PI-RADS v2 guidelines are in place for the use of MpMRI; however, there are no current
guidelines for the fusion of these modalities. Trials are underway to evaluate the accuracy of the
MRI-transrectal ultrasound fusion and to reveal sources of error. A study by Wegelin, et al. used
three prostate models to perform 27 biopsies using the MRI-TRUS fusion technique [43]. They
found that a lesion with a 5 mm diameter in the transversal plane could be accurately sampled
in 96% of cases using a single core biopsy and lesions > 3 mm can be accurately targeted.
Unfortunately, due to the third dimension (3D) of depth insertion in the 3D plane, there is a
remarkably larger overall error in a 3D plane in comparison to a transversal plane with errors of
2.33 mm in a transversal plane and 5.42 mm in a 3D plane. Studies such as these will ensure
improvement in mapping techniques and provide a standardization in which multiple
platforms may be tested and improved because they will be able to hold these methods
accountable for increased overall error. 

Conclusions
The TRUS biopsy procedure is highly user-dependent and subject to sampling errors in
comparison to mpMRI or fusion modalities. These biopsies typically lead to undersampling of
hard-to-reach regions, such as the central or anterior zone. Even with augmented numbers of
biopsies, there is very little evidence for an increase in patient benefit and the sensitivity of
detection of cancer still remains low. MpMRI, on the other hand, is able to differentiate
between the different anatomical zones of the prostate and has a good visualization of the
anterior zone where some cancers may arise and are not easily felt on DRE or accessed with
TRUS.

MpMRI has better tissue resolution and is able to compare relative signal intensity within the
prostate, allowing for regions of homogeneously low intensity (associated with higher Gleason
scores) to be targeted. MpMRI can also identify lesions with poorly defined or irregular borders,
which may carry a higher suspicion for cancer. With the added benefits of imaging clarity in
MpMRI and standardization with the PI-RADS v2 guidelines, urologists may be more likely to
find foci of high-grade tumors and less likely to miss aggressive tumors. All of these methods
have shown the potential to overcome the limitations of traditional biopsy methods, namely,
false-negative biopsies, false risk stratification, and identifying clinically insignificant tumors
incidentally.

Multiparametric MRI is developing an integral role in the diagnosis and surveillance of PCa,
whether it be through lesion detection or by assisting in targeted biopsies. The accuracy of
mpMRI to correctly identify high-risk cancer and not miss significant lesions may even suggest
a place for mpMRI as a surgical planning tool to determine the surgical plan or approach.
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As evidenced in the literature thus far, the MRI-TRUS technique is shown to reduce the number
of biopsies performed on patients that have low-grade PCa, reducing the overall diagnoses of
low-grade prostate cancers and increasing the detection of the intermediate and high-risk
subgroups of patients compared to traditional modalities. Fusion modalities allow the user to
incorporate real-time ultrasound findings with MRI integration. It has been proven by study
after study to improve the detection of clinically significant PCa. In light of these studies, we
believe the less invasive MpMRI is an accurate and reliable way to diagnose and
monitor prostate lesions. 

Additional Information
Disclosures
Conflicts of interest: The authors have declared that no conflicts of interest exist.

References
1. National Cancer Institute: Prostate Specific Antigen (PSA) Test. (2012). Accessed: June 20,

2016: http://www.cancer.gov/types/prostate/psa-fact-sheet.
2. American Cancer Society: Key statistics for prostate cancer . (2016). Accessed: June 4, 2016:

http://www.cancer.org/cancer/prostatecancer/detailedguide/prostate-cancer-key-statistics.
3. Andriole GL, Crawford ED, Grubb RL 3rd, Buys SS, Chia D, Church TR, Fouad MN, Isaacs C,

Kvale PA, Reding DJ, Weissfeld JL, Yokochi LA, O'Brien B, Ragard LR, Clapp JD, Rathmell JM,
Riley TL, Hsing AW, Izmirlian G, Pinsky PF, Kramer BS, Miller AB, Gohagan JK, Prorok PC;
PLCO Project Team: Prostate cancer screening in the randomized Prostate, Lung, Colorectal,
and Ovarian Cancer Screening Trial: mortality results after 13 years of follow-up. J Natl
Cancer Inst. 2012, 104:125–32. 10.1093/jnci/djr500

4. Bell KJ, Del Mar C, Wright G, Dickinson J, Glasziou P: Prevalence of incidental prostate
cancer: A systematic review of autopsy studies. Int J Cancer. 2015, 137(7):1749–57.
10.1002/ijc.29538

5. Shenoy D, Packianathan S, Chen AM, Vijayakumar S: Do African-American men need separate
prostate cancer screening guidelines?. BMC Urol. 2016, 16:19. 10.1186/s12894-016-0137-7

6. Moyer VA, LeFevre ML, Siu AL, Baumann LC, Bibbins-Domingo K, Curry SJ, Ebell M, Flores G,
Cantu AG, Grossman DC, Herzstein J, Melnikow J, Nicholson WK, Owens DK, Reyes C, Wilt TJ,
Calonge N, Leipzig R: Screening for prostate cancer: U.S. Preventive Services Task Force
recommendation statement. Ann Intern Med. 2012, 157:120–34. 10.7326/0003-4819-157-2-
201207170-00459

7. Nazir B: Pain during transrectal ultrasound-guided prostate biopsy and the role of
periprostatic nerve block: what radiologists should know. Korean J Radiol. 2014, 15:543-53.
10.3348/kjr.2014.15.5.543

8. Rodríguez-Patrón Rodríguez R, Mayayo Dehesa T, García González R, Arias Fúnez F, Lennie
Zuccarino A, Sanz Mayayo E: Transrectal ultrasound-guided prostatic biopsy: contribution of
an ultrasound diagnostic unit after ten years of experience (Article in Spanish). Arch Esp Uro.
2006, 59:397–406.

9. Wei TC, Lin TP, Chang YH, Chen TJ, Lin AT, Chen KK: Transrectal ultrasound-guided prostate
biopsy in Taiwan: A nationwide database study. J Chin Med Assoc. 2015, 78:662-65.
10.1016/j.jcma.2015.04.011

10. Wei JT: Limitations of a contemporary prostate biopsy: the blind march forward . Urol Oncol.
2009, 28:546–49. 10.1016/j.urolonc.2009.12.022

11. Hu Y, Ahmed HU, Carter T, Arumainayagam N, Lecornet E, Barzell W, Freeman A, Nevoux P,
Hawkes DJ, Villers A, Emberton M, Barratt DC: A biopsy simulation study to assess the
accuracy of several transrectal ultrasonography (TRUS)-biopsy strategies compared with
template prostate mapping biopsies in patients who have undergone radical prostatectomy.
BJU Int. 2012, 110:812–20. 10.1111/j.1464-410X.2012.10933.x

12. Komai Y, Numao N, Yoshida S, Matsuoka Y, Nakanishi Y, Ishii C, Koga F, Saito K, Masuda H,
Fujii Y, Kawakami S, Kihara K: High diagnostic ability of multiparametric magnetic resonance
imaging to detect anterior prostate cancer missed by transrectal 12-core biopsy. J Urol. 2013,

2016 Birs et al. Cureus 8(7): e702. DOI 10.7759/cureus.702 9 of 12

http://www.cancer.gov/types/prostate/psa-fact-sheet
http://www.cancer.gov/types/prostate/psa-fact-sheet
http://www.cancer.org/cancer/prostatecancer/detailedguide/prostate-cancer-key-statistics
http://www.cancer.org/cancer/prostatecancer/detailedguide/prostate-cancer-key-statistics
http://dx.doi.org/10.1093/jnci/djr500
http://dx.doi.org/10.1093/jnci/djr500
http://dx.doi.org/10.1002/ijc.29538
http://dx.doi.org/10.1002/ijc.29538
http://dx.doi.org/10.1186/s12894-016-0137-7
http://dx.doi.org/10.1186/s12894-016-0137-7
http://dx.doi.org/10.7326/0003-4819-157-2-201207170-00459 
http://dx.doi.org/10.7326/0003-4819-157-2-201207170-00459 
http://dx.doi.org/10.3348/kjr.2014.15.5.543
http://dx.doi.org/10.3348/kjr.2014.15.5.543
http://www.ncbi.nlm.nih.gov/pubmed/16800137
http://dx.doi.org/10.1016/j.jcma.2015.04.011
http://dx.doi.org/10.1016/j.jcma.2015.04.011
http://dx.doi.org/10.1016/j.urolonc.2009.12.022
http://dx.doi.org/10.1016/j.urolonc.2009.12.022
http://dx.doi.org/10.1111/j.1464-410X.2012.10933.x
http://dx.doi.org/10.1111/j.1464-410X.2012.10933.x
http://dx.doi.org/ 10.1016/j.juro.2013.03.078


190:867–73. 10.1016/j.juro.2013.03.078
13. Ouzzane A, Renard-Penna R, Marliere F, Mozer P, Olivier J, Barkatz J, Puech P, Villers A:

Magnetic resonance imaging targeted biopsy improves selection of patients considered for
active surveillance for clinically low risk prostate cancer based on systematic biopsies. J Urol.
2015, 194:350–56. 10.1016/j.juro.2015.02.2938

14. Schulte RT, Wood DP, Daignault S, Shah RB, Wei JT: Utility of extended pattern prostate
biopsies for tumor localization: pathologic correlations after radical prostatectomy. Cancer.
2008, 113:1559-65. 10.1002/cncr.23781

15. Miano R, De Nunzio C, Kim FJ, Rocco B, Gontero P, Vicentini C, Micali S, Oderda M,
Masciovecchio S, Asimakopoulos AD: Transperineal versus transrectal prostate biopsy for
predicting the final laterality of prostate cancer: are they reliable enough to select patients for
focal therapy? Results from a multicenter international study. Int Braz J Urol. 2014, 40:16–22.

16. Bennett HY, Roberts MJ, Doi SA, Gardiner RA: The global burden of major infectious
complications following prostate biopsy. Epidemiol Infect. 2016, 144:1784-91.
10.1017/S0950268815002885

17. Roberts MJ, Williamson DA, Hadway P, Doi SA, Gardiner RA, Paterson DL: Baseline prevalence
of antimicrobial resistance and subsequent infection following prostate biopsy using empirical
or altered prophylaxis: A bias-adjusted meta-analysis. Int J Antimicrob Agents. 2014, 43:301-
9. 10.1016/j.ijantimicag.2014.01.008

18. Pinsky PF, Parnes HL, Andriole G: Mortality and complications after prostate biopsy in the
Prostate, Lung, Colorectal and Ovarian Cancer Screening (PLCO) trial. BJU Int. 2014, 113:254-
259. 10.1111/bju.12368

19. Aigner F, Schäfer G, Steiner E, Jaschke W, Horninger W, Herrmann TR, Nagele U, Halpern EJ,
Frauscher F: Value of enhanced transrectal ultrasound targeted biopsy for prostate cancer
diagnosis: a retrospective data analysis. World J Urol. 2012, 30:341–46. 10.1007/s00345-011-
0809-6

20. Hricak H, Dooms GC, McNeal JE, Mark AS, Marotti M, Avallone A, Pelzer M, Proctor EC,
Tanagho EA: MR imaging of the prostate gland: normal anatomy . AJR Am J Roentgenol. 1987,
148:51–58. 10.2214/ajr.148.1.51

21. Akin O, Sala E, Moskowitz CS, Kuroiwa K, Ishill NM, Pucar D, Scardino PT, Hricak H:
Transition zone prostate cancers: features, detection, localization, and staging at endorectal
MR imaging. Radiology. 2006, 239:784–92. 10.1148/radiol.2392050949

22. Kim CK, Park BK, Kim B: High-b-value diffusion-weighted imaging at 3 T to detect prostate
cancer: comparisons between b values of 1,000 and 2,000 s/mm2. AJR Am J Roentgenol. 2010,
194:W33–37. 10.2214/AJR.09.3004

23. Katahira K, Takahara T, Kwee TC, Oda S, Suzuki Y, Morishita S, Kitani K, Hamada Y, Kitaoka
M, Yamashita Y: Ultra-high-b-value diffusion-weighted MR imaging for the detection of
prostate cancer: evaluation in 201 cases with histopathological correlation. Eur Radiol. 2011,
21:188–96. 10.1007/s00330-010-1883-7

24. Hambrock T, Hoeks C, Hulsbergen-van de Kaa C, Scheenen T, Fütterer J, Bouwense S, van
Oort I, Schröder F, Huisman H, Barentsz J: Prospective assessment of prostate cancer
aggressiveness using 3-T diffusion-weighted magnetic resonance imaging-guided biopsies
versus a systematic 10-core transrectal ultrasound prostate biopsy cohort. Eur Urol. 2012,
61:177–184. 10.1016/j.eururo.2011.08.042

25. Turkbey B, Shah VP, Pang Y, Bernardo M, Xu S, Kruecker J, Locklin J, Baccala AA Jr,
Rastinehad AR, Merino MJ, Shih JH, Wood BJ, Pinto PA, Choyke PL: Is apparent diffusion
coefficient associated with clinical risk scores for prostate cancers that are visible on 3-T MR
images?. Radiology. 2011, 258:488–95. 10.1148/radiol.10100667

26. Bjurlin MA, Meng X, Le Nobin J, Wysock JS, Lepor H, Rosenkrantz AB, Taneja SS:
Optimization of prostate biopsy: the role of magnetic resonance imaging targeted biopsy in
detection, localization and risk assessment. J Urol. 2014, 192:648–58.
10.1016/j.juro.2014.03.117

27. Hamoen EH, de Rooij M, Witjes JA, Barentsz JO, Rovers MM: Use of the prostate imaging
reporting and data system (PI-RADS) for prostate cancer detection with multiparametric
magnetic resonance imaging: A diagnostic meta analysis. Eur Urol. 2015, 67:1112–21.
10.1016/j.eururo.2014.10.033

28. Turkbey B, Choyke PL: Multiparametric MRI and prostate cancer diagnosis and risk
stratification. Curr Opin Urol. 2012, 22:310–15. 10.1097/MOU.0b013e32835481c2

2016 Birs et al. Cureus 8(7): e702. DOI 10.7759/cureus.702 10 of 12

http://dx.doi.org/ 10.1016/j.juro.2013.03.078
http://dx.doi.org/ 10.1016/j.juro.2015.02.2938
http://dx.doi.org/ 10.1016/j.juro.2015.02.2938
http://dx.doi.org/10.1002/cncr.23781
http://dx.doi.org/10.1002/cncr.23781
http://brazjurol.com.br/january_february_2014/Miano_016_022.pdf
http://dx.doi.org/10.1017/S0950268815002885
http://dx.doi.org/10.1017/S0950268815002885
http://dx.doi.org/10.1016/j.ijantimicag.2014.01.008
http://dx.doi.org/10.1016/j.ijantimicag.2014.01.008
http://dx.doi.org/ 10.1111/bju.12368
http://dx.doi.org/ 10.1111/bju.12368
http://dx.doi.org/10.1007/s00345-011-0809-6
http://dx.doi.org/10.1007/s00345-011-0809-6
http://dx.doi.org/10.2214/ajr.148.1.51
http://dx.doi.org/10.2214/ajr.148.1.51
http://dx.doi.org/10.1148/radiol.2392050949
http://dx.doi.org/10.1148/radiol.2392050949
http://dx.doi.org/10.2214/AJR.09.3004
http://dx.doi.org/10.2214/AJR.09.3004
http://dx.doi.org/10.1007/s00330-010-1883-7
http://dx.doi.org/10.1007/s00330-010-1883-7
http://dx.doi.org/10.1016/j.eururo.2011.08.042
http://dx.doi.org/10.1016/j.eururo.2011.08.042
http://dx.doi.org/10.1148/radiol.10100667
http://dx.doi.org/10.1148/radiol.10100667
http://dx.doi.org/10.1016/j.juro.2014.03.117
http://dx.doi.org/10.1016/j.juro.2014.03.117
http://dx.doi.org/10.1016/j.eururo.2014.10.033
http://dx.doi.org/10.1016/j.eururo.2014.10.033
http://dx.doi.org/10.1097/MOU.0b013e32835481c2
http://dx.doi.org/10.1097/MOU.0b013e32835481c2


29. Villers A, Puech P, Mouton D, Leroy X, Ballereau C, Lemaitre L: Dynamic contrast enhanced,
pelvic phased array magnetic resonance imaging of localized prostate cancer for predicting
tumor volume: correlation with radical prostatectomy findings. J Urol. 2006, 176:2432–37.
10.1016/j.juro.2006.08.007

30. Yoshizako T, Wada A, Hayashi T, Uchida K, Sumura M, Uchida N, Kitagaki H, Igawa M:
Usefulness of diffusion-weighted imaging and dynamic contrast-enhanced magnetic
resonance imaging in the diagnosis of prostate transition-zone cancer. Acta Radiol. 2008,
49:1207–13. 10.1080/02841850802508959

31. Wysock JS, Rosenkrantz AB, Huang WC, Stifelman MD, Lepor H, Deng FM, Melamed J, Taneja
SS: A prospective, blinded comparison of magnetic resonance (MR) imaging-ultrasound
fusion and visual estimation in the performance of MR-targeted prostate biopsy: the PROFUS
trial. Eur Urol. 2014, 66:343–51. 10.1016/j.eururo.2013.10.048

32. Radtke JP, Teber D, Hohenfellner M, Hadaschik BA: The current and future role of magnetic
resonance imaging in prostate cancer detection and management. Translational andrology
and urology. 2015, 326–341. 10.3978/j.issn.2223-4683.2015.06.05

33. Hoeks CM, Schouten MG, Bomers JG, Hoogendoorn SP, Hulsbergen-van de Kaa CA, Hambrock
T, Vergunst H, Sedelaar JP, Fütterer JJ, Barentsz JO: Three-Tesla magnetic resonance-guided
prostate biopsy in men with increased prostate-specific antigen and repeated, negative,
random, systematic, transrectal ultrasound biopsies: detection of clinically significant
prostate cancers. Eur Urol. 2012, 62:902–9. 10.1016/j.eururo.2012.01.047

34. Watanabe Y, Terai A, Araki T, Nagayama M, Okumura A, Amoh Y, Ishimori T, Ishibashi M,
Nakashita S, Dodo Y: Detection and localization of prostate cancer with the targeted biopsy
strategy based on ADC map: a prospective large-scale cohort study. J Magn Reson Imaging.
2012, 35:1414–21. 10.1002/jmri.23587

35. Vargas HA, Akin O, Afaq A, Goldman D, Zheng J, Moskowitz CS, Shukla-Dave A, Eastham J,
Scardino P, Hricak H: Magnetic resonance imaging for predicting prostate biopsy findings in
patients considered for active surveillance of clinically low risk prostate cancer. J Urol. 2012,
188:1732–38. 10.1016/j.juro.2012.07.024

36. Schoots IG, Petrides N, Giganti F, Bokhorst LP, Rannikko A, Klotz L, Villers A, Hugosson J,
Moore CM: Magnetic resonance imaging in active surveillance of prostate cancer: a systematic
review. Eur Urol. 2015, 67:627-36. 10.1016/j.eururo.2014.10.050

37. Rothwax JT, George AK, Wood BJ, Pinto PA: Multiparametric MRI in biopsy guidance for
prostate cancer: fusion-guided. Biomed Res Int. 2014, 2014:439171. 10.1155/2014/439171

38. Okoro C, George AK, Siddiqui MM, Rais-Bahrami S, Walton-Diaz A, Shakir NA, Rothwax JT,
Raskolnikov D, Stamatakis L, Su D, Turkbey B, Choyke PL, Merino MJ, Parnes HL, Wood BJ,
Pinto PA: Magnetic resonance imaging/transrectal ultrasonography fusion prostate biopsy
significantly outperforms systematic 12-core biopsy for prediction of total magnetic
resonance imaging tumor volume in active surveillance patients. J Endourol. 2015, 29:1115–
21. 10.1089/end.2015.0027

39. Kongnyuy M, George AK, Rastinehad AR, Pinto PA: Magnetic resonance imaging-ultrasound
fusion-guided prostate biopsy: Review of technology, techniques, and outcomes. Curr Urol
Rep. 2016, 17:32. 10.1007/s11934-016-0589-z

40. Sonn GA, Chang E, Natarajan S, Margolis DJ, Macairan M, Lieu P, Huang J, Dorey FJ, Reiter RE,
Marks LS: Value of targeted prostate biopsy using magnetic resonance-ultrasound fusion in
men with prior negative biopsy and elevated prostate-specific antigen. Eur Urol. 2014,
65:809-15. 10.1016/j.eururo.2013.03.025

41. Siddiqui MM, Rais-Bahrami S, Truong H, Stamatakis L, Vourganti S, Nix J, Hoang AN, Walton-
Diaz A, Shuch B, Weintraub M, Kruecker J, Amalou H, Turkbey B, Merino MJ, Choyke PL,
Wood BJ, Pinto PA: Magnetic resonance imaging/ultrasound-fusion biopsy significantly
upgrades prostate cancer versus systematic 12-core transrectal ultrasound biopsy. Eur Urol.
2013, 64:713–19. 10.1016/j.eururo.2013.05.059

42. Pokorny MR, de Rooij M, Duncan E, Schröder FH, Parkinson R, Barentsz JO, Thompson LC:
Prospective study of diagnostic accuracy comparing prostate cancer detection by transrectal
ultrasound-guided biopsy versus magnetic resonance (MR) imaging with subsequent MR-
guided biopsy in men without previous prostate biopsies. Eur Urol. 2014, 66:22–29.
10.1016/j.eururo.2014.03.002

43. Wegelin O, Henken KR, Somford DM, Breuking FA, Bosch RJ, van Swol CF, van Melick HH: An
ex vivo phantom validation study of an MRI-transrectal ultrasound fusion device for targeted

2016 Birs et al. Cureus 8(7): e702. DOI 10.7759/cureus.702 11 of 12

http://dx.doi.org/10.1016/j.juro.2006.08.007
http://dx.doi.org/10.1016/j.juro.2006.08.007
http://dx.doi.org/10.1080/02841850802508959
http://dx.doi.org/10.1080/02841850802508959
http://dx.doi.org/10.1016/j.eururo.2013.10.048
http://dx.doi.org/10.1016/j.eururo.2013.10.048
http://dx.doi.org/10.3978/j.issn.2223-4683.2015.06.05
http://dx.doi.org/10.3978/j.issn.2223-4683.2015.06.05
http://dx.doi.org/10.1016/j.eururo.2012.01.047
http://dx.doi.org/10.1016/j.eururo.2012.01.047
http://dx.doi.org/10.1002/jmri.23587
http://dx.doi.org/10.1002/jmri.23587
http://dx.doi.org/10.1016/j.juro.2012.07.024
http://dx.doi.org/10.1016/j.juro.2012.07.024
http://dx.doi.org/10.1016/j.eururo.2014.10.050
http://dx.doi.org/10.1016/j.eururo.2014.10.050
http://dx.doi.org/10.1155/2014/439171
http://dx.doi.org/10.1155/2014/439171
http://dx.doi.org/10.1089/end.2015.0027
http://dx.doi.org/10.1089/end.2015.0027
http://dx.doi.org/10.1007/s11934-016-0589-z
http://dx.doi.org/10.1007/s11934-016-0589-z
http://dx.doi.org/10.1016/j.eururo.2013.03.025
http://dx.doi.org/10.1016/j.eururo.2013.03.025
http://dx.doi.org/10.1016/j.eururo.2013.05.059
http://dx.doi.org/10.1016/j.eururo.2013.05.059
http://dx.doi.org/10.1016/j.eururo.2014.03.002
http://dx.doi.org/10.1016/j.eururo.2014.03.002
http://dx.doi.org/10.1089/end.2015.0864


prostate biopsy. J Endourol. 2016, 30:685-91. 10.1089/end.2015.0864

2016 Birs et al. Cureus 8(7): e702. DOI 10.7759/cureus.702 12 of 12

http://dx.doi.org/10.1089/end.2015.0864

	Diagnosis and Monitoring of Prostatic Lesions: A Comparison of Three Modalities: Multiparametric MRI, Fusion MRI/Transrectal Ultrasound (TRUS), and Traditional TRUS
	Abstract
	Introduction And Background
	Review
	Transrectal ultrasound (TRUS)
	Multiparametric MRI
	MRI-TRUS

	Conclusions
	Additional Information
	Disclosures

	References


