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ABSTRACT
Multiparametric magnetic resonance imaging (mpMRI) has managed to change the paradigms on prostate
cancer detection and risk classification. The most clear-cut indication of mpMRI in guidelines is the patients
with a history of negative biopsy/increasing prostate-specific antigen (PSA), and presence of additional findings supporting its use in non biopsied patients and active surveillance. mpMRI complements standard clinical exam, PSA measurements, and systematic biopsy, and will miss some tumors that lack enough size or
change in tissue density. Use of mpMRI is likely to increase, and further developments in the technique will
be important for safe adoption of focal therapy concepts. Here we present a brief summary about mpMRI
and its use in detection, risk classification and follow- up of prostate cancer.
Keywords: Focal therapy; fusion biopsy; multiparametric MRI; prostate cancer.

ÖZ
Multiparametrik MRG (mpMRG), prostat kanseri tespiti ve risk sınıflamasındaki paradigmaları değiştirmeyi başarmıştır. Kılavuzlarda, gayet net bir şekilde, negatif bir biyopsiden sonra klinik şüphenin devamı
halinde önerilmektedir. Ayrıca prostat spesifik antijen (PSA) yüksekliğine eşlik eden şüpheli bulgular varlığında ilk biyopside ve aktif izlem hastalarında da önerilmektedir. Multiparametrik MRG (mpMRG), klinik muayene, PSA ve sistematik biyopsinin bir tamamlayıcısıdır ve küçük boyutlu ve dereceli lezyonlarda
atlama ihtimali hala vardır. Teknolojideki ilerleme ve fokal terapilerin daha çok benimsenmesi ile mpMRG
kullanımının daha da önemli hale gelmesi ve kullanımının yaygınlaşması ihtimali yüksektir. Biz bu yazıda
mpMRG ve prostat kanseri tanı, risk sınıflaması ve takibindeki kullanımı ile ilgili kısa bir özet sunduk.
Anahtar Kelimeler: Fokal terapi; füzyon biyopsi; multiparametrik MRG; prostat kanseri.
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The Need for Progress in Prostate
Imaging and Diagnosis
According to 2016 cancer data, prostate cancer
(PCa) was the most commonly diagnosed noncutaneous cancer and and the second cause of
death in men, and nearly 200.000 new cases
were diagnosed in the United States.[1,2]
The diagnosis of PCa is determined by histopathology of the biopsy taken in case of clinical suspicion, raised prostate specific antigen
(PSA) levels, and/or abnormal digital rectal
examination (DRE). Many strategies for pros-

tate biopsy have been described, and the gold
standard remains to be the 10-12 core format
under transrectal ultrasound (TRUS) guidance
which was defined by Hodge et al.[3].
However, 12 core-TRUS biopsy has its challenges due to the limitations of prostate ultrasound resolution of early tumors, and 20-25%
of frequently multifocal samples represent
undersampling.[4,5] Samples made from standard TRUS biopsy with poor visualization
of lesions, can cause underestimation of a
high risk prostate cancer, overestimation of
a clinically insignificant cancer or false risk
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stratification.[6,7] Therefore, repeat biopsies are often clinically
indicated, with yields of 14-22% for the first repeat biopsy,
and subsequent lowering of yields with >2 biopsies but rarely
zero yield.[8] Therefore, many erroneous observations have been
reported when comparing ultrasound biopsy findings to surgical pathology, such as: 1) missing adjacent dominant lesion in
low grade disease, 2) final tumor grade accuracy in only 37% of
the biopsized cases, and 3) dominant tumor localization in only
55% of the cases.[9] In some clinical situations, focal or subtotal
tissue destruction is desired instead of full organ removal or
radiation-a challenge in patient selection in that 72% of the
cases with unilateral disease detected on TRUS biopsy have also
contralateral disease.[9,10]
In aggregate, TRUS biopsy is a gold standard, but its technique
and utilization creates many negative yield procedures, costs,
and complications. Therefore, in the last 10 years, the technique,
reported experience, and impact of magnetic resonance imaging
(MRI) in prostate cancer has increased in the literature. The
major advancements included both more powerful 3T magnets
and multiparametric (mp) techniques.

Multiparametric Magnetic Resonance Imaging
(mpMRI)
Although initial studies of MRI in prostate screening were performed at the beginning of the 1980’s with 0.35 T magnetized
device,[11] clinical applications were limited to experimental
work due to the low magnetic field values and poor image
quality of the single sequence sections. Single sequence sections (T1W) did not clearly distinguish between the prostate
and surrounding tissues, showed minimal intraprostatic tissue
resolution, and further artifacts occurred from bowel motility. Renewed clinical interest occurred with increased magnet
quality from 0.3T-0.5T to 1.5T and even up to 3T, with further
incremental gains from endorectal coil (ERC) technique and
multiphasic sequencing.[12-14]
Multiparametric MRI (mpMRI) can be briefly summarized as
a method of trying to obtain an ideal three-dimensional (3D)
prostate image by combining T2-weighted (T2WI), diffusion
weighted (DWI), dynamic contrast enhanced (DCEI) and, if
desired, MR spectroscopy (MRSI) images. Although many
centers have developed their own MRI interpretation system
using some of these sections, there is no standard defined combination yet.[15,16] Today, in many centers, intestinal motilityreducing drugs and endorectal coil (ERC) are used together
with the 1.5T magnetized MRI device to prevent signal artifacts
caused by intestinal peristaltisms [to increase signal-to-noise
ratio (SNR)] which is already strongly recommended by the
American College of Radiology (ACR) and the European

Society of Urogynecologic Radiology (ESUR).[15,17,18] In 3T
magnet devices, also the static magnetic field is stronger and
the SNR is linearly higher than 1.5T and the ERC requirement
is minimal, and its use is recommended.

Multiparametric MRI Sequences
T1- weighted and T2- weighted sequences
Both provide images according to the principle of calculating
the water density in the tissue which are obtained in all MRIs.
T1WI is especially used to identify post-biopsy hemorrhage in
the prostate and seminal vesicles. It is also useful for detecting
the status of lymph nodes and skeletal metastases, especially
after administration of intravenous gadolinium-based contrast
agent (GBCA).[18]
T2WI detects low signal intensity in the tumoral tissue. The
high resolution shows a sharp demarcation line in the prostate
capsule-especially where the fat content is present just outside
of the anatomic pseudocapsule. For this reason, it is useful to
use prostate zones, lesions within the prostate, seminal vesicle
(SV) invasion, extraprostatic extension and evaluation of cancer
staging. However, T2WI-sequences are not sufficient to detect
transitional zone and central zone cancers.[16,18,19]
Diffusion-weighted sequences
The process is based on the proton diffusion property of water
atoms, and reflects the random movement of water molecules.
Thus, a functional image is provided. Presented images should
include the apparent diffusion coefficient (ADC) map and
high b-value images. Most or the clinically significant prostate
cancers (CSPCa) appear hypointense in the ADC maps, as compared to normal tissue, due to restricted/impeded diffusion, i.e.
“trapped” water molecule motion.
High b-value images protect the signal in cancer areas that
have restricted/impeded diffusion compared to normal tissues.
[18]
Compared with ADC map high b-value images show high
signal intensities, especially in CSPCa which are adjacent to or
invasive the anterior fibromuscular stroma, in the subcapsular
area and in the apex or base of the gland, but ADC map shows
low signal intensity.[18] DWI shows better CZ and TZ tumors and
cancer aggressiveness, but the resolution is poor and the image
becomes impaired.[18]
Dynamic contrast-enhanced imaging
These are sequences that require GBCA. These sequences
visualize tumor angiogenesis. DCEI evaluates the vascularity
of tumor, before, during and after contrast agent injections.[20,21]
The amount of contrast agent increases due to increase in the
microvascular density in the capillary wall (wash-in), and
depending on the increase in the distribution of degradation
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speed (wash-out).[12] Because of the detection of neovascularization in the tissue, it is particularly useful in locating recurrence
after surgical treatment.[16,22] However, due to neovascularity,
it may also give false positive results, especially in cases of
inflammation.[23] In addition, the operation lasts longer.
MR spectroscopy imaging
MRSI is sometimes included in MP-MRI depending upon 3rd
party payor rules. It may be useful for assessing the malignancy
risk of a region of interest (ROI), but it is less useful in localization of maligancy, and predicting pathologic stage. The key
observation is that malignant cells are more likely to be in rapid
cellular turnover, and will therefore use more zinc, utilized and
so reduced in intracellular spaces.[24]
This accelerates the oxidation. With increased oxidation, intracellular citrate levels are reduced. Cells with rapid turnover, such
as cancer cells, have also higher level of choline. The higher the
choline/citrate ratio related to the rapid turnover, the greater the
aggressiveness of the cancer. MRSI calculates the choline/citrate
(C/C) ratio and determines the degree of aggressiveness of the
cancer dependent on the C/C ratio.[25-28] However, when 1.5T magnet devices are used, this process takes 13-20 min., and assessment
is rather complex and requires additional training and expertise.
For this reason, its use in routine urology practice is rather limited
and it is usually used for research purposes.[29]
Prostate Imaging Reporting and Data System (PI-RADS™)
With the development of mpMRI devices, high resolution prostate
images have begun to be obtained. However, no standard terminology is used in the evaluation of these images-a challenge for
clinicians trying to translate non-structured narrative reports into
clinical decisions. In 2012, ESUR aimed to establish a common
terminology for evaluating prostate MRI. Thus they adapted the
Breast Imaging Reporting and Data System (BI-RADS™) (which
is used in breast MRI evaluation routinely) to the prostate imaging, and the first version of Prostate Imaging Reporting and Data
System (PI-RADS™) was published.[15]
PI-RADS™ is briefly summarized as follows, the images
in different sequences are obtained, the results obtained

separatelyafter first scoring are combined, giving MRI a
score of 1-5 for the suspected lesion.[18] However, in this first
version, some conceptual confusion and differences in the
evaluation process persisted. For this reason, ESUR, ACR and
AdMeTech Foundation established a Steering Committee for
the development of the first version. As a result of the work,
in 2015 sophisticated form of PI-RADS™v2 was announced.
[18]
PI-RADS™v2 divided the prostate and surrounding tissues into 39 sectors (36 sectors for prostate, 2 sectors for SV
and 1 sector for external urethral sphincter) and redefined the
scoring system.
The PI-RADS™v2 assessment system shown in Table 1 and
its sectoral map is shown in Figure 1. With the sectoral map
and new scoring that integrated standard use with recommendations of the guidelines, the prostatic lesions became more
inferable with better localization in MRI reports. It has been
shown that PI-RADS™v2 has higher sensitivity and specificity
than the first version as confirmed with studies in the literature.
PI-RADS™ 3 lesions were evaluated as negative or positive
instead of scoring with the change in DCEI, and when positive,
the lesion was upregulated to PI-RADS™ 4 lesion But still this
lesion is mostly discussed and exposed to different approaches
and continued to be called “equivocal” lesions.

mpMRI usage in prostate biopsy
With mpMRI imaging improved in both technique and reporting,
the application to prostate biopsy was then suitable for renewed
study. There are three different MRI-guided biopsy techniques.

Cognitive fusion biopsy
The easiest technique in fusion biopsies is the “cognitive fusion
biopsy”, as it would not requiring any extra hardware or software. However, the practitioner must be highly experienced and
able to combine mpMRI images with the real-time TRUS imaging. In some studies, it has been shown that the cancer detection
rates of cognitive versus software fusion are not significantly
different from each other, but both are better than the standard
TRUS-guided biopsy.[30]

Table 1. PI-RADS ™v2 assesment categories. (The figure was adapted here with the permission of American College of
Radiology[18])
PIRADS1

Very low (clinically significant cancer is highly unlikely to be present)

PIRADS2

Low (clinically significant cancer is unlikely to be present)

PIRADS3

Intermediate (the presence of clinically significant cancer is equivocal)

PIRADS4

High (clinically significant cancer is likely to be present)

PIRADS5

Very high (clinically significant cancer is highly likely to be present)
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confirming the position of the biopsy needle by real-time MRI,
which is inserted according to previously recorded MRI images.
An ERC should be used during the process. Because of the added
procedure times, only the ROIs specified in the MRI are sampled,
and systematic 12 core biopsies would be done another time.
Complication rates of this biopsy are significantly lower than others due to limited and non-transrectal sampling. Available centers
skilled in-Bore biopsy may be limited.
Use of mpMRI in biopsy naive or priorly negative biopsy
patients
In patients with clinical suspicion whose initial prostate biopsies
were negative, a repeat prostate biopsy has been advocated as an
option, and might involve changes in the number of cores and
strategies of prostate zone targeting, i.e. adding transition zone
cores. However, repeat TRUS guided biopsies may still miss an
apical or anterior lobe tumor. [32,33]
The technique of saturation biopsies have been reported by
Barzell et al. [34] but its usefulness remains controversial. Due to
increased number of cores (≥24), the percentage of insignificant
cancer detection rate could increase as well as biopsy related
pain, bleeding, and/or infectious complication rates.[35]
Figure 1. Sectoral Map of prostate, according to PI-RADS
™v2. (The figure was adapted here with the permission of
American College of Radiology[18])

PZ: periferal zone; CZ: central zone; TZ: transitional zone; US:
urethral stroma; AFS: anterior fascial stroma

Image-guided targeted prostate biopsy (IGTpBx)
Pre-processed MRI images merge with real-time ultrasound (US)
images using the appropriate device with the help of special software developed for this procedure. In fact, this is the process that
the practitioner performs during cognitive fusion biopsy. A 3D
image of the prostate is created on the monitor of the device and
the location and shape of the suspicious, targeted lesion (region of
interest-ROI) within the tissue is displayed. It also allows to save
images. These techniques require the purchase of additional hardware and software, and at least 4 systems are commercially available. The United States Food and Drug Administration (FDA)
approved four of the MRI/Ultrasound fusion biopsy devices. Their
explanations are listed in Table 2.[31]
In-Bore biopsy
Technically the most challenging, and the most hardwarerequiring method is In-Bore biopsy. The procedure is performed
directly during real-time imaging performed with the MRI
device. It is performed with the patient in the prone position and
under absolute general anesthesia. The process time is considerably longer than other methods. The procedure is performed after

As with repeat and/or saturation biopsies, the early endpoint of
studying mpMRI-based biopsies is overall and clinically significant (CSPCA-Gleason score >6) cancer detection rates. Nearly all
of these studies have reported that the detection rates of MPIbased biopsies are better than the standard TRUS biopsies. Hoeks
et al.[36] reported (from 438 patients who had at least one negative
biopsy result) that PCa detected in 41% of 265 patients who undergone MRI guided prostate biopsies and that 87% of those PCa
were CSPCa. Sonn et al.[37] reported that PCA was detected in 34%
of 105 patients, whereas 72% of the detected PCa were CSPCa.
There have been a number of studies indicating that even
lower insignificant but higher CSPCa cancer detection rates
in patients biopsied as the first biopsy with mpMRI guided
biopsy compared to standard TRUS guided biopsy alone.
[38,39]
After this new data has been evaluated, MRI-guided
biopsies have been introduced into the guidelines in 2014.
They are recommended after one prior negative biopsy by
National Comprehensive Cancer Network (NCCN) American
Urological Association (AUA) and European Association of
Urology (EAU) guidelines.[40-42]

Use of mpMRI in biopsy positive patients
In select patients with prior positive biopsy results, active
surveillance (AS) can be the initial strategy, such based on the
Prostate Cancer Research International Active Surveillance
(PRIAS) criteria and follow-up. PRIAS criteria are briefly sum-
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Table 2. Explanation and comparison of MRI-ultrasound fusion biopsy devices
Manufacturer/trade
name

US image
acquisition

Tracking
Mechanism

Year of FDA
Approval

Philips/UroNav

Manual US
sweep from base
to apex

Transrectal

External magnetic
field generator

2005

Prospective targeting, integrated
with existing ultrasound device
freehand manipulation

Eigen/Artemis

Manual rotation
along fixed axis

Transrectal

Mechanical arm
with encoders

2008

Prospective targeting, stabilized
TRUS probe

Koelis/Urostation

Automatic US
probe rotation

Transrectal

Real time TRUSTRUS registration

2010

Retrospective targeting, real time
elastic registration

Hitachi/HI-RVS
(real time virtual
sonography)

Real-time
biplanar TRUS

Transrectal or
transperineal

External magnetic
field generator

2010

Prospective targeting, integrated
with existing ultrasound device

BioJet/Jetsoft/Geoscan

Manual US
sweep in sagittal

Transrectal or
transperineal

Mechanical arm
with encoders; uses
stepper

2012

Prospective targeting, rigid
registration

Biopsy route

Comments

US: ultrasound; TRUS: transrectal ultrasound
The figure was adapted from Marks L, Young S, Natarajan S. MRI-ultrasound fusion for guidance of targeted prostate biopsy. Curr Opin Urol. Jan 2013;23(1):43-50; with
the permission of Leonard S. Marks, M.D.

marized as, PSA ≤10 ng/mL, tumor with a Gleason score ≤3 +
3 and ≤T2a cancer, less than three cores of cancer positivity and
positivity rate must be <50% in any core.[43] For patients who are
not eligible for AS, surgical treatment may be performed if the
patient’s performance status and the condition of the disease are
appropriate for surgery. If a high risk disease is present, different treatment modalities may be applied depending on the situation. In treatment scenarios, mpMRI may be a useful method
of treatment planning.
However it is recommended by ACR that, if mpMRI is required
for any reason after the first biopsy, it at least six weeks should
be awaited because bleeding and inflammation in the tissue
cause deterioration of image quality and artefacts.[18]

mpMRI and the Index Theory
It has been reported that 80% of PCa originate from a cell
clone of a single lesion. This lesion is called “index lesion”.
[44]
The index lesion may be presented as a single lesion in the
prostate tissue, the largest volume tumor, or the highest grade
tumor. Other studies have tried to link the index tumor to
metastatic lesions.[45-50] If index lesion mpMRI can be clearly
distinguished and the patient’s condition is also appropriate,
any of the focal ablative therapy (FT) methods can be considered which are the topics of more recent research. Destruction
of the index lesion with AS of the remaining prostate may be
an “adjuvant therapy” model for AS an attempted compromise between early full organ definitive treatment and AS for
a lesion likely to progress.

Following treatment of an index lesion, there is no consensus
yet on the treatment of other lesions. However, if the lesion
has not remained after the index lesion treatment with FT,
the patient can be followed up. If the residual lesions are at
low risk, the patient can be followed according to AS criteria.
In the event of failure of FT, or any of the residual low-risk
lesions becoming CSPCa in the future, a definitive treatment
(radical prostatectomy or radiotherapy) may be performed
according to the patient’s condition. There are also studies in
which these patients can be treated again with FT. However,
it should not be forgotten that a secondary intervention will
always be challenging because of the sequelae of the first
treatment.[51,52]
There are many FT methods of tissue destruction, and selection of one method is likely to be less critical when compared
to the image guidance and patient selection. Technical platforms include cryotherapy, High Intensity Focused Ultrasound
(HIFU), laser ablation, focal photodynamic therapy, irreversible electrovaporation, brachytherapy and radiofrequency (RF)
ablation. The two methods that are the most studied, and whose
results are more prominent than others, are cryotherapy and
HIFU. There are not sufficient studies yet on other methods. All
FT methods require additional devices.
In 2015 The Delphi Consensus, best practice statements were
offered for FT and mpMRI, including the recommendation
that FT be planned based upon an MRI- based biopsy procedure.[53]
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MRI fusion Ultrasound 3D image of same lesion on
fusion device screen
Figure 2. The different mpMRI sequence images and 3D images of prostatic lesion of a 69-year-old active surveillance patient from
our clinic. His last PSA was 4.3 ng/mL, and has Gleason grade 3+3 PCa. mpMRI was performed by 1.5T magnet device with ERC.
mpMRI report:
• Prostate volume is estimated 19 cc.
• Dominant lesion measures 1.1 x 1.0 cm and is located in the right peripheral zone at the level of the midgland at 7-9 o'clock
position .
• Moderate low T2 signal, ADC signal is reduced.
• Suspicious focal enhancement is seen. Qualitative suspicion of clinically significant disease: 4. Likely.
• There is indistinctness between the lesion and the prostatic capsule on the coronal images, suspicious for early extraprostatic
extension.

mpMRI and Active Surveillance
Active surveillance is especially suitable for patients in the low
risk group. However, frequent follow-up and recurrent biopsies
result in significant increases in cost burden, in complications,
anxiety in patients, distrust of care, and reluctance of patients.
[44]
In addition, over time, it has been understood that 33% of AS
patients were exposed to definitive treatment within 2-5 years
because of understaging of first diagnosis and progression of
the existing disease.[54] Clinically significant PCa was detected
in the final pathology in 77% of the patients who had undergone
surgery.[55] An ongoing hypothesis of study is whether the use of
mpMRI in follow-ups will reduce the number of annual biopsies
as long as the lesion does not increase in PIRADS. In addition, using one of the MRI-based biopsy methods may prevent
underdiagnosis or missing the cancer. Siddiqui et al.[56] reported
in their study that mpMRI is reducing repeat biopsy rates by
68%. Abdi et al.[57] also reported that MRI fusion biopsies better detect PCa progression in patients followed by AS in their
studies with 603 patients. In another study, Walton Diaz et al.[58]
showed that, in 152 patients the final pathology reports and the

mpMRI reports are compatible with each other. The concept is
clear: use mpMRI based biopsy to find significant cancer if any
(a “true positive”) and to become confident that it is not being
missed despite negative biopsy results (a “true negative”).
Different mpMRI sequence images and 3D images of prostatic
lesion of a 69- year- old AS patient from our clinic are shown
in Figure 2.

mpMRI after radical prostatectomy
After RP, the first sign of recurrence is usually PSA elevation.
Distant metastasis or local recurrence should be remembered if
the PSA value begins to rise again after PSA nadir level. In the
first year, distant metastasis should be considered if the elevation is rapid, whereas local recurrence should be considered if
it is slowly increasing. When considering local recurrence, an
mpMRI may show vascularization and contrast enhancement in
the operation area.[59,60] In addition, involvement of the lymph
nodes or distant metastases may be seen. Although mpMRI
is claimed to be insufficient in detecting low-risk and low-
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Figure 3. Clinical stratification and relevant goals of prostate mpMRI. (The figure was adapted here with permission Thomas J.
Polascik (corresponding author), and Springer (publisher)[62])
volume lesions, there are also studies that show the opposite.[61]
Recently, Schulman et al.[62], published a descriptive summary
algorithm in a review article for the use of mpMRI in diagnosis,
treatment planning and follow-up of PCa (Figure 3).
Limitations of mpMRI
Although serious progress has been made with mpMRI in the
evaluation of prostate, it is still not perfect and there are some
limitations that lead to controversy. mpMRI guided biopsies
may miss the index lesions by 5-20%.[63-66] When fusion biopsies
are combined with standard TRUS guided biopsies, the missing
rates can be reduced to the minimum. Moreover, it currently
lacks resolution to detect tumors with smaller volume and lower
Gleason grade. It can detect lesions in the base and mid gland
of prostate better, but it is not sufficiently effective in the detection of apical lesions.[64,67] In some comparative studies, 64%
of multifocal cancers were found in the final pathology of RP
materials, whereas mpMRI was only able to detect 21% of these
foci.[64] There are also studies on missed tumors with smaller
volume and shape, which is a continued concern for cases where
FT is planned.[68-72]
In conclusion, mpMRI has managed to change the paradigms on
prostate cancer detection and risk classification. The most clear-

cut use in guidelines is for the prior negative biopsy/increasing
PSA case, and additional findings are supporting use in nonbiopsied patients and AS. mpMRI complements standard clinical
exam, PSA, and systematic biopsy, and will miss some tumors that
lack enough size or change in tissue density. mpMRI is likely to
be used increasingly and further advances will be important to its
safe adoption of focal therapy concepts.
Keypoints:
• Avoid mpMRI with magnet strengths <1.5 T.
• Endorectal coil has to be used for prostate visualization
especially in older model 1.5 T magnet devices. On new
1.5 T magnet devices and 3T magnet devices, use of ERC
is recommended because it increases the image quality.
• PI-RADS™v2 should be used for achieving standardization on mpMRI evaluation.
• If the first prostate biopsy is negative but the clinical suspicion persists, it is useful to perform one of the mpMRI-based
fusion biopsies, if necessary technical equipment is available.
• Although PI-RADS™ 3 lesions are better explained in
PI-RADS™v2 than its first version, they are still called
“equivocal”.
• Multiparametric MRI use is beneficial mainly because of
the better CSPCa detection rate in patients who have negative first biopsies.
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• Due to reduction in the frequency of annual biopsy in AS
patients, mpMRI reduces the cost of treatment and complication rates. As a result, patients’ compliance with AS
may increase.
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