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INTRODUCTION

Prostate cancer is the most common cancer among men 
aged 50 years and older in developed countries and the 
third leading cause of cancer-related death in men (1). 
With the widespread use of prostate-specific antigen (PSA) 
screening and increasing life expectancy, more men are 
being diagnosed with localized, low-risk, low-grade prostate 
cancer (2). However, the PSA test lacks specificity in the 
detection of prostate cancer (3). Diagnosis is a challenge 
in cases with elevated or increasing PSA level and negative 
findings on the subsequent transrectal ultrasound-guided 
12-core biopsy. Over 20% of the prostate cancers are 
missed or undersampled during the first biopsy session (4). 
Moreover, prostatitis or benign prostatic hyperplasia (BPH) 
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also cause elevated or increased PSA levels. This diagnostic 
uncertainty is a common concern in daily practice, which 
often results in additional biopsy sessions with varying 
success rates (range 10–40%) (4-7).

Multiparametric prostate MR imaging (mpMRI) is currently 
the most accurate imaging modality to detect, localize, 
and stage prostate cancer (8). Prostate MR imaging can 
provide both functional tissue information and anatomical 
information. To increase the diagnostic accuracy, 
anatomical T2-weighted MR imaging and functional MR 
imaging techniques such as dynamic contrast-enhanced MR 
imaging (DCE-MRI) and diffusion-weighted imaging (DWI) 
should be combined in an integrated mpMRI prostate 
examination. Each of the techniques have unique strengths 
and shortcomings, however, the combination may overcome 
these shortcomings (9).

Multiparametric prostate MR imaging of the prostate 
detects both high grade and larger tumors accurately. 
Thus, it may perform particularly well for the detection of 
clinically significant disease. Evidence is being gathered 
to identify cancers of significant volume. Moreover, these 
functional techniques may be used to differentiate between 
low- and intermediate/high-grade prostate cancer (10-
12). Due to these characteristics, mpMRI is a potential tool 
to rule out significant disease. DWI is the most promising 
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technique to investigate not only the size but also the 
aggressiveness of the respective tumor.

At present, prostate mpMRI reporting is becoming 
increasingly standardized by using the Prostate Imaging 
Reporting And Data System (PI-RADS). In this study, we 
discuss the recently introduced second version of this 
classification (13). In addition, the role of mpMRI in the 
detection of clinical significant prostate cancer is discussed. 
Insights are provided in imaging techniques, protocol, and 
interpretation.

MR Imaging Techniques

T2-Weighted MR Imaging
T2-weighted MR imaging has the highest in-plane spatial 

resolution compared to the other imaging sequences 
included in the prostate mpMRI (i.e., DWI and DCE-MRI) and 
is crucial in the assessment of capsular and neurovascular 
bundle involvement. Due to the high spatial resolution 
and soft tissue contrast, T2-weighted imaging is ideal to 
differentiate between the high-signal-intense peripheral 
zone and the low-signal-intense central and heterogeneous 
transition zone. In aging men, BPH commonly compresses 
the central zone, which leads to difficulty in recognizing 
the remaining central zone on T2-weighted MR imaging. 
The central gland mostly comprises a transition zone in 
aging men, such that the prostate is roughly divided into a 
peripheral zone and a transition zone radiologically (14). 

The high-signal intensity of the peripheral zone may 
be disrupted due to the presence of prostate cancer. 

Fig. 1. 61-year-old male with fluctuating PSA and current PSA level of 7.5 ng/mL. Prior biopsy session revealed no prostate cancer. 
A. T2-weighted MR imaging demonstrates asymmetric right peripheral zone with volume loss. Low signal intensity can be observed in right 
peripheral zone. B, C. ADC map (B) demonstrates intermediate signal intensity in right peripheral zone (arrows) and high b-value image (C) 
demonstrate intermediate to high signal intensity (arrow). D. T1-weighted post-contrast image demonstrates early uptake of contrast material 
in right peripheral zone (arrows). MR image guided biopsy revealed prostatitis and fibrosis. ADC = apparent diffusion coefficient, PSA = prostate-
specific antigen
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However, benign conditions like fibrosis, hemorrhage, 
atrophy, and prostatitis (Fig. 1) frequently lower the signal 
intensity in the peripheral zone and thus mimic prostate 
cancer. Commonly, a differentiation can be made based on 
morphologic features. A focal, round, or irregular structure 
is more likely to be prostate cancer; whereas, prostatitis, 
for example, is marked by a wedge-shaped and diffuse 
morphology.

The transition zone is characterized by heterogeneous 
signal intensities. In the transition zone, BPH may obscure 
or mimic prostate cancer. BPH mostly appears as nodules 
with circumscribed margins (low signal intensity) (Fig. 2). 
Routinely, BPH nodules are characterized by the mixture 
of hyper- and hypo-signal-intensity (15). Based on these 
characteristics, often a distinction can be made between a 
benign nodule and prostate cancer. Features indicative of 
transition zone cancers include homogenous low T2 signal 
intensity, ill defined margins, lack of capsule, lenticular 
shape, and invasion of anterior fibromuscular stroma (16). 
The presence of an “erased charcoal sign” in a lenticular 
lesion is highly suggestive of cancer (9). To increase the 
diagnostic accuracy of MRI for prostate cancer, T2-weighted 
images should be used in conjunction with functional 
imaging techniques.

Diffusion-Weighted Imaging
DCE-MRI is based upon measuring the Brownian motion 

of water molecules within a voxel of tissue. Free water 

molecules are in constant random motion, known as 
Brownian motion, which is related to thermal kinetic 
energy. In the prostate, the most common method used 
for DWI is to incorporate two symmetric motion-probing 
gradient pulses into a single-shot spin-echo T2-weighted 
sequence.

DWI consists of two components: a b-value and an 
apparent diffusion coefficient (ADC). The b-value reflects 
the strength of the diffusion sensitizing gradient. The 
b-value is measured in seconds per square millimeter and 
thus reflects the amount of diffusion weighting. In prostate 
DWI, different sensitizing gradients (b-values) are used 
for optimal evaluation of aberrant lesions in the prostate. 
Small b-values only result in signal loss of highly mobile 
water molecules (like blood in a vessel). Like other cancers, 
prostate cancer tends to have higher cellular density and an 
excess of intra- and intercellular membranes compared with 
normal glandular tissue (17). High cellular tissue occurs 
in other conditions besides prostate cancer; among these, 
BPH, prostatitis and fibrosis are examples of benign tissue, 
which may be marked by a high signal on b-value imaging 
and a low signal on the ADC map as well. These benign 
conditions often hamper the DWI assessment of prostate 
cancer, as in T2-weighted imaging. Further, DWI is very 
susceptible to artifacts (i.e., motion or bowel movement 
and susceptibility).

Dynamic Contrast-Enhanced MR Imaging
Dynamic contrast-enhanced MR imaging represents the 

vascular properties of tissue. The microvascular network 
formed by the capillaries supplies the tissues and facilitates 
their function. The ability of the tumor to generate 
new blood vessels is a critical influencing factor for its 
development, growth, invasiveness, and progression into 
the metastatic form. Angiogenesis, the sprouting of new 
capillaries from existing blood vessels, and vasculogenesis, 
the de novo generation of new blood vessels, are the two 
primary methods of vascular expansion by which nutrient 
supply to tumor tissue is adjusted to match physiologic 
needs (18). The importance of angiogenesis in prostate 
cancer is well established. Dynamic susceptibility MR 
sequences (T2*-weighted) are sensitive to the vascular 
phase of contrast medium delivery, which reflect the tissue 
perfusion and blood volume. However, there is limited 
evidence for its clinical application in the prostate.

DCE-MRI consists of a series of fast T1-weighted 
sequences covering the entire prostate before and after 

Fig. 2. 75-year-old male with PSA level of 21 ng/mL. T2-
weighted MR imaging reveals multiple BPH nodules (organized chaos) 
in transition zone. BPH = benign prostatic hyperplasia, PSA = prostate-
specific antigen
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rapid injection of a bolus of a low-molecular-weight 
gadolinium chelate. DCE-MRI following the administration 
of low molecular weight contrast media (< 1 kDa) is the 
most common imaging method for evaluating human 
tumor vascular function in situ (19). Assessment of signal 
intensity changes on T1-weighted DCE-MRI to estimate the 
contrast agent uptake in vivo can be performed qualitatively, 
semiquantitatively, or quantitatively. The qualitative analysis 
of signal intensity changes can be achieved by assessing 
the shape of the signal intensity-time curve. Furthermore, 
the location of early enhancement is correlated with the 
finding(s) from the T2-weighted MR sequence or DWI.

Like other cancerous tissue, prostate cancer is highly 
vascularized. The hemodynamic properties of prostate cancer 
are characterized by an early and intense enhancement and 
subsequently a rapid wash-out. However, the assessment 
of DCE-MRI in the peripheral zone is hampered by highly 
vascularized prostatitis. Within the transition zone, the 
appreciation of DCE-MR is difficult due to sometimes highly 
perfused BPH nodules.

MRI Detection of Clinically Significant Disease

Gleason Grade Assessment
The Gleason grading system remains one of the most 

effective prognostic factors in prostate cancer (20). Gleason 
score, PSA level, and clinical stage have major roles in 
developing a treatment strategy. They have been associated 

with biochemical failure, local recurrences, and distant 
metastases such as skeletal and lymph node metastasis after 
prostatectomy or radiation therapy (21, 22). At present, 
there is no universally accepted definition of clinically 
significant disease, either at prostate biopsy or at definitive 
pathology after radical prostatectomy (23). mpMRI detects 
both high grade and larger tumours accurately and may 
thus perform particularly well for the detection of clinically 
significant disease (8). The recommended requirements of 
each pulse sequence are provided in Table 1.

Prostate mpMRI has demonstrated a good accuracy for 
differentiating between Gleason score ≤ 3 + 4 vs. Gleason 
score ≥ 4 + 3 in tumor volumes ≥ 0.5 mL (Figs. 3, 4) (23). 
Gleason scores of 3 + 4 and 3 + 3 are associated with lower 
disease progression rates, and Gleason scores of ≥ 4 + 3 are 
associated with higher disease progression rates (24). To 
differentiate between these two groups, mpMRI has shown 
value for discriminating tumors with varying degrees of 
aggressiveness using metrics derived from DWI (10, 25-27), 
DCE-MRI (28), and MR spectroscopic imaging (11). Several 
studies reported on the correlation of Gleason score with 
MR imaging using DWI. A negative correlation between 
Gleason grade and ADC values is reported (27, 29), with 
more significant correlation, as the prostate cancer is less 
differentiated (p < 0.001), with Gleason score of ≥ 7 (30). 
Although DWI shows differences between prostatitis (Fig. 5) 
and prostate cancer in both the peripheral zone and central 
gland, its usability in clinical practice is limited as a result 

Table 1. Recommended Requirements for Each Sequence in mpMRI of Prostate (9, 49)

Sequence Orientation
FOV
(cm)

In-Plane Resolution
(mm)

Slice-
Thickness
(mm)*

Gap
(%)

TE
(msec)

TR
(msec)

b-values

T2-weighted
  (RARE/FSE/TSE)

Axial (2D) 12–20
≤ 0.7 (phase) 
≤ 0.4 (frequency)

≤ 4 0

Coronal (2D) 12–20
≤ 0.7 (phase)  
≤ 0.4 (frequency)

≤ 4 0

Sagittal (2D) 12–20
≤ 0.7 (phase)
≤ 0.4 (frequency)

≤ 4 0

T1-weighted Axial (2D) 12–20 ≤ 1 (phase and frequency) ≤ 4 0 < 5 msec < 100 msec

DWI Axial (2D) 16–22 ≤ 2.5 (phase and frequency) ≤ 4 0 ≤ 90 ≥ 3000
50–100 and 
800–1000

DWI
  (high b-value)† Axial (2D) 16–22 ≤ 2.5 (phase and frequency) ≤ 4 0 ≤ 90 ≥ 3000 ≥ 1400

DCE-MRI‡ Axial (2D or 3D) 12–20 ≤ 2.0 (phase and frequency) ≤ 4 0 < 5 msec < 100 msec

*Locations should be same as those used for T2-weighted, DWI and DCE-MRI, †Either acquired or extrapolated high b-value images, 
‡Temporal resolution: ≤ 10 sec (< 7 sec is preferred) with total observation rate of > 2 min. DCE-MRI = dynamic contrast-enhanced MR 
imaging, DWI = diffusion-weighted imaging, FOV = field of view, FSE = fast spin echo, mpMRI = multiparametric prostate MR imaging, MR = 
magnetic resonance, RARE = rapid acquisition with relaxation enhancement, TE = echo time, TR = relaxation time, TSE = turbo spin echo
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Fig. 3. 62-year-old male with PSA level of 5.6 ng/mL. 
A. T2-weighted MR imaging reveals low signal intensity lesion (arrow) in right apex. B, C. ADC map (B) demonstrates distinct low signal 
intensity in right peripheral zone (arrow) and high b-value image (C) demonstrates high signal intensity (arrow). D. T1-weighted post-contrast 
image demonstrates early uptake of contrast material at corresponding location (arrow) (A-C). MR image targeted biopsy revealed Gleason 4 + 3 
prostate cancer. ADC = apparent diffusion coefficient, PSA = prostate-specific antigen

C D

A B

Fig. 4. 78-year-old male with PSA level of 10.2 ng/mL and two negative prior transrectal ultrasound-guided biopsy sessions. 
A. T2-weighted MR imaging reveals low signal intensity lesion (arrows) in right peripheral zone. B. ADC map is not diagnostic as result of 
bilateral hip implants. C. T1-weighted post-contrast image demonstrates early uptake of contrast material at corresponding location (arrow) (A). 
MR image targeted biopsy revealed Gleason 3 + 4 prostate cancer. ADC = apparent diffusion coefficient, PSA = prostate-specific antigen

A B C
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of significant overlap in ADCs (31).
The choline plus creatine-to-citrate ratios acquired by 

using MR spectroscopic imaging demonstrated a correlation 
with Gleason grade in cancer foci located in the peripheral 
zone (32). Only limited information is available on the 
possible correlation of signal intensities measured on T2-
weighted MR imaging with Gleason score (33). Currently, 
almost all studies have investigated the peripheral zone, 
mainly because 70–75% of the tumors are located in the 
peripheral zone and the transition zone remains a difficult 
area in which to assess tumor aggressiveness.

ADC parameters from whole-lesion histogram analysis can 
be used. The 10th percentile ADC correlates better with the 
Gleason score and more accurately differentiates lesions 
with a Gleason score of 6 from those with a Gleason score 
of ≥ 7 compared with other ADC parameters commonly used 

in the literature (10).

Tumor Volume Assessment with MRI
Thus far, few studies have focused on tumor volume 

estimation (34-36). In 2002, the value of MR spectroscopic 
imaging in measuring tumor volume in nodules > 0.5 cm3 
was assessed and researchers showed that it was positively 
correlated with histopathologic tumor volume with a Pearson 
correlation coefficient of 0.59 (37). More recently, studies 
on DCE-MRI and DWI have shown some promising results; 
however, there is a tendency to underestimate the actual 
tumor volume on histopathology of whole mount sections.

Tumor volume is underestimated by DWI especially 
for Gleason scores (≥ 7) and lesions with high suspicion 
score of 4/5 (38). T2-weighted MR imaging showed less 
underestimation of the actual tumor volume. Thus, a much 

C D

A B

Fig. 5. 68-year-old male with PSA level of 2.5 ng/mL. 
A. T2-weighted MR imaging reveals low signal intensity lesion (arrows) in left peripheral zone. B, C. ADC map (B) demonstrates distinct low 
signal intensity (arrows) and high b-value image (C) demonstrates high signal intensity at corresponding location (arrow) (A). D. T1-weighted 
post-contrast image demonstrates early uptake of contrast material (arrows) at corresponding location (A-C). MR image targeted biopsy revealed 
chronic prostatitis. ADC = apparent diffusion coefficient, PSA = prostate-specific antigen
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larger region of the gland that is directly visualized on 
MRI warrants ablation to ensure full tumor destruction. 
This discrepancy in boundary may be most significant at 
the non-capsular side of the lesion, due to the tendency 
for tumors to originate close to the capsule and exhibit 
centripetal growth within the gland (39). These findings 
have key implications in planning and performing focal 
therapy procedures and would suggest the need for a 
security margin to ensure full tumor destruction in view of 
the larger histologic volume (40).

Tumor Stage Assessment with MRI
Clinical staging of prostate cancer currently entails 

the use of digital rectal examination, PSA measurement, 
as well as transrectal ultrasound. The clinical stage is 
identified using these variables and is expressed in the 
TNM staging classification. mpMRI is currently the most 
accurate imaging modality to pre-operatively stage prostate 
cancer (41). In local staging, T2-weighted MR imaging is 
the most important sequence. T2-weighted MR imaging 
has the highest in-plane spatial resolution compared to 
the other imaging sequences included in prostate MR 
imaging. Therefore, it is crucial in assessment of capsular 
and neurovascular bundle involvement. Despite the limited 
reports on the added value of DCE-MR imaging to improve 
staging performance, it does appear to improve local 

Fig. 6. 64-year-old male with PSA level of 4.9 ng/mL. 
A. T2-weighted MR imaging reveals mild low signal intensity area (arrows) in left peripheral zone at base of prostate. B, C. ADC map (B) 
demonstrates mild low signal intensity (arrows) and high b-value image (C) demonstrates no high signal intensity at corresponding location 
(arrows) (A). D. T1-weighted post-contrast image demonstrates early uptake of contrast material (arrows) at corresponding location (A-C). Final 
PI-RADS assessment was 2. Clinical suspicion persisted and patient underwent MR image targeted biopsy which revealed Gleason 4 + 3 prostate 
cancer. ADC = apparent diffusion coefficient, PI-RADS = Prostate Imaging Reporting And Data System, PSA = prostate-specific antigen

C D
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staging performance when used in combination with T2-
weighted imaging in patients with equivocal capsular 
penetration, seminal vesicle invasion, and neurovascular 
bundle involvement (42).

PI-RADS refers to a structured reporting scheme for 
evaluating the prostate for significant prostate cancer. PI-
RADS version 2 (v2) was developed to further improve the 
accuracy and inter-observer agreement of the first version, 
as that version was limited by variable interpretations 
(9). PI-RADS v2 was developed by members of a Steering 
Committee using the best available evidence and expert 
consensus opinion (13). In addition, the use of a dominant 
sequence was introduced, which depends on the lesion 
location (peripheral zone or transition zone) and the 
employment of an overall score estimated from the 
individual scores of the used sequences.

In the appraisal of a lesion, first, the location of the lesion 
has to be defined. This determines the dominant sequence 
of the overall PI-RADS score (peripheral zone vs. transition 
zone). Mainly, the overall PI-RADS score of a lesion located 
in the peripheral zone follows the score of that lesion as 
determined with DWI. Only in case of an equivocal finding 
(PI-RADS 3), a positive score on DCE-MRI can upgrade the 
PI-RADS score to a 4. T2-weighted imaging plays a minor 
role in lesions located in the peripheral zone. T2-weighted 
imaging is the dominant sequence for lesions located in 
the transition zone. In this zone, DWI can upgrade the 
overall PI-RADS score in case of an equivocal finding on T2-
weighted imaging: a PI-RADS 5 on DWI may upgrade a PI-
RADS 3 lesion to PI-RADS score of 4.

Vargas et al. (43) reported that PI-RADS v2 correctly 
identified 94–95% of prostate cancer foci ≥ 0.5 mL, but was 
limited for the assessment of Gleason score ≥ 4 + 3 tumors 
≤ 0.5 mL. Nevertheless, 5–6% of the significant cancers 
are missed with mpMRI (Fig. 6). Furthermore, PI-RADS v2 
category 5 lesions are associated with higher Gleason scores 
and extraprostatic extension (44). Experienced radiologists 
reportedly achieve moderate reproducibility for PI-RADS 
v2, and neither require nor benefit from a training session 
(45). Increasing amounts of data are being published on 
the implications of PI-RADS v2. However, large multi-
center studies are still lacking for both mpMRI and PI-RADS 
evaluation.

CONCLUSION

Prostate mpMRI is able to detect clinically significant 

disease. The detection rate of clinically significant disease 
ranges from 44 to 87%, which is higher compared to the 
reported findings of ‘blind’ transrectal ultrasound biopsy 
(23). In addition, mpMRI of the prostate is the standard 
imaging modality for tumor detection, localization, staging, 
treatment planning, and evaluation (46). Meta-analyses on 
prostate cancer detection by mpMRI revealed a specificity 
of 0.88 and sensitivity of 0.74 (95% confidence interval, 
0.66–0.81) (47). DWI is the most promising sequence for 
assessing tumor aggressiveness. Nevertheless, there is 
still considerable overlap in ADC values between low- and 
intermediate/high risk prostate cancer lesions. Most likely, 
the signal-to-noise ratio is currently the major limitation. 
As a result, the highest in-plane resolution achievable with 
commercially available sequences, is in the range of 1.0–2.0 
mm (9). Recently, high-resolution DWI of the prostate was 
introduced, which has the potential to further improve 
lesion characterization and visibility (48).
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