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Normal MRI Appearance Of Prostate

 Normal prostate has homogenous low signal on T1WI

 Zonal anatomy is best demonstrated on T2WI

 Comprise of low signal central zone and higher signal peripheral zone

 TZ and CZ appears similar and loosely termed the central gland (CG)



Normal anatomy of prostate: 

(A) Diagrammatic representation of zonal anatomy of prostate in axial section,

(B) Axial T1W image showing uniform intermediate signal intensity with little delineation of zonal 
anatomy, 

(C) Appearance of normal prostate on axial T2W image. AFS, anterior fibromuscular stroma; CZ, 
central zone; ED, ejaculatory ducts; PZ, peripheral zone; TZ, transition zone; U, urethra



Normal T2 Appearance Of Prostate

 At the base of bladder: 

The anterior fibromuscular stroma 
(arrow) consists of nonglandular tissue 
and appears dark.

 Note the symmetric homogeneous 
muscular stroma layer (arrowheads) 
in the posterior prostate base



Normal T2 Appearance Of Prostate

 Midprostate level : Homogeneously bright 

peripheral zone (arrowheads) surrounding 

the central gland (white arrows). 

 The central gland is composed of the 

transition zone and central zone

 Note the neurovascular bundles at the 5-

o’clock and 7-o’clock positions (black



Normal T2 Appearance Of Prostate

 At prostate apex : The 

homogeneous peripheral zone 

(arrowheads) surrounding the 

urethra (U). 

 Note that the volume of the 

peripheral zone increases from the 

base to the apex.



Indication Of MRI In Prostate Ca

 MRI using T2-weighted (T2W) imaging provides excellent zonal anatomy of the 
prostate and PCa lesions compared to TRUS. 

 MRI has been shown to be useful for 

1. detection, 

2. staging, 

3. follow-up after treatment. 

 The potential of MRI for prostate imaging has improved by combining anatomical 
and functional imaging methods, known as multiparametric MRI (mpMRI). 



mp-MRI

 A method of trying to obtain an ideal three-dimensional (3D) prostate image by 
combining :

A. Morphologic MRI : T2 wt MRI

B. Functional imaging: 

1. Diffusion weighted (DWI), 

2. Dynamic contrast enhanced (DCEI) 

3. MR spectroscopy (MRSI) images. Not routinely used 

 The specificity of mpMRI of the prostate is up to 90% with a negative predictive 
value (NPV) of around 85%. 



mp-MRI

 many centers have developed their own MRI interpretation system using some of 
these sections, 

 there is no standard defined combination yet

 in many centers, intestinal motility-reducing 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)] 

 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



Morphologic MRI (T1 weighted imaging)

 T1WI : prostate appears homogeneous with medium signal intensity; neither the 

zonal anatomy nor intraprostatic pathology is displayed, 

 if the MRI is performed after biopsy, post biopsy hemorrhage can be identified as 

areas of high T1-signal intensity.

 However, T1W images are useful for detection of metastases to pelvic nodes, 

evaluation of neurovascular bundles and extra-capsular spread



Morphologic MRI (T2 weighted imaging)

 T2W images in the transverse plane are considered best to depict the zonal anatomy 

of the prostate. 

 On the T2W image of a normal prostate gland, PZ appears hyperintense. CZ, TZ and 

periurethral zones are low in intensity and are indistinguishable from each other on 

T2W images and are referred to as central gland (CG). 

 Any hypointense signal appearing in otherwise hyperintense PZ is considered as 

suspicious of PCa.



Figure: Prostate cancer lesion (white arrow) appearing in the left peripheral zone in 
axial T2W image (A), and on T2W image with fat saturation (B).



Morphologic MRI (T2 weighted imaging)

 T2W images alone are sensitive but not specific for PCa. 

 not possible in many cases using T2W imaging to differentiate of PCa from

1. prostatic intraepithelial neoplasia, 

2. hemorrhage, 

3. post-radiation changes 

4. Prostatitis. 



Morphologic MRI (T2 weighted imaging)

 PCa in CG is difficult to identify due to the similar hypointense appearance.

 CG is frequently affected by BPH in PCa patients and BPH shows heterogeneous 
signal intensity making the detection of PCa in this area more challenging

 The capsule appears as a hypointense thin line located posterolaterally

 The neurovascular bundles appear as hypointense foci posterolateral to the prostate 
capsule. 

 Seminal vesicles appear as hyperintense, located posterosuperior to the prostate



Morphologic MRI (T2 weighted imaging)

 T2W images of capsular irregularity, thickening, and retraction due to injury after 
biopsy can be similar to an extracapsular extension, which may lead to over-staging. 

 wait  6–10 weeks after the biopsy before prostate MRI to allow residual hemorrhage 
to resolve



Diffusion-weighted MRI (DWI)

 based on the proton diffusion property of water atoms, and reflects the random movement 
of water molecules. 

 a functional image is provided.  

 Presented images should include 

1. the apparent diffusion coefficient (ADC) map 

2. high b-value images. 

clinically significant PCa 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

 Compared with ADC map, high b-value images show high signal 
intensities in CSPCa which are:

i. adjacent to or invasive the anterior fibromuscular stroma, 

ii. in the subcapsular area 

iii. in the apex or base of the gland, 

but ADC map shows low signal intensity

 DWI shows better CZ and TZ tumors and cancer aggressiveness



 Axial images showing PCa (white arrow) in the left peripheral zone:

A. DWI acquired at 3.0T using b-value = 1000 s/mm2,

B. The corresponding ADC map generated. Note that the tumor region is 
hyperintense on high b-value DWI while it is hypointense on ADC map 
showing low ADC values.



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.

 In PC, increased tumor vascularity leads to early hyperenhancement (higher and earlier 
peak enhancement than in normal tissue) and to rapid washout of contrast material from 
the tumor, in comparison with normal prostate tissue.

 useful in locating recurrence after surgical treatment.

 false positive results prostitis

 False negative GS3+3, small tumors

 the operation lasts longer.



Dynamic contrast-enhanced imaging

 DCE-MRI of PCa shows early higher peak enhancement, 

 early washout 

 significantly higher Ktrans, Kep and Ve compared to normal PZ. 

 The sensitivity and specificity of DCE-MRI reported for Pca are 69-95% 
and 80-90%, respectively



 DCE-MRI of PCa patient acquired at 3.0T: 

(A) DCE T1W image in axial plane showing enhancement of prostate cancer region and 
selection of region of interest, 

(B) DCE curve (blue) typical of malignant curve. For comparison, the yellow curve is from a 
nonmalignant region.



MR spectroscopy imaging

NORMAL METABOLITE OF PROSTATE

 Citrate : Produced by normal epithelial cells of prostate

Normal Peak at 2.6 ppm

 Choline : Precursor of phospholipids cell membrane

Normal Peak at 3.2 ppm

 Creatine : Involved in cellular energy

Normal peak at 3 ppm



MR spectroscopy imaging

 It may be useful for assessing the malignancy risk of a region of interest (ROI), 

 it is less useful in localization of maligancy, and predicting pathologic stage.

 malignant cells with  rapid cellular turnover, therefore use more zinc, utilized and so 
reduced in intracellular spaces. 

 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.

 usually used for research purposes



 Classic spectral signature of prostate cancer consists of increased choline 
and decreased citrate Ratio of (Choline + creatine)/ Citrate is usually 
measured.

 Normal range : 0.22 +/- 0.013, range up to 0.5.

 Lower values for the Cho+cr /Cit ratio in the peripheral areas than in the 
central glands.

 Choline / creatine to citrate ratios:

 > 0.5 : suspicious

 > 1 : very suspicious

 > 2 : abnormal



MRSI at 1.5T from prostate and

corresponding histopathology from:

• normal peripheral zone (A and B)

• benign prostatic hyperplasia (C and D)

• prostate cancer (E and F) 

Note the large decrease in the citrate

resonance in the spectrum and glandular 

changes in cancer



Prostate Imaging Reporting and Data System 
(PI-RADS™)

 The score is assessed on prostate MRI. Images are obtained using a
multi-parametric technique including T2 weighted images DCE and
DWI.

 MR spectroscopy is not included in PI-RADS scoring.

 A score is given according to each variable. The scale is based on a
score from 1 to 5 (which is given for each lesion),

 1 being most probably benign and 5 being highly suspicious of
malignancy



PI-RADS v2  assessment system

 PI-RADS 1: very low (clinically significant cancer is highly unlikely to be
present)

 PI-RADS 2: low (clinically significant cancer is unlikely to be present)

 PI-RADS 3: intermediate (the presence of clinically significant cancer is
equivocal)

 PI-RADS 4: high (clinically significant cancer is likely to be present)

 PI-RADS 5: very high (clinically significant cancer is highly likely to be
present)



 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.

 PI-RADS™v2 has higher sensitivity and specificity than the first version. 

 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.



Sectoral Map of prostate, 

according to PI-RADS ™v2.



Clinical application of mpMRI

 The use of mpMRI can potentially reduce 

1. unnecessary biopsies, 

2. the number of biopsy cores

 avoid false negative results of DRE, PSA, and TRUS-guided biopsy

 improve the selection of low-risk men for surveillance in future.



mpMRI usage in prostate biopsy

 There are three different MRI-guided biopsy techniques

1. Cognitive fusion biopsy

2. Image-guided targeted prostate biopsy (IGTpBx)

3. In-Bore biopsy



Cognitive fusion biopsy

 The easiest technique 

 not requiring any extra hardware or software. 

 the practitioner must be highly experienced and able to combine 
mpMRI images with the real-time TRUS imaging. 

 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



 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.

 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.



In-Bore biopsy

 is performed within an MRI gantry with realtime MRI correlation of the abnormal site 
and the biopsy tract

 patient in the prone position and under absolute general anesthesia. 

 The process time is longer than other methods. 

 The procedure is performed after 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



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.

 higher CSPCa cancer detection rates in patients biopsied as the first 
biopsy with mpMRI guided biopsy compared to standard TRUS guided 
biopsy alone



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 summarized as:

 PSA ≤10 ng/mL, 

 tumor with a Gleason score ≤3 + 3 

 ≤T2a cancer, 

 less than three cores of cancer positivity 

 positivity rate must be <50% in any core



Use of mpMRI in biopsy positive patients

 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.



mpMRI and the Index Theory

 80% of PCa originate from a cell clone of a single lesion. This lesion is called “index 
lesion”.

 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.

 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

 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.



 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 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.

 include 

 cryotherapy, 

 High Intensity Focused Ultrasound (HIFU), 

 laser ablation, 

 focal photodynamic therapy

 brachytherapy 

 radiofrequency (RF) ablation. 



mpMRI after radical prostatectomy

 After RP, the first sign of recurrence is usually PSA elevation. 

 Distant metastasis or local recurrence should be considered

 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.

 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-volume 
lesions 



Clinical stratification and relevant goals of prostate mpMRI.



Limitations of mpMRI

 mpMRI guided biopsies may miss the index lesions by 5-20%. 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.

 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.



cases



A 73-year-old man with a serum PSA level of 12.2 
ng/mL and negative TRUS-guided biopsy was 
referred for mpMRI with ERC to assess for prostate 
cancer due to rising PSA. (A) Axial T2WI shows a 
large region of decreased T2 signal with poorly 
defined margins in the right anterior midtransition
zone (TZ) (arrows). This lesion does not demonstrate 
gross EPE but there is broad-based contact with the 
anterior fibromuscular stroma and prostate margin. 
(B) Axial apparent diffusion coefficient (ADC) map 
and 
(C) axial high b-value DWIs (b 5 1400 s/mm2) 
demonstrate corresponding marked restricted 
diffusion (arrows). 
(D) Colored perfusion map created using 
postprocessing software from dynamic contrast-
enhanced MR imaging acquisition demonstrates 
suspicious perfusion kinetics for prostate cancer 
(arrows), corresponding to the findings seen on 
T2WI and ADC/DWI. PI-RADS score is 5. The patient 
underwent radical prostatectomy revealing Gleason 
4 1 3 5 7 cancer in right anterior TZ with focal EPE.



A 57-year-old man with a serum PSA level of 10.3 
ng/mL and TRUS-guided biopsy showing Gleason
4 + 3 = 7 cancer (4/8 cores, 60%–90% each) 
throughout the left gland. 
(A) Axial T2WI shows a large area of decreased T2 

signal intensity in the left base and midlateral
peripheral zone (PZ) (white arrow). There is 
associated irregularity and spiculation of the 
periprostatic fat (black solid arrow). 

(B) Axial ADC map and
(C) axial high b-value DWI (b 5 1400 s/mm2) 

demonstrate corresponding marked restricted 
diffusion (arrows). 

(D) Suspicious enhancement kinetics are shown, 
corresponding to the findings on T2WI and DWI 
(arrow). 

PI-RADS score is 5 with evidence of gross EPE. 
The patient underwent radical prostatectomy revealing 
Gleason 4 + 3 = 7 cancer in the left PZ with EPE at the 
left base.



A 51-year-old man with a serum PSA of 8 ng/nL and TRUS-
guided biopsy showing Gleason 4 + 3 = 7 cancer (8/12 
cores, 35%–100% each). 
(A) Axial T2WI shows a large area of decreased T2 signal 

intensity in the left posterolateral peripheral zone at the 
level of the base to midgland (arrows).

(B) Coronal T2WI shows the large area of decreased T2 
signal intensity in the left posterolateral peripheral zone 
at the level of the base to midgland with broad-based 
capsular contact (>1 cm) without gross evidence of EPE 
(arrowheads). 

(C) Axial ADC map and (D) axial high b-value DWI (b 5 1400 
s/mm2) demonstrate corresponding marked restricted 
diffusion (arrows).

PI-RADS score is 5 based on lesion size with no evidence of 
gross EPE but the presence of broad-based
capsular contact is suspicious for microscopic EPE. The 
patient underwent radical prostatectomy revealing Gleason
3 + 4 = 7 cancer in the left PZ with microscopic EPE in the 
midgland and base.



A 58-year-old man with a serum PSA of 39.1 
ng/nL and TRUS-guided biopsy showing 
Gleason 4 + 3 = 7 throughout the left gland 
with Gleason 4 + 4 = 8 tumor in the left lateral 
base. 
(A) Axial and (B) coronal T2WIs show a focal 

region of marked decreased T2 signal in 
the left seminal vesicles with loss of normal 
seminal vesicle morphology (arrows). 

(C) Axial ADC map demonstrates marked 
corresponding restricted diffusion at this
location (arrow). 
The patient underwent radical prostatectomy 
revealing Gleason 4 + 3 = 7 cancer in 70% of 
the gland (left > right) with extensive SVI.



Key points

 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.



Key points

 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.

 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.




