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Abstract  

Background: Multiparametric MRI utilizes a combination of T1W, T2W, 

DWI/ADC, Dynamic contrast-enhanced MRI (DCE-MRI) and MRI 

spectroscopy to provide anatomic and functional assessment of the prostate. 

This study was aimed at evaluating the efficacy of multiparametric MRI in the 

detection of prostate carcinoma. Materials and Methods: Patients with raised 

PSA, BPH with rising PSA, abnormal digital rectal examination (DRE) findings 

and staging of known case of carcinoma prostate were enrolled in the study. 

MRI was performed on 1.5 Tesla (Magnetom Avanto, Siemens) using a surface 

coil. MRI sequences used in the study were T2 weighted imaging, T1 weighted 

imaging, DWI, MRI spectroscopy, T2 TIRM sequence and DCE-MRI. The 

study included 61 patients whose MRI findings were noted and followed up for 

the biopsy findings. Result: The sensitivity of T2W imaging was 89.3 % and 

specificity was 69.7 %. The sensitivity of DWI/ADC was 96.4 % and specificity 

was 72.7 %. The ability of DWI/ADC to detect prostate carcinoma was found 

to be statistically significant with a p- value <0.001.  A combination of T2W 

imaging and DWI/ADC showed a sensitivity of 98.7 %, specificity of 66.7 % 

and accuracy of 85.6 %. The study showed a statistically significant relationship 

between low ADC values and higher Gleason scores of =7 or >7. The sensitivity 

and specificity of MRI spectroscopy alone was 84 % and 78.1 % respectively. 

The sensitivity of DCE-MRI was 70 % and specificity was 83.3 %. The 

combination of T2W and DWI/ADC with DCE-MRI showed a sensitivity of 

70% and specificity of 87%. There was a positive correlation between the 

Gleason score and PI-RADS score with a P-value of 0.003. Conclusion: 

Multiparametric MRI using a combination of T2W imaging, diffusion weighted 

imaging, DCE-MRI and MRI spectroscopy provides an invaluable and non-

invasive tool in the diagnosis of prostate carcinoma. 

 
 

 

INTRODUCTION 
 

Magnetic resonance imaging (MRI) provides high 

soft tissue contrast resolution and clear anatomical 

details and plays a key role in the diagnosis, staging 

and post-treatment follow-up of prostate cancer. 

Multiparametric MRI utilizes a combination of T1 

weighted (T1W), T2 weighted (T2W) imaging, 

Diffusion weighted imaging/Apparent diffusion 

coefficient (DWI/ADC), Dynamic contrast-enhanced 

MRI (DCE-MRI) and MRI spectroscopy to provide 

anatomic, functional and physiological assessment of 

the prostate.  

 

T1 weighted imaging  

T1 weighted images are used primarily to delineate 

the gland and for detection of haemorrhage within the 

prostate gland and seminal vesicles which is common 

after biopsy and shows focal or diffuse hyperintensity 

on T1 weighted images.  

T2 weighted imaging  

T2W imaging is primarily utilized to discern gland 

anatomy, evaluate abnormalities within the gland, 

presence of extra-prostatic extension, seminal vesicle 

invasion and lymph nodal metastasis. T2 images have 

a high spatial resolution and can differentiate the 

intermediate to high signal intensity of the peripheral 

zone (PZ) of the prostate from the low signal intensity 
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of the central and transition zone (TZ). T2W images 

play a crucial role in characterizing abnormalities in 

the transition zone. The TZ is primarily assessed on 

T2W images and then correlated with DWI/ADC 

findings.[1] A malignant lesion on T2 weighted 

images has less well-defined margins and is often 

lenticular, irregular or conforming to a teardrop 

shape. A lesion which extends across the surgical 

capsule or into the fibromuscular stroma is highly 

suspicious for malignancy.[4,11]  

ADC/DWI  

Diffusion weighted imaging (DWI) is based on 

Brownian movement. Diffusion restriction is seen in 

tissues with high cellular density and intact cell 

membranes, like cancer, abscess, cytotoxic oedema 

and fibrosis. Based on DWI, the apparent diffusion 

coefficient (ADC) map can be calculated. ADC is 

expressed in mm2/s and gives quantitative 

information that is inversely proportional to the 

degree of diffusion restriction.  Low ADC values, 

appearing hypointense on the ADC map, represent 

tissues with restricted diffusion. Prostate carcinoma 

is histologically characterised by a high cell density 

and high nucleus/cytoplasm ratio than the normal 

tissue with replacement of glandular parenchyma by 

tumour cells. This causes a marked reduction in the 

ADC values, relative to the normal prostate. Prostate 

cancer foci are seen on DWI sequence as areas of 

restricted diffusivity (hyperintense signal), with 

corresponding hypointense signal on ADC maps.[2,12] 

DCE-MRI  

Dynamic contrast-enhanced MRI (DCE-MRI) is an 

important component of multiparametric MRI and is 

useful for evaluating the severity, location and extent 

of prostate cancer. DCE-MRI is acquired using T1 

weighted gradient echo images following the 

administration of gadolinium-based contrast agent. 

Prostate carcinoma shows early and increased 

enhancement as compared to the   surrounding 

normal prostatic parenchyma on DCE-MRI. This 

enhancement pattern is related to tumour 

angiogenesis. More aggressive tumours have the 

ability to initiate the production and release of 

angiogenic factors, such as vascular endothelial 

growth factor (VEGF). These tumour vessels show 

higher permeability than normal vessels, are more 

variable in size and more disorganized.[5,8] 

MRI Spectroscopy  

MR spectroscopic imaging (MRSI) is useful for 

evaluating the extent and aggressiveness of prostate 

cancer. The MR spectroscopic imaging box is 

prescribed on high-resolution axial T2W images and 

the metabolic information is then superimposed on 

the corresponding T2W images.[6] In prostate 

carcinoma, tumour cells utilize citrate in oxidizing 

metabolism. The high turnover of phospholipid raises 

the level of choline leading to an increased ratio of 

choline: citrate which can be used to detect 

malignancy. The mean normal (choline + creatine): 

citrate ratio is 0.22 ± 0.0013 with 1.5T.[3] A (choline 

+ creatine): citrate ratio > 0.8 is very suspicious for 

prostate carcinoma while a ratio > 2 is considered 

abnormal. Polyamine levels are also reduced in 

prostate cancer.[9] 

Metastasis 

MRI has high sensitivity in the detection of bone 

metastases from prostate carcinoma. It can detect 

early changes in bone marrow that precede the 

osteoblastic response in the bone matrix. MRI has 

been shown to detect bone metastases in 37.5 % of 

patients with negative or inconclusive bone scan and 

plain films. MRI performs well in detecting 

metastasis to vertebral bodies which have large 

medullary cavities, in addition it can also detect 

tumour cells which may reside in-between the 

trabeculae.  

Prostate imaging- reporting and data system (PI-

RADS)  

PI-RADS is a system used to standardize the 

acquisition, interpretation and reporting of prostate 

MRI examinations. The PI-RADS categories are 

based on the findings of T2W imaging, DWI and 

DCE-MRI. The PI-RADS assessment category 

determines whether clinically significant cancer is 

likely to be present in each lesion within the prostate 

gland, which is defined on pathology/histology as 

Gleason score > 7 and/or tumor volume > 0.5cc, 

and/or extraprostatic extension (EPE). 

Gleason score 

The Gleason scoring system is one of the most 

powerful prognostic predictors of prostate cancer.  

Five Gleason patterns were recognised on 

histopathology, which are then assigned a grade.[10] 

On core needle biopsy, the most prevalent pattern is 

graded as primary grade and any amount of the 

highest pattern is graded as secondary grade.[7] The 

pattern-number of the primary and secondary grades 

are summed up to obtain the final Gleason score.  

Gleason scores range from 2 to 10, with 2 

representing the most well-differentiated tumors and 

10 the least-differentiated tumors. 

 

MATERIALS AND METHODS 

 

This study was conducted on patients attending the 

urology OPD and referred for prostate MRI. Patients 

with raised Prostate-specific antigen (PSA), Benign 

Prostate Hyperplasia (BPH) with rising PSA, 

abnormal digital rectal examination (DRE) findings, 

and staging of known case of carcinoma prostate 

were included in the study. Patients with any 

contraindication to perform MRI such as cardiac 

pacemaker in situ, prosthetic heart valves, aneurysm 

clips, pelvic metallic implants and other 

ferromagnetic substances were excluded from the 

study. The study included 61 patients in which the 

clinical details with DRE findings, MRI findings and 

PSA values of patients were noted and followed up 

for the biopsy findings. MRI was performed on 1.5 

Tesla (Magnetom Avanto, Siemens) using a surface 

coil. MRI sequences used in the study were T2 

weighted imaging, T1 weighted imaging, DWI, MRI 

spectroscopy, T2 TIRM sequence and DCE-MRI. 



816 

 International Journal of Academic Medicine and Pharmacy (www.academicmed.org) 
ISSN (O): 2687-5365; ISSN (P): 2753-6556 

The T2 weighted abnormalities were classified as 

positive (malignant) or negative (benign). The 

findings on prostate MRI were also recorded as 

negative or positive for various tumour 

characteristics on T2W images including location, 

extracapsular extension, invasion of seminal vesicles, 

infiltration of neurovascular bundles, invasion of 

rectum and urinary bladder, presence of pelvic 

lymphadenopathy and distant metastasis. For DWI, 

findings were recorded using both diffusion images 

and ADC values. Lesions appearing hyperintense on 

DWI with corresponding low signal on ADC were 

considered malignant in this study. For MRI 

spectroscopy, tumour positive voxels on T2WI and 

DWI were selected for the study. Lesions showing 

increased choline + creatine/citrate ratio on MRI 

spectroscopy were considered positive for 

malignancy. The results of DCE-MRI were recorded 

as DCE positive or negative. Lesions showing focal 

and early enhancement and corresponding to a 

suspicious finding on T2W and/or DWI were 

considered DCE positive. 

Statistical analysis 

Statistical data analysis was done using Statistical 

Package for the Social Sciences (SPSS) 21.0 version. 

Unpaired t-test was done to compare two group 

means and ANOVA for more than two group means. 

Fisher's exact test or chi-square test was done to find 

out the association between categorical variables. To 

test the validity of a tool, sensitivity, specificity, 

Positive predictive value (PPV) and Negative 

predictive value (NPV) were calculated. P value of 

less than 0.05 was considered significant. 

 

RESULTS 

 

 
Figure 1: T2 weighted MRI image shows a hypointense 

lesion measuring 20 x 8.3 mm in the peripheral zone on 

the left side (A). Focal hypointensity was noted on ADC 

(B), appearing hyperintense on DWI (C). On DCE-MRI 

performed, early and focal enhancement of this lesion 

was noted (D). The lesion was classified as PI-RADS 3  

with DCE +. Histopathology revealed Adenocarcinoma 

of prostate. 

 

Figure 2: MRI images shows a well-defined T2 

hypointense lesion in the peripheral zone on the right 

side measuring 17 x 15 mm(A). It shows marked 

hypointense signal on ADC (B) and markedly 

hyperintense signal on DWI (C). MRI Spectroscopy 

showed a choline peak (D). There was no extra-prostatic 

extension. The lesion was classified as PI-RADS 5. 

Histopathology revealed Adenocarcinoma of prostate. 

 

 
Figure 3: T2W axial (A) and T2W sagittal (B) images 

show an enlarged prostate gland (148 cc). The entire 

prostate gland is replaced by a T2 hypointense mass. 

Capsular breach with extraprostatic extension and 

involvement of bilateral seminal vesicles was noted. Fat 

planes with the base of bladder and anterior wall of 

rectum is lost. Infiltration of neurovascular bundle on 

the left side was noted. The lesion was classified as PI-

RADS 5 (with extraprostatic extension). Histopathology 

revealed Adenocarcinoma of prostate. 
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Our study included 61 patients having an age range 

of 45 to 86 years. The mean serum PSA level of these 

patients was 45.12 ng/ml and the mean prostate 

volume was 58.67 cc. The number of patients 

showing positivity for malignancy on T2W imaging 

was 35 (57.4%), ADC/DWI was 36 (59%) and MR 

spectroscopy was 28 (49.1%).  Out of 16 patients 

where DCE-MRI was performed, 8 showed positivity 

for malignancy. Subsequent biopsy showed 

malignancy in 28 patients (45.9%). The validity of 

MRI in correlation with prostate biopsy is shown in 

Table 1. On MRI, 32% of malignant lesions were 

located in the peripheral zone while 68% involved 

both peripheral and transition zones. Of the 

malignant lesions on MRI, extracapsular extension 

was present in 79% while distant metastasis was 

present in 50% of cases. The most frequent PI-RADS 

score in malignant lesions was PI-RADS 5 and the 

most frequent Gleason score in malignant lesions was 

Gleason score 8.    

 

Table 1: Summary of sensitivity, specificity, PPV, NPV and accuracy of different MRI sequences in detection of 

prostate carcinoma  

MRI sequence  Sensitivity Specificity PPV NPV Accuracy 

T2W 89.3 69.7 71.4 88.5 78.7 

DWI/ADC 96.4 72.7 75.0 96.0 83.6 

MR spectroscopy (Ch+Cr:Ci ) 84.0 78.1 75.0 86.2 80.7 

DCE 70.0 83.3 87.5 62.5 75.0 

T2W + DWI/ADC 98.7 66.7 71.1 95.7 85.6 

T2W + DWI/ADC + (Ch+Cr:Ci) 80.0 93.8 90.9 85.7 87.7 

T2W + DWI/ADC + DCE 70.0 87.0 87.5 62.5 75.0 

 

Table 2: Comparison of mean ADC values (x 10 -3 mm2/s) with Gleason score  

Gleason score No. of malignant lesions Mean ADC ±SD P value 

≤6 3 0.84 ± 0.02 <0.001 

=7 6 0.74 ± 0.02 

>7 19 0.64 ± 0.02 

 

Table 3: Summary of relationship between PI-RADS score and Gleason score for malignant lesions 

PI-RADS Gleason score P value 

≤6 =7 >7 

No. % No. % No. % 

3 1 33.3% 0 0.0% 0 0.0% 0.003 

4 1 33.3% 2 33.3% 0 0.0% 

5 1 33.3% 4 66.7% 19 100.0% 

 

 

DISCUSSION 
 

In our study of 61 patients, Transrectal ultrasound 

(TRUS) guided prostate biopsy showed malignancy 

in 28 patients and benign findings in 33 patients. 

Benign findings included BPH, prostatitis and BPH 

with prostatitis, with BPH constituting the majority 

of cases.  

In our study, T2W imaging revealed features of 

malignancy in 35 out of 61 patients and benign 

findings in the remaining 26 patients. The sensitivity 

of T2W imaging was 89.3 % and specificity was 69.7 

%. The PPV and NPV of T2W imaging was 71.4 % 

and 88.5 % respectively while accuracy was 78.7 % 

[Table 1]. Fusco et al reported similar findings with 

sensitivity of 75% and specificity of 60% for T2W 

imaging in the detection of prostate cancer.[15] 

In our study, 36 cases showed diffusion restriction 

while 25 were negative for DWI. The ability of 

DWI/ADC to detect prostate carcinoma was found to 

be statistically significant with a p-value <0.001. Our 

study showed a high sensitivity of 96.4 % and 

specificity of 72.7 % for DWI/ADC alone [Table 1], 

which is comparable to a study by Taha Ali et al 

showing sensitivity, specificity, PPV and NPV of 

DWI/ADC alone to be 86.36%, 75% ,82.61% and 

80% respectively.[13] Our study also showed a 

statistically significant relationship between low 

ADC values and higher Gleason scores of =7 or >7 

[Table 2]. A similar inverse correlation between the 

ADC value and Gleason score was reported by Wu et 

al.  Their study reported that the Gleason score 3 + 4 

tumours had a lower minimum ADC value than the 

Gleason score 3 + 3 tumours in organ confined 

prostate cancer.[17] Thus, ADC values can be a useful 

marker of tumour aggressiveness with low ADC 

values correlating to a higher Gleason score. 

A combination of T2W imaging and DWI/ADC 

showed a sensitivity of 98.7 %, specificity of 66.7 % 

and accuracy of 85.6 % [Table 1].  Thus, the 

diagnostic accuracy of combining T2W imaging and 

ADC /DWI was higher than T2W imaging or 

DWI/ADC alone. A recent meta-analysis on the 

diagnostic accuracy of T2W imaging combined with 

DWI, compared with T2W imaging alone showed 

similar findings with a higher diagnostic accuracy for 

T2W imaging combined with DWI than for T2 

weighted imaging alone.[14] 

Our study showed a sensitivity of 84 % and 

specificity of 78.1 % for MRI spectroscopy alone in 

the detection of prostate cancer. The combination of 

MRI spectroscopy with T2W imaging and 

DWI/ADC yielded a sensitivity of 80% and 

specificity of 93.8 % [Table 1]. Fusco et al showed 
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comparable results for MR spectroscopy with 

sensitivity of 89% and specificity of 69%.[15]  

In this study, out of 16 cases in which DCE-MRI was 

performed 8 of the cases showed a positive DCE 

result. The sensitivity of DCE-MRI was 70 % and 

specificity was 83.3 % while a combination of T2W 

and DWI/ADC with DCE-MRI showed a sensitivity 

of 70% and specificity of 87 % [Table 1]. Previous 

studies have showed similar results for DCE-MRI 

with sensitivity and specificity ranges of 46–96% and 

74–96%, respectively.[10] 

Our study showed a positive correlation between the 

Gleason score and PI-RADS score [Table 3]. Katz et 

al also reported a significant relationship between a 

higher PI-RADS score and a finding of cancer on 

pathology.[16] This positive correlation shows the 

value of multiparametric MRI in characterizing the 

aggressiveness of the tumour. 

 

CONCLUSION 
 

Multiparametric MRI using a combination of T2W 

imaging, Diffusion weighted imaging, DCE-MRI 

and MR spectroscopy provides an invaluable and 

non-invasive tool in the diagnosis of prostate 

carcinoma. With the use of multiparametric MRI, 

there is a significant reduction in the number of 

unnecessary biopsies which could in turn prevent 

overdiagnosis and overtreatment. It also decreases 

the number of missed clinically significant cancers 

and improves risk stratification. 

The positive correlation between an increasing PI-

RADS score and increasing Gleason score shows that 

multiparametric MRI can non-invasively assess the 

tumour aggressiveness in prostate cancer. Similarly, 

the inverse correlation between tumour ADC values 

and Gleason score helps in determining the tumour 

aggressiveness. 

Among the different techniques employed in this 

study, a combination of T2W imaging and diffusion 

weighted imaging provided the highest sensitivity 

while the highest specificity was obtained with a 

combination of T2W imaging, diffusion weighted 

imaging and MR spectroscopic imaging.  

Thus, multiparametric MRI provides an excellent 

tool for the detection, characterization, staging, 

biopsy guidance and active surveillance of prostate 

cancer with a high degree of sensitivity and 

specificity. 
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