
Hasan et al (2022)                             SVU-IJMS, 5(2):237-252 

 

237 

Added value of MR spectroscopy to combined T2-weighted and diffusion weighted 

MRI in prostatic lesions characterization 

Nahla Mohamed Ali Hasan
a*

, Mohamad Hasan Alam-Eldeen
a
, Mohamed Abdelghany 

Elsherif
a
, Mohammed Hazem

a,b
  

 

a
Diagnostic Radiology Department, Faculty of Medicine, Sohag University, Sohag, Egypt. 

b
Surgery Department, College of medicine, King Faisal University, P.O.Box:400,Al-Ahsa 

31982, Saudi Arabia. 

Abstract 
Background: Recently, multiparametric magnetic resonance imaging has been extensively used 

for early detection and localization of clinically significant prostate cancer. Magnetic resonance 

spectroscopy provides chemical information about metabolites in normal and abnormal tissues. It 

isn’t widely used in routine imaging of prostatic lesions.  

Objectives: to evaluate the diagnostic benefit from adding MRS to combined T2WI and DWI 

(bi-parametric MRI) in prostatic lesions diagnosis.                                                                                                         

Patients and Methods: This prospective study included MRI prostate of 128 adult male 

obtained by using 1.5 Tesla machine.  They were presented by clinically suspected prostatic 

lesions and elevated PSA level (> 4 ng/dl). MRI protocol included T1WI, T2WI, DWI and MRS. 

Diagnostic accuracy of bi-parametric MRI was compared with that of MRS alone and that after 

adding MRS to T2WI and DWI using the histopathological diagnosis as the standard of 

reference. 

Results: 68 (53%) patients were histopathologically diagnosed with malignant prostatic lesions 

and 60 (47%) patients with benign lesions. Combined MRS with bi-parametric MRI had the 

highest diagnostic accuracy of 96.8% with sensitivity, specificity, PPV, and NPV of 100%, 

93.3%, 94.4%, and 100% respectively compared with those of bi-parametric MRI; 71.9 % 

accuracy, 76.5% sensitivity, 66.7 % specificity, 72.2% PPV and 71.4% NPV and MRS that had 

90.6 % accuracy, 100% sensitivity, 80 % specificity, 85% PPV and 100% NPV. 

Conclusion: Adding MRS to T2WI and DWI is a promising diagnostic tool for better detection 

and characterization of different malignant and benign prostatic lesions compared to bi-

parametric MRI. 
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Introduction 

Diseases primarily affecting prostate gland 

are inflammation, benign nodular 

enlargement, and tumors (Epstein , 

2010).Prostate cancer (PC) is the second 

most common diagnosed cancer and the 

sixth leading cause of cancer death in men 

worldwide (Cancer Today, 2020).Early 

detection of PC has a better chance for 

successful treatment. However, PC detection 

and differentiation from benign entities as 

early as possible is still challenging (Jemal 

et al, 2010).
 

The currently used clinical screening 

tools for PC diagnosis including prostate 

specific antigen (PSA) test and transrectal 

ultrasound (TRUS) guided biopsy are 

lacking sensitivity and specificity. Recently 

multi-parametric MRI (mpMRI) prostate 

that combines anatomic T2WI with 

functional sequences has emerged as a very 

useful tool for PC diagnosis estimating a 

high accuracy(Barrett and Haider, 2017). 

According to the updated version (PI-RADS 

v2.1), mpMRI protocol for prostate imaging 

consists of T2-weighted imaging, DWI, and 

DCE-MRI(PI-RADS2019). The role of 

DCE is limited, though considered an 

essential component of the mpMRI prostate 

examination. Despite of several studies 

reported a significant role of PI-RADS 

Version 2.1 in PC diagnosis; A wide variety 

of normal and abnormal entities mimic PC 

at Mp-MRI causing diagnostic challenges, 

such as  chronic prostatitis; granulomatous 

prostatitis;  hypertrophic nodule; focal 

changes related to previous exposure to 

radiation and normal displaced central 

zone(Yu et al. 2014).  

MR spectroscopic imaging has the 

ability to provide chemical information 

about metabolites in normal and abnormal 

tissues. Elevation of choline (Cho) levels 

and reduction of citrate (Cit) have been 

observed in cancerous tissue relative to 

benign prostatic tissue. The ratio of 

choline+creatine/citrate (Cho+Cr)/Cit has 

been used as a routine evaluation system 

(Barentsz et al., 2012).  For example, a 

higher ratio of (Cho+Cr)/Cit is found in 

cancer tissue than in benign prostatic 

hyperplasia (Li et al., 2007), however its 

role in differentiating prostatitis is 

controversial (Zhang et al., 2017 ; Sah et 

al., 2015). 

MRS is not widely used in routine 

clinical practice but used in research studies 

and academic centers primarily due to its 

low availability, high costs and unclear 

clinical benefit(Stabile et al., 2020). In this 

study, we aimed to evaluate the diagnostic 

benefit from adding MRS to combined 

T2WI and DWI (bi-parametric MRI) in 

detection and characterization of different 

prostatic lesions. 

Patients and Methods 

 Study design 

This prospective study took place during the 

period from September 2019 to December 

2021. After obtaining the Ethical approval 

from our intuitional review board (IRB) and 

all patients gave their informed written 

consent. All techniques used in this study 

were performed in accordance with the 

Helsinki declaration 1975, as revised in 

2013. Initially, the study included 143 

consecutive patients presented clinically 

with suspected prostatic lesions and elevated 

PSA level (> 4 ng/dl) referred for MRI 

https://www.sciencedirect.com/topics/medicine-and-dentistry/prostate-cancer
https://pubmed.ncbi.nlm.nih.gov/?term=Li+SY&cauthor_id=18246671


Hasan et al (2022)                             SVU-IJMS, 5(2):237-252 

 

239 

examination from relevant outpatient clinics. 

Exclusion criteria included patients with 

past history of prostate surgery or received 

any treatment such as endocrine therapy, 

brachytherapy, radiotherapy, etc., or 

underwent TRUS biopsy before MRI 

examination. 15 patients had prostatic cysts 

and abscesses were excluded because these 

lesions are very rarely mimic cancer prostate 

on mp-MRI or cause diagnostic dilemma, so 

finally 128 cases were included in this study.  

Final diagnoses depended on the 

histopathological results as the slandered of 

reference. 

 MRI Technique 

All MRI examinations had been obtained by 

using 1.5 Tesla machine (Philips-Acheiva), 

Netherlands. The patients were examined in 

supine position without prior bowel 

preparation. Pelvic phased array coil was 

used for all patients and was combined with 

the endo-rectal coil for 8 patients, where 

their simultaneous use provides excellent 

signal to noise ratio, however the endo-

rectal coil is time consuming, and 

uncomfortable for the patients. 

Pulse sequences included sagittal, 

coronal and axial breath-hold fast spine echo 

T2-weighted images, Axial T1WI VIBE, 

and DWI which was obtained at multipoint 

b value (0, 100, 800, 1000, 1500 s/mm with 

main region of interest 45 mm
2
). On the 

workstation ADC maps were reconstructed 

and mean ADC value was calculated.  

MRS was performed for all patients 

to evaluate the total prostatic volume aligned 

to axial T2WIsin the same session. It was 

performed using 3D-chemical shift imaging 

protocol. Multiple external saturation bands 

were used to avoid field non-homogeneity 

and magnetic susceptibility associated with 

periprostatic fat, bone and urine within 

urinary bladder. Metabolite concentrations 

of citrate, creatine and choline compounds 

were estimated and (Cho+Cr)/Cit ratio was 

calculated in peripheral and transition zones 

(quantitative assessment) as well as visual 

comparison of the peak heights of citrate 

and choline (qualitative assessment). Data 

acquisition parameters are listed in (Table 

1).  

Table 1. mpMRI acquisition parameters. 

Sequences TR TE FOV (mm) Slice thickness 

(mm) 

Intersection 

gap (mm) 

Matrix Acquisition 

time 

T2WI Sagittal 3030 98 200 X 200 4 0.8 320X256 3 min 

T2WI Coronal  3000 98 200 X 200 4 0.4 320X256 4 min 

T2WI Axial  4840 84 200 X 200 3 0.8 320X256 4.2 min 

Axial T1WI VIBE 7.23 2.5

5 

250 X 250 3 0.8 192X192 20 sec 

DWI   8000 80 220 X 220 5 0 14X140w 4 min 

MRS  1000 130 240 X 240 Voxel 

volume:1 cm³ 

- - 15 min 
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 Image analysis 

All MRI findings were assessed separately 

by two radiologists with 10 and 7 years of 

experience in urogenital radiology.  

First interpretation session: for combined 

T2WI and DWI (bi-parametric MRI). The 

following data were recorded for any 

prostatic lesion; site, size, morphology, 

signal intensity (T1WI, T2WI, DWI and 

ADC map) and ADC value as well as 

presence or absence of extra-prostatic 

extension. 

Based on PI-RADS version 2.1 

Assessment Categories; PI-RADS 1 – Very 

low, PI-RADS 2 – Low, PI-RADS 3 – 

Intermediate, PI-RADS 4 – High, PI-RADS 

5 – Very high. In absence of DCE-MRI, 

Scoring was based on T2WI for the 

transition zone(TZ) lesions while DWI was 

used for the peripheral zone (PZ) lesions 

with category 3 lesions remained as category 

3 and not upgraded.  

For transition zone lesions, round 

shape lesion with well-defined margins and 

visible capsule favors a diagnosis of BPH 

nodules. Prostatic infarction was diagnosed 

as low T2 signal, not restricted on DWI, 

while prostatic atrophy was suspected when 

abnormally low signal intensity T2 was 

associated with tissue volume loss, however 

corresponding diffusion restriction is 

challenging. Prostatitis was difficult to be 

suspected as it is one of the most important 

mimics to PC on bpMRI. 

For multifocal lesions, index lesion 

was used for statistical analysis according to 

PI-RADS version 2.1 definition; the index 

lesion is defined as the lesion that shows the 

highest PI-RADS assessment category. If 

the highest PI-RADS assessment category is 

specified to more than or equal two lesions, 

the index lesion is that revealed 

extraprostatic extension. If extraprostatic 

extension was not present in any of the 

detected lesions, the index lesion was the 

lesion that showed the largest dimensions 

and the highest PI-RADS assessment 

category. Bi-parametric MRI (bpMRI) 

diagnosis was reported considering PI-

RADS 1 & 2 as benign tissue, while PI-

RADS 3 &4 & 5 as malignant tissue. 

Second interpretation session: for MRS. 

According to ESUR prostate MR guideline 

of quantitative MRS for 1.5 T. references 

(Barentsz et al., 2012); PI-RADS 1 

(definitely benign tissue), PI-RADS 2 

(probably benign tissue), PI-RADS 3 

(possible malignant tissue), PI-RADS 4 

(probably malignant tissue) and PI-RADS 5 

(definitely malignant tissue). For peripheral 

zone lesions, we used ratio > 0.58 

suggesting PC while ˂ 0.44 indicates benign 
tissue. For central zone lesions, ratio > 0.66 

suggesting PC and ˂ 0.52 for benign tissue 
were used. MRS diagnosis was reported 

considering PI-RADS 1 & 2 as benign 

tissue, while PI-RADS 3 & 4 & 5 as 

malignant tissue. 

Third interpretation session: for MRS 

combined to the bpMRI. Final mpMRI 

diagnosis of the prostatic lesions was 

reported. 

 Prostatic biopsy guided by 

transrectal ultrasound  

After MRI study, all patients were subjected 

to TRUS using Toshiba Aplio 500 device 

with a high frequency transrectal probe (8-

10 MHz) and the patient in lithotomy 

position. After introduction of the lubricated 

probe into the rectum and prostate gland was 
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visualized, longitudinal and transverse 

images were obtained, the prostate volume 

was assessed and any focal abnormality site 

and size was detected. TRUS guided 

prostatic biopsy usingthe standard 12-core 

biopsy scheme was done under local 

anesthesia. 

Open prostatectomy was performed for 

cases with positive TRUS-guided biopsy for 

PC, and the diagnosis of prostatic cancer 

was confirmed. 

Final diagnosis: It depended upon the 

histopathology result. According to PI-

RADS v2.1, PC was diagnosed if the lesion 

had any of the followings; Gleason score >7 

(including 3 + 4 with prominent but not 

predominant Gleason 4 component), volume 

>0.5cc, and extraprostatic extension. 

Statistical analysis 

Descriptive analyses of the demographic, 

clinical, radiological, and pathological 

characteristics were performed by using the 

SPSS program (version 21). The quantitative 

variables were described with 

mean ± standard deviation and range, while 

qualitative variables were represented with 

numbers and percentages. T-student test was 

applied to test the presence of significant 

differences between two independent 

comparable quantitative variables and Chi 

square was applied to test the presence of 

significant differences between two 

independent comparable qualitative 

variables (benign versus malignant), 

depending on the features assessed. The P-

value < 0.05 was considered statistically 

significant. 

The diagnostic performance was 

assessed. Sensitivity, specificity, positive 

predictive value (PPV), negative predictive 

value (NPV) and accuracy as well as their 

95% confidence interval of bi-parametric 

MRI (T2W imaging and DWI), those of 

MRS alone and those of combined MRS to 

the bi-parametric MRI using the 

histopathological diagnosis as a standard of 

reference. 

Cohen’s kappa test was used for 

calculation of interobserver variability 

considering 1% –2% slight agreement, 21% 

–40% fair agreement, 41% –60% moderate 

agreement, 61% –80% substantial 

agreement and 81% – 100% almost perfect 

or perfect agreement. 

Results  

Patients  

In this study, we enrolled 128 patients 

whose age range was between 43 and 80 

years old (mean 62.9 ± 12.2). The mean 

PSA level was significantly higher for PC 

than for benign lesions (p value <0.001),  

(Table 2).  

 Histopathological findings   

In descending order of frequency, the 

histopathologicaldiagnoses of the included 

128 lesions were 68 prostate cancer, 25 

BPH, 15 granulomatous prostatitis, 12 

prostatic atrophy, and 8 prostatic infarction.  

The malignant prostatic lesions were 

classified into 60 cases of prostatic 

adenocarcinoma with Gleason score 3+4 for 

7 (12%) cases, 4+3 for 15 (25%) cases, 4+4 

for 18 (30%) cases and 4+5 for 20 (33%) 

cases while 8 cases were prostatic sarcoma, 

(Table 2). 
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Table 2 . Age, PSA level and histopathology of the studied patients 

Parameter Benign prostatic lesions Malignant prostatic lesions 

Age mean (range) 60.9 ± 0.45 (43-77) 57.1 ± 0.36 (48-80) 

PSA mean (range) 5.8 ±0.14 (4 - 12 ng/dl) 61.4±0.34(23-103 ng/dl) 

Histopathology: no. 

(%) 

BPH: 25 (42%) 

Granulomatous prostatitis: 15 (25%) 

Prostatic atrophy:12 (20%) 

Prostatic infarction: 8 (13%) 

PZ adenocarcinoma: 

 52 (76%) 

TZ adenocarcinoma :  

8 (12%) 

Prostatic sarcoma: 

8(12%) 

Total 60 68 

 

bpMRI assessment results  

As regard the 68 lesions of PC, according to 

PI-RADS version 2.1[5], bpMRI correctly 

diagnosed 52 (76.5%) lesions showed low 

T2 signal and restricted diffusion with mean 

ADC value of 1.02 ± 0.22 x 10ˉ3 
mm

2
/s. 48 

lesions were PI-RADS 4 &5 while the 

remaining 4 lesions were PI-RADS 3, 44 

lesions were peripheral zone carcinoma and 

8 lesions had prostate sarcoma involving 

both peripheral and transition zones. 

However, bpMRI showed false negative 

results in 16 (23.5%) lesions; 8 of them were 

proved as transition zone carcinoma (bpMRI 

diagnoses were BPH) and 8 lesions showed 

focal peripheral zone asymmetry of 

isointense T2 signal to normal prostatic 

tissue and did not show diffusion restriction. 

On the other hand, from the 60 

benign lesions; 40 (66.7%) lesions were 

correctly diagnosed by the bpMRI of PI-

RADS 1 & 2 (25 BPH, 8 prostatic 

infarctions and 7 chronic prostatitis) with the 

mean ADC value for BPH was 1.51 ± 0.11 x 

10ˉ3 
mm

2
/s, for chronic prostatitis was 1.48 

± 0.02 x 10ˉ3 
and for prostatic infarctions 

was 1.37± 0.09 x 10ˉ3 
mm

2
/s, While the 

remaining 20 (33.3%) lesions (12 prostatic 

atrophy and 8 granulomatous prostatitis) had 

low signal on T2WI and showed diffusion 

restriction, they were reported as PI-RADS 

3 & 4 and was considered as PC,(Table 3). 

Bi-parametric MRI had 76.5% sensitivity, 

66.7% specificity, 72.2% PPV, 71.4% NPV 

and 71.9 % accuracy. 

MR Spectroscopy assessment findings  

According to PI-RADS scoring 

system of European Society of Urogenital 

Radiology (ESUR)prostate MR guidelines 

for quantitative evaluation of MRS 

(Barentsz et al., 2012), MRS correctly 

diagnosed all 68 (100%) lesions of PC as PI-

RADS 4 & 5 and 48 (80%) of benign lesions 

as PI-RADS 1 & 2, while the remaining 12 

(20%) lesions were reported as PI-RADS 3 

(4 cases were histopathologically diagnosed 

as granulomatous prostatitis and 8 cases 

were prostatic infarction with still 

significantly lower Cho+Cr/Cit ratio 

compared with those of PC), (Table 3). 
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Table 3. PI-RADS score of the prostate lesions on bpMRI, MRS and mpMRI 

 

Pathology 

bpMRP 

(T2+DWI) 

MRS mpMRI(T2+DWI+MR

S) 

PI-RADS score PI-RADS 

score 

PI-RADS score 

1 , 2 3, 4, 5 1, 2 3, 4, 5 1, 2 3, 4, 5 

Benign lesions (no.= 60) 40 20 48 12 56 4 

Malignant lesions (no.= 68) 16 52 0 68 0 68 

 

The mean of Cho+Cr/Cit ratio of PC 

(1.3 ± 0.51,ranged from 0.88 to 2.9) was 

significantly higher than that of benign 

lesions (0.53 ± 0.44 ranged from 0.33 to 

0.78) (p-value ˂ 0.05). MRS had 100% 

sensitivity, 80% specificity, 85% PPV, 

100% NPV and 90.6 % accuracy.  

Combined MR Spectroscopy and bpMRI 

assessment findings  

Combined MRS with bpMRI 

(mpMRI) correctly diagnosed all 68 (100%) 

lesions of PC of BIRADS 5 and correctly 

diagnosed 56 (93.3%) of benign lesions of 

BIRADS 1&2 while 4 (6.7%) lesions of 

BIRADS 3, (Table 3). 

mpMRI sensitivity, specificity, PPV, 

NPV and accuracy of mpMRI was 100%, 

93.3%, 94.4%, 100% and 96.8% 

respectively, higher than those of bpMRI 

and those of MRS alone , (Table 4). The 

interobserver variability was 91.1% (almost 

perfect agreement).  

 

Table 4: Comparison between the diagnostic accuracy of bpMRI, MRS and mpMRI for 

prostatic lesions. 

Parameter T2WI + DWI MRS T2WI + DWI + MRS 

Sensitivity (%) 

(95% CI) 

76.5% 

(64.6 - 86) 

100% 

(94.7 - 100) 

100% 

(94.7- 100) 

Specificity (%) 

(95% CI) 

66.7% 

(53.3– 78.3) 

80% 

(67.7– 89.2) 

93.3% 

(83.8– 98.2) 

PPV (%) 

(95% CI) 

72.2% 

(64–79.2) 

85% 

(77.4– 90.4) 

94.4% 

(86.8 -97.8) 

NPV(%) 

(95% CI) 

71.4% 

(61 - 80) 

100% 

(93 to 100) 

100% 

(94 - 100) 

Accuracy (%) 

(95% CI) 

71.9 

(63.2–79.5) 

90.6% 

(84.2- 95.1) 

96.8% 

(92.2– 99.1) 

 

 Discussion 

Based on the recent ESUR prostate MR 

guideline for PC diagnosis using 

Cho+Cr/Cit ratio cut-off points for both PZ 

and TZ to differentiate benign from 

malignant prostatic tissue(Barentsz et al., 

2012), our results allowed us to say MRS 

improved the diagnostic accuracy of 

prostatic MR imaging. We found the highest 
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MRI diagnostic accuracy of prostatic lesions 

was that of mpMRI (MRS combined to T2- 

and DWI) with sensitivity, specificity, PPV, 

NPV and accuracy of 100%, 93.3%, 94.4%, 

100% and 96.8% respectively compared to 

those of bpMRI; and those of MRS alone. 

The diagnostic strength of the MRS was in 

its 100% sensitivity, thus no cases of PC 

were missed and its 100% negative 

predictive value, so PC could be excluded 

and unnecessary biopsy could be avoided.  

Many researches in the last decade 

have studied the diagnostic accuracy of 

MRS in prostatic lesions assessment either 

solely (Petrillo et al., 2014; Panebianco et 

al., 2010; Bhatia et al., 2007; Cirillo et al., 

2008; Wetter et al., 2005; Sciarra et al., 

2010) or in different combinations with 

other functional and anatomic MRI 

procedures. Most of them combined MRS 

with T2WI (Bhatia et al., 2007; Cirillo et 

al., 2008; Wetter et al., 2005; Destefanis et 

al., 2009), some combined with DCE-MRI 

(Panebianco et al., 2010; Sciarra et al., 

2010; Sciarra et al., 2008) and few studies 

combined MRS with T2WI and DWI 

(Jagannathan and ., 2017).  

In our study, the mean of 

Cho+Cr/Cit ratio of PC was significantly 

higher than that of benign lesions (p-value ˂ 
0.05), in accordance with the results 

reported by (Shukla-Dave et al., 2007; 

Lahoti et al2017), (Fig. 1 and 2). 

 

 

 

Fig. 1. 54 years old male patient with left PZ prostate adenocarcinoma: Left PZ focal restricted 

lesion highlighted in red at DWI (A) and of low signal on ADC map (arrow) with the whole 

prostate and central gland are outlined, ADC value; +1.3 x 10ˉ3 
mm

2
/s (B). MRS (C) curve and 

values show malignant spectral pattern of the left PZ histologically proved prostatic carcinoma 

(increased choline level and reduced citrate level with increasedCho + Cr/Ci ratio (1.4) compared 

with the right PZ typical spectrum of non-cancerous tissue of high citrate peak Cho + Cr/Cit ratio 

(0.28). 

 

https://en.wikipedia.org/wiki/Negative_predictive_value
https://en.wikipedia.org/wiki/Negative_predictive_value


Hasan et al (2022)                             SVU-IJMS, 5(2):237-252 

 

245 

 
Fig. 2. 53 years old male patient with right PZ prostate adenocarcinoma:(A) Axial T2WI shows 

focal well-defined area of moderate hypo intensity in right PZcausing bulging and irregularity of 

capsule (arrow).(B) ADC map: The corresponding area showing restricted diffusion, of 

hypointense signal with ADC value +1.0 x 10ˉ3 
mm

2
/s(C)  MRS of the lesion shows elevated 

choline peak and reduced citrate peak increased Cho + Cr/Cit ratio(2.2). 

 
Several previous literatures have 

shown improvement in PC diagnostic 

accuracy by adding MRS to MRI with some 

discrepancies in their results. Fusco et al., 

2017, in their systematic data analyses of 33 

studies from 2000 to 2016 on mp-MRI in 

PC detection, they reported Sensitivity and 

specificity values for T2-MRI of 75% and 

60%, for MRS of 89% and 69%, and for 

combined T2-MRI and MRS of 79% and 

57% respectively. They didn’t found studies 

reporting the accuracy of MRS combined 

with DWI with or without T2WI 

combination. 

In one of the few studies that 

reported the diagnostic accuracy of 

combined T2 & DWI and MRS included 26 

patients with prostatic lesions, Jagannathan 

and Indiran , 2017,used Cho+Cr/Ci ratios > 

0.75 for PC diagnosis, irrespective to its PZ 

or TZ location and accordingly they found 

the sensitivity, specificity, PPV, NPV and 

accuracy for combined T2 & DWI and MRS 

were 94.7, 42.9, 81.8, 75 and 80.8 higher 

than those of MRS; 84.2, 28.6, 76.2, 40, and 

69.2 and respectively. Bhatia et al., 2007in 

their study found the combined MRI/MRS 

for detection of PC had the highest 

diagnostic accuracy with 100% sensitivity 

and 100% NPV similar to obtained in this 

study but had lower specificity, PPV and 

accuracy of 84%, 40%, and 86% 

respectively. As well, they reported a lower 

diagnostic accuracy of MRS than ours (80%, 

85%, 21%, 99% and 85% of sensitivity, 

specificity, PPV, NPV and accuracy, 

respectively). Petrillo et al., 2014, in 

another study included 136 patients with 

PSA values ≤10 ng/ml. and by using 
Cho+Cr/Ci ratio threshold of 0.86 for PC 

diagnosis, MRI score (mMRI, DWI, and 

MRS) showed the highest sensitivity 

(0.84%) and negative predictive value 

(0.93%).  

The higher MRS diagnostic accuracy 

values obtained in our study compared with 

those reported in most previous similar 

literatures could be explained by the 

different combinations of MRI techniques 

used; as we used MRS combined with T2 
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and DWI, while most others used MRS with 

T2 MRI only. Secondly the difference in 

Cho+Cr/Cit ratio cut-off threshold used in 

detection and characterization of prostatic 

lesions as we used two different ratios for 

PZ and TZ, while most previous studies 

used one threshold for PC diagnosis 

irrespective to its PZ or CZ location with a 

wide range of variations (from > 0.6 to > 

0.86) (Fusco et al.,2017). For example 

(Wang et al., 2008)in their meta-analysis 

study for PC MRS diagnostic accuracy; they 

used two cut-off thresholds 0.75 and 0.86, 

for differentiating benign from malignant 

prostatic tissue. For 0.75 cut-off point, 

sensitivity, specificity, and corresponding 

95% CI were 0.82, 0.68, and 83.4% 

respectively, while 0.86% cut-off point had 

sensitivity, specificity, and corresponding 

95% CI of 0.64, 0.86 and 82.7% 

respectively. The last influential factor could 

be the multi-voxel MRS spectral analysis 

used in the current study aiming to evaluate 

total volume of the prostate, while up to our 

knowledge, most of other literatures MR 

spectral analysis was confined to the regions 

of T2 MRI abnormal low signal.  

On another front, a multicenter study 

(Weinreb et al., 2009) found no incremental 

value of MRS over MRI for men with 

relatively low-volume and low-risk disease 

who underwent radical prostatectomy. 

However, MRS is a good diagnostic tool for 

aggressive cancers detection (Villeirs et al., 

2011). 

The variable signal intensity of PC 

on T2WI is considered one of the most 

important challenging characteristics of PC 

MRI. Despite of most PCs in PZ or TZ have 

low signal on T2WI and restricted on DWI, 

PC can be presented only by focal glandular 

asymmetry without abnormal T2 signal or 

diffusion restriction. In addition, benign 

pathologies like granulomatous prostatitis, 

prostatic infarction and hyperplastic BPH 

nodules have similar T2 and DWI 

characteristics (Yu et al., 2014 ; Kitzing et 

al., 2016). 

We found that using MRS as 

additional functioning technique could 

overcomes these dilemmas and improves 

PCs diagnosis. For PC presented by focal 

asymmetry, MRS in the current study 

showed malignant spectral pattern at the 

bulky area, while, based on morphologic 

imaging alone such tumors were missed 

(Fig. 3). 

 

 

 

 

 
 

Fig.3.Endorectal MR imaging for 67 years old male patient with left PZ prostate 

adenocarcinoma:(A) Axial T2WI; the left PZ is enlarged compared with the right PZ, with no 

focal low signal intensity areas and patchy low areas in the right PZ.  (B) MR spectroscopic 

spectrum from the voxel of interest shows malignant criteria of elevated level of 

choline (Cho) (arrow) that is almost equal to the citrate (Ci) peak with Cho + Cr/Cit ratio (1.49). 
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Differentiating PC from 

granulomatous prostatitis is one of the most 

challenging of MRI. In this study, prostatitis 

lesions mimicked PC on both T2 and DWI 

and were reported as PC. While their (Cho + 

Cre) /Cit) ratio was normal or mildly 

elevated but still significantly lower than 

those of malignant lesions with 50% of 

cases was correctly diagnosed on MRS as 

benign tissue (PI-RAD 2) and 50% was 

diagnosed as possible malignant tissue (PI-

RAD 3) (Fig. 4).Our results are consistent 

with those of Zabihzadeh et al.,2020. They 

used Cho+Cr/Cit ratios > 0.58 for PC 

diagnosis and reported statistically 

significant higher mean ratios of Cho+Cr/Cit 

in PC than in prostatitis (1.54 ± 0.63 and 

0.83 ± 0.48 respectively). Sensitivity, 

specificity, accuracy, PPV and NPV of MRS 

were 94.4%, 80%, 96%, 85% and 92.4%, 

respectively. 

 

 

 

 

 

 

 

 

 

Fig. 4.45 years old male patient with granulomatous prostatitis: Focal highly suspicious lesion in 

the left posterior and postero-lateral PZ base (encircled) of homogenous hypo intense signal on 

axial T2WI (A). Restricted diffusion on DWI of bright signal (B) and low on ADC map with 

ADC value; +1.5 x 10ˉ3 
mm

2
/s(C).MRS (D) shows benign spectrum as low peak value 

of choline and creatine and high peak value of citrate with low Cho + Cr/Cit Ratio (0.56). 

MRS was very useful in detection of 

all cases of TZ carcinoma, showing elevated 

choline, reduced citrate peak and increased 

Cho+Cr/Cit ratio more than 0.94 (PI-RAD 

5), while they were missed on T2 and DWI 

as the tumors within the TZ are challenging 

to detect, since the signal intensity overlap 

of normal TZ and cancerous tissue (Lee et 

al 2016) especially in cases of BPH where 

mixed and stromal BPH nodules may have 

low T2 signal intensity due to the presence 

of excess sclerotic, fibrous, or muscular 

https://www.sciencedirect.com/topics/medicine-and-dentistry/choline
https://www.sciencedirect.com/topics/medicine-and-dentistry/creatine
https://www.sciencedirect.com/topics/medicine-and-dentistry/citrate
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elements, restricted diffusion on DWI and 

show early enhancement on DCE images 

(Kitzing et al., 2016).
 

Considering prostatic atrophy, which 

is not always challenging on MRI 

(Frenk NE, et al 2014), combined T2 and 

DWI were not conclusive in our study while 

MRS showed their benign spectral 

pattern,(Fig. 5).  

 

Fig.5. 53 years old male patient with biopsy-proved focal prostatic atrophy related to 

granulomatous prostatitis.(A) Axial T2WI: Patchy highly suspicious lesion in the posterior and R 

postero-lateral PZ base of homogenous hypo intense signal (B)DWI: mild corresponding 

restriction.ADC value; +1.35 x 10ˉ3 
mm

2
/s(C)MRS:shows low peak value 

of choline and creatine and high peak value of citrate with Cho + Cr/Cit ratio (0.55). 

On the other hand, prostatic 

infarctions were misdiagnosed on MRS as 

PI-RAD 3 and reported as possible 

malignant lesions, while they were correctly 

diagnosed by conventional MRI and DWI as 

initially, it has a hyperintense T1 signal and 

hypointense T2W images and isointense 

over time on both sequences (Lovegrove et 

al., 2018). 

Conclusion 

MRS –despite its limitations- Combined 

with T2WI and DWI is a promising 

diagnostic tool for better diagnosis of 

prostatic lesions compared to bpMRI 

(combined T2WI and DWI) especially in 

diagnosis of TZ carcinoma and PC presented 

with focal glandular asymmetry in addition 

to its role in differentiating PC from 

granulomatous prostatitis. MRS 100% 

negative predictive value for PC could avoid 

overdiagnosis and overtreatment. Further 

researches are recommended to reinforce the 

results of this study taking in consideration 

its limitations to detect MR Sutility in the 

clinical guidelines. 

Study's limitations 

Firstly, our results were obtained from a 

single institution study that may not be 

https://pubmed.ncbi.nlm.nih.gov/?term=Frenk+NE&cauthor_id=25247946
https://www.sciencedirect.com/topics/medicine-and-dentistry/choline
https://www.sciencedirect.com/topics/medicine-and-dentistry/creatine
https://www.sciencedirect.com/topics/medicine-and-dentistry/citrate
https://en.wikipedia.org/wiki/Negative_predictive_value
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generalized, but we aimed to have a 

homogeneous sample of MRI examination, 

to avoid possible bias from different MRI 

machines and different acquisition 

parameters. The second limitation is the 

relative small number of studied patients 

that may limit the ability to identify a 

statistically significant result. Further 

researches are needed, especially 

multicenter studies with attempt to reach an 

optimal MRS protocol for prostate MRI and 

thus assessment of the possibility of adding 

MRS to routine prostatic MR imaging. 
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