
Introduction
Prostate cancer is the second most common cause 
of cancer deaths in men, with an estimated 41,000 

1
deaths and more than 125,000 new cases per year.  
Currently it is the most common male malignancy 
and the majority of cases are diagnosed at a time 
when tumor has extended beyond the confines of 

2 
the gland, making it incurable. The evidence has 
shown the prevalence of prostate carcinoma as 

3
49%.  The specific causes of prostate cancer remain 
unknown. The primary risk factors are age and 
family history. Prostate cancer is very uncommon in 
men younger than 45 but becomes more common 
with advancing age. The average age at the time of 

4diagnosis is 70 years.
Different Protocols and screening tests are being 
used worldwide for its early detection. The most 
commonly accepted protocol being practiced is a 
clinical diagnosis based on Digital Rectal 
Examination, screening by serum Prostate Specific 

Antigen (PSA), and Transrectal Ultrasonography 
4,5(TRUS).  The false-negative rate of TRUS-guided 

6  biopsies is estimated to be between 15% to 34%.
Magnetic Resonance (MR) Imaging as a 
noninvasive tool plays an increasingly important 
role in the detection, localization, and staging of 
prostate cancer. It has the potential to improve the 
sensitivity and specificity for detecting PCa and 
promises to make it a successful imaging tool for 

7,8
improving many aspects of PCa management.
In vivo proton MR spectroscopy (1H-MRS) 
produces a noninvasive analysis of the metabolism 
o f  the  t i s sue ,  de te rmin ing  the  r e l a t ive 
concentrations of their metabolites and the 
interactions produced between them, which may be 
used in tumor diagnosis and has been proved to be a 
sensitive method in identifying carcinoma 

9,10
prostate.  The levels of citrate, choline, and 
creatine are useful for the evaluation of prostate 
cancer, as it is known that tumors have elevated 
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Abstract

Background: Magnetic resonance spectroscopy (1H-MRS) produces a non-invasive analysis of the metabolism of 
the tissue, determining the relative concentrations of their metabolites and the interactions produced between them, 
which may be used in tumor diagnosis and showed good diagnostic accuracy for prostate cancer detection.
Objective: To determine the diagnostic accuracy of Magnetic Resonance Spectroscopy (MRS) in diagnosing prostate 
cancer.
Methodology: This was a cross sectional study, conducted at department of Radiology, Bahawal Vitoria Hospital, 
Bahawalpur, from July 2019 to June 2020. A total of 206 male patients with clinical suspicion of carcinoma prostate, 
50-80 years of age will be included. Patients with already diagnosed carcinoma prostate, prostatic abscess, acute or 
chronic prostatitis were excluded. Each patient has undergone MRS examination. Each MRS was interpreted by one 
consultant radiologist and was looked for choline + creatine/citrate ratio for carcinoma prostate. Findings of MRS and 
histopathology were correlated. Data were analyzed by using SPSS 20.
Results: In 120 MRS-positive patients, 108 were True Positive and 12 were False Positive. Among, 86 MRS negative 
patients, 16 were False Negative whereas 70 were True Negative. Overall sensitivity, specificity, positive predictive 
value, negative predictive value, and diagnostic accuracy of magnetic resonance spectroscopy (MRS) in diagnosing 
carcinoma prostate was 87.10%, 85.37%, 90.0% 81.40%, and 86.41% respectively.
Conclusion: This study concluded that Magnetic Resonance Spectroscopy is the non-invasive modality of choice 
with high diagnostic accuracy in detecting prostate cancer.
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levels of choline and a decreased levels of citrate. 
Though separate analysis of creatine and choline 
could not be possible, so choline + creatine/citrate 
ratio can be used for the prediction of prostatic 

6,9
malignancy.  The aim of this study was to 
determine the diagnostic accuracy of Magnetic 
Resonance Spectroscopy (MRS) in diagnosing 
prostate cancer. If its diagnostic accuracy is found 
high, then our general population may be provided 
with a non-invasive screening test for prostate 
cancer when it is localized and thus at a curable 
stage, so clinicians could take early management 
measures to limit the disease progression in order 
to reduce the morbidity and mortality of these 
particular patients.

Methodology 
This descriptive, cross-sectional study was done 
on 206 male patients with clinical suspicion of 
carcinoma prostate (having enlarged prostate with 
hard consistency, irregular surface, rectal mucosa 
not mobile and nodule on Digital Rectal 
Examination and S/PSA> 4 ng/ml) and age 
between 50-80 years who were presented at the 
department of Radiology, Bahawal Vitoria 
Hospital, Bahawalpur, were selected for the study. 
Duration of study was from July 2019 to June 
2020. Patients having acute or chronic prostatitis, 
prostatic abscess, and contraindication to MRS i.e. 
MRS incompatible prosthesis or cardiac 
pacemaker holders were excluded from the study.
Informed written consent from each patient was 
taken and ethical approval was sought from 
Institutional Ethical Committee. After this, proton 
Magnetic Resonance Spectroscopy (1H MRS) 
was performed in every patient using 1.5 Tesla 
MR system with a gradient strength of 33 mT/m. A 
fast scout scan in sagittal, axial, and coronal planes 
was obtained. The scanning technique used was 
the point-resolved spectroscopy single-voxel 
technique. It was followed by water suppression 
pulses to be followed by data acquisition. Each 
MRS was interpreted by one consultant 
radiologist (with post-fellowship experience of at 
least 10 years) and was looked for creatine/citrate 
ratio and taken as positive if there was > 1.2 
Magnetic Resonance Spectroscopy. Magnetic 
Resonance Spectroscopy findings were correlated 
with the histopathology report.
Collected data was analyzed through computer 

software SPSS 20.0. Mean and standard deviation 
was calculated for quantitative variables. Frequency 
and percentage were calculated for qualitative 
variables, and a 2×2 contingency table was used to 
calculate sensitivity, specificity, positive predictive 
value, negative predictive value, and diagnostic 
accuracy of MRS in diagnosing carcinoma prostate, 
taking histopathology as a gold standard.

Results
The age range in this study was from 50-80 years 
with a mean age of 66.57 ± 7.44 years. The majority 
of the patients 117 (56.80%) were between 66 to 80 
years of age. Out of these 206 patients, 133 (64.56%) 
were between 4-12 months of duration of disease 
with mean duration of disease was 11.63 ± 4.44 
months. The mean S/PSA was 22.14 ± 10.88 ng/ml. 
All the patients were subjected to Magnetic 
Resonance Spectroscopy. MRS supported the 
diagnosis of prostate cancer in 120 (58.25%) 
patients. Histopathology confirmed prostate cancer 
in 124 (60.19%) cases whereas 82 (39.81%) patients 
revealed no prostate cancer. In 120 MRS-positive 
patients, 108 (True Positive) had prostate cancer and 
12 (False Positive) had no prostate cancer on 
histopathology. Among, 86 MRS negative patients, 
16 (False Negative) had prostate cancer on 
histopathology whereas 70 (True Negative) had no 
prostate cancer on histopathology. Overall 
sensitivity, specificity, positive predictive value, 
negative predictive value, and diagnostic accuracy 
of Magnetic Resonance Spectroscopy (MRS) in 
d i a g n o s i n g  c a r c i n o m a  p r o s t a t e ,  t a k i n g 
histopathology as the gold standard was 87.10%, 
85.37%, 90.0% 81.40%, and 86.41% respectively.

Figure-I: Diagnostic accuracy of Magnetic Resonance 
Spectroscopy (MRS) in diagnosing Carcinoma 
Prostate, taking Histopathology as Gold Standard.
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Discussion
Molecular imaging is emerging as an important 
and promising tool for the development of 
anticancer therapies. Like Positron Emission 
Tomography (PET), Magnetic Resonance 
Spectroscopy (MRS) is a non-invasive technique 
that produces an image of function rather than of 
anatomy, thus apparently providing better 
accuracy in monitoring early response to 
antiproliferative treatment in several clinical 
settings. Moreover, its ability to distinguish 
metabolite levels is proving useful in the 
management of specific cancers. MRS imaging 
also has the potential to significantly improve the 
metabolic characterization of prostate cancer in 
patients before and after therapy. A study 
presented the results showing the potential clinical 
application of 1H-MRS imaging in the evaluation 
of the prostate with an endorectal detection coil at 

8,9a high magnetic field strength of 3 T.  This study 
was conducted to determine the diagnostic 
accuracy of magnetic resonance spectroscopy 
(MRS) in diagnosing carcinoma prostate, taking 
histopathology as a gold standard. 
In this study, sensitivity, specificity, positive 
predictive value, negative predictive value, and 
diagnostic accuracy of Magnetic Resonance 
Spectroscopy (MRS) in diagnosing carcinoma 
prostate, taking histopathology as gold standard 
was 87.10%, 85.37%, 90%, 81.40%, and 86.41% 
respectively. The sensitivity and specificity of MR 
Spectroscopy (choline + creatine/citrate ratio > 
1.5) for diagnosing prostate cancer as observed by 

9
Caivano R et al  was 92% and 89% respectively 

10
while Testa C et al  has shown this sensitivity and 
specificity (choline + creatine/citrate ratio > 1.2) 
as 70% and 44% respectively.
Magnetic Resonance Spectroscopy of the prostate 
increases the diagnostic probability in cases of 
cancer, by adding metabolic data on the gland to 
the morphological information. The sensitivity of 
this method ranges from 68% to 95% and 

11,12specificity, from 70% to 91%.  Advantages of 
the uti l izat ion of this  technique in the 
determination of prostate cancer include accurate 
s p e c t r a l  l o c a l i z a t i o n  o f  e a c h  s m a l l 
morphologically abnormal region; precise 
correlation between the spectral mapping and the 
high-resolution Magnetic Resonance Imaging; 
evaluation of the abnormal metabolism extent; 

13three-dimensional coverage of the entire gland.
A variation is observed when MRI results and MRSI 
metabolic data are combined. Together, they result in 

12,1456-94% sensitivity and 70-98% specificity.  In a 
15

study, Yuen et al  observed that MRI data in 
association with those of MRSI, presented 100% 
sens i t iv i ty  and  70 .3% spec i f ic i ty  in  the 
determination of suspicious areas. Recently Prando 

16
et al  observed that MRI combined with MRSI 
presented high sensitivity (84% to 100%) and low 
specificity (44% to 71%) in the identification of 
target areas. The combination of MRS and T2WI 
detected prostate tumors with a specificity of 79-93% 

17,18and sensitivity of 72–89%  compared to radical 
prostatectomy, although no incremental benefit of 
adding MRS to T2WI was seen in a prospective trial 

19of 110 men (ROC-AUC 0.60 vs 0.58 respectively).  
In detecting tumors of >3  mm diameter in the 
peripheral zone, MRS had a high specificity of 98% 
(compared to 83% for T2WI and 94% DCEI) but at 
the cost of poor sensitivity of 53% when used alone 

19(compared to 94% for T2WI and 56% for DCEI).
20

A meta-analysis  identified 31 test-accuracy studies 
(1765 patients); 16 studies (17 populations) with a 
total of 581 patients were suitable for meta-analysis. 
Nine combined MRI/MRSI studies (10 populations) 
examining men with pathologically confirmed 
prostate cancer (297 patients; 1518 specimens) had a 
pooled sensitivity and specificity on prostate subpart 
level of 68% (95% CI, 56–78%) and 85% (95% CI, 
78-90%), respectively. Compared with patients at 
high risk for clinically relevant cancer (six studies), 
sensitivity was lower in low-risk patients (four 
studies) (58% [46-69%] vs 74% [58-85%]; p > 0.05) 
but higher for specificity (91% [86-94%] vs 78% 
[70-84%]; p < 0.01). Seven studies examining 
patients with suspected prostate cancer at combined 
MRI/MRSI (284 patients) had an overall pooled 
sensitivity and specificity on patients level of 82% 
(59-94%) and 88% (80-95%). In the low-risk group 
(five studies) these values were 75% (39-93%) and 

17,20
91% (77-97%), respectively.

21
Lawrentschuk N et al  undertook a review of studies 
of MRI or MRS which recruited participants with a 
previous negative biopsy and persistently elevated 
PSA. For MRI or combined MRI and MRS, they 
reported a sensitivity of 57% to 100% and a 
specificity of 44% to 96%. The authors found that 
54% of patients (34/63) were diagnosed with cancer 
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solely based on a MRI-targeted biopsy. In a study 
22done by Hasumi et al  thirteen out of 19 voxels 

showed a cancer pattern which indicated a high 
choline peak and low citrate peak the accuracy, 
sensitivity, and specificity of MRS diagnosis of 
tumor localization were 84.2%, 81.3%, and 100%, 
respectively.

Conclusion
This study concluded that Magnetic Resonance 
Spectroscopy is the non-invasive modality of 
choice with high diagnostic accuracy in detecting 
prostate cancer. So, we recommend that Magnetic 
Resonance Spectroscopy should be used routinely 
in all suspected cases of prostate cancer for accurate 
assessment of prostate cancer when it is localized 
and thus at a curable stage in order to reduce the 
morbidity and mortality of these particular patients.
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