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Abstract
Background: Considering the non-invasive nature of magnetic resonance spectroscopy (MRS) and its ability to detect prostate 
lesions, the present study aimed to investigate the accuracy of MRS techniques in distinguishing between prostate cancer (PCa) 
and prostatitis.
Methods: Thirty-three patients (18 patients with PCa and 15 patients with prostatitis) were recruited for this study. Magnetic 
resonance imaging (MRI) and MRS were performed using 1.5-T system GE- modle Optima 450 Discovery (GE Medical Systems, 
US). The (Cho+Cr)/Cit ratio of hypointense T2 areas were calculated. The diagnostic accuracy including sensitivity and specificity 
indices, with 0.95 confidence interval as well as PPV and NPV were calculated for each variable. The receiver operating 
characteristic (ROC) area under the curve (AUC) was outlined and investigated. The mean quantitative values between the two 
groups (PCa and Prostatitis) were compared using independent t test.
Results: The mean ratios of Cho+Cr/Cit in PCa was 1.54 ± 0.63 and 0.83 ± 0.48 for PCa and prostatitis, respectively, indicating a 
significant statistical difference (P = 0.00). A reduction in citrate was seen in both PCa and prostatitis tissue. Significant elevation in 
choline peak was shown for PCa. Moreover, creatinine level was low in both normal tissue and PCa without significant difference. 
Sensitivity, specificity, accuracy, PPV and NPV of MRS were 94.4% (95% CI, 74.2–99), 80% (95% CI, 54.8–93), 96%, 85% and 
92.4%, respectively.
Conclusion: The results of this study indicate an acceptable level of sensitivity, specificity and accuracy of MRS in the differential 
diagnosis of PCa and prostatitis.
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Introduction
Prostate cancer (PCa) is one of the most common cancers 
and the sixth leading cause of cancer deaths in the world. 
This disorder is very non-uniformly distributed and is more 
prevalent in developed countries such as Australia, North 
America and Europe. 

Although the risk factors associated with PCa are not well 
known, age, ethnicity and inheritance can be considered, 
since if one of the first-degree relatives is afflicted, the 
likelihood of the disease doubles.1 Prostate lesions are 
mainly associated with clinical symptoms such as enuresis, 
increased urinary frequency and increased prostatic specific 
antigen.2 PCa and benign prostatic hyperplasia have a focal 
presentation, while prostatitis is a diffuse disease. However, 
the clinical symptoms of all three diseases are similar.3 

Common clinical tests for the examination and detection 
of PCa include investigating the concentration of prostate 
specific antigens (PSAs) in blood serum, rectal examination, 
and transrectal ultrasonography (TRUS)-guided biopsy.4 

Although PSA blood test is the most common method 
for early diagnosis of PCa, this method has a low level of 
specificity. Furthermore, there is also a risk of PCa, even 
in people with normal antigen levels (˂4 ng/mL), and an 
increased PSA levels is also observed in benign prostate 
lesions.5 The rectum examination only allows palpation of the 
posterior prostate part, and its sensitivity and specificity are 
not suitable for monitoring treatment. In case of obtaining 
suspicious results from prostatic specific antigen and rectal 
examination, TRUS-guided biopsy is used as an invasive 
and complementary method for histological investigation.6 

http://www.aimjournal.ir
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Biopsy is accompanied by bleeding and an increased risk of 
infection. Therefore, it should be replaced by a non-invasive 
method with high sensitivity and specificity.6,7 

Magnetic resonance imaging (MRI) is a non-invasive 
imaging technique in which no ionizing radiation is used. 
This modality is capable of depicting PCa, and provides 
anatomical and physiological information for diagnosis, 
staging, and treatment planning.7,8 Different types of 
MRI for diagnosing prostate lesions include: T2-weighted 
imaging, diffusion-weighted imaging (DWI), dynamic 
contrast enhanced MRI (DCE-MRI) and magnetic 
resonance spectroscopy (MRS), conventional DWI and T2-
weighted imaging methods have the ability to detect large 
tumors; however, they are limited in the detection of small-
size tumors. Moreover, dynamic contrast enhanced MRI 
is also an effective method for detecting abnormalities.9,10 

Among the different MRI techniques, MRS as a functional 
non-invasive study allows the examination of the levels of 
prostate metabolites including citrates, polyamines, choline 
contents, creatinine and phosphocreatine. Accordingly, 
MRS has the ability to detect PCa and differentiate it from 
other benign lesions.11 The concentration of metabolites is 
usually expressed in parts per million (ppm) and measured 
using chemical shift imaging protocol with suppression 
of water signals and unwanted fat signals in the desired 
volume. Metabolites related to PCa include citrate (benign 
tissue marker), creatinine (not individually important 
for diagnosis, and its peak is usually hard to distinct 
from choline) and choline (marker for malignant tissue). 
The estimation of peak integrals of all metabolites in a 
quantitative analysis is carried out by the ratio of the sum of 
choline and creatinine to citrate (Cho+Cr/Cit).3,12-14 If this 
ratio is higher than 0.72 in at least two adjacent vascular 
tissues, a malignant tumor marker is considered, while the 
ratio between 0.58 and 0.72 is considered to be ambiguous. 
In qualitative analysis, the height of peak for citrate and 
choline is compared visually, which would be suspicious for 
PCa if the higher peak choline/creatinine ratio was observed 
in at least three adjacent voxels.15 Regarding the non-invasive 
nature, sensitivity and specificity of MRS and its ability 
to detect small tumors in the early stages, this study was 
conducted to determine the ability of MRS to distinguish 
between PCa and prostatitis.

Materials and Methods
Patients and Data
Between May of 2018 and January of 2019, 33 male patients 
were referred to Ahvaz Arya MRI center, aged 51 to 88 years 
old with a mean age of 65.53 years. In order to determine 
the sample size, the diagnostic test evaluation formula [n (se) 
=z1-α/2

2 × se (1-se)/d2 × prev and n (sp) =z1-α/2
2 × sp (1-sp)/d2 × 

(1-prev)] was used, where, α = 0.05, and based on the results 
of previous similar studies,16 sensitivity = 96.1%, specificity 

= 96.5% and accordingly, d = 0.15 and based on pilot study 
results (percentage of patients with PSA higher than 4 who 
had cancer after biopsy), P = 0.2 were considered. Based 
on these parameters, the sample size was calculated at 33 
patients. The non-probability simple sampling method 
using Stata 13.0 software, as well as reference articles17-19 
were used to select the sample size. The diagnosis of PCa was 
suspected by the measurement of serum prostate-specific 
antigen level and confirmed using TRUS-guided biopsy. 

Eighteen patients had PCa (average age of 67.77 years 
with range of 51–88 years), and 15 patients had prostatitis 
(average age 62.16 years with range of 55–69 years). The 
mean level of PSA of all patients was 11.01 ng/mL (15.25 
for PCa and 4.66 for prostatitis patients). All patients 
successfully underwent routine MRI and 3D MRS after 
prostate biopsy. TRUS-guided biopsy proved prostatitis 
and PCa. The exclusion criteria were: 1) metallic implants 
or pacemaker, 2) claustrophobic patients, 3) urinary tract 
infection, 4) unwillingness to participate in the study, 5) 
prior PCa treatment (hormonal, surgical and/or radiation 
therapy), or prior antibiotic treatment. The mean time 
between biopsy and MRI was 3 to 6 months.

MRI Protocol 
All MRI tests were performed using 1.5 T scanner GE- 
model Optima 450 Discovery (GE Medical Systems, 
USA). In order to stimulate the desired area by RF pulse, a 
radiofrequency body coil was used and the data acquisition 
was performed using a pelvic phased array coil. With the 
aim of determining the range and location of the tumor and 
the scope for the spectroscopy, T 2 fast-spin echo technique 
(T2WI) was implemented, which included: TR = 3000 ms, 
TE = 100 ms, FOV of 18 × 18 cm2, 3 mm section thickness, 
0.6 mm intersection gap, matrix size of 300 × 300, number 
of excitation (NEX) of 8. Acquisition was begun with obtain 
three planes. 

Spectroscopic Data Acquisition
With the aim of evaluating the total volume of the prostate 
and determining the appropriate range for spectroscopy, the 
MRS programming included T2-weighted (fast spin echo) 
sequences. After anatomical images of axial, coronal and 
sagittal projections were acquired in which positioning the 
volume of interest on the images showed the largest diameter 
of the prostate in all three planes. Spectroscopic data 
acquisition was performed using 3D-chemical shift imaging 
(TR = 3000 ms, TE = 35 ms, FOV = 24 × 24 cm2 and 
voxel size of 0.10–0.22 cm3). In the MRS technique, eight 
external saturation bands were used to prevent field non-
homogeneity and magnetic susceptibility that was associated 
with the presence of air in the coil, bone structures, prostate-
surrounding fat, and presence of urine in the bladder (Figure 
1). Spectral suppression of water and fat in the prostate MRS 
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leads to non-interference of these structures in the scan. 
Saturation-bands were positioned in all directions around 
the prostate in order to eliminate disturbances of the spectra 
caused by periprostatic tissue, fat tissue, and rectum tissue. 
The local magnetic field homogeneity was optimized with 
auto-shimming procedure (Figure 2). In general, the time 
required to complete the scan including patient positioning, 
MR imaging and spectroscopic data acquisition was about 
35 minutes. The average spectroscopy scanning time was 
about 17 minutes.

Data Interpretation 
T2W Analysis 
Data were transferred to workstation for final curve of each 
voxel. To correct all images related to the profiles received 
from the pelvic phased array coil, a PACS workstation 
(UniSight, EBM-PACS; Taiwan) was used. Images were 
reviewed by an experienced radiologist who did not know 
the histopathologic findings of the patients. T2 images were 
used to assess the entire prostate gland and the surrounding 
tissue. Accordingly, the suspicious hypo-intense areas that 
were indicative of cancerous or inflammatory tissue were 
localized. 

MR Spectroscopic Analysis 
In hypo-intense T2 area, the ratio of Cho+Cr/Cit was 
calculated in both prostate inflammatory and cancerous 
tissues using prostate spectroscopy and imaging examination 
sequence. In addition to metabolite ratios, the citrate and 
choline amplitudes in hypo-intense T2 area were compared 
with that of normal tissue. The studies were consensually 

Figure 1. Section Selection and Saturation Bands Position.

Figure 2. Auto-shimming Procedure.

evaluated by an expert radiologist regarding the morphology 
and spectral analysis. Qualitative analysis of total prostate 
volume was performed. Initially, areas that included 
increased levels of choline and decreased citrate levels were 
considered as target areas. Eventually, a qualitative and 
quantitative assessment was conducted to determine the 
relationship between metabolite peak amplitude ratios in 
the target area. Lesions with Cho+Cr/Cit ratios more than 
0.58 were classified as malignant lesions according to the 
recent guideline.20 

Statistical Analysis 
TRUS-guided biopsy was used as the reference standard for 
this study. Accordingly, the risk of presence or absence of 
PCa was definitely determined.

SPSS statistical software version 24.0 was used for data 
analysis. Parameters related to diagnostic accuracy including 
sensitivity and specificity indices, positive predictive value 
(PPV) and negative predictive value (NPV) were calculated 
for each variable with a confidence interval of 95%.

ROC was charted by selecting the PSA and the ratio of 
Cho+Cr/Cit that were considered as test variables and the 
existence or absence of cancer (based on biopsy diagnosis) 
that was rated by 1 and 0 scores considered as a state variable. 
Based on the ROC curve, the best values for sensitivity and 
specificity were selected. Accordingly, the values of PPV and 
NPV were calculated using Stata 13.0 and WINPEPI 3.2. 

In addition, the area under the receiver operating 
characteristic (ROC) curve (AUC) was outlined and 
investigated from the ROC curve. This value was considered 
as test accuracy. The mean and standard deviation of the 
ratio of total choline and creatinine to citrate were calculated 
for both types of lesion. To investigate the presence or 
absence of significant difference in the ratio of Cho+Cr/Cit 
between the two types of lesions, two independent samples t 
test (two tailed P values) was used. P values of less than 0.05 
were considered as significant. 

Results
The 33 studied patients were aged 51 to 88 years with a 
mean age of 65.53 years. Fifteen had benign pathology 
in transitional zone and 18 had malignant pathology in 
peripheral locations on the histopathological examination. 
Thirty-three patients with PC (18 persons) and prostatitis 
(15 persons) underwent MRI/MRSI. The demographic, 
clinical and pathological characteristics of the patients are 
shown in Table 1 (To calculate all values, a confidence 
interval of 95% was considered and p-value less than 0.05 
was significant).

The average of PSA in all patients was 11.01 ± 6.62, which 
was 15.25 ± 4.90 in PCa and 4.66 ± 2.26 in prostatitis 
patients. The results of the pathological examination that 
shows the stage of the cancer with Gleason grading showed 
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that 27.8% (5 persons) had Gleason score <7, 22.20% (4 
persons) had Gleason score of 7 and 50% (9 persons) had 
Gleason score >7. Most patients had Gleason scores above 
7 and more advanced stages of the tumor. All carcinomas 
and prostatitis lesions showed focal or diffuse hypo-intensity 
on T2WI. The mean Cho+Cr/Cit ratio in cancerous region 
was 1.54 ± 0.63, and 0.83 ± 0.48 in prostatitis tissue. 
Accordingly, this ratio was higher in cancer patients than 
prostatitis patients. The difference between these two gropes 
was statistically significant (P < 0.001) (Table 2). To calculate 
all values, a confidence interval of 95% was considered and 
p-value less than 0.05 was significant. For PSA, sensitivity 
was 100% (95% CI, 82.4–100) and specificity was 73.3% 
(95% CI, 48.1–89.7). For MRS, sensitivity was 94.4% (95% 
CI, 74.2–99) and specificity was 80% (95% CI, 54.8–93). 

MRS represents the high level of citrate peak in normal 
prostate tissue (Figure 3); however, decreased levels of this 
metabolite was observed in both prostatitis and PCa. Choline 
peak was elevated in case of prostatitis and PCa, which 
was significant for PCa but not significant for prostatitis 
compared to the normal tissue. Creatinine level was low in 
case of normal as well as PCa and there was no significant 
difference in this regard. The peak values of choline 
metabolite in the cancerous region were significantly higher 
than the normal region and the area involved in prostatitis. 
While the Citrate value was lower in the cancerous regions 
(Figures 4 and 5).
The sensitivity, specificity, accuracy, PPV and NPVs are 
shown in Table 2 and Figure 6. Cho+Cr/Cit ratios of the 
malignant lesions in this study ranged from 0.60 to 2.60 
with a mean of 1.54. Cho+Cr/Cit ratios of the benign 
lesions ranged from 0.20 to 0.95 with a mean of 0.48 
(Table 2). A significant relationship was observed between 
Cho+Cr/Cit ratio and clinicopathological characteristics 
including Gleason score and PSA level (P < 0.001 and P = 
0.001, respectively) (Table 3). There was not any significant 

Table 1. Patients’ Demographic and Clinicopathological Characteristics 

Prostate Cancer Prostatitis

Patients (n) 18 15

Age (mean) 67.77 ± 10.31 62.16 ± 5.35

PSA (Mean ± SD, ng/mL) 15.25 ± 4.90 4.66 ± 2.26

Gleason score biopsy (n)

<7 5

3 + 4 4

4 + 3 0

>7 9

CI=95%, P value less than 0.05 was significant.

Table 2. Sensitivity and Specificity

Test type Sensitivity Specificity PPV NPV Accuracy (AUC)

PSA 100%, 95% CI (82.4–100) 73.3%, 95% CI (48.1–89.7) 81.8% 100% 80%

MRS 94.4%, 95% CI (74.2–99) 80%, 95% CI (54.8–93) 85% 92.4% 96%

CI=95%, P value less than 0.05 was significant.

Figure 3. Metabolites in the Normal Prostate Tissue, Indicating a Higher 
Peak of Citrate Compared with Choline. 

Figure 4. Metabolite Spectrum of Prostatitis, Increased Choline and 
Significant Reduction in Citrate. 

Figure 5. Metabolite Spectrum of Prostate Cancer Tissue, a Significant 
Increase in Choline Peak and Decreased Citrate Peak.

relationship between Cho+Cr/Cit ratio and age in the 
two types of disease (P = 0.55 and P = 0.83 for PCa and 
prostatitis, respectively). In addition, there was not any 
significant relationship between age and type of disease 
(P = 0.57). 
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Discussion
With the aim of providing information on biochemical 
and structural changes in the prostate, advanced MRI 
techniques including MRS have been applied by a number 
of previous studies.21-23 Recently, the possibility of creating 
high-resolution images of the proton spectrum of the total 
prostate volume was provided using MRI techniques. Based 
on the results of this and previous studies,24,25 an increase in 
choline concentration has been observed in cancerous areas. 
An increase in the signal of choline containing compounds 
has been observed in brain tissue tumors, which can be due 
to the high proliferation rate of tumor cells.26 According to 
previous studies,27-30 the amount of choline in the group of 
patients with prostatitis is lower than the PCa group and 
is close to normal level. Significant increases in choline in 
PCa and no significant alteration in prostatitis have also 
been reported in other studies.23,30 Decreased citrate levels 
in cancerous tissues can be due to decreased citrate secretion 
epithelial structures.25,31 Citrate synthesis and secretion are 
exocrine functions in the prostate which are stimulated 
by androgenic hormone. Reducing citrate in PCa is due 
to the reduced ability to produce and secrete it. Generally, 
malignant epithelial cells are composed of areas occupied by 
the glandular ducts.32

In this study, like other studies,30 there was a significant 
difference in the amount of citrate in prostatitis compared 
to the cancer. Moreover, the creatinine levels were higher in 
patients with prostatitis than cancer but this difference was 

Figure 6. ROC Curve for MRS vs PSA. 

Table 3. Relationship between MRS Results and Clinicopatological Tests 

Gleason score PSA

<7 7 >7 4≥ 4–10 >10

Cho+Cr/Cit
0.79 ± 
0.11

1.35 ± 
0.39

2.04 ± 
0.43

0.51 ± 
0.07

0.62 ± 
0.53

1.58 ± 
0.73

P value <0.001 0.001

CI=95%, P value less than 0.05 was significant.

not statistically significant, which is consistent with other 
studies that have not indicated any significant alteration in 
creatinine levels in patients with PCa.33 

Comparison of the spectrum for these two groups showed 
a significant increase in Cho + Cr / Cit ratio in patients 
with PCa compared with prostatitis (P < 0.05). This result 
is consistent with a study by Kurhanewicz et al, suggesting 
an increase in the ratio of total choline and creatinine to 
citrate in PCa and its reduction in benign lesions.34 Zhang 
et al reported a higher proportion of Cho+Cr/Cit ratios in 
patients with prostatitis; they stated a reduction of the citrate 
levels in the inflammatory process due to the reduction of 
luminal space despite no significant changes in choline.24 

Regarding the sensitivity of the test, the values obtained for 
Cho+Cr/Cit were obtained at 100%. The specificity of the 
test was 80%. Therefore, sensitivity was higher. Studies by 
Cirillo et al35 and Wang et al36 also highlighted the magnetic 
resonance spectral sensitivity compared to specificity (95% 
vs 91%, 84.2% vs. 28.6%, 80.05 % vs 78.46%) which is in 
agreement with the results of the present study. Chen et al16 

and Amsellem-Ouazana et al37 reported higher sensitivity 
values (84.3% vs. 98%. 73.3% vs. 96.3%). 

The accuracy of MRS was calculated at about 96%, which 
is consistent with the results of the study by Chen et al,16 

which reported the accuracy of MRS at about 96%. The 
MRS accuracy was reported about 75.9%, 88% and 78% by 
Cirillo et al,35 Amsellem-Ouazana et al,37 and Wang et al,36 

respectively. Based on the results of this study, the PPV and 
NPV of MRS were 85% and 92.4%, respectively which are 
in accordance with those reported by Amsellem-Ouazana 
et al37 and Cirillo et al35 that suggested NPVs of 88% and 
92.9% and PPVs of 86.6% and 87.7%, respectively. 

Moreover, this study suggested a significant correlation 
between the ratio of total choline and creatinine to citrate 
and the stage of cancer based on Gleason scoring, so that 
patients with high Gleason score as well as a higher PSA 
level had a higher Cho+Cr/Cit ratio. This rate was 0.79 ± 
0.11, 1.35 ± 0.39 and 0.43 ± 2.04 in patients with Gleason 
scores of ˂7, 7 and ˃7, respectively. In addition, the 
Cho+Cr/Ci ratio in patients with PSA levels of ˂4, 4–10 
and ˃10 was 0.07 ± 0.51, 0.53 ± 0.62 and 0.73 ± 1.58, 
respectively. A significant relationship has been observed 
between Gleason score, PSA level and the ratio of total 
choline and creatinine to citrate in other studies. Ghafoori 
and Rasteh38 reported higher total amount of choline and 
creatinine to citrate in higher cancer stages. The same 
finding can be found for PSAs; higher PSA levels for higher 
total amounts of choline and creatinine to citrate. Kobus et 
al39 showed that by increasing the proportion of Cho+Cr/
Cit, the invasive level of PCa also increases. Cheng et al40 

stated that the profile of MRS metabolites can be helpful in 
evaluating the pathological stage and the amount of invasive 
PCa for determining the suitable treatment protocol. Yu et 
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al41 declared that spectroscopic examination and evaluation 
of the ratio of total choline and creatinine to citrate is an 
acceptable indicator for detection of PCa. The results from 
other studies regarding the comparison of MRS accuracy 
with other techniques are shown in Table 4.

In the MRS method, the choice of optimal volume 
and the exact location for network placement and data 
acquisition are particularly important. This precision should 
be such that the matrix is far from the fat and water tissues 
so that the signal generated by them does not disturb the 

data and can be performed with high accuracy. In fact, the 
homogeneity or uniformity of tissue within the vessels plays 
a very important role in this kind of diagnostic method. In 
addition, the smallness of the voxels will reduce possible 
errors in order to make the texture even more uniform. 
In this project, the matrix involved the entire region of 
the tumor or inflammatory lesion, and as far as the spatial 
resolution of the device allowed, the surrounding areas was 
not included in the matrix. Verifying these results and their 
associated assumptions requires a larger sample size study.

Table 4. Comparison of Different Methods with MRS

First Author/Year Imaging Techniques Sensitivity Specificity PPV NPV Accuracy

Mueller-Lisse  (2001)43
T2WI 75% 60%

— — —
MRS 80% 73%

Yuen (2004)44
T2WI 57.1% 57.1% 100% 88.2% 82.4%

MRS 70.6% 66.7% 57.1% 58.3% 83.3%

Chen (2008)16

T2WI 88.2% 67.2%

— — —DWI 82.4% 81.6%

MRS 96.1% 96.5%

Sciarra (2008)45
DCE 71% 94% 96% 63%

—
MRS 84% 88% 93% 74%

Haffner (2011)46
TRUS 95% 83% — — 88%

MRS 95% 100% — — 98%

Aydin (2012)47

T2WI 46% 68%

— — —
DCE 43% 67%

DWI 29% 82%

MRS 69% 70%

Caivano (2012)48

T2WI 88% 61% 73% 81% 76%

DWI 88% 61% 73% 81% 76%

MRS 92% 89% 87% 88% 87%

Roy (2013)49

T2WI 57%

— — — —
DCE 54%

DWI 100%

MRS 71%

Cha (2015)50

T2WI 82% 75% 35% 96%

—
DCE 48% 89% 41% 91%

DWI 83% 86% 50% 96%

MRS 85% 85% 49% 97%

Kitajima (2015)51

T2WI 57% 78%

— — —
DCE 44% 85%

DWI 78% 85%

MRS 77% 87%

Vigneault (2016)52
DWI 93.7% 82.1% 89.4% 88.9%

—
MRS 98.6% 60.8% 77.3% 96.9%

Ahmed (2017)6
TRUS 48% 96%

— — —
MRS 93% 41%

Jaganathan (2017)17
DWI 89.5% 85.7% 94.4% 75%

—
MRS 84.2% 28.6% 76.2% 40%

Sandgren (2017)53

TRUS 94% 100%

— — —

T2WI 48% 52%

DCE 82% 92%

DWI 82% 89%

MRS 84% 88%

PPV, positive predictive value; NPV, negative predictive value; T2WI, T2 weighted imaging; DCE, dynamic contrast-enhanced; DWI, diffusion-weighted imaging; 
MRS, magnetic resonance spectroscopy.
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In spite of its many benefits, MRI imaging has 
limitations such as inability to be performed for patients 
with claustrophobia, or for those with heart pacemakers, 
aneurysm nodes and other metal objects. In addition, it is 
very sensitive to the voluntary and unwanted movements of 
the patient. 

Despite the precise physical principles and the clinical 
capability of MRS, like other MRI techniques, this method 
has particular limitations. For example, voluntary and 
involuntary patient movements lead to overall frequency 
changes, decreased levels of peak metabolites, and reduced 
quality of water peak suppression, which can be resolved 
with proper shimming and improved magnetic field 
strength. Another issue is the truncation artifact that can 
be eliminated using the appropriate RF receiver system. In 
addition, the ability to detect microbubbles and metabolites 
with a short signal decay time is limited by conventional 
scanners and requires high magnetic field strength and 
strong gradients.42

The small volume of samples is undoubtedly the most 
important limitation of the study. Verifying these results 
and their associated assumptions requires a larger sample 
size study.

This study was performed using phased Array Coil and 
1.5T magnetic field intensity. In order to detect more 
metabolites in higher magnetic fields and increase the 
resolution of MRS, it is suggested that this study is repeated 
with a system with higher magnetic field intensity and 
using endorectal coil. Studying the other metabolites as 
new biomarkers that may appear during a higher intensity 
magnetic field can be taken as another future step to 
investigate the capability of this non-invasive diagnostic 
tool. 

In conclusion, our results indicate that comparing the 
total of choline and creatinine to citrate ratio, can acceptably 
contribute to differentiation of prostatitis and PCa. 
According to the findings, it can be concluded that MRS 
can be used as a suitable and noninvasive tool with high level 
of sensitivity, specificity and accuracy for differentiating 
PCa and prostatitis.

Previous studies have noted the sensitivity, specificity, 
and accuracy of spectroscopy in the diagnosis of PCa or 
changes in levels of metabolites. However, none of them 
has investigated the accuracy of MRS in distinguishing 
cancer from benign prostate lesions. So for the first time, 
this study investigated the accuracy of MRS techniques in 
differentiation of cancer from prostatitis.
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