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Abstract

Aims: The main objectives of our study were to evaluate the role of Multiparametric MRI (mp-MRI) in diagnosis of carcinoma
prostate and to compare the various MRI sequences used in MRI in evaluating carcinoma prostate with histopathological
diagnosis kept as reference standard. Materials and Methods: This prospective cross-sectional study of 40 patients was
performed by using various sequences used in mp-MRI i.e. T2 weighted imaging (T2WI), Diffusion Weighted Imaging (DWI),
Magnetic Resonance Spectroscopy (MRS) and Dynamic Contrast Enhanced study (DCE). Findings of mp-MRI sequences were
compared with histopathological diagnosis. Statistical analysiswasperformed using SPSS computer statistical program for
window release 16. Results: Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) of DCE
in diagnosing carcinoma prostate were 88.89%, 50.00%, 94.12% and 33.33% respectively where as sensitivities, specificities,
PPVs, NPVs of DWI and MRS were same in our study i.e. 94.44%, 75.00%, 97.14% and 60.00% respectively. Overall
sensitivity, specificity, PPV, NPV of mp-MRI by combining these sequences were found to be 97.22%, 75%, 97.22% and 75%
respectively. Diagnostic accuracies of DWI, DCE and MRS were 92.5%, 85% and 92.5% respectively and overall diagnostic
accuracy after combining these sequences in mp-MRI was 95%. Conclusions: mp-MRI including all the sequences has very
good role in evaluation of carcinoma prostate. Diagnostic accuracy of mp-MRI increases when all sequences used together to
assess prostatic lesions, so all the sequences should be used together in prostate cancer evaluation rather than using individual
sequences.
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Introduction

Prostate cancer is the second most common cancer in the
world among males.At present, the diagnostic pathway for
prostate cancer detection is initiated on prostate specific
antigen (PSA) level with digital rectal examination (DRE)
followed by systematic trans-rectal ultrasound guided
(TRUS) biopsy which has resulted in increased detection
of prostate cancer with migration of stage toward low risk
disease [1].

Multiparametric magnetic resonance imaging (mp-MRI),
which is the combination of the morphological assessment
of T2-weighted imaging (T2WI) with diffusion-weighted
imaging (DWI), dynamic contrast-enhanced (DCE)
perfusion imaging and spectroscopic imaging (MRSI), has
been extensively studied in recent years[2-3]. On
T2-weighted (T2W) images, the central and transitional

zones cannot be distinguished and are collectively called
the central gland. Central gland is separated from the
peripheral zone by a thin pseudocapsule [4]. On T2W
images, the peripheral zone shows high signal intensity,
which is either equal to or more than that of the fat in the
vicinity and the central gland displays a low or
heterogeneous T2 signal intensity. Low signal intensity in
the peripheral zone on T2WI is suspicious [5].

DWI uses the property of constant Brownian motion of the
water molecules in tissue which is affected by increased
cellularity, tissue organization, extracellular space, and
integrity of cell membranes. Prostate cancer foci are
visualized on DWI images as areas of restricted diffusion
(high signal intensity), with corresponding low signal
intensity on Apparent Diffusion Coefficient (ADC) maps
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[6]. During dynamic contrast enhanced (DCE) MRI, a
bolus of intravenous contrast medium (gadolinium) is
injected and serial, rapid sequences are obtained. The
objective of DCE-MRI is to demonstrate the increased
enhancement of the prostate cancer compared with normal
prostatic tissue, which correlates with tumor angiogenesis.
Prostate cancer typically enhances faster and to a greater
extent than the surrounding prostate and will also show
more rapid washout of contrast [7].

Magnetic resonance spectroscopic imaging provides
information about specific metabolites with in prostatic
tissue and the analysis is performed by measuring the

Materials and Methods
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resonance peaks of various biochemical metabolite levels
such as citrate, creatine and choline.

In prostate cancer, citrate is expected to decline while
choline is expected to rise. This ratio of choline and
creatine to citrate is therefore indicator of malignancy[8].

Although individual imaging sequences have utility in the
detection of prostate cancer, results are optimized by
multiparametric (mp) MRI, which combines all of the
sequences in an integrated fashion to improve specificity

(91

Setting and type of study: This cross-sectional study was carried out on 40 patients in Department of Radiodiagnosis,
Government Medical College, Rajindra Hospital, Patiala who were referred to department of radiodiagnosis as suspected case
of prostate cancer from clinical departments of Government Medical College, Rajindra hospital, Patiala.

Inclusion Criteria

e Patient in whom suspicion of prostate cancer was present.

e Patient giving consent for MR imaging and were willing to enroll in study.

Exclusion Criteria

e Patient having cardiac pacemaker, electromagnetic implant.

e Patient not giving consent.

Equipment

MR techniques by 1.5-T superconductive scanner (Siemens 1.5T Magnetom Aera MRI machine)
Histopathological examination of prostatic biopsy using haemtoxylin and eosin stain

MR sequences used- Morphological imaging with standard T1 and T2 weighted imaging and advanced techniques including
functional and physiological MR imaging (DWI, MRS, DCE etc) which allow extension of obtainable information beyond
anatomic assessment.

Parameters Axial TIW | T2W (Three | Axial DWI Axial 3D DCE Axial T1
planes) post-Gd
Pulse sequence SPGR FSE EPI SPGR SPGR
TR (ms) 385 3,500 2,500 3.6 385
TE (ms) 6.2 102 65.7 1.3 6.2
FOV (cm) 16 16 18x10.8 26 16
ST (mm) 3 3 3 5 3
Spacing (mm) 0 0 0 0 0
Matrix 384x192 384x224 128x96 256x160x20 384x192
In-plane dimension Y(phase | <0.7x<0.4 <0.7x<0.4 <2.5x<2.5 <2x<2 <0.7x<0.4
[mm] x frequency [mm])
Remarks b-values: 0. Preferred temporal
500, and resolution is <7 seconds,
1,400 s/mm?° | total observation rate is >2
minutes
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Technique- Patient were examined in supine position with proper positioning. Pelvic phased array coil was used as receiver
coil for mp-MRI study of prostate. A plane localizer using three orthogonal planes were used to obtain rapid, distortion free
images. Following protocols were used:-

Classical spin-echo sequences in axial, coronal and sagittal planes were used to obtain T1W images, fast spin-echo sequences
were used to obtain T2W images. Rapid single shot spin-echo EPI (Echoplaner Imaging Sequence) was used to obtain DWI
followed by MRS sequence. Then axial 3D DCE imaging of prostate was done by using bolus of gadolinium as contrast agent
and sequential images were acquired.

Results

In present study, 40 patients were included; Mean age of patients was 68.23 years. Youngest patient in study was 50 years old
and oldest was 82 years old. The mean prostate volume was 60.68 ml.

All the patients included in present study had increased PSA levels with mean PSA level of 38 ng/ml.

In mp-MRI examination, peripheral zone was involved in all patients included in the study. However both peripheral zone and
central gland were involved in 22 (55%) patients.

Fig-1 Fig-2

Figure-1: Axial T2WI showing hypointense lesion arising from the peripheral zone
Figure-2:Axial T2WI: Hypointense area in both peripheral zone and central gland with heterogeneous signal intensity in femur
head bilaterally indicative of bone metastasis

Fig-1 Fig-2

Figure-3: Coronal T2WI: extension of prostatic lesion into UB and enlarged lymph nodes
Figure-4: Dynamic contrast enhancement curve indicating early enhancement and washout of contrast in involved part of
prostate.
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Figure-5: Dynamic contrast enhancement curve: early
uptake and wash out of contrast by tumor tissue is seen

Figure-8: Metastatic lymph node on left showing restriction diffusion on DWI and ADC images.
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Fig-1 Fig-2

Figure-9: MRS: Increase in choline + creatine/citrate ratio in involved part of prostate indicating malignancy.
Figure-10: MRS of involved prostate indicating increase in creatine+choline/citrate ratio indicating malignancy

27 (67.5%) of total patients had breach in capsule and had extracapsular extension. Capsule was intact in 13 (32.5%) patients.
Out of total 40 patients included in study, 27 (67.50%) patients had lesions with extraprostatic extension with involvement of
Neurovascular bundles (NVB), SV (Seminal Vesicles), Urinary Bladder (UB), rectum and Obturator muscles (OM). 13 (32.5%)
patients had lesions confined to the prostate with no evidence of extraprostatic extension.6 (15%) patients out of total 40 patients
had bony metastatic lesions in mp-MRI examination and lymph nodes were involved in 12 (30%) patients. Both lymph nodal
involvement and bony metastasis were observed in 6 (15%) patients.

Table-I: DCE (Dynamic Contrast Enhancement) wise Distribution of Patients

DCE No. of Patients Percentage
Yes 34 85%
No 06 15%
Total 40 100%

On DCE imaging, early enhancement and washout of contrast was seen in the involved regions of prostate in 34 (85%) out of
total 40 (100%) patients. Prostatic lesions in 6 (15%) patients didn’t show significant enhancement on DCE images as compared

to normal prostate tissue.

Table-1I: DWI (Diffusion Weighted Imaging) wise Distribution of Patients

DWI No. of Patients Percentage
Yes 35 87.50%
No 05 12.50%

Total 40 100%

Diffusion restriction was seen in involved regions of prostate on DWI in 35 (87%) patients out of 40(100%). In prostatic lesions
of remaining 5 (12.5%) patients, no diffusion restriction was visualised on DWI.

Table-III: MRS (MR spectroscopy) wise Distribution of Patients.

MRS (ch+cr/ci ratio) No. of Patients Percentage
Increased 35 87.50%
WNL 05 12.50%
Total 40 100%

Increased ch+cr/ci ratios were observed in involved regions of prostate in 35 (87.50%) patients on MRS study as compared to
normal prostate tissue. Lesions in prostate of 5 (12.5%) patients did not show increase in choline peak and decrease in citrate
peak on MRS examination so ch+cr/ci ratios were with in normal limits in prostatic lesions.
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Histopathological Diagnosis No. of Patients Percentage
Adenocarcinoma 36 90%
Benign 04 10%
Total 40 100%

In 36 (90%) patients out of total 40 (100%), lesions in prostate were histopathologically diagnosed as adenocarcinoma. Lesions
in rest of the patients i.e. 4 (10%) were histopathologically proved as benign lesions.

Table-V: Sensitivity, Specificity, Positive Predictive, and Negative Predictive Values of DCE(Dynamic Contrast
Enhancement) for Prostate Cancer

Histopathological Diagnosis
DCE Total
Adenocarcinoma Benign
Present 32 02 34
Absent 04 02 06
Total 36 04 40

Out of total 34 patients, who displayed early enhancement and washout on DCE-MRI study of prostatic lesions, 32 were
histopathologically diagnosed as adenocarcinoma and 2 were diagnosed as benign lesions. Statistical analysis was performed
and sensitivity, specificity, PPV, NPV and diagnostic accuracy were calculated as 88.89%, 50.00%, 94.12%, 33.33% and 85%
respectively.

Table-VI: Sensitivity, Specificity, Positive Predictive, and Negative Predictive Values of DWI(Diffusion weighted
images) for Prostate Cancer

Histopathological Diagnosis
DWI Total
Adenocarinoma Benign
Present 34 01 35
Absent 02 03 05
Total 36 04 40

Prostatic lesions of 34 (out of 35) patients, in which diffusion restriction was seen, were histopathologically diagnosed as
adenocarcinoma. Histopathologically proved cancerous prostatic lesions of 2 patients did not show restricted diffusion on DWI.
Sensitivity and Specificity of DWI were 94.44% and 75.00% respectively. Positive Predictive Value, Negative Predictive Value
and Diagnostic accuracy were found to be 97.14%, 60.00% and 92.5% respectively.

Table-VII: Sensitivity, Specificity, Positive Predictive and Negative Predictive Values of MRS (MR Spectroscopy)
for Prostate Cancer

Histopathological Diagnosis
MR Spectroscopy Total
Adenocarinoma Benign
I 34 01 35
WNL 02 03 05
Total 36 04 40

On MRS, 34 histopathologically diagnosed prostate cancer patients had increased cr+ch/ci ratios in prostatic lesions and only
one patient with benign lesion displayed increase in ch+cr/ci ratio.

Sensitivity and Specificity of DWI were 94.44% and 75.00% respectively. Positive Predictive Value, Negative Predictive Value
and Diagnostic accuracy were calculated as 97.14%, 60.00% and 92.5% respectively.
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Table-VIII: Sensitivity, Specificity, Positive Predictive and Negative Predictive Values of MP-MRI forProstate

Cancer
Histopathological Diagnosis
Multiparametric MRI Total
Adenocarinoma Benign
Present 35 01 36
Absent 01 03 04
Total 36 04 40

Combined sensitivity, specificity, PPV, NPV and diagnostic accuracy for all sequences used were calculated as 97.22%, 75%,

97.22%, 75% and 95% respectively.
Discussion

Diagnosing and evaluating patients with carcinoma
prostate in their early stage is most important in patient care
and management.

Role of DCE Study in Evaluation of Prostate Cancer-
DCE study is based on the tumor angiogenesis. Tumor
vessels are leaky and fast exchange of blood and contrast
is seen between tumor vessels and capillaries. It is
interpreted on imaging as early rapid contrast enhancement
followed by relatively rapid decline in cancerous tissue as
compared to normal tissue. However some regions of
prostate contain both malignant and benign cells so
interpretation is difficult in these regions. To overcome this
limitation, dynamic curve analysis of prostatic lesions is
performed. Dynamic curves analysis has three components
in malignant tissue i.e. rapid increase, plateau and decline.
All these three components of curve are compared with the
curve made on normal tissue. Tissue with more malignant
component shows rapid increase and relative early decline
as compared to the normal tissue[10].

Sensitivity of DCE-MRI for prostate cancer evaluation and
diagnosis in present study was 88.89% which is close to
sensitivity in study by Kurhanewicz et al [11] (2008) i.e.
90%. Sensitivities of DCE-MRI in various studies
compared were in range of 43% to 90%.

Specificity in present study is close to specificity in study
by Aydin et al[12] (2012). In present study, PPV of DCE
was 94.12% which is close to result in study by
Kurhanewicz et al[11] (2008).

Role of DWI in Evaluation of Prostate Cancer- DWI is
based on the microscopic mobility of water and its
restriction by other components i.e. tissue cellularity, tissue
organisation, extracellular space and cell membrane
integrity. These factors are measured by calculating
apparent diffusion coefficient (ADC) from DWI. Diffusion
restriction is more in tissues with high cellularity such as
malignant tissues. Low ADC values are seen in tissues

having malignant cells. Involved lymph nodes also show
diffusion restriction on DWI. This can be interpreted on
images as high signal on diffusion image and
corresponding low signal on ADC maps[13].

Sensitivity of DWI in present study was 94.4% which is
close to sensitivities in studies by Reinsberg et al[14],
Yamamura et al[15] (2010) and Jagannathan et al [16]
(2017) i.e. 93.3%, 92% and 89.5% respectively. In present
study, the specificity of DWI for prostate cancer diagnosis
was 75% which is more than specificity of DWI in studies
by Reinsberg et al[14] (2007) and Abdel Maboud et al[17]
(2013) i.e. 57.4% and 62% respectively, and less than
specificities of DWI in other studies mentioned above.

Negative predictive value (NPV) of DWI in present study
was 60%. Positive predictive value (PPV) of DWI for
prostate cancer detection was 94.4% in study by
Jagannathan et al[16] (2017) which is close to PPV of DWI
in present study i.e. 97.14%.

Role of MRS in Evaluation of Prostate Cancer- MRS
measures the level of specific metabolites in prostate gland
i.e. choline (ch), creatine (cr) and citrate (ci). Choline and
citrate peaks are very close to each other and some timesits
difficult to differentiate between two peaks. Concentration
of ci is high in normal prostate tissue and low in malignant
tissue. MRS was performed on suspicious lesions in both
central gland and peripheral zone of prostate and
concentrations of these metabolites were calculated
[18].We used ratio of ch+cr/ci for malignant tissue
detection and ratio of more than 1 was considered
significant for diagnosis of prostate cancer.

Prostatitis can interfere with MRS measurements so we
excluded the patients having previous history of prostatitis.
Sensitivities of MRS for prostate cancer diagnosis in
studies by Reinsberg et al[14] (2007) and Yamamura et
al[15] (2010) were 93.3% and 92% respectively which are
very close to the sensitivity of MRS in present study ie
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94.4%. Specificity of MRS in study by Reinsberg et al[14]
(2007) was 73.2% and specificity of MRS in present study
was 75%. PPV and NPV of MRS to diagnose prostate
cancer in study by Jagannathan et al[16] (2017) were
76.2% and 40% respectively. PPV and NPV of MRS in
present study were calculated as 97.1% and 60%
respectively.

Role of Multiparametric MRI (Combining all
Sequences) in Evaluation of Prostate Cancer- All
sequences were used at the same time for the diagnosis of
mp-MRI in our study to neutralize the pitfalls of individual
sequences. Sensitivity of mp-MRI in present study was
94% which is close to the results in above mentioned
studies. Sensitivity of mp-MRI was lowest in study by
Anderson et al[19] 2014 i.e. 67% and highest in study by
Thestrup et al[20] (2016)i.e. 100%.

Specificities of mp-MRI in various studies were in range of
23% to 74%. Specificities in studies by Tanimoto et
al[21](2007) and Anderson et al[19] (2014) were 74% and
73% which are close to the results in present study i.e. 75%.

In studies by Abd-Alazeez et al[22] (2014), Anderson et
al[19] (2014) and Jagannathan et al[16] (2017), positive
predictive values(PPVs) were found to be 89%, 85% and
81.8%. Positive predictive value of mp-MRI in present
study was 97.22%. Negative predictive values (NPVs) in
studies by Abd-Alazeez et al[22] (2014), Hauth et al[23]
(2015), Jagannathan et al[16] (2017) and Ahmed HUJ[61]
(2017) were 72%, 81.9%, 75% and 76% respectively which
are close to negative predictive value in present study i.e.
75%.

Conclusion

Mp-MRI including all the sequences i.e. T2ZWI, DWI, MRS
and DCE, has very good role in evaluation of carcinoma
prostate. Sensitivity, specificity and diagnostic accuracy of
DWI and MRS are more than that of DCE-MRI. Mp-MRI
is very good tool in differentiating benign from malignant
prostatic lesions.

Sensitivity specificity and diagnostic accuracy increases
when all sequences (T2WI, DWI, MRS and DCE) are used
in combination so all the sequences should be used together
in prostate cancer evaluation rather than using individual
sequences.

Various authors contributed in different ways like patient
motivation, monitoring patients during MRI examination,
collecting biopsy reports from pathology department and
guiding the technicians in their work, example guiding
them to follow proper protocol for various sequences used.

Research Article
What this study adds to existing knowledge: Mp-MRI
should be included in routine workup of patient suspected
of carcinoma prostate and it should be conducted before
biopsy to detect the site, size and extension of lesion.

Source(S) of support- 1.5-T superconductive scanner
(Siemens 1.5T MagnetomAera MRI machine)adolinium
contrast agent from Jan Aushadhi Store Rajindra hospital
Patiala

Funding: Nil, Conflict of interest: None.
Permission of IRB: Yes
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