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INTRODUCTION

Prostate cancer is the most common cancer (27%) 
and the second most common cause of cancer-related 
death (10%) in men in the United States.[1] In India, 

it is one of the five leading cancers among males in most 
registries.[2] Transrectal ultrasound (TRUS)-guided prostate 
biopsy is the standard approach to diagnose prostate cancer 
as it is quick, widely available, office-based, real time in 
nature, and relatively less expensive. However, it has some 

ABSTRACT
Introduction: Transrectal rectal ultrasound (TRUS)-guided systematic biopsy is the gold standard for diagnosis of prostate 
cancer. However, systematic biopsy has high false-negative rate and often misses anteriorly located tumors. Magnetic 
resonance imaging (MRI)-TRUS fusion biopsy can potentially improve cancer detection by better visualization and 
targeting of cancer focus. We evaluated the role of fusion biopsy in detection of prostate cancer and the association of 
prostate imaging reporting and data system (PI-RADS) score for predicting cancer risk and its aggression.
Methods: Ninety-six consecutive men with suspected prostate cancer underwent MRI-TRUS fusion-targeted biopsy of 
suspicious lesions and standard 12 core biopsy from May 2014 to July 2015 in our institution. All patients underwent 
3.0 T multiparametric MRI before biopsy.  mp-MRI included T2W, DWI, DCE and MRS sequences to identify lesions 
suspicious for prostate cancer. Suspected lesions were scored according to PI-RADS scoring system. Comparison of 
cancer detection between standard 12 core biopsy and MRI-TRUS fusion biopsy was done. Detection of prostate cancer 
was primary end point of this study.
Results: Mean age was 64.4 years and median prostate-specific antigen was 8.6 ng/ml. Prostate cancer was detected in 
57 patients (59.3%). Of these 57 patients, 8 patients (14%) were detected by standard 12 core biopsy only, 7 patients 
(12.3%) with MRI-TRUS fusion biopsy only, and 42 patients (73.7%) by both techniques. Of the 7 patients, detected 
with MRI-TRUS fusion biopsy alone, 6 patients (85.7%) had Gleason ≥7 disease. Prostate cancer was detected on either 
standard 12 core biopsy or MRI-TRUS fusion biopsy in 0%, 42.8%, 74%, and 89.3% patients of suspicious lesions of 
highest PI-RADS score 2, 3, 4, and 5, respectively.
Conclusions: MRI-TRUS fusion prostate biopsy improves cancer detection rate when combined with standard 12 cores 
biopsy and detects more intermediate or high-grade prostate cancer (Gleason ≥7). With increasing PI-RADS score, there 
is an increase chance of detection of cancer as well as its aggressiveness.
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limitations such as low diagnostic yield, sampling error, and 
the propensity to miss anterior lesions.[3,4]

TRUS is also not reliable for assessing tumor volume, extent, 
and aggressiveness. Up to 40% of prostate cancer detected by 
TRUS-guided biopsy may be upgraded to a higher Gleason 
score on final surgical histopathology. Thus, patients with 
the most clinically significant prostate cancer may not be 
accurately stratified by this technique.[5,6]

Magnetic resonance imaging (MRI) is used as an alternative 
to TRUS to improve cancer detection. It has emerged as 
the imaging modality of choice for diagnosis of prostate 
cancer.[7] MRI provides increased resolution with best 
depiction of prostate contours and its internal zonal anatomy 
and extraprostatic extension of tumor. Multiparametric 
MRI (mp-MRI) allows functional assessment and tumor 
grading.[8] The established parameters of mp-MRI are 
T2-weighted images (T2WI), diffusion-weighted imaging 
(DWI), dynamic contrast-enhancement (DCE), and MR 
spectroscopy (MRS).[7,8]

The European Society of Urogenital Radiology (ESUR) has 
proposed the prostate imaging reporting and data system 
(PI-RADS) in 2012 for the detection of prostate cancer using 
mp-MRI. In this PI-RADS scoring system, each parameter 
T2WI, DWI, DCE-MRI, and MRS is scored on a five-point 
scale. PI-RADS score predicts the probability of cancer risk 
and its aggressiveness.[9]

MRI suspicious lesions can be targeted by different methods 
such as cognitive guidance (MRI suggested), MRI-guided 
biopsy (in gantry), and MRI-ultrasound fusion systems.[7]

Real-time MRI-guided prostatic biopsy of tumor suspicious 
regions is an accurate method to detect prostatic carcinoma, 
but it is time consuming, cumbersome, costly, and 
impractical because the entire procedure is conducted in 
the MRI gantry.[3,10] To resolve these issues, MRI-TRUS 
fusion systems have been developed to fuse previously 
acquired MRI images with real-time TRUS image. This 
system combines the benefits of both MRI and TRUS in 
a single technique without the requirement of MRI suite 
during biopsy.[3,11-13] Fusion biopsy allows targeting the MRI 
suspicious lesion with decreased sampling error.

The aim of this study was to evaluate the role of MRI-TRUS 
fusion biopsy in the detection of prostate cancer by comparing 
the yield of standard 12-core biopsy and MRI-TRUS fusion 
biopsy and to find the association of PI-RADS scoring of MRI 
suspicious lesions with the histopathology report.

METHODS

In this single-center, prospective study, 96  patients 
underwent MRI-TRUS fusion as well as standard 12 

core biopsy. Indications for biopsy were prostate-specific 
antigen (PSA) >4 ng/ml and/or abnormality on digital rectal 
examination (DRE). Patients with recent urinary tract 
infection, bleeding disorders, rectal pathology, or PI-RADS 
score 1 were excluded from the study. Informed consent was 
taken from all patients.

All patients first underwent 3.0 T mp-MRI using body 
coils (phased array coils) in Siemens Verio MRI machine. 
mp-MRI included T2W, DWI, DCE, and MRS sequences 
to identify lesions suspicious for prostate cancer. Suspected 
lesions were scored according to PI-RADS scoring system 
(ESUR guideline 2012) and marked by three radiologists 
with experience in interpretation of prostate MRI. ProFuse 
software version 3.0.0.116 (California, USA) was used for 
PI-RADS scoring and marking the suspicious lesions.

Office-based prostate biopsy was done in the left lateral 
decubitus position after intrarectal 2% lignocaine jelly and 
periprostatic block using 2% lignocaine.

First, a prostate scan was done to create three-dimensional 
(3D) reconstruction image of prostate. This was followed 
by fusion of previously acquired MRI images (loaded in a 
disc) onto real-time TRUS images, using advanced 3D semi-
robotic targeted prostate biopsy software (ei-Nav Artemis 
machine version 2.1.3.5 (California, USA)).

All patients first underwent MRI-TRUS fusion-targeted 
biopsy followed by standard 12 core biopsy in the same 
sitting by same urologist. Two cores were taken from each 
MRI suspicious lesion. All biopsy cores were labeled and 
sent separately for histopathological examination. This 
study was approved by the Institutional Review Board and 
Institutional Ethics Committee of our institute.

Statistical analysis
Quantitative data were presented in terms of means and 
standard deviation, and qualitative/categorical data were 
presented as absolute numbers and proportions. Cross 
tabulation was generated, and Chi-square test was used 
for testing of association and standard normal deviate test 
for proportions. Independent Student’s t-test was used for 
comparison of cancer length between standard 12-cores and 
MRI-TRUS fusion biopsy cores. P < 0.05 was considered 
statistically significant. SPSS software, version 24 (Bengaluru, 
Karnataka, India) was used for analysis. The sample size is 
96 for desired confidence level of 95% and power of 80%.

RESULTS

Mean age of the 96 patients was 64.4 (range 43–79) years, 
median PSA was 8.6 (range 4–140) ng/ml, and median 
prostate volume was 41 (range 20–120) cc. Patients’ 
characteristics are provided in Table 1.
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Patient-wise analysis
Prostate cancer was detected in 57 patients (59.3%). Of 
these 57  patients, 8  patients (14%) were detected by 
standard 12 core biopsy only, 7  patients (12.3%) with 
MRI-TRUS fusion biopsy only, and 42  patients (73.7%) 
by both techniques [Table 2]. 44  patients (77.2%) had 
Gleason score ≥7. Of these 44  patients, 13.6% (6 of 44) 
patients were detected only by MRI-TRUS fusion biopsy, 
4.6% (2 of 44) patients were detected only by standard 12 
core biopsy, and 81.8% (36 of 44) patients were detected by 
both modalities. Of the 7 patients who had only MRI-TRUS 
fusion biopsy positive, 6 patients had cancer in anterior 
and/or apex of prostate.

Core-wise analysis
Total 352 cores in MRI-TRUS fusion biopsy and 1152 
cores in standard 12 core biopsy were taken. MRI-TRUS 
fusion biopsy detected significantly more cancerous cores 
as compared to standard 12 core biopsy (44.3% vs. 16.2%, 
P < 0.0001). Out of the positive cores, Gleason ≥7 was present 
in 71.2% and 60.2% cores in MRI-TRUS fusion and standard 
12 core biopsy, respectively (P = 0.033). Mean cancer core 
length was 5.3  ±  3.1  mm for MRI-TRUS fusion biopsy 
and 3.8 ± 2.9 mm for standard 12 core biopsy (P < 0.0001) 
[Table 3].

In patients who had cancer detected only by MRI-TRUS 
fusion biopsy, 68.4% (13 of 19) cores had Gleason ≥7 and 
31.6% (6 of 19) cores had Gleason <7. In patients who had 
cancer detected only by standard 12 cores biopsy, 21% 
(4 of 19) cores had Gleason ≥7 and 79% (15 of 19) cores 
had Gleason <7.

Subgroup analysis
History of previous negative transrectal rectal ultrasound 
biopsy
Of the 21 patients with history of previous negative TRUS 
biopsy, 14 patients (66.7%) had prostate cancer. Of these 
14  patients, 11  patients (78.6%) were detected by both 
MRI-TRUS fusion biopsy and standard 12 core biopsy and 
rest 3 patients (21.4%) were detected only by MRI-TRUS 
fusion biopsy. 8  patients had suspicious lesions in the 
anterior and/or apex of prostate. Of these 8 patients, prostate 
cancer was detected in 7 patients [Table 4].

Abnormal digital rectal exam
Of the 24 patients with abnormal DRE, 19 patients (79.2%) 
had prostate cancer detected, 18 patients were detected by 
both MRI-TRUS fusion biopsy and standard 12 core biopsy 
and one patient was detected only by MRI-TRUS fusion 
biopsy. Hence, MRI-TRUS fusion biopsy did not improve 
detection rate in patients with positive DRE [Table 4].

Prostate-specific antigen
Prostate cancer was detected in 51.6%, 72.7%, and 80% of 
patients in PSA range of <10, 10–20, and >20 ng/ml. In the 
PSA <10 group, 7 patients were detected only by MRI-TRUS 
fusion biopsy and 4 patients were detected only by standard 
12 core biopsy. In patients with PSA ≥10 ng/ml, MRI-TRUS 
fusion biopsy did not detect any additional patients with 
cancer over and above the standard 12 core biopsy [Table 4].

Prostate volume
Of the 7  patients with only MRI-TRUS fusion biopsy 
positive, 5  patients had prostate volume 40–70cc. No 
improved detection of disease by MRI-TRUS fusion biopsy 
alone seen in prostate volume >70cc [Table 4].

Association of prostate imaging reporting and data system 
scores with detection of prostate cancer
Totally, 176 MRI suspicious lesions were identified in 
96 patients. On average, 1.8 suspicious lesions per patient 
(range 1–4) were identified. Average maximum diameter 
of largest MRI suspicious lesion in a particular patient was 
15.2 mm (6–42 mm).

Patient-wise analysis
Lesions with highest PI-RADS score of 2, 3, 4, and 5 were 
present in 13, 28, 27, and 28 patients, respectively. Prostate 
cancer was detected on either standard 12 core biopsy or 
MRI-TRUS fusion biopsy in 0%, 42.8%, 74%, and 89.3% 
patients of suspicious lesions of highest PI-RADS score 2, 3, 

Table 1: Patients’ characteristics
Clinical and radiological 
Characteristics

Mean(Range)/
Median(IQR)/n(%)

Number of patients (n) 96
Mean age ± SD (range), years 64.4±7.5 (43-79)
Family history of prostate cancer (%) 8 (8.3)
Abnormal DRE (%) 24 (25)
History of the previous negative prostate 
biopsy (%)

21 (21.8)

Median serum PSA (ng/ml) 8.6 (IQR* 6.3-12.5)
Median prostate volume (cc) 41 (IQR* 30.4-55.0)
Total number of MRI suspicious lesions 176
Mean number of MRI suspicious lesions 
per patient (range)

1.8 (1-4)

Average maximum diameter of largest 
MRI suspicious lesion ± SD (range), mm

15.2±6.6 (6-42)

*Interquartile range. DRE=Digital rectal examination, PSA=Prostate-
specific antigen, MRI=Magnetic resonance imaging, SD=Standard 
deviation

Table 2: Comparison of standard 12 core biopsy and magnetic 
resonance imaging-transrectal ultrasound fusion prostate 
biopsy (patient-wise analysis)
MRI-TRUS 
fusion-targeted 
biopsy

Standard 12 core biopsy Group 
totalPositive for 

cancer
Negative 

for cancer

Positive for 
cancer

42 7 49

Negative for 
cancer

8 39 47

Overall total 50 46 96

Kappa statistics=0.687 (agreement between two methods is 68.7%), 
95% CI (0.542-0.833). CI=Confidence interval, MRI=Magnetic 
resonance imaging, TRUS=Transrectal ultrasound
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4, and 5, respectively. Gleason score >7 prostate cancer was 
present in 58%, 75%, and 88% of cancer positive patients of 
lesions with highest PI-RADS score 3, 4, and 5, respectively 
[Chi-square test; Table 5] 13 patients had only PI-RADS 2 
suspicious lesions on MRI. Of these 13 patients, one patient 
had focal atypia and rest 12 patients had benign pathology.

Magnetic resonance imaging suspicious lesions-wise analysis
Prostate cancer was detected in 80 of 176 MRI suspicious 
lesions [Figure 1]. Prostate cancer was detected in 0%, 
35.6%, 68.4%, and 87.5% of suspicious lesions of PI-RADS 

score 2, 3, 4, and 5, respectively. Gleason score >7 prostate 
cancer was present in 42.3%, 76.9%, and 92.8% of cancer 
positive lesions with PI-RADS score 3, 4, and 5, respectively 
[Table 6].

One patient had postprocedural fever for which 
rehospitalization was done and managed conservatively.

DISCUSSION

To the best of our knowledge, this study is the first of its 
kind in Indian men and represents a cohort different from 
the Western populations. The current studies pertaining 
to MRI-TRUS fusion biopsy are all derived from Western 
populations. The demographic and characteristics of disease 
are different in India. Batra et al.,[14] showed that the majority 
of Indian patients had higher stage prostate disease (93% 
patients had intermediate and high-risk D’ Amico category 
prostate cancer).

Table 3: Comparison of magnetic resonance imaging-
transrectal ultrasound fusion biopsy and standard 12 core 
biopsy (core-wise analysis)
Variable MRI-TRUS fusion 

biopsy (%)
Standard 12 

core biopsy (%)
P

Total cores 352 1152
Cancer cores 156/352 (44.3) 186/1152 (16.2) <0.0001
Gleason ≥7 111/156 (71.2) 112/186 (60.2) 0.033
Gleason <7 45/156 (28.9) 74/186 (39.8) 0.033
Mean cancer core 
length±SD (mm)

5.3±3.1 3.8±2.9 <0.0001

SD=Standard deviation, MRI=Magnetic resonance imaging, 
TRUS=Transrectal ultrasound

Table 4: Comparison of magnetic resonance imaging-
transrectal ultrasound fusion biopsy and standard 12 core 
biopsy in subgroups
Subgroup MRI-TRUS 

fusion biopsy 
(n=96)

Standard 12 
core biopsy 

(n=96)

P

Previous negative TRUS
Yes (n=21) 14 (11+3*) 11 (11+0*) 0.345
No (n=75) 35 (31+4*) 39 (31+8*) 0.513

Abnormal DRE
Yes (n=24) 19 (18+1*) 18 (18+0*) 0.732
No (n=72) 30 (24+6*) 32 (24+8*) 0.716

PSA
4-<10 (n=64) 29 (22+7*) 26 (22+4*) 0.593
10-20 (n=22) 12 (12+0*) 16 (12+4*) 0.210
>20 (n=10) 8 (8+0*) 8 (8+0*)

Prostate volume
<40 (n=46) 26 (24+2*) 30 (24+6*) 0.393
40-70 (n=35) 17 (12+5*) 14 (12+2*) 0.470
>70 (n=15) 6 (6+0*) 6 (6+0*)

*Value depicts cancer detected only by the particular modality. 
TRUS=Transrectal ultrasound, DRE=Digital rectal examination, 
PSA=Prostate-specific antigen, MRI=Magnetic resonance imaging

Table 5: Association of prostate imaging reporting and data 
system scores with prostate cancer detection and Gleason 
score (patient-wise analysis)
Highest 
PI-RADS score 
(n=96 patients)

Prostate cancer, 
n=57 (%)

Gleason ≥7, 
n=44 (%)

Gleason <7, 
n=13 (%)

2 (n=13) 0 0 0
3 (n=28) 12/28 (42.8) 7/12 (58.3) 5/12 (41.7)
4 (n=27) 20/27 (74) 15/20 (75) 5/20 (25)
5 (n=28) 25/28 (89.3) 22/25 (88) 3/25 (12)

For prostate cancer, χ2=35 (P=0.000); For Gleason score, χ2=4.14 
(P=0.126). PI-RADS=Prostate imaging reporting and data system

Figure 1: Twenty-seven regions prostate magnetic resonance imaging reporting 
scheme. Locations of eighty cancer positive magnetic resonance imaging 
suspicious lesions in 168 regions (one cancer positive magnetic resonance 
imaging suspicious lesions can be located in one or multiple regions)
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In this study, 96  patients underwent MRI-TRUS fusion 
biopsy followed by standard 12-core biopsy. Prostate cancer 
was detected in 57 patients (59.4%) using both MRI-TRUS 
fusion biopsy and standard 12 core biopsy. MRI-TRUS 
fusion biopsy detected cancer in 51% (49 of 96) patients, and 
standard 12 core biopsy detected cancer in 52% (50 of 96) 
patients and agreement between two methods was 68.7%. 
Similar, findings were noted by Siddiqui et al.[15]

In our study, high-grade cancer was defined as Gleason ≥7. 
Combining MRI or MRI-TRUS fusion biopsy with standard 
12 core biopsy increases detection of prostate cancer as 
well as improves detection of high grade or clinically 
significant cancer.[15-18] 7 additional patients were detected 
with MRI-TRUS fusion biopsy alone and of these 7 patients, 
6 patients had Gleason ≥7 disease. Limiting prostate biopsy 
to only MRI-targeted biopsy protocol misses some clinically 
significant cancer. It may be due to the presence of several 
significant cancers outside MRI suspicious lesions.[12,19] In our 
patients also, 8 patients were detected only by standard 12 
core biopsy and not by MRI-TRUS fusion biopsy, of which 
2 patients had high-grade cancer.

Conventional TRUS biopsy often misses cancer in apical 
and anterior part of prostate.[3,4] MRI-TRUS fusion biopsy 
is the most useful in targeting suspicious lesions of 
anterior prostate and is ideally suited for patients with 
history of previous negative TRUS biopsy and persistently 
elevated PSA.[20,21] In our patients, additional detection of 
prostate cancer by MRI-TRUS fusion biopsy alone was 
seen mainly in anterior and apical portion of prostate. 
Of the 21 patients with previous negative TRUS biopsy, 
7  patients (33.3%) had cancer positive MRI suspicious 
lesion in the anterior part of prostate. In other studies, 
47–57% tumor was found in anterior prostate in patient 
who underwent MRI-targeted biopsy after previous 
negative TRUS.[3,10,22]

Roethke et al.[23] evaluated the ESUR PI-RADS scoring 
system for detection of prostate cancer by 3.0 T mp-MRI and 
concluded that PI-RADS score was useful prognostic tool for 
prostate cancer risk stratification, and it improved detection 

of clinically significant cancer. PI-RADS score had clear 
association with cancer incidence and its aggressiveness.[17,24]

In our study too, prostate cancer was detected on either 
standard 12 core biopsy or MRI-TRUS fusion biopsy in 0%, 
42.8%, 74%, and 89.3% patients of suspicious lesions of 
highest PI-RADS score 2, 3, 4 and 5, respectively. Gleason 
score >7 prostate cancer was present in 58.3%, 75%, and 88% 
of cancer positive patients of lesions with highest PI-RADS 
score 3, 4, and 5, respectively. It indicates that as PI-RADS 
score increases, there is an increase in chances of detection 
of intermediate or high-grade cancer.

In patients with abnormal DRE, PSA >10 ng/ml or prostate 
volume >70 cc, we were unable to detect any additional 
patients of prostate cancer by adding MRI-TRUS fusion 
biopsy to the standard 12 core biopsy. Hence, in these 
patients, the additional expense of this procedure may not 
be justified. Hambrock et al.[10] also found no difference 
in cancer detection rate between MRI-guided biopsy and 
TRUS-guided biopsy in patients with PSA >20 ng/ml and 
prostate volume >65 cc.

Our study is limited by the small number of patients in 
subgroups analysis. The accuracy of MRI-TRUS fusion 
biopsy could not be determined without comparing with the 
gold standard of radical prostatectomy specimen. We did not 
have follow-up of patients with negative prostate biopsy.

Cost-effectiveness analyses of MRI-TRUS fusion prostate 
biopsy are needed, especially in our cohort, where majority 
of patients had higher grade prostate cancer and majority 
of patients were detected by both MRI-TRUS fusion biopsy 
and standard 12 core biopsy.

However, we do believe that this study being first of its 
kind in Indian men may provide the foundation for further 
evaluation of this technique in our population. Moreover, 
it may also assist clinical practitioners in deciding the role 
of fusion biopsy in a particular case. In future, it may serve 
to increase the detection of higher grade cancer, while 
decreasing the diagnosis of clinical insignificant cancer.

CONCLUSIONS

MRI-TRUS fusion prostate biopsy improves cancer detection 
rate when combined with standard 12 cores biopsy and 
detects more intermediate or high-grade prostate cancer 
(Gleason >7). Fusion biopsy is useful in patients with 
previous negative prostate biopsy and tumor located in 
the anterior and apex of prostate. However, according to 
our study, this benefit may be limited to men with serum 
PSA 4–10 ng/ml with normal DRE. Prostate biopsy can be 
avoided in patients with PI-RADS 2 and patients can be 
kept on surveillance.

Table 6: Association of prostate imaging reporting and data 
system scores with prostate cancer detection and Gleason 
score (magnetic resonance imaging suspicious lesions-wise 
analysis)
PI-RADS scores 
(n=176)*

Prostate cancer, 
n=80 (%)

Gleason ≥7, 
n=57 (%)

Gleason <7, 
n=23 (%)

2 (n=33) 0 0 0 
3 (n=73) 26/73 (35.6) 11/26 (42.3) 15/26 (57.7)
4 (n=38) 26/38 (68.4) 20/26 (76.9) 6/26 (23.1)
5 (n=32) 28/32 (87.5) 26/28 (92.8) 2/28 (7.1)

*Total number of MRI suspicious lesions or ROI (n)=176; For 
prostate cancer, χ2=61.25 (P<0.001); For Gleason score, χ2=15.8 
(P=0.000). MRI: Magnetic resonance imaging, ROI: Region of interest, 
PI-RADS=Prostate imaging reporting and data system
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