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Abstract

Background

Although European Society of Urogenital Radiology proposed the potential of multipara-

metric magnetic resonance imaging (MP-MRI) as a tool in the diagnostic pathway for pros-

tate cancer (PCa) and published a unified scoring system named Prostate Imaging

Reporting and Data System (PI-RADS version 1), these still need to be validated by real-

life studies.

Objective

To evaluate the role of MP-MRI in detection and prediction of PCa.

Methods

Patients with clinical suspicion of PCa who underwent prebiopsy MP-MRI from 2002 to

2009 were recruited. MP-MRI results were retrospectively assigned as overall scores using

PI-RADS by two radiologists. Patients were followed and the end point was the diagnosis of

PCa. Receiver operating characteristics (ROC) curve was performed to test diagnostic effi-

cacy of MP-MRI, under results of biopsy within three months. The cox proportional hazards

model was used to identify independent variables for the detection of PCa.

Results

Finally, 1113 of the 1806 enrolled patients were included for analysis. The median follow-up

was 56.0 months (1–137 mo). For 582 patients biopsied within three months, area under

the curve for the detection of PCa with MP-MRI was 0.88 (95% confidence interval [CI],

0.75–1.00) in group of baseline prostate specific antigen (PSA) 0.01–4.00 ng/ml (n = 31),

0.90 (95% CI, 0.84–0.95) in PSA 4.01–10.00 ng/ml (n = 142), and 0.91 (95% CI, 0.87–0.94)

in PSA >10.00 ng/ml (n = 409), respectively. In the cox model adjusted for age and baseline
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PSA level, for the detection rate of PCa, compared with PI-RADS 1–2 (reference), the haz-

ard ratio was 6.43 (95% CI, 4.29–9.65) for PI-RADS 3, 18.58 (95% CI, 13.36–25.84) for PI-

RADS 4–5 (p < 0.001).

Conclusions

Prebiopsy MP-MRI with PI-RADS is demonstrated as a valuable diagnostic and predictive

tool for PCa.

Introduction
It has been shown that multiparametric magnetic resonance imaging (MP-MRI) is useful for
the detection of prostate cancer (PCa) [1,2]. However, the current view is that magnetic reso-
nance imaging (MRI) still has a limited role in the clinical management of PCa [3,4]. The
worldwide acceptance of the role of MP-MRI was hampered by the variations in MRI proto-
cols, absence of unified diagnostic criteria and few validation prospective studies [3,5–7].

To solve the problems, European urology and radiology proposed a unified scoring system
for MP-MRI in 2012, named Prostate Imaging Reporting and Data System (PI-RADS), to stan-
dardize the reporting system, promote the diagnostic value of MP-MRI, and facilitate commu-
nication between clinicians and radiologists [8]. Meanwhile, European Society of Urogenital
Radiology (ESUR) experts drew a conclusion that MP-MRI, with a host of reports manifesting
its potential as a diagnostic tool for PCa, was going through a period of development [9].

Nevertheless, this opinion drew a quick response of editorial that MP-MRI was still not
ready for routine use [10]. Meanwhile, PI-RADS, based on literature evidence and consensus
expert opinion from ESUR, still lack validation in a real-life setting. So, our study was to evalu-
ate the role of MP-MRI with PI-RADS in detection and prediction of PCa in Chinese
patient population.

Materials and Methods

Patient selection
The study was approved by the institution ethics committee of Peking University First Hospi-
tal. Between July 2002 and December 2009, 1806 consecutive patients with clinical suspicion of
PCa (elevated prostate specific antigen (PSA), abnormal digital rectal examination (DRE) or
family history of PCa), underwent prostate MRI prior to biopsy, were recruited. All the patients
provided written informed consent. Before prostate MRI, a questionnaire survey, including the
latest PSA level within one month, DRE, previous biopsies, previous prostate MRI scans, histo-
ry of previous prostate treatment or intervention, was conducted. Patients were consistently
followed with intervals of one to two years and were censored at the occurrence of the end
point of PCa, emigration, or 31 September 2014, whichever came first. At the end of follow-up
period, final diagnosis was made according to pathology (biopsy, transurethral resection of the
prostate (TURP) or surgical pathology) or clinical comprehensive analysis based on long-term
follow-up by PSA, DRE, transrectal ultrasound (TRUS) or MRI. The following data were ex-
cluded from analysis: (a) patients with previous biopsy in three months before prostate
MP-MRI; (b) patients with incomplete MRI data; (c) patients lost or refused to follow-up; (d)
patients failed to get clinical evaluation of prostate diseases because of other severe comorbid
conditions; (e) patients with diagnosis of non-PCa and follow-up time less than 48 months.
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After the exclusion of 693 patients for various reasons, 1113 patients were included for analysis
(Fig 1).

MRI Protocol
All scans were obtained with a 1.5 T MR scanner with the integrated endorectal-pelvic phased-
array coil (GE Medical System, Milwaukee, Wis). MP-MRI was done including a combination
of high-resolution T2-weighted imaging (T2WI) and at least two functional MRI techniques
(diffusion-weighted imaging (DWI), magnetic resonance spectroscopy (MRS) and (or) dynam-
ic contrast enhanced imaging (DCEI)). The MP-MRI parameters are presented in Table 1.

Reporting Protocol
The prostate MR images were retrospectively interpreted by two radiologists with 3 years
(RW) and 10 years (HW) of experience. Readers were not blinded to the questionnaire survey
written by each patient before MRI. According to PI-RADS version 1 [8], a five point subjective
suspicion overall score was assigned to all focal abnormalities: score 1: clinically significant dis-
ease is highly unlikely to be present; score 2: clinically significant cancer is unlikely to be pres-
ent; score 3: clinically significant cancer is equivocal; score 4: clinically significant cancer is
likely to be present; score 5: clinically significant cancer is highly likely to be present.

Reference Standard
Prostate biopsy was performed under the guidance of TRUS. To calculate the diagnostic effica-
cy of MP-MRI, score 1–2 of PI-RADS were considered negative findings and score 3–5 were
considered positive findings. Biopsy within three months after MP-MRI was defined as the
reference standard.

Fig 1. Inclusion and Exclusion Criteria for Patients Included in Data Analysis. PCa: prostate cancer; MP-MRI: multiparametric magnetic
resonance imaging.

doi:10.1371/journal.pone.0130207.g001
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Patients with Negative Initial Biopsy and Final Diagnosis of PCa
Patients with negative initial biopsy results and final diagnosis of PCa were specially recorded.
The total number of biopsies during follow-up period and the delay between final diagnosis
and MP-MRI were recorded, respectively.

Statistical Analysis
Statistical analyses were performed using SPSS version 16.0 (SPSS, Chicago, IL). Two-sided
p< 0.05 was significant.

Kolmogorov-Smirnov-test and the Levene F test were used to test normality and equality of
variances of continuous variables, respectively. Mann-Whitney U tests were used to compare
the differences of baseline characteristics between included and excluded subjects.

Weighted kappa coefficients were used to assess interreader agreement. The kappa value
was interpreted as an indication of poor agreement when kappa was less than 0.4, as an indica-
tion of moderate agreement when kappa was 0.4–0.6, and as an indication of substantial agree-
ment when kappa was greater than 0.6.

To analyze diagnostic efficacy of MP-MRI, a priori we stratified baseline PSA level into four
categories (0.01–4.00; 4.01–10.00;>10.00 ng/ml and unknown). Receiver operating character-
istics (ROC) curve was used, under results of biopsy within three months. Sensitivity, specifici-
ty, negative predictive value (NPV), positive predictive value (PPV) and accuracy were
determined for the detection of PCa.

To analyze the prediction ability of MP-MRI in detection of PCa, patients were divided into
three groups according to PI-RADS: score 1–2; score 3 and score 4–5. Cumulative detection
rate of PCa was derived using Kaplan-Meier method, and differences between curves were ana-
lyzed by log-rank test. Death and emigration during follow-up resulted in censoring. A cox
proportional hazards model was used to identify independent variables for the detection rate of
PCa. Results were presented as hazard ratio (HR) and 95% confidence interval (CI). Propor-
tional of hazard over time for MP-MRI, as a categorical variable, was assessed by plotting–log
[-log(detection rate)] versus log(follow-up time). Multivariate models were adjusted for age

Table 1. MP-MRI Parameters at 1.5 T.

1.5 T MR*

T2WI DWI DCEI** MRS***

Repetition time (msec) 3500 3500 4 1000

Echo time (msec) 85 56.4 1.9 130

Field of view (mm2) 240×240 260×260 360×360 110×110

Acquisition matrix 320×256 128×128 256×256 16×8×8

Flip angle (degrees) 90, 180 90 15 180

b Values (sec/mm2) . . . 0, 800 . . . . . .

Section thickness (mm) 4 5 3.8 . . .

No. of temporal acquisitions . . . . . . 15 . . .

MP-MRI: multiparametric magnetic resonance imaging; MR: magnetic resonance; T2WI: T2-weighted imaging; DWI: diffusion-weighted imaging; DCEI:

dynamic contrast enhanced imaging; MRS: magnetic resonance spectroscopy.

* Signa Twinspeed; GE Medical System, Milwaukee, Wis. Used with a 8-channel pelvic phased array coil and an endorectal coil.

** An intravenous injection of 0.1 mmol/kg of gadopentetic acid dimeglumine salt injection (Bayer Schering Pharma, Germany) was performed at 2.0 ml/

sec, with saline flush of 15ml.

*** Three-dimensional MRS was performed using the Point Resolved Selective Spectroscopy sequence.

doi:10.1371/journal.pone.0130207.t001
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and baseline PSA level. Age was defined as a continuous variable, while baseline PSA level was
defined as a categorical variable (0.01–4.00; 4.01–10.00;>10.00 ng/ml). We had 95.6% com-
plete data on baseline PSA value. Missing values were imputed with a code before
multifactorial adjustment.

For patients with negative initial biopsy and final diagnosis of PCa, according to MP-MRI
results, they were divided into two groups: score 1–2 and score 3–5. Mann-Whitney U tests
were used to analyze the differences of baseline PSA level, total number of biopsies and delay
between final diagnosis and MP-MRI between two groups.

Results

Patients Characteristics
A total of 1113 patients (mean age: 70.0 ± 8.3 yr, range: 26–91) were included for data analysis
(Fig 2), with median follow-up time of 56.0 months (range: 1–137). There was no significant
difference in age between patients included for analysis with those excluded (p = 0.06). The me-
dian baseline PSA level was 11.11 ng/ml (range: 0.02–9474.00), which was higher than those
excluded (median: 8.87 ng/ml) (p< 0.05). Also, the median score of PI-RADS in patients in-
cluded was 3, which was greater than those excluded (median: 2) (p< 0.05).

Interreader Agreement
The degree of agreement was substantial for the overall PI-RADS score between the two read-
ers (kappa = 0.81).

Diagnostic Efficacy of MP-MRI with PI-RADS in Detection of PCa
Of 1113 patients, 586 patients had biopsy within three months after MP-MRI. A summary of
characteristics of patients and biopsy results are provided in Table 2. Detail MP-MRI results
are shown in Table 3.

Fig 2. Final Diagnosis and the Diagnosis Evidence of the Cohort. PCa: prostate cancer; TURP: transurethral resection of the prostate; PSA: prostate
specific antigen.

doi:10.1371/journal.pone.0130207.g002
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Prediction Role of MP-MRI with PI-RADS in Detection of PCa
Patients were categorized by scores of PI-RADS: 541 in group score 1–2; 109 in group score 3;
463 in group score 4–5. The detection rate of PCa at the 1-, 5- and 10-year was 2.4%, 5.8% and
12.1% in group score 1–2; 27.6%, 44.4% and 51.7% in group score 3; 81.4%, 88.3% and 89.7%
in group score 4–5, respectively (p< 0.001) (Fig 3A). In patients with baseline PSA 0.01–4.00
ng/ml, the corresponding values were 0.0%, 1.0% and 7.6%; 12.5%, 12.5% and 12.5%; 42.9%,
57.1% and 57.1% (Fig 3B). The corresponding values for baseline PSA 4.01–10.00 ng/ml were
3.1%, 5.8% and 11.4%; 28.2%, 48.5% and 65.5%; 58.3%, 72.4% and 77.8% (Fig 3C). The corre-
sponding values for baseline PSA>10.00 ng/ml were 3.5%, 9.6% and 17.7%; 34.0%, 53.1% and
56.2%; 88.3%, 93.1% and 93.9% (Fig 3D). Obviously, the cumulative detection rate of PCa in-
creased obviously as the score of PI-RADS got higher.

Unadjusted and multivariable adjusted hazard ratios with cox proportional hazards model
are presented in Table 5. In univariate analyses, older age, greater baseline PSA level and higher
score of PI-RADS were all significantly associated with an increased risk of detection rate of
PCa. In adjusted analysis with age and baseline PSA, score of MP-MRI with PI-RADS was still
the independent risk factor while age not.

Table 2. Baseline Characteristics and Biopsy Results Categorized in Different Baseline PSA Levels.

Variable PSA 0.01–4.00 ng/ml PSA 4.01–10.00 ng/ml PSA >10.00 ng/ml PSA unknown Whole

No. of patients 132 345 587 49 1113

Age (yr), mean ± SD (range) 66.8±8.3 (37–86) 68.6±8.5 (26–91) 71.4±7.8 (37–89) 71.4±8.7 (42–84) 70.0±8.3 (26–91)

No. of patients biopsied within
three months (rate)

31 (23.5%) 142 (41.2%) 409 (69.7%) 4 (8.2%) 586 (52.7%)

No. of patients biopsied positive
within three months (rate)

6 (6/31, 19.4%) 55 (55/142, 38.7%) 278 (278/409, 68.0%) 1 (1/4, 25.0%) 340 (340/586, 58.0%)

PSA: prostate specific antigen.

doi:10.1371/journal.pone.0130207.t002

Table 3. Scores of MP-MRI with PI-RADS Categorized in Different PSA Levels.

Score of
PI-RADS

PSA 0.01–4.00 ng/ml PSA 4.01–10.00 ng/ml PSA >10.00 ng/ml PSA unknown Whole

Total Biop-
sied*

PCa** Total Biop-
sied*

PCa** Total Biop-
sied*

PCa** Total Biop-
sied*

PCa** Total Biop-
sied*

PCa**

1 66 10 0 167 54 3 139 65 2 34 2 0 406 131 5

2 36 5 0 58 18 2 35 19 1 6 0 0 135 42 3

3 16 8 2 36 16 7 53 33 17 4 1 0 109 58 26

4 10 4 1 57 31 21 110 88 64 1 0 0 178 123 86

5 4 4 3 27 23 22 250 204 194 4 1 1 285 232 220

Total 132 31 6 345 142 55 587 409 278 49 4 1 1113 586 340

MP-MRI: multiparametric magnetic resonance imaging; PI-RADS: Prostate Imaging Reporting and Data System; PSA: prostate specific antigen; PCa:

prostate cancer.

* Only patients with biopsy within three months after prostate MP-MRI were included.

** Only patients, who were pathologically diagnosed with PCa by biopsy within three months after prostate MP-MRI, were included.

For 582 patients with baseline PSA level included for analysis, diagnostic efficacy of MP-MRI for the detection of PCa is presented in Table 4. Each

groups showed excellent area under the curve (AUC) (0.88–0.91), suggesting obviously clinically relevant predictive characteristics. Also, MP-MRI

showed a very high sensitivity (90.9%-100.0%) and excellent NPV (93.1%-100.0%) in each groups.

doi:10.1371/journal.pone.0130207.t003
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Fig 3. Kaplan-Meier Curves of Cumulative Detection Rate of PCa with MP-MRI in Groups Stratified by PI-RADS for the Entire Cohort (Panel 3A) and
the Cohort Categorized in Different Baseline PSA levels (Panel 3B-3D). PCa: prostate cancer; MR-MRI: multiparametric magnetic resonance imaging;
PI-RADS: prostate imaging reporting and data system. PSA: prostate specific antigen.

doi:10.1371/journal.pone.0130207.g003

Table 4. Diagnostic Performance of MP-MRI with PI-RADS.

PSA 0.01–4.00 ng/ml PSA 4.01–10.00 ng/ml PSA >10.00 ng/ml

AUC of the ROC curve 0.88 (0.75–1.00) 0.90 (0.84–0.95) 0.91 (0.87–0.94)

Sensitivity, % (95% CI) 100.0 (100.0–100.0) 90.9 (83.3–98.5) 98.9 (97.7–100.0)

Specificity, % (95% CI) 60.0 (40.8–79.2) 77.0 (68.2–85.9) 61.83 (53.5–70.2)

PPV, % (95% CI) 37.5 (13.8–61.2) 71.4 (60.9–82.0) 84.6 (80.7–88.5)

NPV, % (95% CI) 100.0 (100.0–100.0) 93.1 (87.2–98.9) 96.4 (92.5–100.0)

Accuracy, % (95% CI) 67.7 (51.3–84.2) 82.4 (76.1–88.7) 87.0 (83.8–90.3)

MP-MRI: multiparametric magnetic resonance imaging; PI-RADS: Prostate Imaging Reporting and Data

System; PSA: prostate specific antigen; AUC: areas under the curve; ROC: receiver operating

characteristic; CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value.

doi:10.1371/journal.pone.0130207.t004
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Patients with Score 5 of PI-RADS
Totally, score 5 of PI-RADS were diagnosed in 285 patients (Fig 4). At the end of follow-up,
283 of 285 patients (99.3%) were diagnosed with PCa. Eleven of 14 patients with negative initial
biopsy within three months were pathologically diagnosed with PCa by repeat biopsy and 2 pa-
tients were diagnosed with PCa by clinical comprehensive analysis. The rate of PCa detection
at TRUS-guided repeat biopsy was 100.0% (11/11).

Patients with Negative Initial Biopsy and Final Diagnosis of PCa
Of 1113 patients, 51 patients with negative initial biopsy results were finally diagnosed with
PCa. Score 1–2 and score 3–5 were 14 (27.5%) and 37 (72.5%), respectively. There was no sig-
nificant difference in age or baseline PSA level between two groups (p = 0.50). However, the av-
erage number of biopsies times of group score 3–5 was significantly less than that of group
score 1–2 (p = 0.01). Meanwhile, the median delay between the final diagnosis of PCa and

Table 5. Risk Factors of the Detection Rate of PCa Analyzed by Cox Proportional Hazard Regression Model.

Variable Unadjusted model Adjusted model

Events, no. HR (95% CI) p value HR (95% CI) p value

Age (per 1 yr) 509/1113 1.04 (1.03–1.05) <0.001 1.01 (1.00–1.02) 0.27

Baseline PSA level (ng/ml)

0.01–4.00 (13%) 12/132 1 (reference) 1 (reference)

4.01–10.00 (32%) 102/345 3.59 (1.97–6.53) <0.001 2.54 (1.40–4.63) 0.002

>10.00 (55%) 388/587 10.81 (6.08–19.22) <0.001 4.42 (2.46–7.94) <0.001

Score of PI-RADS

1–2 (49%) 44/541 1 (reference) 1 (reference)

3 (10%) 53/109 7.24 (4.85–10.80) <0.001 6.43 (4.29–9.65) <0.001

4–5 (41%) 412/463 25.09 (18.23–34.54) <0.001 18.58 (13.36–25.84) <0.001

PCa: prostate cancer; HR: hazard ratio; CI: confidence interval; PSA: prostate specific antigen; PI-RADS: Prostate Imaging Reporting and Data System.

doi:10.1371/journal.pone.0130207.t005

Fig 4. Findings of patients with score 5 of PI-RADS during follow-up period. PI-RADS: Prostate Imaging Reporting and Data System; MR-MRI:
multiparametric magnetic resonance imaging; PCa: prostate cancer.

doi:10.1371/journal.pone.0130207.g004
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MP-MRI in patients with score 3–5 was 24.0 months, which was shorter than patients with
score 1–2 (42.5 months) (p< 0.01).

Discussion
According to 2013 European Association of Urology guidelines [3], the main tools to diagnose
PCa include DRE, PSA, and TRUS-guided biopsy. However, a quantity of problems remain
with the current PCa diagnostic pathway [11]. It results in over-diagnosis and over-treatment
while missed diagnosis also occurs [12,13]. Avoiding unnecessary biopsies without missing
PCa depends largely on the accurate detection of PCa [14].

Recently, several studies reported that advances in MRI made it a promising role in the de-
tection of PCa, with a multiparametric approach and a unified scoring system [15–17]. Howev-
er, with biopsy results as reference standard, these studies still have the problem of the intrinsic
limitation of negative biopsies, as biopsy results can not exclude the risk of PCa [18]. Further-
more, no follow-up data were obtained to evaluate possibly missed biopsies in these studies
[18]. Rosenkrantz et al. reported a study with whole-gland pathology as reference standard
[19]. However, this study population leads to high concerns regarding applicability, as radical
prostatectomy only applies to part of patients with PCa. To eventually realize MP-MRI into the
real-life setting as a diagnostic tool, it should be validated in prospective trials and suitable for
general population [9].

To our knowledge, our study is the first to evaluate the diagnostic and predictive role of
MP-MRI for PCa with a long-term follow-up. Patients with negative pathology results were fol-
lowed with repeat examinations of DRE, PSA, TRUS and MRI, according to urologists’ choice
based on individual patient condition. To increase the reliability of final diagnosis of non-PCa,
we excluded patients with the diagnosis of non-PCa based on follow-up less than 48 months,
which majorly led to the significant difference in PSA and PI-RADS scores between patients in-
cluded and excluded.

In our study, excellent NPV (93.1%-100.0%) was presented in each group in our study. The
ability to predict with high confidence the absence of PCa (NPV) would control the number of
unnecessary biopsy times. Especially for patients with PSA 0.01–4.00 ng/ml, a non-negligible per-
centage has PCa [20–21], which is difficult to detect early [22]. However, excellent sensitivity
(100.0%) in this crowd was achieved with MP-MRI, which would decrease the missed diagnosis
rate of PCa. But, the high sensitivity and NPV (100.0%) in this cohort may be caused by the limit-
ed sample size, which was one of the limitations in our study. The meta-analysis reported by
Hamoen et al. showed a pooled sensitivity of 88% (95% CI, 82–93) and specificity of 45% (95%
CI, 27–65) in studies using an overall 5-point PI-RADS scale with a threshold of 3 [18]. Our study
showed a higher sensitivity (90.9%-100.0%) and specificity (60.0%-77.0%) in each group, which
may associate with the exclusion of patients with non-PCa and follow-up less than 48 months.

Our study showed that even at the 5-year the detection rate of PCa was 1.0%, 5.8% and 9.6%
in patients with baseline PSA 0.01–4.00 ng/ml, 4.01–10.00 ng/ml and>10.00 ng/ml, respective-
ly. For patients with score 1–2, the clinicians may consider to choose a more refined diagnostic
pathway by taking clinical monitoring with PSA level, DRE, TRUS and MP-MRI as further
measurement instead of TRUS-guided biopsy directly. This clinical management could im-
prove the positive rate of biopsy while reducing the biopsy complications.

Higher score of MP-MRI was independently associated with a greater risk of the detection
of PCa, which goes along to the findings of previous studies [23–25]. Especially, for patients
with score 5 of PI-RADS, 99.3% (283/285) was finally diagnosed with PCa and 100.0% (11/11)
of patients with repeat biopsy were pathological diagnosed with PCa. While for patients with
negative initial biopsy, our study showed that PCa was more likely to be detected with less
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number of biopsies and shorter time after prostate MP-MRI in score 1–2 than score 3–5.
Therefore, although patients with negative initial biopsy results, the clinicians still should
maintain active vigilance against PCa when patients with score 4–5 of PI-RADS, especially
with score 5.

A couple of limitations of our study warrant mention. A primary limitation was that our
MP-MRI data were obtained over a long period of time (2002–2009). At present, MRI at 3 T
with the combination of T2WI, DWI and DCEI is often considered state of the art. Although
now at our institution these advanced techniques have already been part of the standard pros-
tate MRI protocol, at the time this study was designed and initiated (2002), these multipara-
metric imaging had not been proposed and widely introduced into clinical practice. Of note,
1.5 T MR scanner still makes up most of the newly installed MRI units in China. The overall
scores of MP-MRI were interpreted based on PI-RADS version 1 in our study. A new version,
PI-RADS version 2, was proposed by American College of Radiology (ACR) in December 2014
[26]. PI-RADS version 2 was building and updating upon the foundation of version 1. Howev-
er, it still needs to be validated by numerous studies in the future. Finally, the analysis was
based on the overall prostate as a unit, which is also one of the limitations.

Conclusion
With the development of MP-MRI and the scoring system (PI-RADS), MP-MRI shows excel-
lent diagnostic efficacy and prediction ability of PCa. Prebiopsy MP-MRI with PI-RADS has
potential to be a valuable diagnostic and predictive tool for PCa.
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