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Background: To differentiate prostate cancer and benignprostatichyperplasia by
WAHPP (the whole lesion histogram analysis of the pharmacokineticparameters) of
dynamic contrast-enhancedMRI (DCE-MRI). Materials and Methods: Totally 62
patients with elevated prostate specific antigen (PSA) (> 4 ng/ml) were grouped as
prostate cancer (PCa) group (n=33) and benign prostatic hyperplasia (BPH) group
(n=29) based on transrectal ultrasound (TRUS)-guided random biopsy diagnosis and
their WAHPP- K"™" (constant is transferred from the blood plasma to the extracellular
Received: January 2021 extravascular (EE) space), Ke, (back into blood plasma at a steady rate from EE space),
Final revised: September 2021 Ve (EE volume fraction) and V,(fractional blood plasma volume) were compared.
Accepted: October 2021 Results: WHAPP shows the 5th percentile and entropy of K™
5"/10"/25"/50"/75"/90" /95" percentiles, mean value and entropy of Ke, 5%
percentile and uniformity of V., 5"/10"/25"/50"/75" percentiles, V, had a
considerably greater mean value and entropy in PCa than in BPH (p0.05). The 90th
percentile of Kep's maximum AUC (area under the curve) was 0.764, according to
receiver operating characteristic (ROC) study, the Youden index 0.5507, the sensitivity
75.76%, and the specificity 79.31%. Conclusion: K™", K, and V. of WHAPP canbe used
to quantify prostate DCE-MRI. The 90" percentile of Kep possibly will be the best
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INTRODUCTION

Prostate cancer (PCa) is one of the commonest
malignant cancer in the male reproductive system;
the disease is increasing year by year in China, and
the incidence rate is only lower than that of lung
cancer and colorectal cancer (1. Prostate specific
antigen (PSA) as one of the most effective clinical
biomarker has been widely used to screen for
prostate cancer. However, the specificity of PSA alone
is not satisfactory, especially in the so-called PSA grey
area, which has a specificity of only 25-40% (2). This
can lead to unnecessary treatment and increase
potential health risks and medical expenses.
Furthermore, the most common urinary system
disease in older men is benign prostatic hyperplasia
(BPH) 3. Although the clinical signs and symptoms of
PCa and BPH are similar, the treatment and prognosis
are quite different; therefore, accurate preoperative
assessment is very important for the patients’
treatment plan ().

Clinically, the simultaneous presence of benign
and malignant disease is observed quite often
(83.3%) and the clinical treatment decisions were
consistent regardless of whether prostate cancer

indicator for the differential diagnosis of malignant and BPH.

patients were associated with BPH or not G6). At
present, the diagnosis of benign and malignant
prostate lesions in patients with elevated PSA is
mainly dependent on ultrasound-guided puncture
biopsy. Because biopsy is an invasive examination,
patients are poorly tolerated, it can bring great
psychological burden to patients, and previous
studies have showed that to perform a biopsy only
based on elevated PSA can led to the increase of
unnecessary biopsies (up to 75%) (. Therefore,
evaluating the biological aggressiveness of prostate
lesions non-invasively is of great clinical importance.

Magnetic resonance imaging (MRI) with its high
soft tissue resolution, arbitrary plane and
multi-parameter imaging, without ionizing radiation,
etc, has been widely used in the preoperative
diagnosis of prostate diseases (1). Conventional T1
and T2 weighted imaging are often used for localizing
and staging prostate cancer, but their diagnostic
efficiency is low, which cannot meet the demand of
clinical requirement. Currently, T1 and T2 weighted
images are more often just used as an auxiliary tool,
mainly for providing location information before
TRUS guided biopsy (8.
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With the recent development of MRI techniques,
functional imaging, dynamic contrast-enhanced MRI
(DCE-MRI) and MRspectroscopy (MRS), has become a
good way to rule out high-risk PCa lesions. It can be
used as an auxiliary test for biopsy with PSA (11,
Among these techniques, DCE-MRI has gained more
and more attention for its value in the diagnosis of
early stage PCa noninvasively because it can aid in the
interpretation of T2ZW MRI and diffusion weighted
imaging (DWI) in the diagnosis of high-risk prostate
cancer and the status of postprostatectomy,
radiation, or focused ablation (12), Previous studies
usually use the average of pharmacokinetic
parameters (PKPs) to judge the perfusion lesions.
The cell density and vasculature structures are
markedly heterogeneous in the major tumors,
resulting in radiologic heterogeneity (13). A large
number of studies have attempted to extract
heterogeneity indicators from regions of interest
(ROI) using WAHPP (the whole lesion histogram
analysis of the pharmacokinetic parameters) to
reveal various biological characteristics of tumors
and enhance diagnostic abilities (1%16). However,
there are few reports on prostate cancer DCE-MRI
using WAHPP.

The goal of this study is to differentiate Pca
from BPH by using WAHPP of DCE-MRI and
demonstrate that the values of Ktrans (constant is
transferred from the blood plasma to EE space), Kep
(back into blood plasma at a steady rate from EE
space), Ve (extracellular extravascular volume
fraction) and V, (fractional blood plasma volume)
were considerably increased in PCa than in
patients with BPH.

MATERIALS AND METHODS

Patients

The institutional review board of the Institute of
Clinical Medicine, Gansu Provincial Hospital (No.
2016-089) authorized this retrospective study on
December 13, 2016. Between January 2014 to
January 2017, 122 patients with PSA>4 ng/ml were
referred for prostate MRI before biopsy from the
department of urology at Gansu Provincial Hospital.
The inclusion criteria were: (a) age between 40 and
75 years; (b) no evidence of PSA increase by
noncancerous factors, such as urinary infection,
prostatitis, bladder stones or previous prostate
biopsy. Of these patients, 60 patients were excluded
because of: (a) urinary infection, prostatitis, bladder
stones or previous prostate biopsy (n=7); (b)
DCE-MRI not performed because of poor health
(n=6); (c) underwent previous treatment including
hormone therapy or radiation (n=12); (d) imaging
with artifacts, rendering the examination no
diagnostic (n = 17); (e) no biopsy 6 weeks (n=18).

Standard 12-core TRUS-guided random biopsy using
18-gauge biopsy cut needles was performed in all
patients by two experienced urologists (8 and 15
years of experience at the start of this study,
respectively). The urologists were blinded to the MRI
results before TRUS-guided random biopsy. Finally,
the study included 62 patients with a mean age of
(60.66+13.38) years (range 41-87years). Of these 62
subjects, 33 patients were diagnosed with Pca
(containing patients with cancer presenting in the
prostate with BPH) with a Gleason score of 3+3 and
above, and the other 29 patients were diagnosed with
BPH (figure 1).

92 patients with elevated PSA (> 4 ng/ml)

Performed DCE-MRI and TRUS-guided RB (n=122)

Urinary infection,

N
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(n=17) <
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A 4
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| |
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Figurel. Flowchart of patient selection.

MRI techniques

All MRI studies were performed with a 3.0-T
MRI system (Magnetom skyra; Siemens Healthcare,
Erlangen, Germany) equipped with an 18-channel
phased-array body coil. All patients underwent
Multiparametric MRI (mp-MRI) examinations
including  transverse  T1l-weighed imaging,
triplanarT2-weighted turbo4spin echo imaging,
DW-MRI and DCE-MRI. The sequence parameters
are listed in table 1. DCE-MRI contained 35 scans
of about 8 second each. T1 mapping was
performed using a total of 2 flip angles (FAs) (2°
and 15°) and 3-dimensional spoiled gradient
recalled echo sequences for the contrast agent
concentration conversion. Two pre-contrast
phases were obtained before bolus injection, and
then Gd-DTPA (Omniscan; GE Healthcare Co., Ltd.,
Shanghai, China) was administered in a dose of 0.1
mmol/kg with a venous cannula for flow rate of3
ml/sec followed by a 20 ml saline flush.
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Figure 1. Modified Ondo Google Satellite Map Showin

g Zones of Sample Collection. Map data ©2017 Google (14)

TR/TE Slice thickness/Layer space, mm | Acquisition matrix |FOV, mm|Scan time Sequence
Axial TIWI 600/18 4/0.8 448x70% 28x28 1'56 TSE
Axial T2WI | 4020/68 4/0.8 448x75% 28x28 2'45 FS-TSE
Coronal T2WI| 4020/68 4/0.8 448x75% 28x35 1'45 TSE
Sagital T2WI | 4020/68 4/0.8 384x80% 28x28 1'45 TSE
Axial DWI 4400/85 4/0.8 192x85% 28x28 1'50 EPSE,b=0,800 s/mm2
DCE-MRI 5.08/1.77 3.6/0 192x80% 28x28 4'44 T1 VIBE;20 Slice/
phase;total 35 phases

MRI Image Post processing

The DCE-MRI images were analyzed blindly by 2
radiologists (with 5 and 8 years of experience with
abdominal MRI, respectively) by DCE-MRI
quantitative software package (Omni-Kinetics, GE
Healthcare). Tumors were segmented by plotting a
series of regions of ROIs at successive levels for each
lesion at the most enhanced phase, covering the
whole tumor where possible, but excluding vessels,
necrosis, cystic-appearing areas and calcifications by
referring to other sequence images. The PKPs were
analyzed based on the Extended Tofts model. The
arterial input function (AIF), an estimation of the
concentration-time profile of the tracer in a nearby
vessel, was obtained by placing a ROI on the
abdominal aorta. The parameters of Ktrans K, Ve and
V, were generated for each voxelwise ROIs defined
values. Various histogram metrics including mean
value, 5th/10th/25th/50th/75th/9(Qth/95th percentiles,
skewness, kurtosis, energy, entropy and uniformity
were calculated from the lesion segmentation.

Pathologic assay

The prostate tissue was positioned on a slide after
being embedded in paraffin, then all slices were
stained with hematoxylin-eosin and scanned using
the AperioSlide Scanning System (Scan Scope T3;
Aperio Technologies Inc, Vista, CA, USA) for
high-resolution digital images (0.25 Im/pixel at 40)
and they were interpreted by 2 experienced
pathologists jointly with virtual slides using Image
Scope viewing software (Aperio Technologies, Inc.)
and ahigh-resolution monitor. The time interval
between mpMRI and biopsy was in 1 month, with a
mean of 8 days.

Statistical analysis

SPSS 19.0 (IBM, NY, USA) or MedCalc 15.8
(MedCalc, Mariakerke, Belgium) were used for all
statistical analyses. After testing the normal
distribution with the Kolmogorov-Smirnov test, t test
or Wilcoxon-Mann-Whitney test were used to
compare PKPs between benign and malignant
prostate lesions. Receiver operating characteristic
(ROC) curves analysis was used to evaluate the
differential diagnostic performance of DCE-MRI
histogram metrics for PCa and BPH. A multivariate
logistic regression method was used to develop a
multi-metirc  discriminant model to improve
efficiency. The optimal sensitivity and specificity of

each histogram-derived PKPs were calculated based
on the Youden index (YI). P < 0.05 indicated statisti-
cally significant.

RESULTS

Patient demographics and histopathological
findings

Of total 62 patients, there were 33 PCa (53.2%)
and 29 BPH (46.8%) according to TRUS-guided
biopsy. The mean age of PCa group was 72 years
(range 60-88) while the average age of BPH group
was 71 years (range 60-85), which has no statistical
significance (P > 0.05).

Comparison of histogram parameters between PCa
and BPH

The 5th percentile and entropy values of Ktrans, the
5th/10th/25th/50th /75th /9Qth/95th  percentiles, mean
value and entropy of Ke, the 5t percentile and
uniformity of V., 5th/10th/25th/50th/75th percentiles,
mean value and entropy of V, were significantly
higher in Pcathan in BPH (p<0.05), and the kurtosis
and energy of Ktrans, skewness and kurtosis of Kep and
V, were considerably lower in Pca than in BPH
(P<0.05; table 2; figures 3-5).

Figure 2. A representative

imaging characteristics in a 69-

year-old male patient with PCa
(white arrow). (A) Contrasted
enhanced imaging shows a
markedly enhanced lesion in

= prostate, (B) Ktrans- imaging. (C)

Kep imaging. (D) Ve imaging. (E)
Vp imaging.
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Figure 3. A representative imaging characteristics in a 69-year
-old male patient with BPH (white arrow). (A) Contrasted
enhanced imaging shows a markedly enhanced lesion in

prostate. (B) Ktrans imaging. (C) Kep imaging. (D) Ve imaging.
(E) Vp imaging.

Figure 4. Showing the same patient
with prostate cancer in figure 2. (A)
polygon 2 in prostate shows edge of
the lesion that we have outlined ,
circle 3-5 shows the ROI of normal
tissue, (B) is the 3D-ROI of the
lesion, (C) ROI1 represents normal
tissue and ROI2 represents lesion.
(D) is the DCE-TIC of ROI1 and ROI2,
(E-H) shows the ROI of lesion
copied from A in Ktrans-imaging,
kep-imaging, Ve-imaging and
Vp-imaging. (1) is the pathological
picture of the patient (HEx100).

Rel enhancement

Figure 5. Showing the same patient
with prostate hyperplasia in figure
3. (A) polygon 2 in prostate shows
edge of the lesion that we have
outlined, circle 3-5 shows the ROI
of normal tissue, (B) is the 3D-ROI
of the lesion, (C) ROI1 represents
normal tissue and ROI2 represents
lesion. (D) is the DCE-TIC of ROI1
and ROI2, (E-H) shows the ROI of
lesion copied from A in
Ktrans-imaging, kep-imaging,
Ve-imaging and Vp-imaging. (1) is
the pathological picture of the
patient (HEx100).

Rel enhancement
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Table 2. Comparison of histogram parameters between PCa
and BPH (mean % SD).

Significance test
Variables Benign lesions Malignant
(?1=33) Iesionsg(n=29) P-value
Histogram K™
5th(min-1) 0.048+0.044 1.820+9.913 0.049
10th(min-1 0.073+0.057 1.978+10.631 | 0.112
25th(min-1 0.122+0.089 2.406+12.687 | 0.122
50th(min-1 0.195%0.139 2.872+14.768 | 0.126
75th(min-1 0.297+0.213 3.307+16.462 | 0.173
90th(min-1 0.422+0.315 3.742+18.006 | 0.129
95th(min-1 0.518+0.408 3.947+18.530 | 0.144
MeanValue 0.229+0.166 2.873+14.551 | 0.179
skewness 1.622+0.910 1.200+0.70 0.084
kurtosis 6.601+8.427 2.531+3.210 0.008
Energy 0.014+0.005 0.012+0.006 0.035
Entropy 6.508+0.479 6.812+0.444 0.015
uniformity 0.338+0.163 0.379+0.200 | 0.212
Histogram K.,
Quantile 5 0.065+0.100 0.207+0.149 0.001
Quantile 10 0.14140.125 0.301+0.187 | 0.001
Quantile 25 0.315%0.152 0.504+0.263 | 0.001
Quantile 50 0.542+0.190 0.820+0.354 0.001
Quantile 75 0.814+0.267 1.242+0.498 0.001
Quantile 90 1.137+0.415 1.738+0.696 | 0.000
Quantile 95 1.389+0.565 2.080+0.841 | 0.001
MeanValue 0.610+0.228 0.935+0.379 0.001
Skewness 1.695+0.093 1.158+0.703 0.730
kurtosis 10.530+8.638 2.482+3.560 | 0.137
Energy 0.019+0.012 0.019+0.022 0.008
Entropy 6.477+0.569 6.79610.491 0.024
uniformity 0.26110.210 0.329+0.18 0.212
Histogram V.
5th(min-1) 0.056+0.081 0.140+0.134 0.045
10th(min-1) 0.146+0.123 0.171+0.152 0.732
25th(min-1) 0.228+0.148 0.236+0.198 | 0.742
50th(min-1) 0.321+0.195 0.329+0.248 0.783
75th(min-1) 0.403+0.234 0.429+0.312 0.930
90th(min-1) 0.488+0.257 0.506+0.379 | 0.909
95th(min-1) 0.55340.265 0.559+0.425 | 0.682
MeanValue 0.352+0.203 0.380+0.283 0.030
Skewness 1.938+0.497 1.894+3.650 0.084
Kurtosis 14.406+24.861 29.854+62.422 | 0.298
Energy 0.023+0.018 0.036+0.054 0.541
Entropy 6.39710.790 6.086+0.868 0.409
Uniformity 0.383%0.305 0.544+0.294 | 0.003
Histogram V,
5th(min-1) |0.00006+0.000054|0.00024+0.00047| 0.008
10th(min-1) |0.00010+0.000109|0.00099+0.0032 | 0.007
25th(min-1) | 0.00027+0.00027 |0.00552+0.0157 | 0.006
50th(min-1) 0.0015+0.00206 0.020+0.044 0.003
75th(min-1) 0.011+0.011 0.0480+0.089 | 0.018
90th(min-1) 0.026%0.019 0.079+0.130 | 0.054
95th(min-1) 0.036+0.025 0.100+0.152 0.066
MeanValue 0.008+0.006 0.032+0.056 0.017
Skewness 3.515+2.76 2.582+1.935 0.041
Kurtosis 27.405+18.091 | 12.553+19.893 | 0.046
Energy 0.407+0.207 0.253+0.232 0.002
Entropy 3.398+1.332 4.574+1.744 0.004
Uniformity -1.267+1.323 -0.763+1.069 0.011

Calculated of time intensity curve (TIC) for the
lesion tissue

The calculated time Intensity Curve (TIC) curve of
lesion tissue showed that the enhancement rate of
both prostate cancer tissue and BPH tissue was
increased rapidly about 80 seconds after the injection
of contrast agent, with a higher contrast in the
normal tissue (figures 4 and 5). Then, the tumors
were segmented by drawing a series of ROIs on the
continuous levels for each lesion in the most

Ma et al. / Enhanced MRI used in prostatic lesion 495

enhanced phase (phase 10 or 11), covering the whole
tumor where possible but excluding visible necrosis,
vessels, cystic-appearing areas and calcifications by
referring to the scope of the lesion in ultrasound-
guided biopsy and other sequence images (figures 4A
and 5A), then the ROI was copied to the
corresponding penetration parameter diagram
(Figures 4E-4H and 5E-5H)), the ROIs of region in
every slice were merged into a 3D-ROI (Figures 4B
and 5B).

ROC analysis of histogram metrics

The ROC results for each histogram-derived
indicator were used to discriminate between
malignant and benign prostatic lesion were
presented in table 3: the kurtosis of Ktrans-highest
AUC value was of 0.698(0.566-0.830), YI of 0.365,
sensitivity and specificity of 69.8% and 57.6%,
respectively. The 90t percentile of Kep-highest AUC
was of 0.724 (0.241-0.966), YI of 0.551, sensitivity
specificity of 76.4% and 69.7%, respectively. The
uniformity of Ve-highest AUC value was of 0.655
(0.207-0.862), YI of 0.387, sensitivity specificity of
69.9% and 66.7%, respectively. However, the energy
of V, showed the highest AUC value of 0.931
(0.655-1.000) with a 0.420 YI, sensitivity was 72.9%
and specificity was 42.4 %.

Multivariate logistic regression analysis of the
histogram metrics

Multivariate logistic regression analysis showed
that AUCs of overall histogram metrics of Ktrans, Kep, Ve
and V, were 0.893 (95% CI, 0.826-0.947), 0.900
(95% CI, 0.837-0.955), 0.867 (95% CI, 0.769-0.922),
0.861 (95% CI, 0.798-0.923), respectively (figure 6).
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Specificity
Figure 6. Receiver Operating Characteristic (ROC) curves of
K™, Kep, Ve and V,, illustrating the performance of the
statistically significant difference parameters when distin-
guishing PCa from BPH.
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Table 3. ROC analysis of histogram-derived parameters in
differentiating malignant from benign prostate lesions.

Sensitivity|Specificity AUC Youden

(%) (%) index Cutoff value

Variables

Histogram
trans

S5th(min-1) | 63.64 68.97 ]0.646| 0.326 | 0.0464053

10th(min-1)| 60.61 68.97 [0.618]|0.2957| 0.0632157

25th(min-1)| 60.61 72.41 ]0.614|0.3302| 0.111483

50th(min-1)| 63.64 65.52 |0.613]0.2915| 0.172669

75th(min-1)| 72.73 51.72 |0.601]0.2445| 0.224641

90th(min-1)| 45.45 75.86 [0.612|0.2132| 0.600943

95th(min-1)| 48.48 75.86 |0.608|0.2435| 0.729246

Mean Value| 60.61 62.07 0.6 |0.2268| 0.195493

Skewness 63.64 65.52 [0.628(0.2915| 1.10853

Kurtosis 60.61 75.86 [0.698(0.3647| 1.66993

Energy 48.48 86.21 [0.656|0.3469|0.00943243

Entropy 51.52 86.21 |0.680.3772| 6.90119

Uniformity | 36.36 93.1 ]0.592|0.2947| 0.475887

Histogram
Kep

Quantile5 | 78.79 75.86 |0.752]|0.5465| 0.0802911

Quantile 10| 81.82 68.97 [0.747|0.5078| 0.144737

Quantile 25| 69.7 82.76 |0.747|0.5246| 0.395404

Quantile 50| 75.76 82.76 | 0.75]0.5852| 0.627301

Quantile 75| 69.7 82.76 |0.758|0.5246| 0.95783

Quantile 90| 75.76 79.31 |0.764|0.5507| 1.21596

Quantile 95| 72.73 75.86 |0.754/0.4859| 1.52207

Mean Value| 72.73 79.31 |0.754/0.5204| 0.662814

Skewness 84.85 34.48 ]0.526/0.1933| 1.61761

Kurtosis 81.82 3793 [0.61]0.1975]| 3.52379

Energy 63.64 82.76 |0.696|0.4639| 0.0112198

Entropy 72.73 62.07 [0.667| 0.348 | 6.64813

Uniformity | 42.42 89.66 |0.592(0.3208| 0.416625

Histogram
V,

e
5th(min-1) | 60.61 82.76 |0.665|0.4336| 0.0839478

10th(min-1)| 36.36 79.31 |0.527(0.1567| 0.220273

25th(min-1)| 51.52 62.07 |0.526/0.1358| 0.163323

50th(min-1)| 63.64 48.28 ]0.522|0.1191| 0.323242

75th(min-1)| 18.18 93.1 ]0.501|0.1129| 0.731027

90th(min-1)| 39.39 72.41 ]0.515|0.1181| 0.303803

95th(min-1)| 48.48 68.97 |0.538]0.1745| 0.447238

Mean Value| 42.42 72.41 ]0.513]0.1484| 0.216835

Skewness 51.52 62.07 |0.51]0.1358| 0.960908

Kurtosis 45.45 68.97 ]0.554|0.1442| 9.80086

Energy 66.67 48.28 ]0.546|0.1494| 0.0150516

Entropy 63.64 62.07 |0.599|0.2571| 6.35746

Uniformity 69.7 68.97 [0.699|0.3866| 0.521587

Histogram
V

p
5th(min-1) | 42.42 93.1 |0.696/0.3553]0.000104952

10th(min-1)| 42.42 93.1 |0.701]0.3553]0.000209903

25th(min-1)| 42.42 93.1 |0.703]0.3553]0.000524759

50th(min-1)| 51.52 89.66 [0.717|0.4117|0.00368001

75th(min-1)| 51.52 82.76 |0.678]0.3427| 0.0162758

90th(min-1)| 39.39 89.66 |0.643|0.2905| 0.0449458

95th(min-1)| 27.27 100 |0.636(0.2727| 0.0893808

Mean Value| 36.36 96.55 ]0.676/0.3292| 0.0186859

Skewness 45.45 89.66 |0.651]/0.3511| 1.55956

Kurtosis 45.45 89.66 [0.648|0.3511| 2.55465

Energy 45.45 96.55 [0.729]0.4201| 0.126708

Entropy 54.55 79.31 |0.712]0.3386| 4.48284

Uniformity | 42.42 93.1 |0.689|0.3553| 0.259359

Table 4. ROC analysis of combined histogram analysis.

Characteristics | AUC | p value | 0.95 confidence interval

Overall K™ HA [ 0.893 [ <0.0001 0.826-0.947
Overall Kep HA [ 0.900 | <0.0001 0.837-0.955
Overall V. HA |0.867 | <0.0001 0.769-0.922
Overall V, HA [0.861 | <0.0001 0.798-0.923

IAUC, area under the receiver operating characteristic curve. HA,

Histogram analysis.

DISCUSSION

PCa-DCE-MRI showed earlier and enhanced
enhancement, flushing contrast agents significantly
faster than normal or benign prostate tissue (17-19),
Our results showed that histogram metrics of
quantitative DCE-MRI parameters of Ktrans, K¢, Ve and
V, were significantly different between PCa and BPH.
This enhanced pattern is associated with tumor
angiogenesis, as malignant tumor angiogenesis
increases, and its up-regulated molecular pathway
increases vascular permeability factor or vascular
endothelial growth factor production and release.
These newly formed blood vessels have a higher
permeability than normal blood vessels because the
integrity of the blood vessel wall is weak (20-21), Qur
result indicated that Ve represented the EE space per
unit volume of tissue; malignant tumors generally
exhibited a lower V. than the benign lesions because
of higher cell density of malignant tumors. In general,
malignant tumor vessels are more abundant and
permeable than benign ones that lead to the higher
Ktrans' Kep and Vp (22-23),

However, only 5th percentile of V. was marginally
significantly higher in malignant PCa in our study,
which may be caused by the relatively small sample
size. Ktrans is more widely used to identify prostate
lesion types. However, it can be affected by
fluctuations in cardiac output and high blood
pressure. However, the K, is relatively independent,
while the AUC is the highest, with sensitivity and
specificity of 75.76% and 79.31%, respectively.
Therefore, it is not excluded that the 90th percentile
of Kep is the best indicator for distinguishing
malignant and benign lesions in quantitative
DCE-MRI. For all images studied with the mp-MR],
principal component analysis and orthogonal partial
least squares discriminant analysis (OPLS-DA)
revealed a clear difference between tumor and
healthy regions in the peripheral zone. When first
and second order statistics were merged, the
prediction ability of the OPLS-DA models improved
for all picture modalities (24).

Previous studies usually use the average of PKP to
assay the perfusion or permeability of the lesions
(20-23), However, it is well known that due to the
heterogeneity of prostate lesion signal intensity,
especially in the central gland, prostate cancer and
BPH have overlapping images (12). To address such
problem, there have been limited studies of WAHPP
used in prostate. Bao et al. suggested that histogram
analysis could help the differentiation of prostate
cancer lesions with DWI (25). Similarly, Zhang et al.
indicated that the histogram metrics of IVIM
parameters were related to Gleason grade of prostate
cancer. However, there were few reports on the
superiority of histogram analysis for WHAPP in
prostate lesions (26). Because most metrics can
distinguish between benign and malignant tissues
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with a ROI of 10 mm, Lai et al. confirmed that ROI 10
mm is the most acceptable size 27,

The WHAPP of the DCE-MRI obtained from
malignant prostate lesions differed considerably from
benign lesions in this investigation. The histological
features of malignant tumors can explain this result.
Tumor arteries in malignant lesions are more diverse
in size and disordered than those in benign lesions.
For example, in the aspect of histogram parameters,
entropy is a measure of textural irregularity that
shows how close an image is to a uniform
distribution of grey levels. Increased heterogeneity is
indicated by higher entropy and poorer homogeneity
(28,29). As was showed in our results, the entropy of
PCa exhibited the higher entropies of Ktrans, K, and
Vp, which corroborated the theory that malignant
tumors are more heterogeneous. The asymmetry
of a real-valued random variable's probability
distribution can be calculated by Skewness a
histogram (28). The PCa-V, skewness was lower than
that of the benign lesions, suggesting that more pixels
have higher V, value, thus shift the histogram to the
right side.

Furthermore, combined histogram metrics by
using multivariate logistic regression showed an
improved diagnostic performance for discriminating
PCa and BPH. AUC analysis suggested that Ktrans-5th
percentile (0.698), Kep- Quantile 90, (0.764), Ve-
uniformity (0.699) and Vp-Energy (0.729) were the
most representative parameters in the redundant
data, but their AUC values were less than 0.80. This
indicates that TPR and FPR still need to be taken into
account in the differential diagnosis of PCa, and
therefore it is recommended that the clinical
introduction of these parameters should be combined
with other tests for a comprehensive analysis.

Our study also had some limitations: 1. DCE-MRI
mainly thought scan the target lesions repeated
continuously to get the origin images, the results of
WAHPP from a continuous ROIs were delineated by
hand slice-by-slice; 2. DCE-MRI needs a high time
resolution which decreased the spatial resolution of
the image, resulting in unclear lesion marge to draw
the contour accurately, it is impossible to avoid the
bias and error of the study.

CONCLUSION

The available indicators for quantitative prostate
DCE-MRI include WHAPP-Ktrans, K¢, and Ve, of which
Kep-Quantile 90 may be the most excellent predictor
to distinguish malignant from BPH.
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