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PURPOSE

The present study aims to evaluate whether perfusion parameters in prostate magnetic resonance
imaging (MRI), ®®Ga-prostate-specific membrane antigen (PSMA) positron emission tomography
(PET)/computed tomography (CT), prostate-specific antigen (PSA), and PSA density can be used to
predict the lesion grade in patients with prostate cancer (PCa).

METHODS

The study included a total of 137 PCa cases in which 12-quadrant transrectal ultrasound-guided
prostate biopsy (TRUSBx) was performed, the Gleason score (GS) was determined, and pre-biopsy
multiparametric prostate MRI and ©®Ga-PSMA PET/CT examinations were undertaken. The patient
population was evaluated in three groups according to the GS: (1) low risk; (2) intermediate risk; (3)
high risk. The PSA, PSA density, pre-TRUSBx ©®Ga-PSMA PET/CT maximum standardized uptake val-
ue (SUV_ ), perfusion MRI parameters [maximum enhancement, maximum relative enhancement,
TO (s), time to peak (s), wash-in rate (s'), and wash-out rate (s')] were retrospectively evaluated.

RESULTS
There was no significant difference between the three groups in relation to the PSA, PSA density,
and ©¥Ga-PSMA PET/CT SUV__ (P > 0.05). However, the values of maximum enhancement, max-

max

imum relative enhancement (%), TO (s), time to peak (s), wash-in rate (s'), and wash-out rate (s)
significantly differed among the groups. A moderate positive correlation was found among the
prostate volume, PSA (r = 0.490), and ®®Ga-PSMA SUV__ (r = 0.322) in the patients. The wash-out
rate (s') and wash-in rate (s') had the best diagnostic test performance (area under the curve:
89.1% and 78.4%, respectively).

CONCLUSION
No significant correlation was found between the ©®Ga-PSMA PET/CT SUV__ and the GS. The wash-

max

out rate was more successful in estimating the pretreatment GS than the “®Ga-PSMA PET/CTSUV,__ .

KEYWORDS
©®Ga-PSMA PET/CT, prostate perfusion MRI, wash-out rate, wash-in rate, PSA, PSA density

he prostate-specific antigen (PSA) and digital rectal examination are the most common-

ly used parameters in the early diagnosis and screening of prostate cancer (PCa)."? The

Gleason score (GS) is globally the most widely used and accepted pathology staging cri-
terion in determining the prostate adenocarcinoma tumor grade. This score is also associated
with the prognosis of PCa.>*

The Prostate Imaging-Reporting and Data System (PI-RADS) version 2.1 is based on the
contrast enhancement of lesions, diffusion-weighted imaging (DWI) findings, and T2-weight-
ed signal characteristics.>® Dynamic contrast-enhanced (DCE)-magnetic resonance imaging
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(MRI) is a technique used to measure perfu-
sion, blood flow, and tissue vascularity by ex-
amining the signal generation curve of the tis-
sue.” Quantitative DCE-MRI (as seen in the Tofts
model),® assumes two chambers represent-
ing the extravascular extracellular space and
blood plasma in the examined tissue to pro-
vide absolute and, therefore, more objective
values for perfusion. Semi-quantitative param-
eters that can be obtained using DCE-MRI can
be derived from the signal intensity curve and
subsequently calculated.*® These parameters
are the maximum enhancement, maximum
relative enhancement, TO (s), time to peak (s),
wash-in rate (s7), and wash-out rate (s7).>"

Molecular PCa imaging is a useful tool for
systematic evaluation in tumor biology."
In their study, Demirci et al.”? showed (1) a
correlation between the “®Ga-prostate-spe-
cific membrane antigen (PSMA) maximum
standardized uptake value (SUV ) and
the tumor grade, and (2) that intraprostatic
accumulation sites may be capable of pre-
dicting clinically significant cancer, giving it
the potential to serve as a target for biopsy
sampling together with multi-parametric
MRI (mpMRI) in selected patients. Kwan et
al.’® retrospectively compared the final pa-
thology results of radical prostatectomy (RP)
cases with positron emission tomography
(PET)/computed tomography (CT) results.
According to the results obtained in the
study, the International Society of Urologi-
cal Pathology (ISUP) grade group from the
final RP was predicted using the SUV__; this
was also true to a lesser extent in PSA and
the maximal dimension of PET-avid lesions.
The SUV__ monotonically increased in the
ISUP grade group.'® In their retrospective
study, Donato et al." showed that ©“®Ga-PS-
MA PET/CT was successful in predicting the
cancer grade after MRl and prostate biopsy.

* A moderate positive correlation was found
between the prostate volume and “®Ga-pros-
tate-specific membrane antigen (PSMA) max-
imum standardized uptake value (SUV_ )
values.

* Prostate-specific antigen and ©Ga-PSMA
SUV_ values were affected by prostate vol-

ume.

* Semi-quantitative dynamic contrast-en-
hanced (DCE)-magnetic resonance imaging
(MRI) data were successful in predicting the
extent of intraprostatic tumor lesions.

* The most valuable parameter in predicting
Gleason grade among the DCE-MRI param-
eters was the wash-out rate, followed by the
wash-in rate.

The present study aimed to investigate the
performance of the PSA, PSA density, ©®Ga-PS-
MA PET/CT, and perfusion MRI values as the
most commonly used PCa diagnostic methods
in cancer grade prediction.

Methods

Patient selection and study design

The present study was conducted in
full accordance with the guidelines of the
Declaration of Helsinki, revised in 2000 in
Edinburgh. Approvals for the study were
obtained from the Ethics Committee of
University of Health Sciences Turkey, Adana
City Training and Research Hospital and the
Turkish Ministry of Health (2022/2115). The
requirement for informed consent from the
patients was waived due to the retrospective
nature of the study.

In this study, a total of 207 patients with
PI-RADS 4-5 lesions detected using prostate
mpMRI examinations, performed between Jan-
uary 2018 and August 2022, were identified.
Transrectal ultrasonography-guided 12-quad-
rant prostate biopsy (TRUSBx) was performed
by urologists and interventional radiologists,
and GSs were determined. Patients who under-
went prostate mpMRI, ®®Ga-PSMA PET/CT, and
serum PSA examinations before biopsy were
included in the study. First, PI-RADS categori-
zation was performed for all patients included
in the study; next, quantitative perfusion meas-
urements from DCE-MRI sections of PI-RADS
4-5 lesions were made (Table 1).

The inclusion criterion was as follows: pa-
tients with a GS of =6 without extracapsular
extension.

The exclusion criteria were as follows: (1)
Patients without ©®Ga-PSMA PET/CT or PSA
examinations; (2) patients with a history of
prostate surgery or pelvic radiotherapy; (3)
patients with insufficient pathology result
material; (4) patients without non-adenocar-
cinoma according to the pathology report;
(5) patients with poor MRI quality; (6) pa-
tients with suspected extra-prostatic exten-
sion in mpMRI; (7) patients with unavailable
biopsy results; (8) patients without pre-biop-
sy mpMRI (Figure 1).

A total of 137 patients met the study crite-
ria and were eligible for evaluation.

Due to the older age of the patients and
the low urooncology cooperative group per-
formance, there were few cases of RP. There-
fore, transrectal ultrasound-guided prostate
biopsy results were included in the study in-
stead of RP diagnoses.

The PSA density was obtained by dividing
the PSA value by the prostate volume. In the
calculation of prostate volume, the following
formulas were applied: (1) ellipsoid volume =
length x width x height x 71/6, and (2) bullet
(cylinder + half ellipsoid) volume = length
x width x height x 5m1/24.">'¢ Depending
on the shape of the lesion measured, either
an ellipsoid or bullet volume measurement
method was used.

The grading guidelines for PCa were is-
sued by the ISUP, based on a consensus con-
ference held in 2014." Prostate grading was
divided into five separate groups. However,
in some oncology studies, certain subgroups
were combined and examined as three
groups according to tumor aggressiveness

Table 1. Median (min-max) values of the parameters evaluated in the study

Age

©®Ga-PSMA SUV.__

PSA (ug/L)

PSA density (ng/mL?)

Prostate volume (cm?)

Maximum enhancement

Maximum relative enhancement (%)
TO (s)

Time to peak (s)

Wash-in rate (s™)

Wash-out rate (s™)

Gleason score (radical prostatectomy)

Gleason score (biopsy)

Median (min-max)
69 (53-90)

6.72 (2.12-35.42)

7.71 (0.79-36.22)

0.17 (0.01-0.55)

44 (14-124)

987.32 (145.81-2646.77)
114.04 (48.72-211.54)
30.25 (16.32-48.21)
51.33 (24.19-234.9)
9.18 (2.94-92.55)
5.12(0.15-31.26)
3(1-7)

2(1-7)

min, minimum; max, maximum; PSMA, prostate-specific membrane antigen; SUV__, maximum standardized uptake

value; PSA, prostate-specific antigen.
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and recurrency risk.**9'3 In the present study,
the number of patients in the three groups
was determined according to the GSs to
achieve homogeny: (1) GS: 3 + 3, low/very
low risk (group 1); (2) GS: 3 + 4 or 4 + 3, inter-
mediate risk (group 2); (3) GS: 8-10 high/very
high risk (group 3) (Table 2).

MRI acquisition

Imaging was performed using a 3-Tesla
scanner (Ingenuity; Philips Healthcare, the
Netherlands) with a body-parallel array coil
(SENSE Torso/cardiac coil; USA Instruments,
Gainesville, FL, USA). The MRI sequences
comprised essential T2-weighted images in
three planes and DWIs. For contrast enhance-
ment, 0.1 mmol/kg of gadobutrol (Gadovist,
Bayer Schering Pharmaceuticals, Mississau-
ga, Canada) was injected through the ante-
cubital vein at a rate of 3.0 mL/s, followed
by 30 mL normal saline flushing at the same
injection rate. The acquisition parameters of
the MRI protocols are provided in Table 3.

Acquisition of “®Ga-PSMA PET/CT

After the preparation and quality control
of the radiotracer, all the patients received
113-384 MBq (mean: 215.3 + 67.2 MBq, <2
nmol PSMA ligand) of “®Ga-PSMA-11 accord-
ing to the yield of radiolabeling. Whole-body
images were captured with a radiotracer
using a PET/CT scanner (Ingenuity; Philips
Healthcare, the Netherlands) at 40-60 min-
utes after injection. The patients were placed
on the scanner table in a supine position, and
a CT transmission scan without intravenous
contrast enhancement was acquired using a
low tube current (130 kVp, 48-76 mAs), 4.0
mm slice thickness, 0.6 s gantry rotation, and
6 x 3 mm collimator width. Then, PET emis-
sion scanning was performed for 3 min per
bed position, with the identical transverse

Table 3. Multiparametric examination protocol

Patients with
PI-RADS 4-5 lesions on

prostate mpMRI

Patients excluded from the study (n=70)
+  Without pre-biopsy mpMRI (n = 5)

+ Without pre-biopsy “®Ga-PSMA PET/CT (n =18)
+ Without pre-biopsy PSA examinations (n = 2)

« Suspected extraprostatic extension in mpMRI (n = 16)

Unavailable biopsy results in our center (n = 4)

History of prostate surgery or pelvic radiotherapy
(n=17)

Unsufficient material in the pathology report (n = 4)
Non-adenocarcinoma according to the pathology report
(n=4)

Poor MRI quality (n = 3)

Evaluated patients

(n=137)

Figure 1. The initial overall number of patients, together with the number of patients included in the study,
is demonstrated. The number of patients excluded from the study and exclusion criteria of the study are
shown. mpMRI, multi-parametric magnetic resonance imaging; PSMA, prostate-specific membrane antigen;
PET, positron emission tomography; CT, computed tomography; PI-RADS, Prostate Imaging-Reporting and

Data System.

Table 2. Distribution of patients according to the Gleason score

Group

Gleason score, low risk
Gleason score, intermediate risk
Gleason score, high risk
Gleason score

343

3+4

4+3

444

445

5+4

5+5

Frequency (n) Percentage (%)

36 26.28
50 36.50
51 37.22
36 26.28
36 26.28
14 10.21
25 18.25
17 1241
5 3.65

4 292

Parameter T2-weighted axial/coronal/sagittal DWI axial Pre-contrast ~ Dynamic contrast- Post-contrast T1
T1 FFE axial enhanced T1 FFE axial SPIR axial

TR (msec) 3.500/3.600/4.300 43 10.0 5.5 5243

TE (msec) 100/110/110 86 1.6 1.2 9.0

Slice thickness (mm) 3 3 4 4 3

Interslice gap (mm) 0.3 0.3 0 0 0

Matrix size 316 x 272/308 X 272/316 x 255 (respectively) 120x 118 216 x 166 216 x 166 308 x 266

Flip angle (degree) - - 5/15 10 -

FOV (mm X mm) 220 x 220 180 x 180 300 x 300 300 x 300 220 x 220

b values (s/mm?) - 0,600,1500 - - -

Number of slices 30/30/26 30 24 39 30

AUl 2 min 15 sec/2 min 24 sec/2 min 25 sec 7 min 9 sec 10sec/11sec 4 min 13 sec 2 min 26 sec

(minute/second)

DWI, diffusion-weighted imaging; SPIR, spectral pre-saturation with inversion recovery; FFE, fast-field echo; TR, repetition time; TE, echo time; FOV, field of view.
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field of view in the caudocranial direction.
The visual analysis included four-point cer-
tainty scoring (definitely negative, equivocal:
probably negative, equivocal: probably pos-
itive, and definitely positive), as well as the
evaluation of the anatomic site and lesion
size. Semi-quantitative analysis was under-
taken using the SUV_ . Due to the retrospec-
tive nature of the study, SUV__ measure-
ments were retrospectively reproduced by
the nuclear medicine specialist included in
the study; the specialist who performed the
measurements was blinded to all remaining
information.

MRI evaluation

Lesions included in the study were pri-
marily evaluated in DWI and T2-weighted
MRI sequences according to the PI-RADS
version 2.1 guidelines, and semiquantitative
measurements were obtained from the per-
fusion sequence of the lesions with PI-RADS
4-5 scores (Figures 2, 3). The images were
confirmed by the ©®Ga-PSMA PET/CT exam-
ination. There were mismatches between the
two tests of 11 patients; these patients were
excluded from the study.

For the measurements, all the images ob-
tained from the software were used. Regions
of interest (ROIs) were defined as areas with
an abnormal signal on MRl images and were

manually drawn. The ROIs were inputted us-
ing the oval-shaped function. Using these
ROIs, the time-intensity curve and time-to-
peak values were automatically generated.
These images were evaluated on a worksta-
tion (Intelli Space Philips, the Netherlands).
The following perfusion parameters were
evaluated: (1) maximum enhancement; (2)
maximum relative enhancement; (3) TO (s);
(4) time to peak (s); (5) wash-in rate (s); (6)
wash-out rate (s'). Maximum relative en-
hancement was obtained as follows: maxi-
mum signal difference (MSD)/signal baseline
(SB), where MSD is the difference between
the signal intensity at its maximum and SB
(Figures 2, 3). The TO (s) was calculated as
the time elapsed until the contrast agent
appeared on the vessel wall. Semi-quantita-
tive DCE-MRI was exploited to achieve the
parameters of maximal enhancement, max-
imal relative enhancement, TO, time to peak,
wash-in rate, wash-out rate, brevity of en-
hancement, and area under the curve (AUC).
The TO was defined as the baseline duration
of the curve (sec). The time to peak (s) was
defined as the time elapsed between the ar-
terial peak enhancement and the end of the
steepest portion of enhancement; the wash-
in rate was determined as the maximum
slope between the time of onset of contrast
inflow and the time of peak intensity, and the

wash-out rate was determined as the fitted
line slope between the start of the wash-out
and the end of the measurement. Maximum
enhancement was defined as the difference
between the maximum signal intensity of a
pixel over all dynamics and the signal inten-
sity of the same pixel in the reference dynam-
ic. The relative maximum enhancement was
defined as the maximum signal intensity of
a pixel over all dynamics relative to the same
pixel in the reference dynamic: 0% indicated
the same signal intensity as the reference dy-
namic (%).

Statistical analysis

The data were analyzed using SPSS Statis-
tics version 25.0 (IBM Inc. Armonk, NY, USA).
Categorical measurements were summa-
rized as numbers and percentages and con-
tinuous measurements as a median (min-
max) where necessary. The Shapiro-Wilk test
was used to determine whether the parame-
ters in the study showed normal distribution,
the Dunn-Bonferroni test was used to de-
termine the source of the difference among
the groups, and the Kruskal-Wallis test was
used in the analysis of more than two groups
of parameters that did not show normal dis-
tribution.

Fleiss’ kappa (k) was used to evaluate
the agreement between TRUSBx and RP:

Figure 2. Peripheral zone with a PI-RADS 4 lesion, Gleason score 4 + 5, PSA: 5.72 ug/L, PSA-D: 0.23 ng/mL2. (a) DWI (b = 0,600,1500 s/mm?) shows a marked
hyperintense signal (arrow) above the background. (b) Apparent diffusion coefficient map reveals decreased signal intensity (arrow) in the lesion. (c, d) ®®Ga-
PSMA-11 PET/CT images show avid uptake of radiotracer, with a SUV__ of 9.95. (e, f) DCE-MRI time-intensity curve demonstrates a decline after initial up-slope
enhancement. TTP: 115.93 s'; wash-in rate; 58.28 s, wash-out rate; 17.94 s. PI-RADS, Prostate Imaging-Reporting and Data System; PSA, prostate-specific antigen;
DWI, diffusion-weighted imaging; PSMA, prostate-specific membrane antigen; PET, positron emission tomography; CT, computed tomography; SUV__, maximum
standardized uptake value; DCE, dynamic contrast-enhanced; MRI, magnetic resonance imaging.
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Figure 3. Peripheral zone with a PI-RADS 5 lesion, Gleason score 3 + 3, PSA: 6.84 ug/L, PSA-D: 0.21 ng/mL? (a) DWI (b = 0,600,1500 s/mm?) shows a marked
hyperintense signal (arrow) above the background. (b) Apparent diffusion coefficient map reveals decreased signal intensity (arrow) in the lesion. (c, d) “®Ga-
PSMA-11 PET/CT images show avid uptake of radiotracer, with SUV__ of 9.82. (e, f) DCE-MRI time-intensity curve demonstrates a decline after initial up-slope
enhancement. TTP: 59.4 s7; wash in rate; 49.03 s, wash out rate; 5.17 s™. PI-RADS, Prostate Imaging-Reporting and Data System; PSA, prostate-specific antigen;
DWI, diffusion-weighted imaging; PSMA, prostate-specific membrane antigen; PET, positron emission tomography; CT, computed tomography; SUV__, maximum
standardized uptake value; DCE, dynamic contrast-enhanced; MRI, magnetic resonance imaging.

(1) 0.01-0.20, non-significant; (2) 0.21-0.40,
weak; (3) 0.41-0.60, moderate; (4) 0.61-0.80,
good; (5) 0.81-1.00, very good."®

The sensitivity and specificity values of
the prostate volume (cm?®), maximum en-
hancement, maximum relative enhancement
(%), TO (s), time to peak (s), wash-in rate (s7),
and wash-out rate were calculated according
to the GS variable, and the cut-off values of
these parameters were determined by ex-
amining the receiver operating characteristic
(ROC) AUC. A ROC analysis was performed
to differentiate between patients with a GS
of 6 and two groups with a score of >7. The
cut-off value was calculated according to
these two groups using Youden’s index. The
Spearman correlation coefficient was used to
determine the relationship between contin-
uous measurements. Statistical significance
was defined as P < 0.050.

Results

There was no significant difference
among the three groups in terms of age,
PSA, PSA density, and ©¥Ga-PSMA SUV__
values (P > 0.05) (Table 4); however, there
were significant differences in the maximum
enhancement, maximum relative enhance-
ment (%), TO (s), time to peak (s), wash-in rate
(s"), and wash-out rate (s') values among
the groups. When the differences among
the groups were further examined using the

Dunn-Bonferroni test, it was observed that
the patients in group 3 had a higher prostate
volume (cm?) than those in group 1. The time
to peak (s) parameter had a lower mean val-
ue in group 3 compared with groups 1 and 2
(P <0.05). 1t was observed that the patients in
group 3 had higher maximum enhancement,
maximum relative enhancement (%), wash-
in rate (s'), and wash-out rate (s) values
than those in group 1 and group 2. The TO (s)
value was higher in group 1 than in groups 2
and 3. No significant difference was observed
among the groups concerning the remaining
parameters shown in Table 4 (P > 0.05).

The prostate volume had a moderate pos-
itive correlation with the PSA (r = 0.490) and
®¥Ga-PSMA SUV__ (r = 0.322) values and a
weak negative correlation with PSA density
(ng/mL?) (r = —0.251) (P < 0.001, P < 0.001,
and P = 0.003, respectively) (Table 5).

The AUC values of maximum enhance-
ment, maximum relative enhancement (%),
TO (s), time to peak (s), wash-in rate (s), and
wash-out rate (s7), evaluated according to
the GS variable, were determined as 65.3%,
65.8%, 71.9%, 72.1%, 78.4%, and 89.1%, re-
spectively, at their optimal cut-off values. Ac-
cordingly, the wash-out rate (s) had the best
diagnostic test performance (Table 6).

The diagnostic test performances of the
time to peak (s), wash-in rate (s7), and wash-
out rate (s') values, which had high AUC val-

max’

ues, are examined in Table 7. Accordingly, it
was determined that the value of the wash-
out rate (s') was stronger in predicting di-
agnostic test performance than the wash-in
rate (s') and the time to peak (s) (P = 0.005
and P =0.003, respectively) (Table 7).

The multivariate ROC curves of the inves-
tigated prostate perfusion MRI parameters
are shown in Figure 4 and Table 6.

The number of RP cases was small, but the
Kappa analysis agreement between the GSs
of TRUSBx and RP was obtained as 0.796, (P <
0.001) (Figure 5).

Discussion

The main purpose of this study was to
compare “®Ga-PSMA SUV__, DCE-MRI, and
PSA density values, which are the most-used
parameters for GS prediction in the literature.
Based on the information obtained in the
present study, DCE-MRI parameters, respec-
tively, the wash-out rate, wash-in rate, and
time to peak, were quite successful in pre-
dicting the GS; meanwhile, the ©®Ga-PSMA
SUV__and PSA failed to predict the GS.

In the current study, no correlation was
found between the PCa grade and the PSA;
however, a moderate correlation was ob-
served between the prostate volume and the
PSA. Recent studies that investigated wheth-
er the addition of prostate volume to the
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Table 4. Analysis of the investigated parameters according to the three patient groups, based on the Gleason score

Group 1 (low risk)
Median (min-max)

Age 69 (57-80)
©Ga-PSMA SUV. 5.34(2.18-31.84)
PSA (ug/L) 6.78 (0.87-20.7)
PSA density (ng/mL?) 0.16 (0.01-0.45)

Prostate volume (cm?3) 39.5(14-122)

Maximum enhancement

Maximum relative

enhancement (%) 98.49 (51.65-185.12)

TO (s) 34.28 (20.66-48.21)
Time to peak (s) 63.03 (36.12-234.9)
Wash-in rate (s)

7.12 (2.94-85.90)

Wash-out rate (s7) 3.13(0.15-5.54)

885.59 (145.81-1852.36)

Group 2 (intermediate risk) Group 3 (high risk) P Dunn-
Median (min-max) Median (min-max) Bonferroni test
68.5 (57-89) 70 (53-90) 0.777
6.35(2.41-35.42) 7.15(2.12-28.91) 0.178
7.40 (0.79-23.81) 8.60 (0.86-36.20) 0.186
0.165 (0.01-0.44) 0.17 (0.03-0.55) 0.717
1-2;P=0.412
44 (17-116) 55(14-124) 0.032 2-3;P=0.412
3-1; P=0.048
1-2; P=0.659
964.38 (351.12-1785.69) 1235.23 (512.85-2646.77) 0.001 3-1; P < 0.001
3-2; P=0.008
1-2; P=0.952
111.33 (48.72-201.33) 143.12 (68.45-211.54) <0.001 3-1; P < 0.001
3-2; P=0.008
1-2; P=0.011
30.43 (18.31-47.28) 28.22 (16.32-43.68) <0.001 1-3; P < 0.001
2-3;P=0.477
1-3.P=0.035
53.76 (24.19-210.19) 42.19 (24.51-137.80) <0.001 2-3; P=0.021
1-2; P=1.000
1-2; P=1.000
8.93 (4.26-43.19) 13.24 (6.56-92.55) <0.001 3-1; P=0.001
3-2; P=0.003
1-2; P=0.143
4.62(2.11-10.21) 8.87 (3.14-31.26) <0.001 3-1; P<0.001
3-2; P<0.001

min, minimum; max, maximum; PSA, prostate-specific antigen.

Table 5. Analysis of the correlation of prostate volume with PSA, PSA density, and ©®Ga-

PSMASUV

Prostate volume (cm?3)

r P
PSA (pg/L) 0.490 <0.001
PSA density (ng/mL?) —0.251 0.003
69Ga-PSMA SUV__ 0322 <0.001

PSMA, prostate-specific membrane antigen; SUV,__,
antigen.

PSA calculation could better distinguish false
from true positives showed that PSA density
supplied more information for biopsy de-
cisions than PSA alone. In tests performed
on different PSA density threshold levels
as predictors of PCa, a PSA density value of
0.15 remained the most accepted value for
distinguishing clinically significant diseases
from clinically insignificant diseases. Recent
literature studies showed that PSA density
had a high sensitivity in the diagnosis of PCa
in small (<50 mL) and medium-sized (50-75
mL) prostates; however, the sensitivity of this
parameter was significantly lower in large
(>75 mL) prostates.>”® In the current study,
the ability of PSA density to predict the GS
was evaluated, and it was determined to
have no significant value for this purpose.
The prostate volume of patients with a high

maximum standardized uptake value; PSA, prostate-specific

tumor grade was greater than in those with a
low tumor grade, suggesting that PSA densi-
ty might be misleading in PCa diagnosis.

The clinical use of ©®®Ga-PSMA PET/CT ap-
pears to have replaced CT; it also seems su-
perior to MRI in the detection of metastatic
diseases.” In addition, an increasing number
of studies advocate that ©“®Ga-PSMA PET/
CT is superior to mpMRI in detecting PCa.
However, there are also studies arguing that,
particularly in patients with a large prostate
volume, ®Ga-PSMA SUV__ increases PSMA
expression independently of the GS.?°?' In
the present study, it was observed that the
prostate volume and PSMA SUV__ values
had a moderate correlation; however, there
was no correlation between GS and the
PSMA SUV__ values of the lesions. Uprimny
et al.? reported that the tracer uptake in a
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primary tumor increases with the increase
in GS and PSA levels. They also analyzed the
GS and SUV__ values obtained from biopsy
samples, as in this study, but not from the fi-
nal results of all-gland pathology, based on
RP.22* However, in an immunohistochemical
study evaluating the correlation between
SUV__ values and PSMA expression in tissue
samples, it was shown that the tracer uptake
was directly related to the intensity of PSMA
expression. However, in the same study, it
was found that the tracer uptake did not
show the GS.* Donato et al." showed that
©8)Ga-PSMA PET/CT could predict the cancer
grade but was still less sensitive than pros-
tate mpMRI and prostate biopsy. It is neces-
sary to increase the number of histopatho-
logical examinations including correlation
analysis to determine whether the number
of tumor cells or tumor grade is more effec-
tive for increasing the PSMA SUV__ .

van Niekerk et al.?* reported that mi-
cro-vascularity increased as the lesion grade
increased in patients with PCa. DCE-MRI is an
important diagnostic method in the detec-
tion of focal PCa, as it increases the accura-
cy of the examination for the detection and
evaluation of intraprostatic tumor lesions.?’
The contribution of perfusion parameters
to the detection of intraprostatic lesions has
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Table 6. ROC analysis of the DCE-MRI parameters according to the Gleason score variable

Maximum Maximum relative TO (s) Time to peak (s)
enhancement enhancement (%)
AUC (s.e.) 0.653 (0.051) 0.658 (0.051) 0.719 (0.049) 0.721 (0.045)
(95% ClI) (0.566-0.732) (0.572-0.737) (0.636-0.792) (0.638-0.794)
Cut-off <1354.3 <132.67 >32.15 >51.32
Sensitivity % 97.2 833 72.22 88.89
(95% CI) (85.5-99.9) (67.2-93.6) (54.8-85.8) (73.9-96.9)
Specificity 27.7 45.54 72.28 63.37
(95% CI) (19.3-37.5) (35.6-55.8) (55.2-74.5) (53.2-72.7)
PPV % 32.1 353 42.6 46.4
(95% CI) (29.3-35) (30.2-40.7) (34.7-51) (39.5-53.4)
NPV % 96.4 88.5 86.8 94.1
(95% CI) (79.2-99.5) (78.2-94.3) (79.3-91.9) (86.3-97.6)
P 0.003 0.002 <0.001 <0.001

Wash-in rate (s™) Wash-out rate (s7)

0.784 (0.046) 0.891 (0.028)
(0.705-0.850) (0.826-0.938)
<8.59 <4.11

86.11 80.56
(70.5-95.3) (64-91.8)
73.27 86.14
(63.5-81.6) (77.8-92.2)
53.4 67.4
(44.8-61.9) (55.4-77.6)
93.7 92,6
(86.7-97.1) (86.4-96)
<0.001 <0.001

ROC, receiver operating characteristic; DCE, dynamic contrast-enhanced; MRI, magnetic resonance imaging; AUC, area under the curve; NPV, negative predictive value; PPV,

positive predictive value; Cl, confidence interval.
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Figure 4. Multivariate ROC curve analysis of quantitative prostate perfusion parameters on MRI. ROC,
receiver operating characteristic; MRI, magnetic resonance imaging.

been investigated in numerous studies.?®*
In one of the largest series of these studies,
Zhao et al.*> demonstrated that shortening of
the time to reach peak value in patients with
PCa was the most sensitive DCE-MRI parame-
ter. Ren et al.** indicated that DCE-MRI curves
increase the ability to distinguish benign tis-
sue from malignant prostate tissue, based on
T2-weighted imaging, and that the absence
of DCE-MRI causes some aggressive lesions
to be missed. Boesen et al.* showed that the
combination of measuring PSA density and
performing prostate mpMRI before biopsy
in patients with a GS of 7-10 increased di-
agnostic sensitivity and reduced the risks of
unnecessary biopsy procedures.

Chen et al.*' determined that the wash-
out value had a significant correlation with
GS in the evaluation of prostate tumor ag-
gressiveness. In a similar study, Vos et al.3?
reported that quantitative parameters and
semi-quantitative parameters, derived from
DCE-MRI using a 3.0 T device, could assist in
the evaluation of PCa aggressiveness in the
peripheral zone.

In the present study, the most valuable
parameter in predicting the tumor grade
among the DCE-MRI parameters was the
wash-out rate, followed by the wash-in rate.
In tumor biology, it is known that, as the
amount of non-differentiation increases, an-

giogenesis increases, and the microvascular
bed expands.’ Therefore, as the GS of a tumor
increases, the rates of non-differentiation
and angiogenesis also increase; this is repre-
sented by higher wash-out and wash-in rates
in DCE-MRI evaluation.®*3 It can be stated
that the correlation between angiogenesis
and the wash-out rate is more valuable than
the correlation between PSMA expression
and angiogenesis. However, further studies
involving multimodalities are required to
evaluate the correlation between angiogen-
esis and PSMA expression, as well as DCE-MRI
parameters.

An important aspect of this study is the
analysis of the lesions’ multimodal character-
istics. While DCE-MRI parameters reflect the
microvascular nature of lesions, the SUV__
indicates their PSMA concentration. Thus,
their combined evaluation contributes to a
comprehensive assessment of tumor status
and the selection of an appropriate treat-
ment plan.

There were limitations to the present
study.

(1) Kim et al.® reported that there was a
difference in the DCE-MRI semi-quantita-
tive parameters of lesions in peripheral and
transition zones, although this did not affect
the sensitivity of lesion detection. Ziayee et
al3* determined that perfusion parameters
and lesion detection rates were satisfactory
for lesions in the peripheral zone but sig-
nificantly reduced in those in the transition
zone. In the present study, the lesions were
not evaluated separately for the peripheral
or transition zone; this could be considered
a limitation.

Can the Gleason score be predicted in patients with prostate cancer? - 653



Table 7. Analysis of the diagnostic test performances of wash-out rate (s7), wash-in rate (s7), and time to peak (s)

Wash-out rate (s)

Wash-in rate (s)

Time to peak (s) p1 p2 p3

AUC (s.e) 0.891 (0.028) 0.784 (0.046) 0.721 (0.045)
95%-Cl (%) (0.826-0.938) (0.705-0.850) (0.638-0.794)
Cut-off <411 <8.59 >51.32
Sensitivity (%) 80.56 86.11 88.89
95%-Cl (%) (64-91.8) (70.5-95.3) (73.9-96.9)
o 86.14 73.27 63.37
0/ 0,
Specificity 95%-Cl (%) (77.8-92.2) (63.5-81.6) (53.2-72.7) 0.005 0.003 0.386
67.4 534 46.4
0/ 0,
ifziadlt) (55.4-77.6) (44.8-61.9) (39.5-53.4)
92.6 93.7 94.1
0/ 0,
NRTEAIIG) (86.4-96) (86.7-97.1) (86.3-97.6)
P <0.001 <0.001 <0.001

ROC curve test; p1, wash-out rate (s')-wash-in rate (s7); p2, wash-out rate (s”)-time to peak (s); p3, wash-in rate (s")-time to peak (s). ROC, receiver operating characteristic; AUC,
area under the curve; Cl, confidence interval; NPV, negative predictive value; PPV, positive predictive value.

(2) In the current literature, k _ , v, and
kep calculations are used to describe DCE-MRI
parameters. Although k correlates with
the initial slope (wash-in rate) of the time-
intensity curve, v, correlates with the peak
height and time to peak of the time-intensi-
ty curve; k_ controls the shape of the curve
(reflected in the relative contributions of its
independent components, K and v). The
authors of the present study were unable to
use these parameters, since no application
capable of calculating these values is avail-
able in hospital; this can be regarded as a
limitation concerning the integration of the
study with existing literature.

(3) In hospital, ®®Ga-PSMA PET/CT ex-
aminations are performed on PI-RADS 4-5

lesions or in cases with a distant metastasis
risk. Therefore, low PI-RADS category lesions
were not included in the study in the ab-
sence of ©®®¥Ga-PSMA PET/CT examinations.
This is accepted as a limitation due to the risk
of bias.

(4) We evaluated the 3 + 4 (intermediate
favorable) and 4 + 3 (intermediate unfavora-
ble) groups as a common group in order to
ensure a homogeneous distribution among
the patient groups.

(5) The small number of patients who un-
derwent RP is a limitation.

In conclusion, the semi-quantitative DCE-
MRI data, especially the wash-out rate, wash-
in rate, and time-to-peak values, are impor-
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tant diagnostic parameters for predicting the
grade of intraprostatic tumor lesions. There
was a moderate correlation between the
prostate volume and PSMA SUV__ values;
this may be a misleading factor for PSMA SU-
V__ prediction and GS determination.
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