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Abstract. — OBJECTIVE: Prostate cancer di-
agnosis and treatment are increasing in current
public healthcare programs. An improved reso-
lution multiparametric magnetic resonance im-
aging (MRI) has shown the potential to enhance
the detection and differentiation of this medical
condition. In this study, MR perfusion parame-
ters were investigated in different ages and dis-
eases to differentiate clinically significant pros-
tate cancer.

PATIENTS AND METHODS: From January 2017
to December 2022, 72 consecutive patients, who
had undergone multiparametric MR imaging were
enrolled in this study. Four different patient groups
were formed: (1) those with prostate cancer, (2)
those with prostatitis, (3) those with benign prostate
hyperplasia (BPH), and (4) a control group. Quanti-
tative dynamic contrast-enhanced (DCE)-MRI phar-
macokinetic parameters included K , K_, V, and
iAUG. Different measurements were obtalned from
both the peripheral and transitional zones (PZ and
TZ, respectively). Means values were compared be-
tween groups based on a univariate analysis.

RESULTS: K and K o values in the PZ were
found to be statlstlcally significantly lower in the
control group (p = 0. 003 and p = 0. 011, respec-
tively). It was seen that K _and V, measurements
obtained from PZ had a statistically significant de-
terminant in detecting malignancy (p=0. 013 and p
=0. 036, respectively). It was seen thatK .,V ,and
iAUG obtained from the TZ showed a statlstically
significant difference in prostate cancer (p = 0.025,
p=0.005, and p=0. 011, respectively) in contrast to
other cases. Peripheral V, values were statistically
significantly lower than those measured V, values
from the TZ in prostate cancer cases (p = 0.002) in
contrast to the other cases.

CONCLUSIONS: Quantitative DCE-MRI pa-
rameters may vary according to age, disease,
and zonal anatomy. These differences may con-
tribute to the diagnosis of clinically relevant
prostate cancer.
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Introduction

Prostate cancer is the second most common cause
of death in men after lung cancer'. As the elderly
population increases, the incidence and treatment
rate of clinically significant prostate cancer will also
increase. Multiparametric magnetic resonance im-
aging (MRI) has led to improvements in the detec-
tion of clinically significant cancer. Dynamic con-
trast-enhanced (DCE) imaging is routinely used for
prostate examinations®®. Therefore, it is important
to use quantitative evaluation for the DCE-MRI.
Many studies***** addressing the evaluation of
prostate cancer with DCE-MRI are available®*>9-22,
However, overlaps in the separation of prostate can-
cer from normal prostate tissue can still be found.

DCE-MRI uses compartmental pharmacokinetic
models of tracer kinetics to describe the microscopic
processes that distribute contrast agent molecules be-
tween the vascular and extravascular spaces®. In the
literature, significant differences were found in terms
of K and K, values in the peripheral zone (PZ) in
cases of prostate cancer*>**%, However, conflicting
results for the transition zone (TZ) exist. Moreover,
these differences are reported to vary depending on
other prostate-related diseases, such as benign pros-
tate hyperplasia (BPH) and prostatitis™’.

This study aimed to investigate the changes
in DCE-MRI parameters according to age, zonal
anatomy, and patient groups, thus revealing the
benefits they will provide for the diagnosis of
clinically significant prostate cancer.
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Patients and Methods

Study Populations

Between 2017 and 2022, a total of 219 men
underwent examinations for suspicion of prostate
cancer because of elevated prostate-specific anti-
gen (PSA) levels. Histopathological evaluations of
80 patients diagnosed with prostate cancer were
screened. In this study, patients with prostate
cancer and at least 85% of tumoral tissue in their
prostate gland were included for histopathological
examination. Sixteen of these patients had diffuse
tumor tissue in all zones of the prostate as deter-
mined radiologically and pathologically (mean
age 73.0 years, range 67.0-82.0). Nineteen patients
(mean age 62.0, range 57.0-65.0) were diagnosed
with benign prostate hyperplasia (BPH). Those
patients were followed for at least two or more
years. Nineteen patients (mean age 56.0, range
48.0-61.0) with biopsy-proven prostatitis were in-
cluded in the study. Nineteen patients (mean age
34.5, range 27.0-56.0) without complaints were in-
cluded in the study as the control group.

The final population included 72 patients in
this study (Figure 1). Other patients with benign
diagnoses were excluded from the study because
they were not followed up for a satisfactory pe-
riod of time. Some patients were excluded from
the data analysis owing to substantial motion or
artifacts during image acquisition on the MRI
examination.

This retrospective institutional case-control
study was approved by the Local Institutional Re-
view Boards of Inonil University (No.: 2021/162).
Written informed consent was obtained.

Image Analysis

MRI scans were reviewed with the Siemens
Syngo via Workstation (Germany) by a genito-
urinary oncology specialist radiologist and senior
radiologist. The readers were aware of the histo-
pathological results. All patients were assessed
on T2-weighted, diffusion-weighted imaging
(DWI), and dynamic contrast-enhanced (DCE)
T1-weighted images.

In all patients, the observer started with the
analysis of the T2WI sequence. The observer ana-
lyzed each sequence of T2WI, DWI, and DCE-T1
WI separately. The reader radiologist segmented
TZ and PZ on fusion DCE- T2 W images.

The data based on the average of eight differ-
ent measurements taken from both the PZ and TZ
were used (Figure 2). All regions of interest (ROI)
were manually added to the images after consen-
sus between the two radiologists.

Multiparametric MRI Protocol

All the scans were obtained with a 3 T Mag-
net (Siemens Healthcare, Force, Germany) using a
body coil and 32-channel abdominal array. Axial
TIWI and T2 W imaging were performed with a 3
mm slice thickness and a 1 mm gap. The imaging

PSA level from 2017-2022

e

80 patients diagnosed with
prostate cancer

|

Diffuse prostate cancer
n=16 (BPH) n=19

|

n=72

Retrospectively rescuiret 219 consecutive patients with high

Benign prostate hyperplasia

Final study population

Control group

y

No symptom men
n=18

Prostatitis n=19

—

Figure 1. The flowchart of study population.

11123



L. Karaca, Z.M. Ozdemir, A. Kahraman, H. Celik, S. Kaya

Figure 2. Axial cross-section though the mid gland of a 45-year old man. Measurements of region of interest (ROI) values in
the central (star) and peripheral zone (round) can be viewed.

field-of-view (FOV) was 14 cm, and the acquisi-
tion matrix was 256. The following MRI images
were acquired in all patients: (1) axial, (2) sagittal,
and (3) coronal turbo spin echo (TSE) T2WI, (4)
axial conventional DWI, (5) axial Zoomit DWI,
(6) DCE-MRI, and (7) TIWI after contrast injec-
tion. Gadodiamid (Omniscan, GE Health Care,
USA) was injected into a peripheral vein prior to
the MRI procedure. The DCE-MRI measurement
was performed with VIBE (Volumetric Interpolat-
ed Breath-hold Examination-Siemens, Germany)
imaging with a 24 cm FOV and matrix 256 x 192.

Statistical Analysis

Data analysis was performed using IBM SPSS
Statistics version 25.0 software (IBM Corp., Ar-
monk, NY, USA). To investigate whether the
normal distribution and variance homogeneity
assumptions were met, the Kolmogorov-Smirnov
and Levene tests, respectively, were used. Cate-
gorical data were expressed as numbers (n) and
percentages (%), while quantitative data were pre-
sented as mean =+ standard deviation (SD) and me-
dian (25"-75") percentiles. The mean differences
among groups were evaluated using a one-way
analysis of variance (ANOVA). When the p-val-
ues from the one-way ANOVA were statistically
significant, a post-hoc Tukey HSD or Dunn-Bon-
ferroni multiple comparison tests was used to un-
derstand which group differed from the others.
The Wilcoxon Sign Rank test was applied for the
comparisons of other radiological measurements
(namely, K, Kep, V., and iAUG) between cen-
tral and peripheral regions within each group.
Categorical data were analyzed by Pearson’s y?
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test. Degrees of association between continuous
variables were evaluated by Spearman’s rank-or-
der correlation analysis. The optimal radiological
thresholds to determine malignancy were evalu-
ated based on ROC analyses, which yielded the
maximum sum of sensitivity and specificity for
the significant test. The sensitivity, specificity,
positive and negative predictive values, and accu-
racy levels for each significant radiological mea-
surement were also obtained. Multivariate logis-
tic regression analysis via a forward elimination
was performed to determine the best predictors
that discriminate study groups from each other.
Any variable that was found to produce a statis-
tically significant effect in the univariate analysis
was accepted as a candidate for the multivari-
able model, along with all variables of known
clinical importance. The odds ratios (OR), 95%
confidence intervals (CI), and Wald statistics for
each independent variable were also calculated. A
p-value < 0.05 was considered statistically signif-
icant. However, for all possible multiple compar-
isons, the Bonferroni correction was applied for
controlling Type I error.

Results

Patient Demographics and Clinical
Features

The mean age of the patients with prostate
cancer was 73.0 (67.0-82.0) years. The mean age
of prostatitis patients was 56.0 (48.0-61.0) years.
Nineteen patients were proven to have BPH histo-
pathologically. The mean of these patients was 62.0
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(57.0-65.0) years. These patients were followed
for at least two or more than two years. Eighteen
healthy volunteer patients without complaints were
included in the study. The mean age of the patients
was 34.5 (27.0-56.0) years. All groups showed sig-
nificant differences in terms of age (p < 0. 001).

Central and Peripheral Pharmacokinetic
Parameters in Each Group

No statistically significant differences in K
and K values in the central zone and PZ in young
volunteers (p > 0. 05) were found. Peripheral V,
values were significantly lower in comparison to
central values (p = 0. 002).

There was no statistically significant differ-
ence in V_ values between transition and periph-
eral zones in BPH group (p > 0.05). Peripheral

rans Ko and iAUC values were significantly
lower in comparison to central values, respective-
ly (p=0.003, p=0.011, and p = 0. 006). The only
value that showed a significant difference in the
prostatitis group was K . Peripheral K was
significantly lower in comparison to central val-
ues (p = 0.007) (Table I).

Significant differences were not observed
based on the Bonferroni correction for the K_ and
V., values in the prostate cancer group. Klrans and

iAUG values were significantly low in the PZ in
this group.

Comparison of Pharmacokinetic
Parameters Between Patient Groups

All central values were found to be statistical-
ly similar between groups. In the comparison of
groups, peripheral K, iAUG, and V_ values were
significantly higher in the prostate cancer patients
than in the other groups (p = 0.018, p = 0.009, and
p = 0. 017, respectively). When the PZ of young
volunteers and the BPH group were compared, K_
values were found to be low in BPH (p = 0.011).

No statistically significant correlations between
the centrally measured K, K Ve, and iAUG mea-
surements and age were found accordmg to Bonfer-
roni correction within the groups (p > 0. 00625) In the
PZ, BPH, Prostatitis, and Cancer groups, K __ , K.

V,, and iAUG values were not correlated with age.

In the young benign group, peripheral K
and V_levels showed a significant decrease corre-
sponding to age (r = -0.798 and p < 0.001 and r =
-0.623 and p = 0.0006, respectively).

The variables, their correlation coefficients,
and significance levels are shown in Table II.

ROC Analyses

In the detection of both peripheral and central
zones malignancy, it was seen that the iAUC, V,
and K values showed statistically significant
differences. K, values were not statistically signif-
icant in terms of detecting malignancy (Figure 3).

Table I. Intra- and inter-group comparisons in terms of radiological measurements.

Group 1 Group 2 Group 3 Group 4 p-valuet

trans
Central 0.16 (0.14 - 0.20) 0.18 (0.13-0.25)  0.16(0.11 -0.24)  0.21 (0.18 - 0.28) 0.142
Peripheric 0.12 (0.09 - 0.22) 0.10 (0.05 - 0.14)*  0.08 (0.06 - 0.18)  0.20 (0.13 - 0.23)® 0.017
p-valuet 0.647 0.003 0.007 0.004
pCentral 0.55 (0.40 - 0.65) 0.57 (0.40-0.71)  0.58 (0.41-0.87) 0.53 (0.33 - 0.80) 0.904
Peripheric 0.56 (0.48 - 0.76)*  0.31 (0.19 - 0.50)*  0.42 (0.18 - 0.64)  0.48 (0.32 - 0.78) 0.014
p-valuet 0.145 0.011 0.014 0.605

Ve
Central 0.30 (0.26 - 0.44) 0.32(0.26-0.44) 0.32(0.22-0.41) 0.39 (0.37Q - 0.55) 0.050
Peripheric 0.23 (0.19-0.30)°  0.32(0.27-0.39)  0.30(0.18z-0.44) 0.35(0.29z - 0.47)° 0.023
p-valuet 0.002 0.809 0.601 0.034

iAUG
Central 0.19 (0.17 - 0.27) 0.19(0.14-0.28)  0.19(0.14-0.28)  0.26 (0.22 - 0.33) 0.090
Peripheric 0.15(0.11 - 0.24) 0.13 (0.06 - 0.16)*  0.11 (0.08 - 0.30)  0.23 (0.17 - 0.27)? 0.014
p-valuet 0.433 0.006 0.016 0.004

Data were shown as median (25"-75%) percentiles. "The comparisons among groups, the Kruskal-Wallis test, according to the
Bonferroni correction p < 0.025 was considered statistically significant. *The comparisons between central and peripheric within
each group, Wilcoxon sign rank test, according to the Bonferroni correction p < 0.0125 was considered statistically significant.

Group 2 vs. Group 4 (p < 0.025), ®: Group 1 vs. Group 2 (p = 0.011),

. Group 1 vs. Group 4 (p =0.017).
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Table II. The results of correlation analyses between age and radiological measurements within each group.

Central Peripheric
Coefficient p-valuet Coefficient of p-valuet
of correlation correlation

Group 1

ans -0.220 0.381 -0.798 <0.001

o 0.117 0.645 -0.559 0.016

vV, -0.510 0.031 -0.623 0.006

iAUG -0.055 0.829 -0.471 0.049
Group 2

ans 0.222 0.362 -0.063 0.797

- 0.300 0.212 0.054 0.827

Vv, -0.244 0.315 0.197 0.419

iAUG 0.264 0.275 -0.022 0.929
Group 3

ans -0.200 0.413 -0.323 0.178

o 0.009 0.972 -0.222 0.362

Vv, -0.178 0.465 -0.070 0.775

iAUG -0.335 0.161 -0.535 0.018
Group 4

ans -0.099 0.716 0.164 0.545

o 0.099 0.716 0.159 0.556

vV, -0.231 0.389 -0.091 0.736

iAUG -0.270 0.312 0.165 0.541

+Spearman’s correlation analyses, according to the Bonferroni correction p < 0.00625 was considered statistically significant.

When the groups were compared, significant
differences in prostate cancer groups in both the pe-
ripheral and central zones were found. Significant
differences between the groups in terms of the dis-
tribution of central K,V , and iAUC levels were
noted. Significant differences between the groups
in terms of the distribution of peripheral K, Ve,
and 1AUC levels were detected. The cut-off point
for the central K in terms of distinguishing ma-
lignancies was 0.71, and the sensitivity of K at
this point was 93,8%, specificity 51.8%, positive
and negative predictive values, 35.7% and 96.7%,
respectively, and diagnostic accuracy 61.1%.

The sensitivity, specificity, and positive and
negative predictive values of the central V_ value
were 81.3%, 67.9%, 41.9%, and 92.7%, respec-
tively. The cut-off and accuracy of the V_ value
were 0.360 and 79.9%, respectively.

The cut-off point perlpheral K, for distin-
guishing malignancies was 0.128. The sensitivity
of K atthis point was 81.3%, specificity 62.5%,
positive and negative predictive values 38.2% and
91.1%, respectively, and the diagnostic accuracy
was 66.7%.
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In addition, the most relevant central and pe-
ripheral measurements for distinguishing the
study groups were determined using a multino-
mial logistic regression analysis. As a result of
a forward stepwise logistic regression analysis,
the most decisive factor in distinguishing groups
from each other was V..

Discussion

DCE-MRI has been used frequently for the
diagnosis of prostate cancer in recent years. How-
ever, points that need to be fine-tuned to increase
clinical validity can be found. To our knowledge,
this study is the first one to compare a normal
group with cancer and other prostate pathologies.
In the group of young males, central V_ values
were found to be higher than perlpheral values.
Van Niekerk et al*® reported that large variabili-
ty was seen in central-transition zone-associated
microvascular parameters. High central V_ values
can be explained by hormonal changes and high
microvascularity.
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Figure 3. Receiver operating characteristic
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K .. and V_levels measured from the pe-
ripheral zone decreased statistically with in-
creasing age. Cannarella et al®* reported that
both age and hormones affect both prostate size
and growth. We think that the decrease in the
PZ could have been due to decreased blood vas-
cularity or hormonal changes with age. In the
literature, it has been shown that K increas-
es in prostate cancer>?**. This ﬁndlng could
explain why K is first notlced in the PZ in
prostate cancer cases.

In the BPH group, K, K, and iAUG were
lower in the PZ compared to t]ile TZ. Ma et al¥
reported that K, K_, and V_in prostate can-
cer were higher than in the BPH group. However,
only obtained pharmacokinetic data was obtained
by targeting the lesions, not the prostate zonal
anatomy. This paper first gives brief pharmaco-
kinetic parameters of BPH in the zonal anatomy.
When the young and old benign groups were
compared, the Kep value in the PZ was found to
have significantly decreased in the elderly group.
Heverhagen et al’ reported that five alpha-reduc-
tase inhibitors caused a reduction in the K value
in the PZ in dogs with induced BPH. This 1s simi-
lar to our findings, and it may explain why the K.,
value decreases in BPH patients.

In this study, it was found that K ..o 1AUG,

and v, values from each zone showed a statisti-

cally significant relevance when diagnosing ma-
lignancy. Similar studies®****34 addressing the
K., values are available in the literature. Most
studies® found that K_ values increased in the
peripheral and central zones of prostate cancer
cases. Our results were different in terms of K
values. We only found that K_ values were sig-
nificantly different in terms of the differential di-
agnosis of PZ prostate cancer. Gao et al’ reported
that consideration of K Values for differentiating
prostate cancer from noncancerous central tissue
is controversial. Abnormally increased K and
K, values in prostate cancer are thought to be as-
sociated with increased microvessel density and
leaky vascular structures, which are reflections of
tumoral neoangiogenesis.

A few studies®>* report that the V_ values are
higher in prostate cancer than in noncancerous
PZ zones. Cai et al** reported that the significant
V, values found in their study could be explained
by the recruitment of a large number of patients
with advanced prostate cancer. Our study de-
scribed advanced prostate cancer in both PZ and
TZ. We also found that peripheral and central V,
values were higher than in other groups. We can
conclude that the increase in V, value indicates
high-grade prostate cancer, no matter where it is
located. We can use the cut-off value of V_ to dis-
criminate high-grade prostate cancer.
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In our study, the V_values in prostatitis and
prostate cancer cases were significantly higher
than in other groups. Uysal et al?’ reported that
the V_ values were significantly higher in pros-
tatitis lesions?’. However, we did not find a sig-
nificant difference in the value of Ve between
prostate cancer and prostatitis cases. In this
study, peripheral V_ values were statistically
significantly lower than the V_ values measured
in the TZ in prostate cancer cases. Although it
has been reported to be controversial in the lit-
erature, we think this parameter may contribute
to the diagnosis of clinically significant pros-
tate cancer.

Limitations

Our study has several limitations. First, its
retrospective design. Our patient population is
relatively small. Larger samples are required to
validate our study results. The other limitation of
the study is the change in age and/or BPH can af-
fect the transition and central zones. Another lim-
itation is high grade of the patients in the cancer
groups, which may affect the results.

Conclusions

Our results showed that V, K _ | Kep, 1AUC
significantly changed according to age, disease
status, and zonal anatomy. We think that our
findings may contribute to future studies. V,,
K, and iAUC were found to strongly indicate
malignancy, but zonal anatomy also affects these
values. In our opinion, in the evaluation of clin-
ically significant prostate cancer, understanding
the changes in zonal anatomy, age, and disease
status may contribute to the diagnosis. However,
different cut-off values are needed. Prospective
larger scale studies are required to address this
topic.
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