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Abstract

Background/Aim: The objective of this work was to assess
the value of 8Ga-DOTAGA-(3-iodo-y)fk(Sub-KuE) positron
emission tomography ($3Ga-PSMA-I/T PET-CT) and multipa-
rametric magnetic resonance imaging (mp-MRlI) for preop-
erative staging in prostate cancer (PCa) patients who under-
went radical prostatectomy (RP) by validating with postop-
erative histopathology data. Materials and Methods: We
prospectively investigated 30 consecutive PCa patients who
had both mp-MRI and %8Ga-PSMA-I/T PET-CT before laparo-
scopic RP. The seminal vesicle invasion (SVI), lymph node
metastasis (LNM), bladder neck invasion (BNI), and extracap-
sular extension (ECE) were investigated separately. The diag-
nostic performances of mp-MRI and %8Ga-PSMA-I/T PET-CT
were assessed using histopathological results. Results: Both
mp-MRI and %8Ga-PSMA-I/T PET-CT were not statistically sig-
nificant in the evaluation of SVI, BNI, and ECE preoperatively
but had statistically significant results in the assessment of
LNM. mp-MRI had higher overall sensitivity for ECE, overall

specificity for SVI, ECE, and BNI, and positive predictive value
for ECE, SVI, BNI. %8Ga-PSMA-I/T PET-CT had higher overall
sensitivity for BNI, and negative predictive value for BNI and
LNM. Conclusion: mp-MRI has superior specificity, sensitivi-
ty, and accuracy for assessing ECE and SVI. Both imaging mo-
dalities had similar specificity, sensitivity, and accuracy for
determining BNI. However, both imaging modalities had low
diagnostic accuracy for LNM on histopathology.

© 2020 S. Karger AG, Basel

Introduction

Prostate cancer (PCa) is the most frequent type of ma-
lignancy in men and has the second highest mortality rate
among male malignant carcinomas. Radical prostatecto-
my (RP) is one of the commonly used first-line treatment
modalities for patients with localized PCa [1]. Current
European guidelines recommend MRI for local staging
and CT/bone scan to achieve accurate staging for those
with distant metastases before treatment of PCa [2].
However, these conventional imaging modalities have
low sensitivity and specificity to identify small lesions.
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Moreover, misdiagnosis of benign lesions may lead to
incorrect treatment or overtreatment in non-meta-
static PCa patients. Novel imaging modalities, such as
8Ga-DOTAGA-(3-iodo-y)fk(Sub-KuE) (**Ga-PSMA-I/
T PET-CT) and multiparametric magnetic resonance im-
aging (mp-MRI; including diffusion-weighted imaging
[DWI] and dynamic contrast-enhanced T1-weighted im-
aging), have been developed for the treatment planning
of PCa patients [2].

MRI plays an essential role in detecting suspicious le-
sions for PCa, guiding the biopsy procedure, and local
staging in biopsy-proven PCa patients. Recent advances
in mp-MRI have led to the detection of clinically signifi-
cant disease and reduced unnecessary biopsies and treat-
ment [3-7]. mp-MRI, including T1- and T2-weighted
DWTI and T1-weighted dynamic contrast-enhanced se-
quences, is used to increase the diagnostic accuracy of the
MRI for PCa [8-13]. This modality is also widely used for
active surveillance and guiding the repeat biopsies in
these patients [14].

Prostate-specific membrane antigen (PSMA) is a type
II transmembrane glycoprotein that is expressed in nor-
mal prostate gland epithelium and overexpressed on the
surface of >80% of the primary and metastatic PCa [15,
16]. ®8Ga-PSMA 11 binds to the receptor of transmem-
brane folate hydrolase and can be imaged using positron
emission tomography-computed tomography (PET-CT)
scan [17, 18]. Recently, %Ga-PSMA-I/T PET-CT has
been used in PCa detection, diagnosis, and staging [19,
20]. However, no study has so far compared the diagnos-
tic performance of mp-MRI and ®®Ga-PSMA-I/T PET-
CT. Therefore, we aimed to compare the diagnostic per-
formance of ®®Ga-PSMA-I/T PET-CT and mp-MRI in
PCa, using histopathological findings as the gold stan-
dard.

Materials and Methods

Study Population

The study protocol was approved by Pamukkale University
School of Medicine Human Research Ethics Committee (approval
No. 60116787-020/56122) and the study was conducted ethically
in accordance with the World Medical Association Declaration of
Helsinki. Patients who agreed to participate in the study and
planned to undergo laparoscopic RP were included and patients
underwent both mp-MRI and *®Ga-PSMA-1/T PET-CT preopera-
tively. After imaging, patients underwent laparoscopic RP (LRP)
within 3 days by a single urologist with 5 years of experience. In-
dividuals with a history of treated PCa and a concurrent diagnosis
of any other primary malignancy were excluded from the study.
Additionally, patients who had more than the 6-week time interval
between imaging to LRP and PSMA uptake related to PCa within

Comparison of ®Ga-PSMA-1/T PET-CT
and mp-MRI

Table 1. Clinical and pathological data of the patients

65.07+8.01 (46-82)
9.49+6.97 (1.3-27)

Age, years!
Preoperative PSA (n = 30), ng/mL
Postoperative Gleason score (n = 30)

3+3 7 (23.3)
3+4 7 (23.3)
4+3 5(16.7)
4+4 1(3.3)
3+5 1(3.3)
4+5 2(6.7)
5+3 1(3.3)
5+4 3(10)
5+5 3(10)
D’Amico risk stratification
Low 2(6.7)
Intermediate 3 (10)
High 25 (83.3)
LNM?
Negative 21 (95.5)
Positive 1(4.5)
SVI 6 (20)
ECE 17 (56.7)
BNI 4(13.3)
mp-MRI PI-RADS score!
2 1(3.3)
4 11 (36.7)
5 18 (60)

8Ga-PSMA-I/T PET-CT SUV - T' 11.25+11.03 (2.2-52.66)

Data are presented as the mean * SD (range) or n (%). BNI,
bladder neck invasion; PSA, prostate-specific antigen; PI-RADS,
Prostate Imaging — Reporting and Data System; ECE, extracapsu-
lar extension; mp-MRI, multiparametric magnetic resonance im-
aging; SVI, seminal vesicle invasion; LNM, lymph node metastasis;
SUV oy T, maximum standard uptake value of tumor.

'n=30.2n=22.

the distant metastases were excluded. In all patients the TNM (tu-
mor, node, and metastasis) system was used for PCa staging [21].
Patients with confirmed PCa were stratified by the D’Amico risk
stratification [22].

mp-MRI Examination and Analysis

mp-MRI was performed using a 1.5-T superconducting mag-
net (Ingenia, Philips Medical Systems, The Netherlands) and a
32-channel torso coil. Transverse, coronal, and sagittal T2-weight-
ed turbo spin-echo images were acquired, respectively (3-mm slice
thickness without gap, 2,290 ms time-to-repetition, 100 ms time-
to-echo, number of signals acquired 2). Axial DWI were obtained
using spin-echo echo-planar imaging sequences and two b-values
(3-mm slice thickness without gap, 4,000 ms time-to-repetition, 90
ms time-to-echo, number of signals acquired 12, and b-values were
0 and 1,800 s/mm?). Fat-suppressed T1-weighted isovolumetric
images after intravenous gadolinium-based contrast medium (0.1
mmol/kg, gadoterate meglumine, Dotarem, Guerbet, France) in-
jection were obtained for dynamic contrast-enhanced images (6-
mm slice thickness, intersection gap 3 mm, 3.9 ms time-to-repeti-

Urol Int 2020;104:684-691
DOI: 10.1159/000509974

685



Table 2. Relationship between histopathological features and imaging findings

SVI 8O BNI LNM
positive negative positive negative positive negative positive negative
(n=6) (n=24) (n=17) (n=13) (n=4) (n=26) (n=1) (n=22)
D’Amico risk stratification
Low risk - 2 - 2 - 2 - -
Intermediate risk - 3 - 3 - 3 - 1
High risk 6 19 17 21 20
Postoperative Gleason score
3+3 - 7 1 6 - 7 - 3
3+4 - 7 4 3 - 7 - 4
4+3 2 3 3 2 4 - 5
4+4 1 - 1 - - 1 - 1
3+5 1 1 - - 1 - 1
4+5 2 1 1 - 2 - 2
5+3 - 1 1 - - 1 - -
5+4 2 1 3 - 1 2 - 3
5+5 1 2 2 2 1 2
mp-MRI
PI-RADS 2 - 1 - 1 - 1 - -
PI-RADS 3 - - - - - -
PI-RADS 4 - 11 - 11 -
PI-RADS 5 6 12 13 5 4 14 1 16
SUVax-T
Mean + SD 17.88+8.07 9.59+11.17 11.57+8.76 ~ 10.83+13.82 24.35+5.77  9.23+10.26 31.89 13.26£11.20
p value 0.01 0.213 0.001 0.120
Preoperative PSA, ng/mL
Mean * SD 14.53+10.44  8.22+5.41 10.56+7.07 8.08+6.86 12.88+10.94  8.96+6.32 27 9.76+6.96
p value 0.045 0.345 0.659 0.098

A p value <0.05 is considered statistically significant. SVI, seminal vesicle invasion; ECE, extracapsular extension; BNI, bladder neck invasion; LNM,
lymph node metastasis; PI-RADS, Prostate Imaging — Reporting and Data System; PSA, prostate-specific antigen; mp-MRI, multiparametric magnetic reso-

nance imaging; SUV ,,,-T, maximum standard uptake value of tumor.

tion, 1.83 ms time-to-echo, number of signals acquired 1, 7-s dy-
namic scan time). Apparent diffusion coefficient maps were
generated from DWI images using a dedicated software (Extended
Workspace, Philips Healthcare, The Netherlands). MR images
were evaluated by a urogenital radiologist with 22 years of experi-
ence (Observer 1) who was unaware of the clinical features, pathol-
ogy, and PET-CT results of the patients. The Prostate Imaging -
Reporting and Data System (PI-RADS) version 2 was used to cal-
culate mp-MRI scores [23].

8Ga-PSMA-I/T PET-CT Examination and Analysis

The %8Ga-PSMA-1/T was carried out using a Scintomics syn-
thesis unit (Lindach, Firstenfeldbruck, Germany) by a qualified
radiochemist under the recommended laboratory conditions.
Quality control of the ®®Ga-PSMA-I/T radionuclide was per-
formed by high-performance liquid chromatography and thin lay-
er chromatography, validated according to previously described
methods [19, 20], after a single %*Ga-PSMA-I/T injection (mean
185 MBq; range 125-317 MBq) followed by a 60-min uptake pe-
riod. Then, image acquisitions were carried out while the patient
was lying in the supine position. PET-CT images were obtained
using a PET-CT unit (Gemini TF TOF PET-CT; Philips, Cleve-
land, OH, USA). No intravenous contrast was used during emis-
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sion scans, and image acquisition was from the skull vertex to knee.
The transmission images were obtained using a low-dose CT pro-
tocol (50-120 mA, 90-140 kV, 5-mm slice thickness). For the PET
images, attenuation correction was performed using CT features
and the ordered subsets-expectation maximization algorithm (33
subsets, three iterations). The iterative method was used to recon-
struct the PET images.

Evaluation of ®Ga-PSMA-I/T PET-CT

Two observers (Observer 2 and Observer 3) with 12 years of
experience in PET-CT imaging, and who were unaware to the clin-
ical features, pathology, and PET-CT results of the patients, evalu-
ated the images, reaching a consensus. Image analysis was per-
formed qualitatively and semiquantitatively. For prostate gland
lesions to be considered positive when focal uptake was performed
on the background prostatic uptake, values of maximum standard-
ized uptake (SUV ;) normalized to body weight were used to as-
sess the ®Ga-PSMA-I/T uptake in the primary tumor focus. The
SUV ¢ Value in the prostate was noted at the site of the most in-
tense uptake in the prostate gland. Seminal vesicle invasion (SVI),
extracapsular extension (ECE), lymph node metastasis (LNM),
and bladder neck invasion (BNI) were evaluated visually in each
patient.
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Table 3. Relationship between histopathological features and im-
aging findings

Postoperative mp-MRI PI-RADS, %8Ga-PSMA-
Gleason score n I/T PET-CT
SUV pax-T
3+3(n=7) PI-RADS2 =1 3.84+2.48
PI-RADS 4=5
PI-RADS5=1
3+4(n=7) PI-RADS4=3 10.81+£18.47
PI-RADS5=4
4+43(n=5) PI-RADS 5 =5 16.02+4.98
4+4(n=1) PI-RADS 5 = 1 13.76
3+5(n=1) PI-RADS5=1 2.67
4+5mn=2) PI-RADS 4 =1 11.394+0.23
PI-RADS5=1
5+3(n=1) PI-RADS4=1 4.75
5+4(n=23) PI-RADS 4 = 1 12.87+5.85
PI-RADS 5 =2
545 (n=23) PI-RADS 5 = 3 24.04+8.78

mp-MRI, multiparametric magnetic resonance imaging; PI-
RADS, Prostate Imaging — Reporting and Data System; SUV .- T,
maximum standard uptake value of tumor.

Surgery

All LRP operations were performed by a urologist who had 5
years of experience in LRP. An extraperitoneal antegrade laparo-
scopic approach was performed as previously described with some
modifications [24].

After abdominal access and entering of the Retzius space, the en-
dopelvic fascia was opened and the dorsal vein complex reached.
After ligation of the dorsal vein complex, incision of the bladder neck
was performed and on reaching the vas deferens dissection was com-
pleted. Controlling the prostatic pedicles, neurovascular bundle dis-
section was performed towards the urethra. Afterwards, the urethra
was cut and by removing the prostate from the area urethrovesical
anastomosis was performed. Pelvic lymphadenectomy was also per-
formed in those who had an intermediate or high risk of PCa.

Histopathological Examination

The pathological evaluation of each case was reviewed by a uro-
pathologist with 10 years of experience in uropathology. The eval-
uation of prostate histopathology was made according to the 2014
International Society of Urological Pathology (ISUP) [25]. ECE,
SVI, BNI, LNM, and the number of positive lymph nodes were re-
corded.

Statistical Analysis

The diagnostic performance of mp-MRI and ®*Ga-PSMA-I/T
PET-CT in detecting ECE, SVI, LNM, and BNI were verified using
the histopathological examination. All demographic data analyses
were performed using an independent x* with significance at the
0.05 level. The one-sample ¢ test and the x* test were used to analyze
the correlation between mp-MRI, ®Ga-PSMA-I/T PET-CT, and
histopathological findings. The McNemar ¥ test was used to com-
pare the sensitivity and specificity of diagnostic examinations.

Comparison of ®Ga-PSMA-1/T PET-CT
and mp-MRI

Results

Clinical data of the patients are presented in Table 1.
Histopathologically, all cases were acinar adenocarcino-
mas. The mean age of the patients was 65.07 + 8.01 years
(range 46-82). The mean serum prostate-specific antigen
(PSA)level was 9.49 + 6.97 ng/mL (range 1.3-27). Among
the 30 patients, SVI, BNI, and ECE were present in 6
(20%), 4 (13.3%), and 17 (56.7%) cases, respectively.
Lymph node dissection was performed in 22 patients, and
1 patient had lymph node metastasis.

Most of the patients (96.7%) had PI-RADS 4 and 5 le-
sions in mp-MRI. All of the patients with SVI, ECE, LNM,
and who were BNI positive were in the high-risk group.
PI-RADS 5 lesions were reported in all patients who had
a positive SVI and BNI status and also PI-RADS 4 and
5 lesions were reported in all patients who had a posi-
tive ECE status. Moreover, preoperative PSA levels and
SUVmax-T values were significantly higher in patients
with SVI, and SUV ,,-T was higher in patients with BNI
(p < 0.05; Table 2).

Table 3 shows the association between imaging vari-
ables and Gleason scores. Both mp-MRI and %Ga-PS-
MA-I/T PET-CT had no statistically significant results
for the assessment of SVI, BNI, and ECE-positive or
negative tumors according to prostate pathology. How-
ever, both ®®Ga-PSMA-I/T PET-CT LNM and mp-MRI
predicted LNM significantly. Although statistically not
significant, mp-MRI had higher overall sensitivity for
ECE, overall specificity for SVI, ECE, and BNI, and
higher positive predictive value (PPV) for ECE, SVI, and
BNI. Furthermore, ¥Ga-PSMA-1/T PET-CT had higher
overall sensitivity for BNI and negative predictive value
(NPV) for BNI and LNM, as shown in Table 4 and Fig-
ures 1 and 2.

Discussion

An accurate test must provide valuable information
about the initial evaluation, diagnosis, and staging of pa-
tients with suspected PCa. Specificity and sensitivity are
much more critical with cancer imaging modalities be-
cause false-positive results create anxiety and lead to un-
necessary and invasive follow-up tests such as biopsies.
The most valuable imaging technique for the diagnosis
and staging is still controversial for patients with PCa.

Despite a small number of patients, to the best of our
knowledge this is the first study to compare both %¥Ga-
PSMA-I/T PET-CT and mp-MRI to histological findings
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Fig. 1. Prostate mp-MRI of a 72-year-old
patient with a PSA value of 36.16 ng/mL
and Gleason score of 4 + 3 PCa. The sagittal
(@), coronal (b), and axial (c) T2-weighted,
high b-value (1,800 s/mm?) diffusion-
weighted (d), apparent diffusion coeffi-
cient map (e), and dynamic contrast-en-
hanced (f) MRI images reveal a PI-RADS
score of 5 lesions in the right peripheral
zone, with extraprostatic extension and
right SVI.

Table 4. Diagnostic accuracy of ®*Ga-PSMA-I/T PET-CT and mp-MRI

Sensitivity, Specificity, PPV, NPV, Accuracy, p
% % % % %
SVI
mp-MRI 83.3 87.5 62.5 95.45 86.6 0.625
%8Ga-PSMA-I/T PET-CT 83.33 79.17 50 95 80 0.219
ECE
mp-MRI 76.47 61.54 72.22 66.67 70 0.383
%8Ga-PSMA-I/T PET-CT 53.94 53.85 60 46.67 53.33 0.791
BNI
mp-MRI 50 96.15 66.67 92.59 90 1
%8Ga-PSMA-I/T PET-CT 100 88.46 57.14 100 90 0.250
LNM
mp-MRI 100 42.86 7.69 100 45.45 0.000
%8Ga-PSMA-I/T PET-CT 100 47.62 8.33 100 50 0.000

mp-MRI, multiparametric magnetic resonance imaging; SVI, seminal vesicle invasion; ECE, extracapsular
extension; BNI, bladder neck invasion; LNM, lymph node metastases; PPV, positive predictive value; NPV, neg-

ative predictive value.

from the RP specimen. Preoperative accurate assessment
of lymph node involvement, SVI, ECE, and BNI status is
critical in intermediate- to high-risk PCa patients. Unfor-
tunately, the most commonly used conventional imaging
has limited specificity and sensitivity for preoperative as-
sessment, so the clinical status of the patients is largely
underestimated with these traditional techniques [26,
27]. We evaluated the potential of ®®Ga-PSMA-I/T PET-
CT for imaging primary PCa by intra-individual com-
parison to mp-MRI. Our results showed that both the

688 Urol Int 2020;104:684-691
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8Ga-PSMA-I/T PET-CT and mp-MRI had a significant-
ly high sensitivity to detect LNM. However, %Ga-PSMA-
I/T PET-CT and mp-MRI showed no statistically signifi-
cant results for detecting SVI, BNI, and ECE. mp-MRI
had higher overall sensitivity for ECE, overall specificity
for SVI, ECE, and BNI, and PPV for ECE, SVI, and BNI.
%8Ga-PSMA-I/T PET-CT had higher overall sensitivity
for BNI and NPV for BNI and LNM. A comparison of
imaging modalities to histopathologic results was the
fundamental strength of this study.
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Fig. 2. %Ga-PSMA-I/T PET-CT of a
73-year-old patient with PCa (Gleason
score 5 + 4 = 9, grade group 5, ISUP 2014
and preoperative PSA 20 ng/mL). a Maxi-
mum intensity projection image of pre-
treatment. b, ¢ Transaxial fused PET-CT
and CT images with a gross tumoral lesion
(green arrows). d, e Transaxial fused PET-

CT and CT images establishing right SVI

Assessment of SVI and ECE

Evaluation of SVI and ECE in the case of PCa is critical
to determine the correct therapeutic approach because
SVI or ECE invasion are crucial prognostic factors for re-
currence after RP. Patients with an advanced local disease
with ECE and SVI generally have a worse prognosis be-
cause the risk of a positive surgical margin and the inci-
dence of LNM is increased [28]. Berger et al. [29] report-
ed that specificity of both PSMA PET-CT and mp-MRI
were similar for diagnosing SVI (92.7 vs. 95.0%, p = 0.39).
Still, mp-MRI showed superior sensitivity in detecting
SVI(75.0%) compared to PSMA PET-CT (11.1%). Yilmaz
etal. [30] showed that the SVI assessment of mp-MRI was
superior to ®®Ga-PSMA-11 PET-CT, although PET-CT
and MRI were associated with clinically and statistically
significant results. In our study, ®®Ga-PSMA-I/T PET-CT
and mp-MRI were similar in terms of sensitivity, but
specificity was superior with mp-MRI over Ga-PSMA-
I/T PET-CT. However, the results were not statistically
significant, probably due to the number of included pa-
tients. For further confirmation, studies with a higher
number of patients are needed.

The presence of ECE is a poor prognostic factor and
known to increase the risk of PCa-related mortality [31].
Furthermore, nerve-sparing surgery should be performed
to avoid positive surgical margins at the high-risk area of

Comparison of ®Ga-PSMA-1/T PET-CT
and mp-MRI

ECE [2]. Reported sensitivity and specificity of mp-MRI in
the detection of ECE was not found to be sufficient (57%
in a meta-analysis) [27]. However, the diagnostic perfor-
mance of ®*Ga-PSMA PET-CT in the detection of EPE
remains unclear. Prompt diagnosis of ECE is essential for
the decision to perform nerve-sparing surgery and is a fur-
ther benefit for preoperative use of ®*Ga-PSMA PET-CT.
Yilmaz et al. [30] reported that the determination of EPE
status was significantly possible using mp-MRI, which had
a considerable range in the accuracy (87.5%), specificity
(85.7%), and sensitivity (90%) that was verified with the
final pathology findings for RP. In the current study, we
also found that the sensitivity, specificity, PPV, and NPV
of mp-MRI were higher for the detection of ECE. How-
ever, these results were not statistically significant.

Assessment of BNI

Our study showed that both mp-MRI and ®3Ga-PSMA -
I/T PET-CT had a similar and relatively inadequate abil-
ity to determine BNI accurately. Yilmaz et al. [30] found
that mp-MRI and ®®Ga-PSMA PET-CT showed similar
sensitivity, specificity, PPV, NPV, and accuracy in the
diagnosis of BNI (33.3, 100, 100, 81.8, and 83.3%, respec-
tively). ®Ga-PSMA PET-CT has the disadvantage of
bladder activity, which can be a problem for the assess-
ment of BNI [26]. Since there are limited data in the pub-
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lished literature on this topic, it is currently not possible
to compare our data with others until further studies are
published, preferably with a higher number of patients.

Assessment of LNM

LNM on routine histology is a robust negative predic-
tor of survival [32]. Therefore, evaluation of lymph nodes
should be performed optimally before treatment decisions
are made. Petersen et al. [33] reported that both MRI and
CT as well as DW-MRI had a lower sensitivity compared
with ®8Ga-PSMA PET-CT. MRI/CT (8 and 100%) and
DW-MRI (36 and 83%) had lower sensitivity and specific-
ity for LNM detection compared to ®*Ga-PSMA PET-CT
(39 and 100%, retrospectively). In general, the sensitivity
of %8Ga-PSMA PET-CT was about 66% in most trials at
the patient level. Moreover, Ga-PSMA PET-CT has a
high specificity (98.9%) and high accuracy (88.5%) [34].
In the current study, *Ga-PSMA-I/T PET-CT and mp-
MRI were similar and able to predict LNM in terms of
sensitivity, specificity, PPV, NPV, and accuracy. However,
our positive lymph node dissection group was limited.

Our study is not without limitations. Firstly, due to its
retrospective nature, patients represented a heteroge-
neous group, and the study included a limited number of
patients. The small number of patients with positive
lymph nodes was another limiting factor. The results
need to be validated in a prospective study comprising a
larger dataset.

In this study, we demonstrated that both mp-MRI
%8Ga-PSMA PET-CT had significant results for detecting
LNM in patients with PCa. Although the results for de-
tecting ECE, SVI, and BNI were not statistically signifi-
cant due to the limited number of patients, mp-MRI had
superior specificity, sensitivity, NPV, PPV, and accuracy
for assessing ECE and SVI in patients with PCa when
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