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Abstract

Purpose Positron emission tomography (PET) for prostate-specific membrane antigen (PSMA) represents a promising method
for prostate cancer diagnosis and staging. Comparisons of PSMA-based tumour characterisation to multiparametric MRI
(mpMRI) are limited, hence this study sought to compare the diagnostic accuracy of ®*Ga-PSMA PET/CT to mpMRI against
radical prostatectomy (RP) whole gland histopathology.

Methods A retrospective cohort study of consecutive patients who underwent pre-operative mpMRI and ®*Ga-PSMA PET/CT
followed by a RP was performed. Standard clinical parameters were collected. “Per patient” and “per lesion” analyses for image-
based detection according to RP histopathology were described using sensitivity, specificity and other measures of diagnostic accuracy.
Results Fifty-eight patients (median age 65.5 years, median PSA 7.35 ng/mL) underwent RP, resulting in a high-risk cohort
(>pT3 69%). Sensitivities for identification of index lesion, bilateral and multifocal disease were 90%, 21%, 19% for mpMRI and
93%, 42%, 34% for °®Ga-PSMA PET/CT. Histology analyses revealed 88 cancer foci of Gleason grades 3 + 3 (4%), 3 + 4 (64%),
443 (19%), 4 +4 (3%) and>4 + 5 (10%), of which **Ga-PSMA PET/CT correctly detected more foci (78%, AUC 0.817) than
mpMRI (69%, AUC 0.729).

Conclusions *®*Ga-PSMA PET/CT may better reflect RP histopathology compared to mpMRI when considering multifocal and bilateral
disease. These findings may influence surgical planning, targeted biopsy and focal therapy strategies and require further research.

Keywords Prostatic neoplasms - Positron-emission tomography - Magnetic resonance imaging - Glutamate carboxypeptidase 11,
human - Prostatectomy,
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and improved detection of anterior, apical or smaller lesions
not detected using transrectal ultrasound (TRUS) guided pros-
tate biopsy [3]. Furthermore, mpMRI has recently been ap-
plied more widely as a biopsy-triage tool. The recent PROMIS
study demonstrated higher sensitivity of mpMRI (93%) com-
pared to TRUS biopsy (48%) for clinically significant prostate
cancer. If a mpMRI was performed before a prostate biopsy it
was estimated that 27% of unnecessary biopsies could be
avoided, 5% fewer clinically insignificant cancers would be
diagnosed and an extra 18% clinically significant cancer
would be identified [4].

Available evidence with mpMRI to detect clinically signif-
icant prostate cancer suggests both a high estimated sensitivity
(0.96 for PI-RADS >3, 0.90 for PI-RADS >4) at the expense
of specificity (0.29 for PI-RADS >3, 0.62 for PI-RADS >4)
based on meta-analysis of five (PI-RADS >3) and ten (PI-
RADS >4) studies [5]. Index lesion detection by mpMRI has
been reported to have an accuracy of >90% when compared to
RP histology and MRI/TRUS fusion biopsy; however, there
are varied results with respect to accurate detection of multi-
focal disease [1, 6-8]. Other confounding factors include more
difficulty in the diagnosis of transition zone tumours from
benign prostatic hyperplasia [9]; however, it is anticipated that
this will be overcome by the adoption of PI-RADS version 2
[10]. Also, small foci and disease within the central gland may
not be easily identified using mpMRI [9].

Recently, *®*Ga prostate-specific membrane antigen
(PSMA) PET/CT imaging has become increasingly used for
defining the presence of metastatic disease, most commonly in
those men with biochemical recurrence after curative treat-
ment [11-14]. ®®Ga-PSMA PET/CT has the potential to im-
prove the detection of prostate cancer compared with the lim-
ited sensitivity of traditional CT and whole body bone scan
(WBBS) [15, 16] and choline-based PET/CT [17] due to the
increased PSMA expression on the surface of a high propor-
tion of malignant prostate cells, which further increases with
grade and stage of disease [18].

Within the prostate, primary prostate cancer exhibits higher
PSMA expression compared with normal prostatic cells [19].
However, use of ®*Ga-PSMA PET/CT in primary staging and
evaluation with lesion concordance on whole specimen his-
tology is limited [11, 20, 21]. Whole specimen analysis to date
has indicated high sensitivity (87-97%) and specificity (87—
90%) for primary diagnosis using a SUV ., cut off of >3-4
[20, 21]. However, when PSMA-based PET imaging was
compared with mpMRI against whole specimen histology,
sensitivity was reduced, but specificity is maintained
[22-24]. To date, the largest study of 53 patients reported
combined PSMA PET/MRI (AUC 0.88) was superior to
mpMRI (0.73) or PET (0.83) alone [25].

The limitations of mpMRI in failing to detect clinically
significant disease in all cases and smaller non-index lesions
are well known and limit its application to replace biopsy in all

men in initial workup of men suspected of prostate cancer. In
this retrospective study, the primary endpoint was to evaluate
8Ga-PSMA-PET/CT and mpMRI of the prostate for index
lesion concordance and multifocal tumour detection.
Secondary endpoints included comparative assessment of
mpMRI and PET/CT PSMA scans to predict pathological
stage and grade of primary prostate cancer in men undergoing
RP with correlation to whole specimen histopathology.

Methods

The study received ethical approval from the Royal Brisbane
and Women’s Hospital (RBWH) Human Research Ethics
Committee (Approval number HREC/17/QRBW/644).

Study population

A retrospective cohort study was performed at the RBWH, a
tertiary urology unit, for 58 consecutive men between
June 2014 and July 2017 who underwent mpMRI prior to
transperineal prostate biopsy (per departmental protocol) and
were subsequently staged using ®*Ga PSMA PET/CT prior to
radical prostatectomy. No exclusions were applied based on
time intervals between imaging, diagnosis or treatment modal-
ities. Patients were excluded if they had been pre-treated with
radiotherapy techniques. Clinical, imaging and histopatholog-
ical data were confidentially obtained from patient records.
Clinical risk was determined according to that determined by
the European Association of Urology guidelines [26].

Imaging techniques

Prostate mpMRI was performed using a Siemens Skyra 3
Tesla system without endorectal coil. All mpMRI images were
analysed by radiologists with experience in prostate mpMRI
(average 15 reads per month individually, 19 reads per month
for whole medical imaging department) and the treating urol-
ogist (50 reads per month between public and private prac-
tice). Prostate volume was recorded per the mpMRI estimate,
as this is the volume used in our institution to estimate PSA
density. PI-RADS 4 and 5 scans were considered a likely
result, PI-RADS 3 was considered equivocal and PI-RADS
2 result was defined as an unlikely result.

The radiopharmaceutical used for the PET study was **Ga-
PSMA-11 (ABX AG, Germany) manufactured at the
Specialised PET Services Queensland Radiopharmaceutical
Laboratory [27]. PET images were acquired 60 min after ad-
ministration of 150 MBq £ 5% of ®*Ga-PSMA-11. All ®*Ga-
PSMA-PET/CT imaging was undertaken using a Siemens
Biograph mCT PET/CT scanner. Emission tomographic im-
ages were obtained from the skull vertex to the thighs. A low-
dose CT scan was performed during tidal respiration for
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attenuation correction and lesion localisation. Images were
viewed and reported by visual qualitative analysis using the
Siemens syngo.via viewing platform by two nuclear medicine
specialists with significant experience in reading PSMA PET/
CT scans Lesions were considered positive by the nuclear
medicine specialist when there was focal uptake significantly
above background prostatic uptake. Lesions were considered
equivocal when there was focal uptake just above background
uptake, or when uptake was less well defined.

Retrospective analysis of the PET images was performed in
order to quantify the data for research purposes. Lesions seen
on Ga®®-PSMA-PET/CT were also graded according to max-
imum standardized uptake values (SUV,,.x) and described as
mildly avid (SUV .« <5), moderately avid (SUV ,.x > 5) or
intensely avid (SUV . > 10). A three-point system was im-
plemented to establish if prostate cancer was likely, equivocal
or unlikely, similar to that described previously [25].

Comparison of mpMRI PI-RADS and Ga®®*-PSMA-PET/
CT Likert scales used in this study is outlined in Table 1.

Radical prostatectomy

All men underwent either a robot-assisted laparoscopic pros-
tatectomy or open radical retropubic prostatectomy under gen-
eral anaesthesia. The surgery was performed by a consultant
urologist with involvement of senior registrar/trainee under
close supervision. Before surgery, the surgeon reviewed the
clinical details, ®*Ga PSMA PET/CT and mpMRL

Histology examination

RP specimens underwent histopathology examination accord-
ing to the International Society of Urological Pathology
(ISUP) standard protocols by experienced uro-pathologists.
Histopathology reports were structured according to the
2014 ISUP Gleason Grading guidelines [28].

Clinically significant disease was defined as Gleason 3 + 4
or greater [29], while other pathological characteristics (tu-
mour grade/stage, presence of extraprostatic extension
(EPE), seminal vesicle involvement and margin status) were
recorded. Location and tumour volume of both dominant and
non-dominant tumour nodules was recorded.

Table 1 Imaging performance
Overall / PET score PI-RADS score MRI PSMA PET/CT
Likely / Positive 5 25 51
4 26
Equivocal 3 2 5
Unlikely / Negative 2 5 2
1 0
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Assessing imaging and histopathological
concordance

Lesion locations were determined according to the sextant-
based descriptions included in the structured pathology reports
(Supplementary Figure 1). Location of index tumours, defined
as the tumour focus with highest Gleason score or greatest
volume if two nodules were of the same Gleason score [30],
was compared with location of suspicious lesions on mpMRI
and ®*Ga PSMA PET/CT. Absolute concordance was defined
as when all tumour foci on histopathology were identified as
being likely on ®*Ga PSMA PET/CT or mpMRI. All lesions
(likely or equivocal) described within the imaging reports for
mpMRI and **Ga PSMA PET/CT were considered. Small
lesions (<10 mm) noted in the histopathology report, but with-
out description of grade, volume or location were excluded
due to probable clinical insignificance on the basis of volume
<0.5 cc [31] and correlation with lower grade and Gleason
score on RP [32], as well as inability to visualise on imaging
due to limitations in image and tumour resolution [33].

Statistical analysis

Data were curated into dichotomous or categorical variables
for most comparative analyses, except for continuous vari-
ables (PSA, PSA density, ADC value, SUVmax).
Categorical variables were compared using Fisher’s test, while
continuous variables were compared with Mann-Whitney test
(as most comparisons involved one or more datasets that were
not normally distributed). Sensitivity analyses were performed
using Diagnostic test (2 x 2 table) evaluation and sensitivities
compared using McNemar’s Chi-Square Test. Receiver oper-
ating characteristic analyses were performed to determine area
under the curve (AUC), sensitivity, specificity at the optimal
cut-point as determined by the Youden index. All statistical
analysis was performed using MedCalc for Windows, Version
18 (MedCalc Software; Ostend, Belgium).

Results
Patient and pathological characteristics

In total, 58 men were included in this retrospective analysis.
The patient demographics are included in Table 2. Most pa-
tients were of intermediate risk (77%), with a high median
PSA density (0.196, interquartile range; IQR 0.146—
0.278 ng/mL?). Most RP specimen index lesions were of
Gleason 3 +4 (45%) or 4 +3 (17%), increasing to 59% and
22%, respectively, if tertiary pattern 5 was included. However,
a high prevalence of extracapsular extension and/or seminal
vesicle invasion (69%) was present and contributed to a pos-
itive surgical margin rate of 27.5% (pT2=0; pT3a=10,
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Table2 Demographic information

No. of patients 58

Intermediate risk (%) 45 (77)

High risk (%) 13 (23)
Previous negative biopsy (%) 7 (12)
Neoadjuvant androgen 1

deprivation therapy
Clinical demographics

Age, years 65.5 (60-68)

PSA value, ng/mL 7.35 (5.6-12)

Prostate volume, mL 38 (30-50)

PSA density 0.196 (0.146-0.278)
Pathologic demographics

Gleason Grade (%) “Per Patient” “Per Lesion”
3+3 0 2(2)
3+3+4 0 2(2)
3+4 26 (45) 48 (55)
3+4+5 8 (14) 8(9)
443 10 (17) 13 (15)
44345 3(5 3(4)
3+5 1(2) 1(1)
4+4 1(2) 2(2)
>4+ 5 9 (15) 9 (10)

Stage (%)
pT2 18 (31)
pT3a 31(53.5)
pT3b 9 (15.5)
pT4 0

Positive surgical margin (%)  16(27.5)
pT2 0
pT3a 10
pT3b 6

Expressed as median (IQR)

pT3b=6). There was a median of 51.5 days (IQR 35.3-73.3)
between prostate biopsy and **Ga-PSMA PET/CT.

Fig. 1 Comparative imaging from three patients (i —iii) that demonstrate
suspicious lesions seen on both mpMRI and **Ga-PSMA PET/CT (i),
multifocal disease seen with **Ga-PSMA PET/CT and not mpMRI (ii)
and index lesion seen on mpMRI but not convincingly detected on **Ga-
PSMA PET/CT (iii). a - axial T2 weighted image; b — apparent diffusion

Imaging diagnostic performance: “per patient”

As shown in Table 1, pre-biopsy mpMRI detected PI-RADS
>3 lesions (likely or equivocal) in 53 (91.3%) men and con-
cordant with the histopathology index lesion in 52 men (sen-
sitivity 89.66%; 95% CI, 78.8-96.1). The five patients
deemed PI-RADS 2 on mpMRI proceeded to biopsy, and
subsequently RP, on the basis of ongoing clinical suspicion.
%8Ga-PSMA PET/CT demonstrated PSMA-avid disease (like-
ly or equivocal) in 56 (96%) patients, identified the index
lesion in 54 (93.1%) patients. An image comparison between
mpMRI and °®Ga-PSMA PET/CT is included as Fig. 1.
Patients with non-PSMA avid tumours (»=2) had Gleason
3 + 4 malignancy, low tumour volumes (0.98 cc and 0.27 cc)
and had a significantly lower mean serum PSA (1.91 ng/mL;
p=0.02) than those with PSMA avid tumours (mean PSA
11.44 ng/mL). For patients in whom **Ga-PSMA PET/CT
did not detect the index tumour (n=2), one patient’s index
lesion was a 0.35 cc Gleason 4 +3 tumour in which **Ga-
PSMA PET/CT detected the non-index Gleason 3 +4
(1.01 cc) nodule, while the other had Gleason 3 + 4 (tumour
volume 0.72 cc, PSA 4.7 ng/mL) disease.

All tumour foci present with RP histology were identified
by mpMRI for 37 patients (sensitivity 63.8%; 95% CI, 50.1—
76%) and by ®®Ga-PSMA PET/CT for 42 patients (sensitivity
72.4%; 95% CI, 59.1-83.31%; p =0.27). Multifocal disease
was detected among 11 (18.9%) and 20 (38%; p=0.03) pa-
tients, respectively.

8Ga-PSMA PET/CT lesions were reported as likely for 51
men (negative due to: incorrect index lesion assignment n = 2,
low SUV max n=>5). Lesions assigned as likely correlated
with all RP tumour foci for 38 patients (sensitivity 65.5%;
95% CI, 51.9-77.5%).

When compared for clinical (PSA, PSA density), imaging
(apparent diffusion coefficient; ADC, SUVmax) and histo-
pathological (Gleason score) factors (Table 3), all groups were
similar except that PI-RADS 5 lesions had lower ADC values

coefficient (ADC) map derived from diffusion-weighted imaging viewed
in axial section; ¢ - ®*Ga-PSMA PET axial image; d - %8Ga-PSMA PET
fused with CT imaging. Blue arrow — concordant lesions; Red arrow —
discordant lesions
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(p =0.009) and likely ®*Ga-PSMA PET/CT lesions had higher
SUVmax values (p = 0.02). Correlation analysis demonstrated
a trend towards higher PSA and PSA density with lower ADC
values, with an inverse trend observed for SUVmax, but these
were not significant (p > 0.05; Supplementary Figure 2).

Imaging diagnostic performance: “Per lesion”

Among 58 RP specimens, 88 tumour foci were identified
(Table 4), of which mpMRI detected 61 (PI-RADS >3) and
%8Ga-PSMA PET/CT detected 68 (likely or equivocal).
Concordance among all modalities was present for 54 foci
(61.3%). Fourteen lesions (15.9%) seen on *8Ga-PSMA
PET/CT were not seen on mpMRI. Seven lesions (7.9%) seen
on mpMRI were not seen on **Ga-PSMA PET/CT. Sixteen
lesions were identified by imaging (likely or equivocal) that
did not correspond to tumour foci on histopathological analy-
sis. Specifically, among “likely” lesions, one lesion identified
on ®®Ga-PSMA PET/CT and two lesions on mpMRI did not
correspond to tumour foci on histopathology. Among
“equivocal” lesions, 12 lesions identified by %8Ga-PSMA
PET/CT and two identified by mpMRI did not correspond to
tumour foci on histopathology. Significantly more false neg-
atives occurred for mpMRI compared to ®*Ga-PSMA PET/CT
interpretation (Table 4; p=0.04). When ROC curves were
compared (Table 4, Fig. 2), strict %8Ga-PSMA PET/CT inter-
pretation (lesions that were likely; AUC 0.817) was similar to

Table 4 A) Concordance between tumour foci (reported according to
Gleason grade) according to histopathology compared to mpMRI and
PSMA PET/CT lesions. Tertiary patterns were considered according to
predominant Gleason patterns (e.g. 3+3 +4 included in 3+3,3+4+5

mpMRI (PI-RADS>3; AUC 0.729; p > 0.05) and mpMRI PI-
RADS>4 (AUC 0.776; p > 0.05). Consideration of clinically
significant cancer, as defined by Gleason >3 + 4 resulted in
slightly improved diagnostic accuracy for all methods except
strict ®*Ga-PSMA PET/CT (likely only; AUC 0.810). All
were superior to ®*Ga-PSMA PET/CT inclusive of both likely
and equivocal lesions (p < 0.05 for both analyses).

Multifocal disease analysis

Among 58 patients, 26 demonstrated multifocal disease with
RP histopathological analysis. mpMRI demonstrated multifo-
cal disease in 17 cases, of which six cases were due to large
solitary lesions on histopathology that appeared to be multi-
focal on mpMRI, resulting in 11 cases that were truly multi-
focal on both mpMRI and histopathology. When compared to
RP histopathology, all tumour foci were concordant with
mpMRI for six patients, while mpMRI failed to detect addi-
tional foci for five patients. “*Ga-PSMA PET/CT detected 27
cases of multifocal disease, of which seven were due to large
solitary lesions on histopathology that appeared to be multi-
focal on ®®*Ga-PSMA PET/CT, resulting in 20 that were truly
multifocal. “Likely” lesions on ®*Ga-PSMA PET/CT were
concordant for all tumour foci on RP histopathology in eight
cases (p > 0.05), which increased to 12 if likely and equivocal
lesions were included (p > 0.05).

included in 3+4, 4 +3 + 5 included in 4 + 3, 3 + 5 included in 4 + 4). B)
Diagnostic accuracy according to ROC analysis of imaging modalities for
detection of lesions for all cancer and clinically significant cancer (de-
fined as Gleason grade>3 +4)

A Histopathology ~mpMRI Ga®*PSMA PET/CT
Gleason n  Likely (Concordant) Equivocal (Concordant) Discordant Likely (Concordant Equivocal (Concordant) Discordant
3+3 4 - 4 1 3
3+4 56 37 19 34 8 14
4+3 16 13 1 2 14 2
4+4 3 1 1 1 3
>4+5 9 8 1 9
Total 88 59 2 27 61 8 19
B All cancer mpMRI %8Ga-PSMA PET/CT
PI-RADS >3 PI-RADS >4 Likely/equivocal Likely only
AUC 0.729 0.776 0.510 0.817
95% CI 0.633 t0 0.811 0.685 to 0.852 0.410 to 0.609 0.730 to 0.886
Sensitivity 69.3 67.1 78.4 69.3
Specificity 76.5 88 23.5 94.1
Clinically significant cancer (Gleason grade >3 +4)
AUC 0.768 0.804 0.571 0.810
95% CI 0.675 to 0.845 0.715 to 0.875 0.471 to 0.668 0.721 to 0.880
Sensitivity 72.6 70.2 81 714
Specificity 81 90.5 333 90.5
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Fig. 2 Receiver Operating Characteristic analyses of mpMRI and *®Ga-
PSMA PET/CT using different confidence cut-offs (PIRADS >3 or>4;
PSMA equivocal/likely (PSMA 1more) or likely only (PSMA_2more)

considering all cancer (a) and clinically significant cancer (Gleason >3 +
3 and>0.5 cc) (b)

Timing between imaging modalities

The median duration between mpMRI to RP, %8Ga-PSMA
PET/CT to RP and mpMRI to **Ga-PSMA PET/CT was
231 (180-322), 110 (83—161) and 103 (70-167) days, respec-
tively. The effect of imaging delay between mpMRI and **Ga-
PSMA PET/CT was considered with analysis of two groups,
those who received both imaging modalities within 90 days
(n=21) and those after 90 days (n =37). There were no sig-
nificant differences between any variables (Table 5).

Specific cases

®*Ga-PSMA PET/CT detected nodules not apparent on
mpMRI, one of which corresponded with a positive margin
(non-dominant nodule): a contralateral 2.75 cc nodule of
Gleason 3 +4 disease was visible on *®Ga-PSMA PET/CT,
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but not mpMRI (both of which detected the index lesion at
1.1 cc Gleason 4 + 5 tumour; Fig. 1). However, some disease
may be missed by both modalities. Five patients with negative
mpMRI (PI-RADS 2 overall), but likely PSMA PET/CT find-
ings proceeded to RP. Of these, one case had Gleason 4 + 3
disease detected by biopsy that was upgraded to Gleason
grade 4 + 5 disease (2.24 cc) on whole gland histology (Fig.
1). In contrast, mpMRI detected six lesions not seen on **Ga-
PSMA PET/CT, including a 0.72 cc Gleason 3 + 4 tumour in
which PSMA demonstrated low avidity in a separate area.

SUVmax analysis

When SUVmax was used to predict positive histopathology
for tumour lesions, no significant differences were observed
among different Gleason scores (Supplementary Table 1).
SUVmax >6.3 resulted in 100% specificity for 60.1% sensi-
tivity (AUC 0.788) for detection of overall cancer considering
only likely or equivocal lesions, while 47.7% sensitivity
(AUC 0.815) was observed if all false negatives were consid-
ered (Supplementary Figure 3). A trend of higher SUVmax
being associated with a lower ADC was observed, however
this was not significant (p = 0.15).

Discussion

This study represents, to our knowledge, the largest clinical
study of primary prostate cancer characterisation using both
mpMRI and ®*Ga-PSMA PET/CT compared to RP whole
specimen histology. A significant strength of this study is that
the data are sourced from routine investigations performed as
part of standard clinical practice in our tertiary institution.
Both mpMRI and **Ga-PSMA PET/CT exhibited excellent
index lesion identification; however, %8Ga-PSMA PET/CT
detected more tumour foci (77.2 vs. 69.3%) and multifocal
disease (22 vs. 12.5%) compared with mpMRI. Best diagnos-
tic accuracy for tumour foci/lesions was obtained with **Ga-
PSMA PET/CT (considering likely lesions only) compared
with mpMRI or all ®*Ga-PSMA PET/CT lesions (inclusive
of likely and equivocal). High accuracy for clinically signifi-
cant disease was present, with 87% of detected foci at Gleason
3 +4 or higher. Thus, ®*Ga-PSMA PET/CT may provide valu-
able additional information in primary staging for the treating
urologist prior to treatment or diagnostic biopsy.

Our findings are similar to Eiber and colleagues, who re-
ported on data from 53 patients who underwent **Ga-PSMA
HBED-CC PET/MRI prior to prostatectomy [25]. However,
our cohort represents higher risk disease (>pT3a 69% versus
57%) with higher mpMRI accuracy (91% versus 66%), con-
sistent with our pre-biopsy mpMRI-based model of prostate
cancer diagnosis. Despite this, %8Ga-PSMA PET/CT was the
superior diagnostic modality and may be more discriminating
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Table 5 Subgroup analysis with
consideration for delay from Total cohort MRI - PSMA MRI - PSMA p value
mpMRI to **Ga-PSMA PET/CT >90 days <90 days
of less than or greater than
90 days No. of patients 58 37 21
Intermediate risk (%) 45 (77) 29 (78.4) 16 (76.2) 1.0000
High risk (%) 13 (23) 8 (21.6) 5(23.89) 1.0000
Previous negative biopsy (%) 7(12) 6(16.2) 1(4.8) 0.4034
Neoadjuvant androgen 1 1
deprivation therapy
Clinical demographics
Age, years 65.5 (60-68) 66 (63-68) 63 (58-69) 0.09
PSA value, ng/mL 7.35(5.6-12) 6.9 (5-9.8) 7.8 (5.8-13) 0.467
Prostate volume, mL 38 (30-50) 40 (32-50) 35 (27-50) 0.369
PSA density 0.196 (0.146-0.278) 0.2 (0.15-0.29) 0.19 (0.15-0.27) 0.342
Pathologic demographics
Gleason Grade (%)
343 0 0 0
3+4 34 (58.6) 19 (51.3) 15(71.4) 0.1714
4+3 13 (22.4) 10 (27) 3(14.2) 0.3380
4+40r3+5 2(34) 2(54) 0 0.5299
>4+5 9 (15.5) 6(16.2) 3(14.2) 1.0000
Stage (%)
pT2 18 (31) 14 (37.8) 4 (19) 0.1558
pT3a 31(53.5) 18 (48.6) 13 (61.9) 0.4154
pT3b 9 (15.5) 5(13.5) 4 (19) 0.7096
pT4 0
Positive surgical margin (%) 16(27.5) 9(24.3) 7(33.3) 0.5460
pT2 0 0 0
pT3a 10 6 (16.2) 4(19) 1.0000
pT3b 6 3(8.1) 3(14.3) 0.6573

when applied in a traditional diagnostic pathway. Indeed, most
of the limited studies comparing mpMRI of the prostate with
®8Ga-PSMA PET/CT report the latter to demonstrate a higher
specificity and positive predictive value [24, 25]. The primary
indication for ®®Ga-PSMA PET/CT in our institution is sys-
temic staging after biopsy-confirmed prostate cancer diagnosis
due to local experience and published evidence of superiority
over traditional staging modalities (CT, WBBS) [16].

The benefits of **Ga-PSMA PET/CT compared with or in
addition to mpMRI have several implications for contempo-
rary urological practice. ®*Ga-PSMA PET/CT may be consid-
ered as a diagnostic study with ongoing suspicion of prostate
cancer despite prior negative MRI or prostate biopsies.
mpMRI-based targeting, whether performed “in bore” or with
“cognitive fusion” [34], has emerged as a key component of
localised prostate cancer diagnosis in some countries, on the
basis of high quality evidence that targeted biopsy reduces
over detection of insignificant disease and increases the detec-
tion of significant prostate cancer [2, 7]. Thus, incorporation
of ®*Ga-PSMA PET/CT prior to biopsy may improve overall

biopsy accuracy and disease characterisation on the basis of
greater concordance between lesions seen on RP and **Ga-
PSMA PET/CT compared to mpMRI.

®Ga-PSMA PET/CT may provide additional information
when considering a patient for focal therapy. The use of
mpMRI to guide biopsy and focal therapy techniques has been
reported internationally [35, 36]. However, the concern of
multi-focal prostate cancer limits widespread use of focal ther-
apy [37]. Our findings indicate that only 10% of men were
eligible for focal therapy according to a consensus definition
[38] on the basis of RP histopathology (38 bilateral disease,
five Gleason score >4 + 3, 5 EPE present).

Furthermore, the decision to perform varying degrees
of nerve-sparing during RP is based on multiple factors,
however is contraindicated in patients at high risk of EPE
[26]. The sensitivity of mpMRI in predicting EPE is un-
acceptably low (57% on meta-analysis) [39], while the
accuracy of ®*Ga-PSMA PET/CT in predicting EPE is
unclear. However, superior detection of bilateral and mul-
tifocal disease may influence the decision to perform
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nerve-sparing surgery and is a further benefit for pre-
operative use of **Ga-PSMA PET/CT. ®*Ga-PSMA PET/
CT when used for localized staging also combines whole
body functional imaging to detect distant metastases with
initial diagnosis [40, 41] or biochemical recurrence [11,
12]. Cost-benefit comparison with an mpMRI/CT/WBBS
approach is currently being assessed in prospective stud-
ies (Australia New Zealand Clinical Trials Registry iden-
tification numbers ACTRN12617000005358 and
ACTRN12614000783628).

The limitations of this study include the retrospective,
non-randomised nature and possible selection bias.
Specifically, our cohort is limited to those undergoing rad-
ical prostatectomy and does not include patients referred
for radiotherapy with androgen deprivation therapy.
Inherent limitations include the translation of nuclear med-
icine specialist interpretation of **Ga-PSMA PET/CT to a
quantitative scale (3-point Likert and SUVmax thresholds)
for research purposes. However, we determined that a
SUVmax >6.3 resulted in 100% specificity and 61% sen-
sitivity. The comparison of histopathology with lesion lo-
cation on imaging using histopathological report, omitting
smaller lesions, as opposed to whole gland cross-sectional
histopathological assessment which may potentially lead to
interpretation errors. This approach was used to be clini-
cally applicable and prioritise clinically significant disease,
rather than consider all possible likely insignificant small
foci within the RP specimen. It is likely this consideration
contributed to the presence of falsely positive lesions seen
on either imaging modality, which were significantly more
abundant on °®Ga-PSMA PET/CT. The time intervals be-
tween initial imaging (mpMRI) and definitive treatment
(radical prostatectomy) may have contributed to discordant
histopathology, affecting mpMRI diagnostic accuracy;
however, this is likely to be minor given the traditionally
slow growth of prostate cancer. The duration from biopsy
to surgery were in accordance with our National Elective
Surgery categorization guidelines. Subgroup analysis of
time between mpMRI and ®*Ga-PSMA PET/CT did not
demonstrate any significant differences in agreement with
other studies between biopsy and surgery [42, 43], includ-
ing those considering intermediate-risk cancer [44] that
comprised the majority (approximately 80%) of our cohort.

In conclusion, ®*Ga-PSMA PET/CT is highly accurate for
index lesion detection, as well as of tumour foci to characterise
bilateral and multifocal disease. In addition to the benefit of
8Ga-PSMA PET/CT in the detection of recurrent disease after
primary prostate cancer treatment, there is a role for primary
evaluation. Prospective studies are warranted to confirm diag-
nostic accuracy in other cohorts, determine which patients are
expected to demonstrate non-avid tumours and assess cost-
benefit of **Ga-PSMA PET/CT in altering primary manage-
ment for localised disease.

@ Springer

Acknowledgements Sachinka Ranasinghe for assistance with data col-
lection and Max Stephens for assistance with PET access and
interpretation.

Compliance with ethical standards

Conflict of interest  All authors declare to have no conflict of interest.

Ethical approval The study received ethical approval from the Royal
Brisbane and Women’s Hospital (RBWH) Human Research Ethics
Committee (Approval number HREC/17/QRBW/644). All procedures
performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

Informed consent An informed consent waiver was approved by the
institutional ethics board for this retrospective study using pre-existing
clinical data.

References

1. Moore CM, Robertson NL, Arsanious N, Middleton T, Villers A,
Klotz L, et al. Image-guided prostate biopsy using magnetic reso-
nance imaging-derived targets: a systematic review. Eur Urol.
2013;63:125-40.

2. Pokomy MR, de Rooij M, Duncan E, Schroder FH, Parkinson R,
Barentsz JO, et al. Prospective study of diagnostic accuracy com-
paring prostate cancer detection by transrectal ultrasound-guided
biopsy versus magnetic resonance (MR) imaging with subsequent
MR-guided biopsy in men without previous prostate biopsies. Eur
Urol. 2014;66:22-9.

3. Schouten MG, van der Leest M, Pokorny M, Hoogenboom M,
Barentsz JO, Thompson LC, et al. Why and where do we miss
significant prostate cancer with multi-parametric magnetic reso-
nance imaging followed by magnetic resonance-guided and
transrectal ultrasound-guided biopsy in biopsy-naive men? Eur
Urol. 2017;71:896-903.

4. Ahmed HU, El-Shater Bosaily A, Brown LC, Gabe R, Kaplan R,
Parmar MK, et al. Diagnostic accuracy of multi-parametric MRI
and TRUS biopsy in prostate cancer (PROMIS): a paired validating
confirmatory study. Lancet. 2017;389:815-22.

5. Woo S, Suh CH, Kim SY, Cho JY, Kim SH. Diagnostic perfor-
mance of prostate imaging reporting and data system version 2
for detection of prostate cancer: a systematic review and diagnostic
meta-analysis. Eur Urol. 2017;72:177-188.

6. Le JD, Tan N, Shkolyar E, Lu DY, Kwan L, Marks LS, et al.
Multifocality and prostate cancer detection by multiparametric
magnetic resonance imaging: correlation with whole-mount histo-
pathology. Eur Urol. 2015;67:569-76.

7. Radtke JP, Schwab C, Wolf MB, Freitag MT, Alt CD, Kesch C,
et al. Multiparametric magnetic resonance imaging (MRI) and
MRI-transrectal ultrasound fusion biopsy for index tumor detec-
tion: correlation with radical prostatectomy specimen. Eur Urol.
2016;70:846-53.

8. Baco E, Ukimura O, Rud E, Vlatkovic L, Svindland A, Aron M,
et al. Magnetic resonance imaging-transectal ultrasound image-
fusion biopsies accurately characterize the index tumor: correlation
with step-sectioned radical prostatectomy specimens in 135 pa-
tients. Eur Urol. 2015;67:787-94.

9. Dianat SS, Carter HB, Macura KJ. Performance of
multiparametric magnetic resonance imaging in the evaluation



Eur J Nucl Med Mol Imaging (2019) 46:20-30

29

11.

12.

13.

15.

16.

17.

20.

21.

22.

23.

and management of clinically low-risk prostate cancer. Urol
Oncol. 2014;32:39.e1-10.

Weinreb JC, Barentsz JO, Choyke PL, Cornud F, Haider MA,
Macura KJ, et al. PI-RADS prostate imaging — reporting and data
system: 2015, version 2. Eur Urol. 2016;69:16-40.

Perera M, Papa N, Christidis D, Wetherell D, Hofman MS, Murphy
DG, et al. Sensitivity, specificity, and predictors of positive (68)Ga-
prostate-specific membrane antigen positron emission tomography
in advanced prostate Cancer: a systematic review and meta-analy-
sis. Eur Urol. 2016;70:926-37.

Meredith G, Wong D, Yaxley J, Coughlin G, Thompson L, Kua B,
et al. The use of 68 Ga-PSMA PET CT in men with biochemical
recurrence after definitive treatment of acinar prostate cancer. BJU
Int. 2016;118(Suppl 3):49-55.

Rauscher I, Duwel C, Haller B, Rischpler C, Heck MM, Gschwend
JE, et al. Efficacy, predictive factors, and prediction nomograms for
(68)Ga-labeled prostate-specific membrane antigen-ligand posi-
tron-emission tomography/computed tomography in early bio-
chemical recurrent prostate cancer after radical prostatectomy. Eur
Urol. 2018;73:656-61.

Afshar-Oromieh A, Holland-Letz T, Giesel FL, Kratochwil C, Mier
W, Haufe S, et al. Diagnostic performance of (68)Ga-PSMA-11
(HBED-CC) PET/CT in patients with recurrent prostate cancer:
evaluation in 1007 patients. Eur J Nucl Med Mol Imaging.
2017;44:1258-68.

Hovels AM, Heesakkers RA, Adang EM, Jager GJ, Strum S,
Hoogeveen YL, et al. The diagnostic accuracy of CT and MRI in
the staging of pelvic lymph nodes in patients with prostate cancer: a
meta-analysis. Clin Radiol. 2008;63:387-95.

Pyka T, Okamoto S, Dahlbender M, Tauber R, Retz M, Heck M,
et al. Comparison of bone scintigraphy and (68)Ga-PSMA PET for
skeletal staging in prostate cancer. Eur J Nucl Med Mol Imaging.
2016;43:2114-21.

Afshar-Oromieh A, Zechmann CM, Malcher A, Eder M, Eisenhut
M, Linhart HG, et al. Comparison of PET imaging with a (68)Ga-
labelled PSMA ligand and (18)F-choline-based PET/CT for the
diagnosis of recurrent prostate cancer. Eur J Nucl Med Mol
Imaging. 2014;41:11-20.

Silver DA, Pellicer I, Fair WR, Heston WD, Cordon-Cardo C.
Prostate-specific membrane antigen expression in normal and ma-
lignant human tissues. Clin Cancer Res. 1997;3:81-5.

Sweat SD, Pacelli A, Murphy GP, Bostwick DG. Prostate-specific
membrane antigen expression is greatest in prostate adenocarcino-
ma and lymph node metastases. Urology. 1998;52:637—40.
Woythal N, Arsenic R, Kempkensteffen C, Miller K, Janssen J-C,
Huang K, et al. Immunohistochemical validation of PSMA-
expression measured by 68Ga-PSMA PET/CT in primary prostate
cancer. J Nucl Med. 2018;59:238-43.

Rahbar K, Weckesser M, Huss S, Semjonow A, Breyholz H-J,
Schrader AJ, et al. Correlation of Intraprostatic tumor extent with
68Ga-PSMA distribution in patients with prostate Cancer. J Nucl
Med. 2016;57:563-7.

Turkbey B, Mena E, Lindenberg L, Adler S, Bednarova S, Berman
R, et al. 18F-DCFBC prostate-specific membrane antigen—targeted
PET/CT imaging in localized prostate Cancer: correlation with
multiparametric MRI and histopathology. Clin Nucl Med.
2017;42:735-40.

Kesch C, Vinsensia M, Radtke JP, Schlemmer HP, Heller M, Ellert
E, et al. Intra-individual comparison of 18F-PSMA-1007-PET/CT,
multi-parametric MRI and radical prostatectomy specimen in pa-
tients with primary prostate cancer - a retrospective, proof of con-
cept study. J Nucl Med. 2017;58:1805-10.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Rhee H, Thomas P, Shepherd B, Gustafson S, Vela I, Russell PJ,
et al. Prostate specific membrane antigen positron emission tomog-
raphy may improve the diagnostic accuracy of multiparametric
magnetic resonance imaging in localized prostate Cancer. J Urol.
2016;196:1261-17.

Eiber M, Weirich G, Holzapfel K, Souvatzoglou M, Haller B,
Rauscher I, et al. Simultaneous 68Ga-PSMA HBED-CC PET/
MRI improves the localization of primary prostate cancer. Eur
Urol. 2016;70:829-36.

Mottet N, Bellmunt J, Bolla M, Briers E, Cumberbatch MG, De
Santis M, et al. EAU-ESTRO-SIOG guidelines on prostate cancer.
Part 1: screening, diagnosis, and local treatment with curative in-
tent. Eur Urol. 2017;71:618-29.

Eder M, Lohr T, Bauder-Wust U, Reber M, Mier W, Schafer M,
et al. Pharmacokinetic properties of peptidic radiopharmaceuticals:
reduced uptake of (EH)3-conjugates in important organs. J Nucl
Med. 2013;54:1327-30.

Epstein JI, Egevad L, Amin MB, Delahunt B, Srigley JR,
Humphrey PA. The 2014 International Society of Urological
Pathology (ISUP) consensus conference on Gleason grading of
prostatic carcinoma: definition of grading patterns and proposal
for a new grading system. Am J Surg Pathol. 2016;40:244-52.
Futterer JJ, Briganti A, De Visschere P, Emberton M, Giannarini G,
Kirkham A, et al. Can clinically significant prostate cancer be de-
tected with multiparametric magnetic resonance imaging? A sys-
tematic review of the literature. Eur Urol. 2015;68:1045-53.

van der Kwast TH, Amin MB, Billis A, Epstein JI, Griffiths D,
Humphrey PA, et al. International Society of Urological
Pathology (ISUP) consensus conference on handling and staging
of radical prostatectomy specimens. Working group 2: T2
substaging and prostate cancer volume. Mod Pathol. 2011;24:16—
25.

Stamey TA, Freiha FS, McNeal JE, Redwine EA, Whittemore AS,
Schmid HP. Localized prostate cancer. Relationship of tumor vol-
ume to clinical significance for treatment of prostate cancer. Cancer.
1993;71:933-8.

Stensland KD, Coutinho K, Hobbs AR, Haines L, Collingwood
SA, Kwon YS, et al. Are magnetic resonance imaging undetectable
prostate tumours clinically significant? Results of histopathological
analyses. Arab J Urol. 2016;14:256-61.

Biehl KJ, Kong FM, Dehdashti F, Jin JY, Mutic S, El Naqa I, et al.
18F-FDG PET definition of gross tumor volume for radiotherapy of
non-small cell lung cancer: is a single standardized uptake value
threshold approach appropriate? J Nucl Med. 2006;47:1808-12.
Yaxley AJ, Yaxley JW, Thangasamy IA, Ballard E, Pokorny MR.
Comparison between target magnetic resonance imaging (MRI) in-
gantry and cognitively directed transperineal or transrectal-guided
prostate biopsies for prostate imaging-reporting and data system
(PI-RADS) 3-5 MRI lesions. BJU Int. 2017;120(Suppl 3):43-50.
Napoli A, Anzidei M, De Nunzio C, Cartocci G, Panebianco V, De
Dominicis C, et al. Real-time magnetic resonance—guided high-
intensity focused ultrasound focal therapy for localised prostate
cancer: preliminary experience. Eur Urol. 2013;63:395-8.

Nguyen PL, Chen M-H, Zhang Y, Tempany CM, Cormack RA,
Beard CJ, et al. Updated results of magnetic resonance imaging
guided partial prostate brachytherapy for favorable risk prostate
cancer: implications for focal therapy. J Urol. 2012;188:1151-6.
Giannarini G, Gandaglia G, Montorsi F, Briganti A. Will focal
therapy remain only an attractive illusion for the primary treatment
of prostate Cancer? J Clin Oncol. 2014;32:1299-301.

van den Bos W, Muller BG, Ahmed H, Bangma CH, Barret E,
Crouzet S, et al. Focal therapy in prostate cancer: international

@ Springer



30

Eur J Nucl Med Mol Imaging (2019) 46:20-30

39.

40.

41.

multidisciplinary consensus on trial design. Eur Urol. 2014;65:
1078-83.

de Rooij M, Hamoen EH, Witjes JA, Barentsz JO, Rovers MM.
Accuracy of magnetic resonance imaging for local staging of
prostate cancer: a diagnostic meta-analysis. Eur Urol. 2016;70:
233-45.

Corfield J, Perera M, Bolton D, Lawrentschuk N. (68)Ga-prostate
specific membrane antigen (PSMA) positron emission tomography
(PET) for primary staging of high-risk prostate cancer: a systematic
review. World J Urol. 2018;36:519-27.

Maurer T, Gschwend JE, Rauscher I, Souvatzoglou M, Haller B,
Weirich G, et al. Diagnostic efficacy of (68)gallium-PSMA positron
emission tomography compared to conventional imaging for lymph

@ Springer

42.

43.

44,

node staging of 130 consecutive patients with intermediate to high
risk prostate cancer. J Urol. 2016;195:1436-43.

Morini MA, Muller RL, de Castro Junior PCB, de Souza RJ, Faria
EF. Time between diagnosis and surgical treatment on pathological
and clinical outcomes in prostate cancer: does it matter? World J
Urol. 2018;36:1225-31.

Korets R, Seager CM, Pitman MS, Hruby GW, Benson MC,
McKiernan JM. Effect of delaying surgery on radical prostatectomy
outcomes: a contemporary analysis. BJU Int. 2012;110:211-6.
Zanaty M, Alnazari M, Ajib K, Lawson K, Azizi M, Rajih E, et al.
Does surgical delay for radical prostatectomy affect biochemical
recurrence? A retrospective analysis from a Canadian cohort.
‘World J Urol. 2018;36:1-6.



	Improved...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study population
	Imaging techniques
	Radical prostatectomy
	Histology examination
	Assessing imaging and histopathological concordance
	Statistical analysis

	Results
	Patient and pathological characteristics
	Imaging diagnostic performance: &ldquo;per patient&rdquor;
	Imaging diagnostic performance: &ldquo;Per lesion&rdquor;
	Multifocal disease analysis
	Timing between imaging modalities
	Specific cases
	SUVmax analysis

	Discussion
	References


