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Background: Recommended imaging modalities for prostate cancer staging have disap-
pointing sensitivities, whereas [68Ga]-PSMA PET/CT (PET-PSMA) shows promising sensi-
tivities and specificities in the initial management of prostate cancer. Recent studies have
revealed that a significant change of management when PET-PSMA was used, with favorable
negative predictive values.

Methods: In this retrospective study, we analyzed every PET-PSMA performed in our
center for initial staging of intermediate and high-risk prostate cancer. Patients were divided
into two groups based on whether imaging modalities other than PET-PSMA were per-
formed. In patients submitted to radical prostatectomy, PET-PSMA findings were compared
to histological analysis of the specimen.

Results: PET-PSMA results of 57 patients were gathered, with 77.2% (n=44) having
performed CT scan or bone scan (BS) prior to PET-PSMA. Prostate cancer management
strategy was changed in 61.4% (n=27), when PET-PSMA was performed following CT and
BS. BS and CT results were consistent with PET-PSMA in 43.2% and 44.8%, respectively. In
30 cases, a curative strategy was used based on PET-PSMA findings. PET-PSMA revealed
a negative predictive value of 95.2% in 23 patients submitted to radical prostatectomy with
bilateral pelvic lymphadenectomy. Prostate SUV values on preoperative PET-PSMA corre-
lated with initial PSA, ISUP grade, PC risk staging and presence of extraprostatic lesions.
Conclusions: PET-PSMA is a key element for prostate cancer staging and management,
with high diagnostic accuracy. More prospective studies need to be implemented to deter-
mine its role as a first-line staging tool.

Keywords: PET-CT, prostate cancer, specificity and sensitivity, metastasis, lymphatic
metastases, bone metastases

Introduction
Accurate staging of prostate cancer (PC) is essential to correctly manage therapeu-
tic strategies with curative intent.

For the clinical staging of PC, current guidelines still recommend a cross-sectional
abdominopelvic imaging study for lymph node (LN) evaluation — such as computed
tomography (CT) — and a bone scan (BS) for bone metastasis evaluation. These
recommendations are however limited to intermediate and high-risk PC. Both imaging
modalities have low sensitivity for lesion detection, with a sensitivity of 40% for LN
detection on CT" and a sensitivity of 80% for evaluation of bone metastasis in BS at

patient level.? Sensitivities are even lower for PSA values under 10 ng/mL.
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We are currently facing a trend towards replacing stan-
dard of care staging modalities with nuclear medicine
imaging techniques such as PET/CT with [68Ga]PSMA
targeting radiopharmaceuticals (PET-PSMA).? PET-PSMA
demonstrates both higher sensitivity and specificity for LN
and bone metastasis detection. For LN detection PET-
PSMA showed per-patient sensitivity of 75-85% and spe-
cificity of 97-99%,* ¢ while for bone metastasis detection
sensitivity and specificity were, respectively, 96% and
99.1%.° In fact, the latest European guidelines already
focus on the growing importance of PET-PSMA.” More
studies are needed to determine whether the detection of
lower volume metastatic disease will alter therapeutic
strategies and other endpoints, but preliminary results
from the first prospective randomized study (proPSMA)
seem to point in that direction.*

There are already some reports on the impact of PET-
PSMA on therapeutic management of PC, with reports of
23% change on the management of PC when PET-PSMA
was used in the primary staging setting, and an even
higher impact of PET-PSMA on the management of bio-
chemical recurrence.*®

The high sensitivity for LN disease detection could
assist on a better selection of cases who might benefit
from bilateral pelvic lymphadenectomy. Yaxley et al stu-
died the predictive value of preoperative PET-PSMA on
LN histological metastasis, concluding that by omitting
pelvic lymphadenectomy based on a negative preoperative
PET-PSMA, one would miss LN disease in 20% of men.’
However, data from the proPSMA study* and from the
study of Kulkarni et al'® showed higher negative predic-
tive values for PET-PSMA, missing LN disease in 5% and
12.5%, respectively.

Materials and Methods
We performed a cross-sectional study based on the experi-
ence with PET-PSMA in our center. Eligible patients had
a PET-PSMA performed from 01/01/2016 to 15/03/2020,
with PC diagnosed based on a prostate biopsy and with
PSA values >10 ng/mL and/or ISUP > 2 (intermediate or
high-risk PC). Data regarding sociodemography, clinical
presentation, initial PSA, prostate biopsy histology and
treatment were collected. Patient data was anonymized
and maintained with confidentiality throughout the study.
A dose of 2 MBg/Kg locally synthetized [68Ga]
PSMA-11 was administered 60 minutes prior to whole-
body PET/CT acquisition (Siemens Biograph, Siemens
Healthcare, Gemini GXL Philips, Philips). Resulting

images were then independently interpreted by two
nuclear medicine physicians. Prostate SUV values were
compared to clinical findings.

Patients were divided into two groups, one comprising
patients who performed PET-PSMA alone and another
consisting of those who also performed BS or CT.
Patients who performed imaging modalities other than
PET-PSMA were further studied, regarding whether ther-
apeutic management changed with PET-PSMA.

All patients submitted to radical prostatectomy with
bilateral pelvic lymphadenectomy had their histopatholo-
gical results compared to PET-PSMA findings (Figure 1).

Statistical
Statistics version 23, with the use of chi-square test for

analysis was performed using SPSS

group comparisons.

Results

We gathered data on 57 patients, with a mean age of 67.91
+ 6.59 years. Mean PSA at presentation was 37.73 + 68.07
ng/mL and median ISUP grade was 3. The frequency of
intermediate and high-risk PC was, respectively, 28
(49.1%) and 29 (50.9%). Thirteen patients performed
only PET-PSMA for PC staging, while the remaining
44 performed, in addition to PET-PSMA, BS (n=15), CT
scan (n=7) or both BS and CT (n=22). Reasons for
requesting PET-PSMA were confirmation of solitary or
on BS/CT in
(29.8%) and absence of extraprostatic disease on BS/CT

undefined lesions seventeen patients
despite PSA values greater than 50ng/mL in seven patients
(12.3%). In the remaining twenty cases (35.1%) PET-
PSMA was requested based on physician opinion alone.
Mean follow-up after initial treatment was 10.48 + 9.64
months (Table 1).

Considering the group of patients who performed ima-
ging studies other than PET-PSMA (n=44), staging
remained the same after PET-PSMA in 17 cases (38.6%),
while in the remaining 27 (61.4%) PC was re-staged as
local disease in 20 cases (45.5%) and as metastatic disease
in 7 (15.9%). Management of the re-staged patients shifted
to therapy with curative intent and systemic therapy,
respectively. Regarding the 22 patients who performed
both BS and CT, PET-PSMA altered PC staging in 14
patients (63.6%), with re-staging as local disease in 11
(52.4%) and as metastatic disease in 3 (14.3%) (Figure 2).

We also compared the presence or absence of bone lesions
on BS and LN on CT versus its detection on PET-PSMA. Of
the 37 patients who performed BS, 17 (45.9%) had lesions
that were not detected with PET-PSMA and four (10.8%) had
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Figure | Study design.
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Abbreviations: PET-PSMA, [68Ga] PSMA; PSA, Prostate Specific Antigen; ISUP, International Society of Urological Pathology grading; PC, prostate cancer; RP, radical
prostatectomy; BPLND, bilateral lymphadenectomy.

no lesions in BS but were positive for metastization in PET-
PSMA. The remaining 16 (43.2%) had BS results congruent
with PET-PSMA findings. Regarding the 29 patients who

Table 1 Demographic and Clinical Results

Population (n=57)

Age (years) 6791 + 6.59

PSA (ng/mL) 37.73 £ 68.07

ISUP | 3 (5.3%)
2 20 (35.1%)
3 23 (40.4%)
4 8 (14.0%)
5 3 (5.3%)

PC Risk Intermediate risk 28 (49.1%)
High risk 29 (50.9%)

Imaging PET-PSMA 13 (22.8%)
PET-PSMA & BS 15 (26.3%)
PET-PSMA & CT 7 (12.3%)

PET-PSMA & BS & CT

22 (38.6%)

Follow-up (months)

10.48 * 9.64

Abbreviations: PC, Prostate Cancer; PET-PSMA, [68Ga] PSMA; BS, bone scan;
CT, computed tomography; ISUP, International Society of Urological Pathology
grading; PSA, prostate specific antigen.

performed CT before PET-PSMA, 12 (41.4%) had suspected
lymph node disease, not confirmed with PET-PSMA, while 4
(13.8%) had the opposite findings, no lymph node disease on
CT but with lymph nodes with PSMA uptake in PET-PSMA.
The remainder (n=13, 44.8%) had PET-PSMA findings com-

parable to CT results (Tables 2 and 3).

Overall, 21 patients (36.8%) received either androgen-

deprivation therapy (ADT) or

chemotherapy with

Docetaxel, while 36 patients (63.2%) were submitted to

treatment with curative intent. The latter were submitted

to radical prostatectomy (RP) with or without bilateral
lymphadenectomy (BPLND) in 25 cases (73.5%), external
beam radiotherapy (EBRT) in six (17.6%), and brachyther-
apy (BT) in the remaining three cases (8.8%). Nine patients

(36.0%) were eventually submitted to adjuvant RT either for

seminal vesicles invasion or positive surgical margins.

Twenty-three out of the 25 patients submitted to RP

underwent BPLND. Two of them had positive nodes on

the preoperative PET-PSMA, final pathology confirming

the findings in one but being negative for nodal metastasis

in the other. This last patient had undetected postoperative

PSA and remains

free from biochemical recurrence
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Abbreviations: PET-PSMA, [68Ga] PSMA; BS, bone scan; CT, computed tomography; Upstaging, Metastatic disease on PET-PSMA, previously reported as local by staging
with BS/CT; Downstaging, Local disease on PET-PSMA, previously with suspected secondary lesions on BS/CT.

(BCR). On the other hand, among the 21 patients with
negative nodal staging, final pathology revealed metastasis

in one, being negative in the remaining twenty.

Table 2 Difference in Staging Comparing PET-PSMA with
Standard of Care Imaging

n (%) PET-PSMA Total
Local | Systemic
BS and CT Local 0(0.0%) | 3 (142%) | 3 (14.2%)
(n=21)
Systemic | Il (52.4%) | 7 (33.3%) | 18 (85.7%)
Total 11 (52.4%) | 10 (47.6%)

Abbreviations: PET-PSMA, [68Ga] PSMA; BS, bone scan;
tomography.

CT, computed

Pathological findings were consistent with preoperative
PET-PSMA in 21 (91.3%), while identifying lymph node
involvement undetected in PET-PSMA in the one patient
(4.3%), with a specificity and negative predictive value of
95.2%. Sensitivity and positive predictive values were only
50%, however the extremely low number of positive cases
(n=2), both in PET-PSMA and histopathology adds a very high
degree of statistical uncertainty, rendering them unreliable
(Table 4).

Regarding all patients with local disease on PET-PSMA
staging and who received curative treatment (mean follow-up
0f 10.48 + 9.64 months, with minimum and maximum follow-
ups of two and thirty-six months, respectively), 27 (90.0%)
remained with undetectable PSA at last follow-up, two
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Table 3 Per-Patient Analysis of Lesions in BS and CT versus PET-
PSMA

n (%) Bone Lesions on PET- Total
PSMA
No Yes
Bone lesions on BS No | 14 (37.8%) | 4 (10.8%) | 18 (48.6%)
(n=37) Yes | 17 (45.9%) | 2 (5.4%) 19 (51.4%)
Total 31 (83.8%) | 6 (16.2%)
n (%) LN Disease on PET- Total
PSMA
No Yes
LN disease on CT No | 4 (13.8%) 4 (13.8%) 8 (27.6%)
(n=29) Yes | 12 (41.4%) | 9 (31.0%) | 21 (72.4%)
Total 16 (55.2%) | 13 (44.8%)

Abbreviations: PET-PSMA, [68Ga] PSMA; BS, bone scan; CT, computed tomo-
graphy; LN disease, lymph node disease.

(6.67%) suffered a biochemical recurrence and one (3.33%)
was lost to follow-up.

When comparing prostate maximum standardized
uptake values (pSUVmax) obtained on PET (not reported
in four patients due to overestimation caused by very
intense physiologic bladder activity) between patients
with localized disease versus metastatic disease, we iden-
tified that pSUVmax values correlate with initial PSA,
ISUP grade, PC risk staging, presence of secondary lesions
and with the endpoint of therapy with curative intent, with
statistical significance. pPSUVmax did not correlate with
age, local pathological stage on radical prostatectomy spe-
cimens (T stage) or surgical margins (Table 5).

Discussion

PET-PSMA is rapidly proving its ability to overcome other
imaging modalities for the staging of PC. This is supported
by a systematic review on the use of PET-PSMA for initial

Table 4 Pelvic Node Sampling Analysis of Patients Submitted to
Pelvic Lymphadenectomy

n (%) LN Disease on Total
PET-PSMA
No Yes

LN disease on No | 20 (87.0%) | | (4.3%) | 21 (91.3%)

Histopathology (N=23) | Yes 1 (4.3%) | | (4.3%) 2 (8.7%)
Total 21 (91.3%) | 2 (8.7%)

Abbreviations: PET-PSMA, [68Ga] PSMA; LN disease, lymph node disease.

staging of PC 11, and from a prospective, randomized,
multicenter study on this subject (proPSMA).*

Current guidelines still advocate BS and a cross-
sectional abdominopelvic imaging study for initial staging
of patients with intermediate and high-risk PC,” even
though sensitivity for CT for the detection of lymph
node disease range from 38 to 42%,"*!!
sensitivity of 85-99% for PET-PSMA.*'?

Most studies, including ours, compared conventional

compared with

imaging with PET-PSMA in patients with intermediate and
high-risk PC, while the proPSMA study gathered informa-
tion on 339 patients with high-risk PC alone. Roach et al
reported changes in patient management in 21% of
patients,® while in the proPSMA study 28% of patients
with high-risk PC suffered treatment change with PET-
PSMA, with 14% being upstaged with PET-PSMA.* In
our study, management strategy was changed in 61.4% of
patients, with 45.5% directed to curative intent and 15.9%
to systemic treatment. Being a retrospective study, this
difference may be attributed to a selection bias, where
PET-PSMA was mainly performed when radiological find-
ings were not consistent with clinical suspicion. This
selection bias, together with a small sample of patients,
did not allow for subgroup analysis, which would have
been important for understanding in which patients PET-
PSMA was most beneficial.

There are few studies comparing PET-PSMA findings
with
Herlemann et al first reporting in a sampling of 34 patients

with pathological sampling of pelvic nodes,
a sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) of 91%, 67%, 83%
and 80% respectively.® More recently Kulkarni et al
reported an NPV of 87.5% from a cohort of 51 patients,
while in the proPSMA study, in the subgroup of patients
who performed PET-PSMA and RP with BPLND (n=145),
only 5% of patients with a negative PET-PSMA had lymph
node disease. These latter results are more in line with our
reported NPV of 95.2%, with only 5% of missed lymph
node disease on preoperative PET-PSMA.

We also identified a correlation between higher
pSUVmax values on PET-PSMA, higher ISUP grades
and metastatic disease. This has been previously reported
by Demirci et al,'® and indicates that pSUVmax may
predict clinical significant PC, with a clear difference in
mean pSUVmax values between ISUP grades 1-2 and
ISUP grades 3—5. pSUVmax has also been inversely cor-
related with ADC in multiparametric magnetic resonance
imaging (mpMRI), suggesting a combination of both PET
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Table 5 PET-PSMA pSUVmax Correlation with Clinical Findings

n Mean pSUVmax P

Age 0.635

Initial PSA < 20 ng/mL 30 9.66 (£7.00) 0.001
> 20 ng/mL 22 18.51 (£10.44)

ISUP <2 20 9.06 (£7.51) 0.011
>2 26 15.86 (+9.82)

Metastatic Disease No 32 10.29 (£7.33) 0.004
Yes 21 15.89 (+10.82)

Therapy with Curative Intent No 19 18.85 (£10.78) 0.001
Yes 34 10.19 (£7.24)

Pathological Staging (T) 0.993

Surgical Margins (R) RO 16 8.45 (+7.74) 0.277
RI 12.80 (+6.96)

Abbreviations: PET-PSMA, [68Ga] PSMA; pSUVmax, prostate maximum standardized uptake values; PSA, prostate specific antigen; ISUP, International Society of Urological

Pathology grading.

and mpMRI for biopsy targeting."” Kulkarni et al also
identified a correlation on univariate analysis between
pathological T-staging and pSUVmax and the presence of
lymphatic metastization, with no patient with a pSUVmax
less than 5 having lymph node disease.'® These findings
are consistent with our data, where in the subgroup of 23
patients disease,

with lymph node only one had

a pSUVmax inferior to 5.

Conclusions

This study supports the use of PET-PSMA for the initial
staging of intermediate and high-risk PC, having changed
initial staging in over 60% of cases and allowing for
a better-informed clinical decision. In patients submitted
to RP, pathology findings were very consistent with PET-
PSMA results, with a specificity and NPV of 95.2%, which
confirms its high diagnostic accuracy.

Overall, PET-PSMA is set to be an increasingly key
element for PC staging and management definition. More
prospective studies are needed, however, to determine
whether PET-PSMA should be a first line staging tool

and to define whom will benefit the most from it.
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