
lable at ScienceDirect

Prostate International 9 (2021) 54e59
Contents lists avai
Prostate International

journal homepage: https: / /www.journals .e lsevier .com/prostate- internat ional
Research Article
The role of 68Gallium-prostate-specific membrane antigen positron
emission tomography on staging of high-risk localized prostate
cancer: for all high-risk patients or would it be better to select them?

Fernando Sabino M. Monteiro 1, 2, 5, *, Juçara Motta Serafim Eliam 2,
Rafaela Gomes de Jesus 1, Pedro Cavalcante 3, Gustavo do Vale Gomes 3,
Bruno Hochhegger 4, Vinicius K. Gonçalves 5, Laura Von Wallwitz Freitas 5,
Diego H. Roman 4, Andre Poisl Fay 1, 4, 5

1 Latin American Cooperative Oncology Group (LACOG), Genito-Urinary Section, Brazil
2 Hospital Santa Lucia, Oncology and Hematology Department, Brazil
3 Nucleos, Nuclear Medicine Department, Brazil
4 Hospital S~ao Lucas da PUCRS, Radiology and Nuclear Medicine Department, Brazil
5 Pontificia Universidade Catolica do Rio Grande do Sul (PUCRS), School of Medicine, Oncology Department, Brazil
a r t i c l e i n f o

Article history:
Received 28 May 2020
Received in revised form
23 June 2020
Accepted 28 July 2020
Available online 13 August 2020

Keywords:
68GA-PSMA
high-risk
localized prostate cancer
PET/CT
primary staging
* Corresponding author. Oncology and Hematology
Lucia, SHLS 716 Cj. C, 70390-700, Brasilia, DF, Brazil.

E-mail address: fsabinocba@gmail.com (F.S.M. Mo

https://doi.org/10.1016/j.prnil.2020.07.007
p2287-8882 e2287-903X/© 2020 Asian Pacific Prosta
creativecommons.org/licenses/by-nc-nd/4.0/).
a b s t r a c t

Background: According to pathologico-clinical features, patients diagnosed with localized prostate
cancer (PCa) are stratified into distinct risk groups (low-risk, intermediate-risk or high-risk). Data have
demonstrated that 68Gallium-prostate-specific membrane antigen positron emission tomography (68Ga-
PSMA PET/CT) is superior to conventional radiological exams (CT or MRI and bone scintigraphy) in the
primary staging of high-risk localized PCa. However, it is still unknown if in a population of high-risk PCa,
there would be a subgroup of patients with a higher probability of identifying metastatic disease by the
68Ga-PSMA PET/CT.
Materials and Methods: Data from patients with localized PCa who underwent 68GA-PSMA PET/CT for
primary staging from four institutions were retrospectively collected. We selected patients with at least
one D'Amico classification risk factor (International Society of Urological Pathology � IV and/or prostate-
specific antigen > 20 ng/ml). To detect an association between extent of disease and number of risk
factors as well as International Society of Urological Pathology prostate cancer grade, contingency tables
were used, and Fisher Exact Test was performed.
Results: Between 2016 and 2020, 60 patients underwent a 68GA-PSMA PET/CT for primary staging of
high-risk localized PCa. Regarding the number of risk factors, 37 patients (62%) had one risk factor, and
23 (38%) had two risk factors. In the subgroup of patients with metastatic disease (n ¼ 22), those with
two risk factors had higher incidence of metastatic disease, and it was statistically significant (p ¼ 0.011).
Conclusion: This retrospective analysis demonstrated that 68GA-PSMA PET/CT was able to identify
advanced disease in more than one-third of patients with high-risk disease especially those with two
adverse risk factors.
© 2020 Asian Pacific Prostate Society. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Aside from nonmelanoma skin cancers, prostate cancer (PCa) is
the second malignancy in men and the seventh leading cause of
Department, Hospital Santa
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cancer-related death worldwide[1]. At diagnosis, about 90% of pa-
tients have localized or locoregional disease, and potentially cura-
tive intent treatments are available[2]. According to serum
prostate-specific antigen (PSA) levels, the extent of local disease,
and Gleason score patients are stratified into distinct prognostic
risk groups (low, intermediate, and high-risk) that will guide the
complementary staging workup as well as treatment options[3, 4].
Recently, a new prognostic stratification has been proposed
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defining six different stratification subgroups (very low-, low-,
favorable intermediate-, unfavorable intermediate-, high- and very
high-risk). Briefly, this more specific risk stratification takes into
account the volume of disease and the impact of International So-
ciety of Urological Pathology (ISUP) classifications in prognosis[5].
In this context for very low and low-risk disease, no staging workup
is recommended, and for favorable and unfavorable intermediate-
risk disease, a bone scan and an abdominopelvic CT or magnetic
resonance imaging (MRI) could be indicated[5]. For high-risk and
very high-risk disease, considering the higher probability of
regional lymph node (LN) involvement and distant metastasis, all
patients should undergo an abdominopelvic CT or MRI and a bone
scan[5].

In recent years, 68Gallium-prostate-specific membrane antigen
positron emission tomography (68Ga-PSMA PET/CT) has emerged
as an excellent staging tool in biochemical relapse (BCR) scenario
after local primary treatment (surgery or radiation therapy), with
more specificity and sensitivity than traditional staging tools and a
good disease detection rate even in the presence of low PSA[6, 7].
Considering the 68Ga-PSMA PET/CT sensibility and specificity to
detect recurrent disease in the BCR scenario and a higher proba-
bility to identify advanced and/or metastatic disease in high-risk
localized PCa, the interest of investigating the role of 68Ga-PSMA
PET/CT on staging independently of prognostic risk groups classi-
fication has emerged. Recently, a multicenter phase III randomized
clinical trial has evaluated the accuracy of 68Ga-PSMA PET/CT on
primary staging in patients with high-risk localized PCa. This study
showed that 68Ga-PSMA PET/CT has higher accuracy than con-
ventional imaging exams (92 vs. 65%)[8].

Despite the encouraging data suggesting an advantage of using
68Ga-PSMA PET/CT in the staging of high-risk patients, it is still
unknown whether there could be a subgroup of patients with any
characteristics that would increase the possibility of identifying
metastatic disease by the 68Ga-PSMA PET/CT and, therefore, change
treatment plans.

In this study, we sought to analyze the impact of 68Ga-PSMA
PET/CT use in the staging of high-risk localized PCa and explore
clinical factors to guide patient selection for this exam.
2. Materials and methods

This was a multicenter retrospective study including four Bra-
zilian centers (Villas-Boas Institute, Nucleos Institute, Hospital S~ao
Lucas da PUCRS, and Hospital Mae de Deus). Data from patients
with PCa diagnostic who underwent 68Ga-PSMA PET/CT between
2016 and 2020 were retrospectively collected. We selected patients
with at least one of two D'Amico classification risk factors
(ISUP� IV and/or PSA > 20 ng/ml) who underwent 68Ga-PSMA PET/
CT for primary staging. No other traditional radiologic tools (CT,
MRI, or bone scan) for extrapelvic primary staging was performed.
Considering the 68Ga-PSMA PET/CT results, the patients were
divided according to the extent of disease: localized (primary
tumor ± pelvic LNs) or metastatic (primary tumor and extra-pelvic
LNs ± bone disease ± visceral disease) and also stratified according
to the number of risk factors (1 vs. 2) and the ISUP prostate cancer
grade (IV vs. V). The study was approved by regional ethic board
and was carried out in accordance with the Declaration of Helsinki
and Good Clinical Practice.
2.1. 68Ga-PSMA PET/CT image acquisition and analysis

Radiolabeling of 68Ga-PSMA, acquisition of 68Ga-PSMA PET/CT,
and image evaluations were performed at the four centers ac-
cording to the Society of Nuclear Medicine and Molecular
Imaging and the European Association of Nuclear
Medicine procedure guideline[9].

In all centers, experienced nuclear medicine and radiology
specialists read each image individually. If the findings were
discordant, the final decisionwas achieved by consensus. The 68Ga-
PSMA PET/CT scans were analyzed visually, and the findings were
classified as (1) primary tumor only, (2) pelvic LN metastasis, (3)
extrapelvic LN metastasis only, (4) bone metastasis only, (5) LN and
bone metastasis, and (6) visceral lesions.

2.2. Statistical analysis

To detect an association between extent of disease and number
of risk factors, as well as ISUP prostate cancer grade, contingency
tables were used, and Fisher Exact Test was performed. All analyses
were performed using the SAS statistical software (version 9.4; SAS
Institute, Inc. Cary, NC). A significance level of 5% was applied.

3. Results

Between 2016 and 2020, the selected centers performed 914
68Ga-PSMA PET/CT exams. Excluding scans for primary staging of
low or intermediate-risk localized PCa, BCR, and metastatic
disease and patients with nonadenocarcinoma histology or without
ISUP prostate cancer grade information, there were 62 patients
who underwent 68Ga-PSMA PET/CT for primary staging of high-risk
localized PCa. Out of high-risk population, there were two patients
classified as high-risk localized PCa because prostate MRIs have
found T3a and T3b but with PSA �20 ng/ml and ISUP < IV, so these
patients were excluded from the final analysis (Fig. 1). The clinical
characteristics of the 60 selected patients are summarized in
Table 1.

Among these 60 patients, 26 (43%) had localized primary tumor
only, 12 (20%) had locoregional node disease, and 22 (37%) had
metastatic disease. In the subgroup of patients with metastatic
disease, 7 (12%) had extrapelvic nodes, 7 (12%) had bone disease, 8
(13%) had extrapelvic nodes and bone disease, and none had
visceral metastasis. Regarding the number of risk factors, 37 pa-
tients (62%) had only one adverse risk factor, and 23 patients (38%)
had two adverse risk factors. In the subgroup of patients with
metastatic disease, nine had one adverse risk factor and 13 had two
adverse risk factors. The information about risk factors and sites of
disease are summarized in Table 2.

The association between the number of risk factors and meta-
static disease identified by the 68Ga-PSMA PET/CT is shown in Fig. 2.
Out of the 22 patients with metastatic disease, 6 patients had
ISUP � IV, 3 patients had PSA >20 ng/ml, and 13 patients had both
ISUP� IV and PSA >20 ng/ml. The presence of 2 adverse risk factors
was associated with a higher incidence of metastatic disease
compared with those with one risk factor (P ¼ 0.011).

Regarding the ISUP prostate cancer grade, nine patients (15%)
had ISUP < IV, 32 patients (53%) had ISUP IV, and 19 patients (32%)
had ISUP V. The association between ISUP IV or V and metastatic
disease is shown in Fig. 3. In this context, out of the 51 patients with
ISUP � IV, 18 patients had metastatic disease. There was a non-
statistically significant trend of presence of metastatic disease in
patients with ISUP grade IV or V (P ¼ 0.07).

4. Discussion

This study evaluated the value of 68Ga-PSMA PET/CT in primary
staging of high-risk localized PCa before any local treatment of
prostate primary tumor (radical prostatectomy or radiation ther-
apy) and explore pathological-clinical features that may be asso-
ciated with clinical benefit of this new technology. In this analysis,



Fig. 1. 68Ga-PSMA PET/CT scans identification and selection. 68Ga-PSMA PET/CT, 68Gallium-prostate-specific membrane antigen positron emission tomography; ISUP, International
Society of Urological Pathology.
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37% of high-risk localized PCa patients had metastatic disease
identified by 68Ga-PSMA PET/CT, reflecting a higher incidence of
advanced disease in this specific population of patients. These data
go in the same direction to recent one from large retrospective trial
that identified metastatic disease in 43% of patients with PSA
>20 ng/ml[10]. On the other hand, these data have shown a slightly
higher incidence of metastatic disease compared with previously
published retrospective series and one prospective trial that
included both intermediate and high-risk localized PCa that iden-
tified metastatic disease rates varying from 17 to 30%[11-15]. This
difference could probably be explained by the inclusion of patients
with intermediate-risk localized PCa in these trials. However, the
recent multicentric phase III randomized clinical trial evaluating
the primary staging with 68Ga-PSMA PET/CT in 302 patients, all of
them with localized high-risk PCa, identified metastatic disease in
20% of the patients[8]. Therefore, identifying a selected subgroup of
patients within the high-risk population may help to define the
best setting for the use of 68Ga-PSMA PET/CT and probably the
identification of metastatic disease. In this context, our data
suggest that patients with two adverse risk factors have higher
probability to have extra-pelvic metastatic disease rather than pa-
tients with one adverse risk factor (22 vs. 15%, p ¼ 0.011). Consid-
ering that 68Ga-PSMA PET/CT is an expensive exam with limited
availability without reimbursement by the majority of health in-
surance companies, this finding is relevant because it allows a
better selection of the patients that may benefit the most from this
technology. This informationmay be also important in the design of
other future prospective trial evaluating the role of this exam in
subgroups of high-risk localized PCa patients (for instance: high-
risk vs. very high-risk patients). Interestingly, our analysis failed
to demonstrate difference in the risk of metastasis according to the
ISUP prostate cancer grade IV or V (16 vs. 22%, p ¼ 0.07).

The identification of metastatic disease is important because all
patients with evidence of extra-pelvic metastatic disease had their



Table 1
Trial population clinical characteristicsdn (%).

Clinical characteristics (n ¼ 60) Extension of disease

Localized (n ¼ 38) Metastatic (n ¼ 22)

Age, yrs
Median 70 70
Interquartil range 65-79 63-79.5

PSA, ng/ml
Median 16.53 56
Interquartil range 7.09-31 14.54-137.3

ISUP*
I 1 (2) 0
II 1 (2) 1 (2)
III 3 (5) 3 (5)
IV 24 (40) 8 (13)
V 9 (15) 10 (16)

Prostate MRI
T3a 1 (2) 0
T3b 2 (3) 4 (6)
T4 0 3 (5)

Risk Factors (ISUP � 4 and/or PSA˃20ng/ml)
One 28 (47) 9 (15)
Two 10 (16) 13 (22)

PSA, prostrate-specific antigen; MRI, magnetic resonance imaging.
* International Society of Urological Pathology Prostate Cancer Grade.
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initial treatment planning modified. For example, the two Austra-
lian prospective trials demonstrated clinical management intent
changed in 14 and 26% of the patients [8, 15]. These patients were
ruled out for any local treatment for the prostate primary tumor
Table 2
High risk factors and sites of diseasedn (%)

Site of Disease N

ISUP � 4

Localized Disease 38 (63)
Primary Tumor Only 26 (43) 18 (30)
Pelvic Nodes 12 (20) 4 (7)

Metastatic Disease 22 (37)
Extra-Pelvic Nodes Only 7 (12) 0
Bone Only 7 (12) 5 (8)
Extra-Pelvic Nodes þ Bone 8 (13) 1 (2)
Visceral 0 0

Total no. of patientsdn (%) 60 28

PSA, prostrate-specific antigen; ISUP, International Society of Urological Pathology.

Fig. 2. Association between D'Amico risk factors and metastatic disease. ISUP, In
(radical prostatectomy or RT) and started systemic treatment. In
this context, the early diagnosis of metastatic disease is important,
considering that in the last decade, several new systemic treat-
ments, including docetaxel plus androgen deprivation therapy or
novel hormonal agents plus androgen deprivation therapy, have
been approved to the treatment of advanced hormone-sensitive
PCa resulting in longer overall survival and improved clinical
outcome, especially in patients with “de novo” metastatic disease
[16-21].

Although this is a relevant data from a real-world scenario, this
study has several limitations. First, this is a retrospective analysis,
and selection bias may be affected our conclusions. An example of
this possible selection bias is the fact that 57% of our sample of
patients showed at least on positive finding in addition to the pri-
mary tumor (20% of N1 and 37% of M1 staging). This finding is quite
high considering the low sensitivity of 68Ga-PSMA PET/CT on LN
staging even in high-risk disease [22]. In our study, there was no
histopathological confirmation of 68Ga-PSMA PET/CT findings that
were called as positive LNs or distant metastasis, limiting the
determination of sensitivity and specificity of this imaging exam in
this cohort. Furthermore, we were not able to capture the changes
in the clinical management and the impact in clinical outcome, and
this should be addressed in further prospective studies to confirm
our findings. Finally, other limitation was the lack of traditional
radiologic exams (CT, MRI or bone scan) on the primary disease
staging to establish a comparison between the different methods in
an important limitation considering that conventional imaging
exams may be able to detect some changes that were detected by
68Ga-PSMA PET/CT.
High Risk Factors

PSA > 20ng/ml ISUP � 4 and PSA > 20ng/ml

4 (6.5) 4 (6.5)
2 (3) 6 (10)

1 (2) 6 (10)
0 2 (4)
2 (3) 5 (8)
0 0
9 23

ternational Society of Urological Pathology; PSA, prostrate-specific antigen.



Fig. 3. Association between ISUP prostate cancer grade and metastatic disease. ISUP, International Society of Urological Pathology.
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Another issue is the lack of information about the clinical T or N
staging of the primary tumor (T3a, T3b or T4, and N0 or N1) with
pelvic CT scan or multiparametric prostate MRI were not available
for the majority of patients. Thus, we decided to not use this criteria
in the predefined inclusion criteria to define prognostic risk score
for this analysis. This may underestimate the high-risk population
and the impact of 68Ga-PSMA PET/CT.

5. Conclusion

In conclusion, this large retrospective analysis suggests that
68Ga-PSMA PET/CT was able to identify more than one-third of
advanced disease in the staging of a high-risk population of PCa
patients. This result could help our colleagues to optimize the
clinical management in that specific population. In addition, the
number of adverse risk factors appear to help in the selection of
patients who may benefit of this new technology. Further pro-
spective trials are warranted to define the role of 68Ga-PSMA PET/
CT in the staging of prostate cancer patients.
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