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Simple Summary: Localized prostate cancer can be treated with radical intent via surgery, yet
up to 50% of patients experience a rise in prostate-specific antigen (PSA) serum levels during the
post-surgical follow-up, a condition defined as a biochemical recurrence that requires additional
examinations and treatments. PSMA PET is the most accurate diagnostic tool to detect disease
recurrence in patients with biochemical recurrence. In the present work, a retrospective analysis of
a selected cohort of patients with biochemical recurrence has been performed to explore potential
predictors of PSMA PET positivity. We observed that pT3a or higher pathological status after radical
prostatectomy, and high levels of PSA at the time of scan are significantly correlated with PSMA
PET positivity. These findings may contribute to an optimization in the management of biochemical
recurrence patients, via a better patient selection and imaging timing.

Abstract: Localized prostate cancer (PCa) can be treated with radical prostatectomy (RP). Up to
30% of patients undergoing this procedure experience biochemical recurrence (BCR), namely the
rise in serum prostate-specific antigen (PSA) levels during the post-surgical follow-up, requiring
further treatments and with the risk of severe disease progression. Currently, the most accurate
imaging technique to confirm, detect, and locate disease relapses in BCR patients is prostate-specific
membrane antigen (PSMA)-targeted PET, as recommended by international clinical guidelines. The
aim of the study was to investigate potential clinical and pathological predictors of PSMA PET
positivity, validated by clinical and instrumental follow-up or histopathological data. In this study, a
selected cohort of BCR patients after RP and no other PCa-related therapy who underwent either
PSMA PET/CT or PSMA PET/MRI has been analysed. Among the considered predictors, both
pathological staging after RP equal or higher than pT3a and higher PSA levels at the time of the scan
were significantly correlated with PSMA PET positivity on multivariate logistic regression analysis.
As expected, PSMA PET confirmed its role as an accurate imaging technique in the setting of BCR
in PCa. These findings may inform appropriate and tailored patient selection and scan timing to
optimize and fully exploit this powerful diagnostic tool.
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1. Introduction

Despite advances in primary intended curative therapy for prostate cancer (PCa),
27–53% of patients develop a biochemical recurrence (BCR), with higher percentages
depending on the preoperative risk and stage of cancer [1,2].

Patients showing BCR of PCa have a higher risk of developing distant metastases
and PCa-related death [3,4]. Several clinical parameters including serum prostate-specific
antigen (PSA) levels, PSA kinetics, and the International Society of Urological Pathology
(ISUP) score have been shown to predict the risk of PCa recurrence after RP [5–8].

The identification of the possible sites of recurrence is therefore of paramount impor-
tance for decision-making on subsequent salvage management, in order to address patients
to directed therapies with prolonged intervals of cancer-free survival [9,10].

In this scenario, imaging plays a key role in identifying local or distant recurrence
when the PSA level is rising.

The significant relevance of an accurate imaging modality able to provide early and
precise identification of the site of disease recurrence is highlighted by recent reports
showing that a metastasis-directed approach may be suitable for patients with the intent
of delaying clinical progression and eventually postponing the initiation of ADT and its
related toxicity [11].

In fact, as patients in the early stages of BCR are still curable, the capability of imag-
ing to precisely identify sites of recurrence is pivotal to choose the best therapeutic ap-
proach (e.g., salvage radiation therapy, metastases-directed therapy, and hormonal therapy).
Positron emission tomography (PET) has gained particular attention for the restaging of
PCa due to the introduction of new radiotracers, such as [68Ga]Ga-PSMA-11, that have
better sensitivity and specificity for the detection of metastatic disease, compared to con-
ventional imaging, also at low PSA levels [12–14].

EAU-EANM-ESTRO-ESUR-SIOG guidelines recommend performing PSMA PET af-
ter RP if the PSA level is >0.2 ng/mL [15]. However, patients experiencing BCR are a
heterogeneous group, comprising individuals presenting first-time PSA relapse, others
that already underwent salvage radiotherapy, hormone-naïve or receiving ADT, or even a
combination of treatments. Yet, neither international guidelines nor most published studies
investigating the predictors of PSMA PET positivity for the detection of recurrent PCa
account for this heterogeneity.

Considering the heterogeneous nature of BCR could potentially result in more accurate
and personalized guidelines for [68Ga]Ga-PSMA-11 PET execution in recurrent PCa. This, in
turn, would ensue an earlier detection of the prostatic disease allowing prompt intervention
with curative intent, ameliorating patients’ prognosis.

Currently available literature investigating the role of PSMA PET in biochemical
recurrent prostate cancer is highly heterogeneous regarding patients’ characteristics, as
they include subjects treated with either surgery or radiotherapy for primary PCa, and
both patients with and without hormonal therapy during biochemical recurrence.

The aim of this study is to identify clinical and pathological factors predicting [68Ga]Ga-
PSMA-11 PET findings in PCa patients treated exclusively with RP and showing rising
levels of PSA.

2. Materials and Methods
2.1. Patients

A total of 253 PCa patients referred to our Institution for [68Ga]Ga-PSMA-11 PET
because of rising levels of PSA after RP, from June 2020 to February 2022, were retrospec-
tively considered for this study. Inclusion criteria were (1) previous treatment with RP
and pelvic lymphadenectomy, (2) rising levels of PSA and (3) availability of all clinical and
pathological variables to be considered in this study (Table 1). Exclusion criteria were (1)
persistent disease defined as PSA ≥ 0.2 ng/mL after surgery and (2) any other PCa-related
treatment prior, concomitant, or after RP. Eighty patients met the inclusion criteria and
were considered for analysis.
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Table 1. Patients’characteristics.

Characteristic Value

N 80
Age (years)
Mean ± SD 69.5 ± 6.8
Range 53–86
ISUP score
ISUP < 4 55
ISUP ≥ 4 25
Pathological T stage
pT < 3a 36
pT ≥ 3a 44
PSA at the time of the scan (ng/mL)
PSA ≤ 0.5 56
PSA between 0.5 and 1 11
PSA ≥ 1 13
Positive surgical margins
No 67
Yes 13
Lymph node involvement
No 69
Yes 11

2.2. PET Acquisition Protocol and Image Interpretation

PET scans were acquired using either Signa PET/MRI 3 Tesla system (GE Healthcare,
Waukesha, WI, USA; N = 39) or PET/CT systems (Discovery-STE or Discovery-690, GE
Healthcare, Waukesha, WI, USA; N = 41). [68Ga]Ga-PSMA-11 PET/MRI scans were ac-
quired according to a previously published protocol [16]. PET/CT scans were acquired
according to the joint EANM and SNMMI procedure guidelines for PCa imaging [17].
[68Ga]Ga-PSMA-11 PET image read-out was performed by two Nuclear Medicine Physi-
cians with knowledge of all the available patients’ clinical and imaging information on the
Advantage Workstation (AW, General Electric Healthcare, Waukesha, WI, USA), on which
PET, MRI, CT, and fused images could be visualized in axial, coronal, and sagittal planes.
In the event of disagreement or uncertain findings, the images were re-examined, and a
consensus was reached. The whole-body distribution pattern of [68Ga]Ga-PSMA-11 was
qualitatively assessed, and the presence of increased uptake deviating from the physiologi-
cal distribution of the tracer was considered positive for malignancy [18]. The anatomical
sites were defined based on MR or CT images co-registered with PET examinations.

2.3. Validation of [68Ga]Ga-PSMA-11 PET Findings

In all the cases when a clinical or instrumental follow-up was available, PET findings
were validated by using a composite reference standard. In particular, [68Ga]Ga-PSMA-11
PET findings were considered true positive when at least one of the following criteria
was met: (1) histological confirmation on surgically resected specimen; (2) progression
(increase in number of pathological [68Ga]Ga-PSMA-11 uptake sites or increase in uptake
intensity) on follow-up PET/CT or PET/MR studies associated with an increase in PSA
level; (3) confirmation on conventional imaging either at baseline (including the diagnostic
MR exam performed simultaneously to the [68Ga]Ga-PSMA-11 scan for patients examined
with the fully hybrid 3 Tesla PET/MR scanner) or during follow-up; (4) disappearance or
considerable reduction (i.e., number and intensity) in the [68Ga]Ga-PSMA-11 uptake on
follow-up PET/CT or PET/MR scans after local or systemic treatment associated with a
decrease in PSA level greater than 50%; (5) a decrease in PSA level greater than 50% after
selective irradiation of the site of pathological [68Ga]Ga-PSMA-11 uptake. Patients with
negative [68Ga]Ga-PSMA-11 PET were considered true negative in the absence of evidence
of disease on conventional imaging or [68Ga]Ga-PSMA-11 PET/CT or PET/MR acquired
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during the follow-up period (median follow-up duration for both positive and negative
findings: 18.6 months, range: 8–28.5 months).

2.4. Statistical Analysis

All statistical analyses were performed with R statistical software v4.0.5 (R Core Team
(2021), R Foundation for Statistical Computing, Vienna, Austria). The variables investigated
in this study were: (1) the ISUP score, dichotomized as ISUP ≥ 4 or <4; (2) pT stage, as pT
≥ 3a or pT < 3a; (3) PSA at the time of the scan, divided in PSA ≤ 0.5, between 0.5 and
1, and PSA ≥ 1 ng/mL; (4) presence of positive surgical margins; and (5) lymph nodal
involvement at histopathological analysis. Chi-squared, whenever feasible, or Fisher’s
exact test was used to correlate clinical and histopathological data with PET findings
(PET positive vs. negative) on a patient basis. Univariate and multivariate binary logistic
regression was performed to assess the factors predicting positive [68Ga]Ga-PSMA-11 PET.
p < 0.05 was considered statistically significant.

3. Results
3.1. Patients

Eighty patients (mean age: 69.5 years, SD: 6.8) with a median PSA at the time of the
scan of 0.345 ng/mL (range: 0.01–5.24 ng/mL) were retrospectively enrolled in this study.
All patients underwent [68Ga]Ga-PSMA-11 PET (15 Discovery-STE PET/CT, 26 Discovery-
690 PET/CT, and 39 SIGNA PET/MRI) for biochemical recurrence of PCa after radical
prostatectomy. Patients’ characteristics are reported in Table 1.

3.2. PET Findings

[68Ga]Ga-PSMA-11 PET was positive in 39/80 patients (median PSA: 0.43 ng/mL,
range: 0.13–4.66) and negative in 41/80 (median PSA: 0.3 ng/mL, range: 0.01–5.22). On a
regional basis, [68Ga]Ga-PSMA-11 uptake was observed in correspondence of the prostatic
fossa in 6/39 patients (15%), of lymph nodes in 27/39 patients (69%), of bone in 12/39 patients
(31%), and in the lungs in 1/39 patients. Among the 27 patients with lymph-nodal [68Ga]Ga-
PSMA-11 uptake, 20/27 showed involvement of regional lymph nodes only, 4/27 solely
non-regional lymph nodes, and in 3/27 [68Ga]Ga-PSMA-11 uptake was present in both
regional and non-regional lymph nodes. Five patients with PSA < 0.2 ng/mL showed
pathological findings at PET, all of them presenting pT ≥ 3a (Figures 1 and 2).

Figure 1. [68Ga]Ga-PSMA-11 PET/MR scan of a BCR patient with the ISUP score of 3, pT3b after RP;
PSA levels at the time of the scan: 0.14 ng/mL; Maximum Intensity Projection image (A), fused axial
PET/MR views showing a pathological right iliac lymph node (B), and a pathological right pararectal
lymph node (C).
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Figure 2. [68Ga]Ga-PSMA-11 PET/CT scan of a BCR patient with the ISUP score of 5, pT3a after
RP; PSA levels at the time of the scan: 1.43 ng/mL; Maximum Intensity Projection image (A), fused
axial PET/CT views showing secondary bone lesions at the left acetabulum (B), and at the sacrum
bilaterally (C,D).

3.3. Validation of [68Ga]Ga-PSMA-11 PET Findings

Clinical or instrumental follow-up was available for 59/80 patients. A total of
21/59 findings were confirmed to be true positive at follow-up examination, while the
positive findings at [68Ga]Ga-PSMA-11 PET were not supported by further evidence in
5/59 patients. Evidence of recurrent PCa missed at PET was identified in 9/80 patients.
Finally, 24 patients that were negative at [68Ga]Ga-PSMA-11 PET did not show any evi-
dence of recurrent disease in the follow-up period. This resulted in an accuracy = 0.76,
sensitivity = 0.7, specificity = 0.83, positive predictive value = 0.81, and negative predictive
value = 0.73.

3.4. Predictors of [68Ga]Ga-PSMA-11 PET Positivity

Patients with the ISUP score ≥ 4, or pT ≥ 3a, or higher PSA levels were more likely
to be [68Ga]Ga-PSMA-11 PET positive (X2 p = 0.037, 0.023 for ISUP and pT stage; and
Fisher p = 0.005 for PSA), while presence of positive surgical margins and lymph node
involvement at prostatectomy were not associated with [68Ga]Ga-PSMA-11 PET detection
rate (p > 0.05) (Table 2). In the univariate logistic regression, ISUP score, pT stage, and PSA
levels were significantly associated with an increased risk of positive [68Ga]Ga-PSMA-11
PET. However, the higher risk of positive PET was confirmed only for patients with pT ≥ 3a
and more elevated PSA levels in the multivariate analysis (OR = 3.53 and 3.18, p = 0.021
and 0.004; respectively). Conversely, the effect of the ISUP score was no longer significant
when analysing all variables together (Table 3).
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Table 2. Association between clinical parameters and [68Ga]Ga-PSMA-11 PET positivity.

Stratification No. Patients Positive Results, No. (%) p Value

ISUP score

ISUP < 4 55 22 (40%)
0.037ISUP ≥ 4 25 17 (68%)

pT stage

pT < 3a 36 12 (33%)
0.023pT ≥ 3a 44 27 (61%)

PSA (ng/mL)

PSA ≤ 0.5 56 21 (38%)
0.005PSA 0.5–1 11 7 (64%)

PSA ≥ 1 13 11 (85%)

Positive surgical margins

No 67 33 (49%)
1Yes 13 6 (46%)

Lymph node involvement

No 69 32 (46%)
0.343Yes 11 7 (64%)

Table 3. Univariate and multivariate binary logistic analysis of factors predicting positive [68Ga]Ga-
PSMA-11 PET.

Univariate Logistic Regression Multivariate Logistic Regression

Parameters OR p OR p

ISUP score 3.16 0.023 1.63 0.397
pT stage 3.16 0.014 3.53 0.021

PSA (ng/mL) 3 0.002 3.18 0.004
Positive surgical margins 0.88 0.838 1.26 0.736

Lymph nodes 2.02 0.294 1.71 0.455

4. Discussion

In the last years, PSMA PET has established its role as the most accurate imaging
technique available in the clinical scenario of BCR in PCa, and it is included in the current
guidelines [15]. In particular, the superiority of PSMA-targeted imaging over Choline PET,
the former advanced diagnostic tool of choice, has been largely demonstrated, especially at
low PSA levels and in the detection of nodal disease [19,20].

In the present study, including treatment-naïve patients with BCR after RP, we deter-
mined that the strongest predictor of PSMA PET positivity is represented by serum PSA
levels ≥ 1 ng/mL. This result is consistent with the currently available literature, which
reports that the proportion of positive [68Ga]Ga-PSMA-11 PET scans rises alongside PSA
values [21].

Several studies have been in support of this correlation between PSA values and
PSMA PET positivity, although it is worth noting that the clinical scenario of BCR is het-
erogeneous. In fact, the majority of the available data have been pooled by heterogeneous
cohorts, including patients treated with surgery or radiotherapy or combined approaches.
Additionally, the possible interference of previous or ongoing medical therapy and the risk
profile of the selected population are definitely issues that need to be taken into account.
Our study, focusing exclusively on patients with no other PCa-related treatment other
than RP, aims to contribute to the already solid body of literature available on the topic,
providing consistent data extracted by an especially homogeneous cohort, and minimising
interfering factors.

Fendler et al., in their compelling prospective work, reported higher levels of sen-
sitivity and specificity compared to our results; however, their cohort included patients
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who underwent different combinations of primary treatments and presented higher-risk
diseases in terms of PSA levels (median of 2.1 ng/mL, versus 0.345 ng/mL in our pa-
per) [13]. [68Ga]Ga-PSMA-11 PET detection rate was identical in patients with PSA lower
than 0.5 ng/mL (38%), and consonant with levels between 0.5 ng/mL and 1 ng/mL (57%
vs. 64%). In a similar clinical scenario, Caroli et al. prospectively analysed data from
biochemically recurrent patients after either RP or radiation therapy [22]. Their cohort was
more comparable to the one analysed in the present work in terms of PSA levels distribu-
tion, with a median at the time of the scan of 0.83 ng/mL, and they achieved analogous
levels of detection rate. Accordingly, in several papers evaluating BCR patients after RP,
radiation treatment, or both, it is possible to infer the diagnostic performance of PSMA
PET in patients treated with exclusive surgery only. Afshar-Oromieh et al., in their seminal
2015 paper, evaluated a large yet heterogeneous cohort of PCa patients, identifying an
increasing growing probability of [68Ga]Ga-PSMA-11 PET positivity with the rise in PSA
levels (47.1% at PSA values below 0.2 ng/mL, 50% between 0.21 and 0.5 ng/mL, 58.3%
between 0.51 and 1 ng/mL, and 71.8% between 1.1 and 2 ng/mL) [23]. Meredith et al.
investigated BCR patients treated with both RP and radiation therapy only, and in the
surgical subgroup, the detection rates of [68Ga]Ga-PSMA-11 PET at different PSA levels
are similar to what observed in our cohort (namely, 11.3% at <0.2 ng/mL, 26.6% at 0.2 to
0.5 ng/mL, 53.3% at 0.5 to 1 ng/mL, 79.1% at 1 to 2 ng/mL, and 95.5% at ≥2 ng/mL) [24].
The paper from Habl et al. focused on the role of [68Ga]Ga-PSMA-11 PET in radiation
treatment planning in BCR patients after RP, and in their sub-cohort of patients treated with
surgery, [68Ga]Ga-PSMA-11 PET was positive in 71% of patients; this higher proportion
of positive scans reflects the higher biochemical risk profile of this population compared
to the one of the present work (median PSA level of 0.81 ng/mL vs. 0.345 ng/mL) [25].
These results are in line, and they all confirm the accuracy of the technique and the strong
predictive value of PSA levels at the time of the scan.

Several studies have presented similar designs and selection process to the present
manuscript, focusing mainly or solely on patients who underwent RP and no other onco-
logical treatment [26–30]. As expected, the global PET detection rates vary according to
median PSA values in the examined populations, but results in sub-cohorts of patients with
similar biochemical risk profiles are consistent altogether and with what was observed in
our paper.

Another major finding of the present work is that pT staging ≥ 3a after RP emerged as
a significant predictor of [68Ga]Ga-PSMA-11 PET positivity. This may reflect the difficulty
in the radical surgical removal of microscopic disease in locally complex scenarios and the
biological aggressiveness of these cancers. It is worth noting that, in our cohort, all the five
patients displaying a positive [68Ga]Ga-PSMA-11 scan performed with serum PSA levels
below 0.2 ng/mL, lower than the value recommended by current guidelines, presented in
fact a staging of pT3a or higher.

Similarly, Caroli et al. explicitly evaluated the potential predictive value of pT stag-
ing [22]. The group identified a consistent trend by dichotomizing patients with the same
threshold of pT3a, although they did not reach statistical significance (p = 0.07).

We found that the ISUP score ≥ 4 is associated with a higher probability of PET
positivity on univariate logistic regression analysis, although this trend was not confirmed
on multivariate logistic regression. This result is consistent with the available literature, as
other groups have explored this and other possible clinical predictors such as positivity
of examined surgical margins and lymph node pathological staging at surgery, without
obtaining consistent significant results.

In a recent study performed by Bianchi et al., an external validation of a nomogram
predictive for PSMA PET positivity was conducted in 1639 patients with recurrent prostate
cancer [31]. This large cohort of patients included heterogeneous clinical conditions, with
subjects experiencing first BR, PSA relapse after salvage therapy, PSA persistence after radi-
cal prostatectomy, and advanced-stage PCa patients after second-line systemic therapies.
Conversely, in the present study, a very homogeneous cohort of patients was considered to
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explore possible predictors of positivity of PSMA PET, including only patients experiencing
biochemical recurrence after radical prostatectomy, with no other concomitant treatment
between prostatectomy, biochemical recurrence, and PSMA PET.

Some limitations of the present study should be outlined. It is retrospective and
monocentric, suffering from typical limitations such as selection biases and patient referral
biases. It is also worth noting that the willfully strict patient selection strategy certainly
comes with strengths and weaknesses. Data provided from this highly homogeneous
cohort can be regarded as valuably free from additional factors influencing findings and
analyses. On the other hand, this factor demands further inquiries to extend our results
in BCR patients undergoing medical therapy, and in patients treated with external beam
radiation therapy—where cT staging as established on imaging assessments may serve as a
surrogate to pT staging predictive role.

PSMA PET is by far the most powerful diagnostic tool available to detect BCR and
inform subsequent patient management, as concurred by international guidelines [11]. The
identification of strong clinical predictors of [68Ga]Ga-PSMA-11 PET positivity may further
improve the cost-efficiency and the diagnostic prowess of this technique, by avoiding
unnecessary exams and expenditures in low-risk patients, and conversely by anticipating
diagnosis in high-risk ones. In the era of precision and personalised medicine, we should
strive to refine our strategy on when and whether to perform this accurate yet expensive
exam, to the benefit of all prostate cancer patients. In treatment-naïve patients after RP, a
pathological staging pf pT3a or higher may add value to the currently recommended scan
timing strategy based on PSA levels alone, by anticipating PET scan in high-risk patients
even with PSA serum values lower than 0.2 ng/mL. Prospective and larger data are needed
to confirm these results, with the goal to inform more tailored clinical strategies.

5. Conclusions

In a very homogeneous clinical setting of BCR after RP, without any other treatment
between prostatectomy, biochemical recurrence, and PSMA PET, both pre-scan PSA serum
levels and pT staging at RP are strong predictors of [68Ga]Ga-PSMA-11 PET positivity.
Considering both easily available clinical data in combination could help overcome a
dichotomic, one-size-fits-all approach to inform tailored [68Ga]Ga-PSMA-11 PET timings.
These personalised strategies could achieve earlier diagnoses and avoid unnecessary exams.

Author Contributions: Conceptualization: P.M., S.G. and M.P.; methodology: P.M., S.G., C.B. and
C.P.; formal analysis: S.G and C.B.; investigation: P.M., S.G., A.M.S.G., C.P. and A.S.; data curation:
P.M., S.G., C.P., A.S., A.M.S.G., A.B., A.C. and M.P.; writing—original draft preparation: P.M., S.G.
and C.P.; writing—review and editing: P.M., S.G., C.P., C.L., P.S., A.C. and M.P. visualization: P.M.
and S.G.; supervision: P.M., S.G., A.C. and M.P.; All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Institutional Ethics Com-
mittee of IRCCS San Raffaele Scientific Institute (101/INT/2022) and all patients gave written
informed consent to participate to the study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data needed to replicate our analyses are available upon request
from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.



Cancers 2023, 15, 4589 9 of 10

References
1. Suardi, N.; Porter, C.R.; Reuther, A.M.; Walz, J.; Kodama, K.; Gibbons, R.P.; Correa, R.; Montorsi, F.; Graefen, M.; Hu-

land, H.; et al. A Nomogram Predicting Long-Term Biochemical Recurrence after Radical Prostatectomy. Cancer 2008,
112, 1254–1263. [CrossRef] [PubMed]

2. Bianchi, L.; Schiavina, R.; Borghesi, M.; Casablanca, C.; Chessa, F.; Bianchi, F.M.; Puitrone, C.; Vagnoni, V.; Ercolino, A.; Dababneh,
H.; et al. Patterns of Positive Surgical Margins after Open Radical Prostatectomy and Their Association with Clinical Recurrence.
Minerva Urol. Nefrol. 2020, 72, 464–473. [CrossRef] [PubMed]

3. Freedland, S.J.; Humphreys, E.B.; Mangold, L.A.; Eisenberger, M.; Dorey, F.J.; Walsh, P.C.; Partin, A.W. Risk of Prostate Cancer-
Specific Mortality Following Biochemical Recurrence after Radical Prostatectomy. JAMA 2005, 294, 433–439. [CrossRef] [PubMed]

4. Paller, C.J.; Antonarakis, E.S. Management of Biochemically Recurrent Prostate Cancer After Local Therapy: Evolving Standards
of Care and New Directions. Clin. Adv. Hematol. Oncol. 2013, 11, 14–23. [PubMed]

5. Nasser, N.J.; Chernyak, V.; Shankar, V.; Garg, M.; Bodner, W.; Kalnicki, S.; Klein, J. Predictors of Prostate Bed Recurrence on
Magnetic Resonance Imaging in Patients with Rising Prostate-Specific Antigen after Radical Prostatectomy. Can. Urol. Assoc. J.
2021, 15, E22–E28. [CrossRef] [PubMed]

6. Nkengurutse, G.; Tian, F.; Jiang, S.; Wang, Q.; Wang, Y.; Sun, W. Preoperative Predictors of Biochemical Recurrence-Free Survival
in High-Risk Prostate Cancer Following Radical Prostatectomy. Front. Oncol. 2020, 10, 1761. [CrossRef] [PubMed]

7. Stephenson, A.J.; Scardino, P.T.; Eastham, J.A.; Bianco, F.J.; Dotan, Z.A.; Fearn, P.A.; Kattan, M.W. Preoperative Nomogram Predicting
the 10-Year Probability of Prostate Cancer Recurrence after Radical Prostatectomy. J. Natl. Cancer Inst. 2006, 98, 715–717. [CrossRef]

8. Perry, E.; Talwar, A.; Taubman, K.; Ng, M.; Wong, L.M.; Sutherland, T.R. Pathological Predictors of 18 F-DCFPyL Prostate-Specific
Membrane Antigen-Positive Recurrence after Radical Prostatectomy. BJU Int. 2022, 130 (Suppl. S1), 28–36. [CrossRef]

9. Mattana, F.; Muraglia, L.; Raiwa, P.; Zattoni, F.; Marra, G.; Chiu, P.K.F.; Heidegger, I.; Kasivisvanathan, V.; Kesch, C.V.; Olivier,
J.; et al. Metastatic Sites’ Location and Impact on Patient Management After the Introduction of Prostate-Specific Membrane
Antigen Positron Emission Tomography in Newly Diagnosed and Biochemically Recurrent Prostate Cancer: A Critical Review.
Eur. Urol. Oncol. 2023, 6, 128–136. [CrossRef]

10. Ploussard, G.; Almeras, C.; Briganti, A.; Giannarini, G.; Hennequin, C.; Ost, P.; Renard-Penna, R.; Salin, A.; Lebret, T.; Villers, A.;
et al. Management of Node Only Recurrence after Primary Local Treatment for Prostate Cancer: A Systematic Review of the
Literature. J. Urol. 2015, 194, 983–988. [CrossRef]

11. Suardi, N.; Gandaglia, G.; Gallina, A.; Di Trapani, E.; Scattoni, V.; Vizziello, D.; Cucchiara, V.; Bertini, R.; Colombo, R.; Picchio,
M.; et al. Long-Term Outcomes of Salvage Lymph Node Dissection for Clinically Recurrent Prostate Cancer: Results of a
Single-Institution Series with a Minimum Follow-up of 5 Years. Eur. Urol. 2015, 67, 299–309. [CrossRef] [PubMed]

12. Pozdnyakov, A.; Kulanthaivelu, R.; Bauman, G.; Ortega, C.; Veit-Haibach, P.; Metser, U. The Impact of PSMA PET on the
Treatment and Outcomes of Men with Biochemical Recurrence of Prostate Cancer: A Systematic Review and Meta-Analysis.
Prostate Cancer Prostatic Dis. 2022, 26, 240–248. [CrossRef] [PubMed]

13. Fendler, W.P.; Calais, J.; Eiber, M.; Flavell, R.R.; Mishoe, A.; Feng, F.Y.; Nguyen, H.G.; Reiter, R.E.; Rettig, M.B.; Okamoto, S.; et al.
Assessment of 68Ga-PSMA-11 PET Accuracy in Localizing Recurrent Prostate Cancer: A Prospective Single-Arm Clinical Trial.
JAMA Oncol. 2019, 5, 856–863. [CrossRef] [PubMed]

14. Cerci, J.J.; Fanti, S.; Lobato, E.E.; Kunikowska, J.; Alonso, O.; Medina, S.; Novruzov, F.; Lengana, T.; Granados, C.; Kumar, R.; et al.
Diagnostic Performance and Clinical Impact of 68Ga-PSMA-11 PET/CT Imaging in Early Relapsed Prostate Cancer After Radical
Therapy: A Prospective Multicenter Study (IAEA-PSMA Study). J. Nucl. Med. 2022, 63, 240–247. [CrossRef] [PubMed]

15. EAU-EANM-ESTRO-ESUR-ISUP-SIOG-Guidelines-on-Prostate-Cancer-2023_2023-03-27-131655_pdvy. Available online:
https://d56bochluxqnz.cloudfront.net/documents/full-guideline/EAU-EANM-ESTRO-ESUR-ISUP-SIOG-Guidelines-on-
Prostate-Cancer-2023_2023-03-27-131655_pdvy.pdf (accessed on 30 August 2023).

16. Mapelli, P.; Ghezzo, S.; Samanes Gajate, A.M.; Preza, E.; Brembilla, G.; Cucchiara, V.; Ahmed, N.; Bezzi, C.; Presotto, L.; Bettinardi,
V.; et al. Preliminary Results of an Ongoing Prospective Clinical Trial on the Use of 68Ga-PSMA and 68Ga-DOTA-RM2 PET/MRI
in Staging of High-Risk Prostate Cancer Patients. Diagnostics 2021, 11, 2068. [CrossRef] [PubMed]

17. Fendler, W.P.; Eiber, M.; Beheshti, M.; Bomanji, J.; Calais, J.; Ceci, F.; Cho, S.Y.; Fanti, S.; Giesel, F.L.; Goffin, K.; et al. PSMA
PET/CT: Joint EANM Procedure Guideline/SNMMI Procedure Standard for Prostate Cancer Imaging 2.0. Eur. J. Nucl. Med. Mol.
Imaging 2023, 50, 1466–1486. [CrossRef] [PubMed]

18. Ceci, F.; Oprea-Lager, D.E.; Emmett, L.; Adam, J.A.; Bomanji, J.; Czernin, J.; Eiber, M.; Haberkorn, U.; Hofman, M.S.; Hope,
T.A.; et al. E-PSMA: The EANM Standardized Reporting Guidelines v1.0 for PSMA-PET. Eur. J. Nucl. Med. Mol. Imaging 2021,
48, 1626–1638. [CrossRef] [PubMed]

19. Afshar-Oromieh, A.; Zechmann, C.M.; Malcher, A.; Eder, M.; Eisenhut, M.; Linhart, H.G.; Holland-Letz, T.; Hadaschik, B.A.;
Giesel, F.L.; Debus, J.; 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. [CrossRef]

20. Pfister, D.; Porres, D.; Heidenreich, A.; Heidegger, I.; Knuechel, R.; Steib, F.; Behrendt, F.F.; Verburg, F.A. Detection of Recurrent
Prostate Cancer Lesions before Salvage Lymphadenectomy Is More Accurate with 68 Ga-PSMA-HBED-CC than with 18 F-
Fluoroethylcholine PET/CT. Eur. J. Nucl. Med. Mol. Imaging 2016, 43, 1410–1417. [CrossRef]



Cancers 2023, 15, 4589 10 of 10

21. Perera, M.; Papa, N.; Roberts, M.; Williams, M.; Udovicich, C.; Vela, I.; Christidis, D.; Bolton, D.; Hofman, M.S.; Lawrentschuk, N.;
et al. Gallium-68 Prostate-Specific Membrane Antigen Positron Emission Tomography in Advanced Prostate Cancer—Updated
Diagnostic Utility, Sensitivity, Specificity, and Distribution of Prostate-Specific Membrane Antigen-Avid Lesions: A Systematic
Review and Meta-Analysis. Eur. Urol. 2020, 77, 403–417.

22. Caroli, P.; Sandler, I.; Matteucci, F.; De Giorgi, U.; Uccelli, L.; Celli, M.; Foca, F.; Barone, D.; Romeo, A.; Sarnelli, A.; et al. 68
Ga-PSMA PET/CT in Patients with Recurrent Prostate Cancer after Radical Treatment: Prospective Results in 314 Patients. Eur. J.
Nucl. Med. Mol. Imaging 2018, 45, 2035–2044. [CrossRef] [PubMed]

23. Afshar-Oromieh, A.; Avtzi, E.; Giesel, F.L.; Holland-Letz, T.; Linhart, H.G.; Eder, M.; Eisenhut, M.; Boxler, S.; Hadaschik, B.A.;
Kratochwil, C.; et al. The Diagnostic Value of PET/CT Imaging with the 68 Ga-Labelled PSMA Ligand HBED-CC in the Diagnosis
of Recurrent Prostate Cancer. Eur. J. Nucl. Med. Mol. Imaging 2015, 42, 197–209. [CrossRef] [PubMed]

24. Meredith, G.; Wong, D.; Yaxley, J.; Coughlin, G.; Thompson, L.; Kua, B.; Gianduzzo, T. The Use of 68Ga-PSMA PET CT in Men
with Biochemical Recurrence after Definitive Treatment of Acinar Prostate Cancer. BJU Int. 2016, 118, 49–55. [CrossRef] [PubMed]

25. Habl, G.; Sauter, K.; Schiller, K.; Dewes, S.; Maurer, T.; Eiber, M.; Combs, S.E. 68Ga-PSMA-PET for Radiation Treatment Planning
in Prostate Cancer Recurrences after Surgery: Individualized Medicine or New Standard in Salvage Treatment. Prostate 2017,
77, 920–927. [CrossRef] [PubMed]

26. Eiber, M.; Maurer, T.; Souvatzoglou, M.; Beer, A.J.; Ruffani, A.; Haller, B.; Graner, F.-P.; Kübler, H.; Haberhorn, U.; Eisenhut, M.;
et al. Evaluation of Hybrid 68 Ga-PSMA Ligand PET/CT in 248 Patients with Biochemical Recurrence after Radical Prostatectomy.
J. Nucl. Med. 2015, 56, 668–674. [CrossRef] [PubMed]

27. Berliner, C.; Tienken, M.; Frenzel, T.; Kobayashi, Y.; Helberg, A.; Kirchner, U.; Klutmann, S.; Beyersdorff, D.; Budäus, L.; Wester, H.-J.;
et al. Detection Rate of PET/CT in Patients with Biochemical Relapse of Prostate Cancer Using [68Ga]PSMA I&T and Comparison
with Published Data of [68Ga]PSMA HBED-CC. Eur. J. Nucl. Med. Mol. Imaging 2017, 44, 670–677. [CrossRef] [PubMed]

28. Henkenberens, C.; Derlin, T.; Bengel, F.M.; Ross, T.L.; Wester, H.-J.; Hueper, K.; Kuczyk, M.A.; Christiansen, H.; von Klot, C.A.
Patterns of Relapse as Determined by 68 Ga-PSMA Ligand PET/CT after Radical Prostatectomy Importance for Tailoring and
Individualizing Treatment. Strahlenther. Onkol. 2018, 194, 303–310. [CrossRef]

29. Kranzbühler, B.; Nagel, H.; Becker, A.S.; Müller, J.; Huellner, M.; Stolzmann, P.; Muehlematter, U.; Guckenberger, M.; Kaufmann,
P.A.; Eberli, D.; et al. Clinical Performance of 68 Ga-PSMA-11 PET/MRI for the Detection of Recurrent Prostate Cancer Following
Radical Prostatectomy. Eur. J. Nucl. Med. Mol. Imaging 2018, 45, 20–30. [CrossRef]

30. Bluemel, C.; Linke, F.; Herrmann, K.; Simunovic, I.; Eiber, M.; Kestler, C.; Buck, A.K.; Schirbel, A.; Bley, T.A.; Wester, H.-J.; et al.
Impact of 68 Ga-PSMA PET/CT on Salvage Radiotherapy Planning in Patients with Prostate Cancer and Persisting PSA Values or
Biochemical Relapse after Prostatectomy. EJNMMI Res. 2016, 6, 78. [CrossRef]

31. Bianchi, L.; Catellucci, P.; Farolfi, A.; Droghetti, M.; Artigas, C.; Leite, J.; Corona, P.; Shagera, Q.A.; Moreira, R.; Gonzalez, C.; et al.
Multicenter External Validation of a Nomogram for Predicting Positive Prostate-specific Membrane Antigen/Positron Emission
Tomography Scan in Patients with Prostate Cancer Recurrence. Eur. Urol. Oncol. 2023, 6, 41–48. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


