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Abstract

Purpose The primary aim of this retrospective, single-centre analysis was to assess the performance of ®*Ga-PSMA-11 PET/CT
in prostate cancer (PCa) patients in early PSA failure after radical prostatectomy (RP). The secondary aim was to assess the
potential impact of ®*Ga-PSMA-11 PET/CT on treatment strategy.

Methods ®®*Ga-PSMA-11 PET/CT is performed in our institution within an investigational new drug (IND) trial in PCa patients
with biochemical recurrence (BCR). The records of all patients enrolled between March 2016 and July 2017 were evaluated.
These records were retrospectively analysed according to the following inclusion criteria: (a) RP as primary therapy, (b) proven
BCR, ©) PSA levels in the range 0.2-0.5 ng/ml at the time of the ®*Ga-PSMA-11 PET/CT investigation, and (d) no salvage
radiotherapy (S-RT) performed after recurrence. The performance of ®*Ga-PSMA-11 PET/CT was evaluated in terms of detection
rate on a per-patient and a per-region basis (local vs. distant lesions). We further performed an intention-to-treat (ITT) analysis.
The patient cohort was grouped into three subpopulations, blinded to the **Ga-PSMA-11 PET/CT results, according to the
patients’ characteristics and different patterns of treatment: (1) S-RT (with or without systemic treatment), (2) stereotactic body
radiotherapy (SBRT) (with or without systemic treatment), and (3) systemic treatment. The treatment strategy was re-evaluated
for each patient taking into consideration the ®*Ga-PSMA-11 PET/CT images.

Results We enrolled 119 PCa patients (mean age 66 years, range 4478 years) with a mean PSA level at the time of **Ga-PSMA-11
PET/CT of 0.34 ng/ml (median 0.32 ng/ml, SD +0.09, range 0.20-0.50 ng/ml). **Ga-PSMA-1 1 PET/CT was positive in 41 of the
119 patients, resulting in an overall detection rate of 34.4%. ®*Ga-PSMA-11 uptake was observed in the prostate bed (3 patients,
2.5%), in the pelvic lymph nodes (21, 17.6%), in the retroperitoneal lymph nodes (4, 3.4%) and in the skeleton (21, 17.6%).
Regarding ITT, 81 patients (68.1%) were considered possible candidates for S-RT only in the prostate bed and none of the patients
(0%) for SBRT. According to the “®Ga-PSMA-11 PET/CT results, the intended treatment was changed in 36 patients (30.2%).
According to the PET/CT results, S-RT was recommended in 70 patients (58.8%), only to the prostate bed in 58 (48.7%) and SBRT
in 29 (24.4%). The intended RT planning was modified in 36 (87.8%) of 41 patients with a positive “*Ga-PSMA-11 PET/CT result.
Conclusion In our patient series with PSA levels <0.5 ng/ml, **Ga-PSMA-11 PET/CT had a detection rate of 34.4%. In the ITT
analysis, 30.2% of patients had a change in the intended treatment. These data support the hypothesis that **Ga-PSMA-11 PET/
CT is a useful procedure in the management of PCa patients showing early recurrence after RP, and should be implemented in
routine clinical practice.
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Introduction

Prostate cancer (PCa) is the most frequent cancer in men in
Western countries, and in men second only to lung cancer for
mortality [1]. Localized or locally advanced PCa is mainly
treated with radical prostatectomy (RP), external beam radio-
therapy (EBRT), or brachytherapy. However, recurrence after
radical treatment is frequent, occurring in up to approximately
50% of men [2—4]. Accordingly, after RP, increasing serum
PSA levels greater than 0.2 ng/ml, confirmed by two consec-
utive measurements, can be reliably related to either residual
or recurrent disease [5, 6]. Currently, salvage radiotherapy (S-
RT) to the prostatic fossa, extended to the pelvic lymph nodes
(LNs) in high-risk patients, is one of the most successful cu-
rative treatments in patients experiencing biochemical recur-
rence (BCR) after RP. Furthermore, the PSA level before S-
RT is a highly significant predictor of disease progression,
with more favourable outcomes observed at low PSA levels
(0.50 ng/ml or lower) [7]. Some authors have suggested that
S-RT at the earliest signs of recurrence after RP may result in
long-term benefit in approximately 50% of patients, and the
2017 European Association of Urology (EAU) guidelines ad-
vise performing S-RT in patients experiencing BCR after RP
as early as reasonably possible if PSA serum levels reach
detectable levels (PSA <0.5 ng ml) [5]. On the other hand,
up to 50% of patients may experience progression of the dis-
ease after S-RT. The most recent literature [8] confirms that a
metastasis-directed therapy approach based on PET/CT imag-
ing is safe and improves patient outcomes.

In patients with recurrent and/or metastatic disease, comput-
ed tomography (CT), magnetic resonance (MRI) and bone scin-
tigraphy can be used for detecting cancer site(s) of relapse [5],
despite less than optimal accuracy. Many PET radiotracers, in-
cluding choline, acetate, fluciclovine and fluorodeoxyglucose,
have also been proposed for use in the investigation of recurrent
PCa [9-11]. Interest in the use of prostate-specific membrane
antigen (PSMA) for PET target imaging in PCa patients has
recently increased [12, 13]. PSMA is a transmembrane glyco-
protein with both intracellular and extracellular domains with
increased expression in PCa cells [14]. Its transmembrane loca-
tion and internalization after ligand binding make it a
favourable target for imaging. The first agent released, labelled
with ®®Ga (PSMA-HBED-CC or PSMA-11), quickly became
the most commonly used radiotracer for PSMA-based PET
imaging. According to the most recent literature [13, 15-17],
PSMA-11 PET/CT has a higher detection rate in the lower
range of PSA levels during recurrence than direct competitors
such as choline or fluciclovine PET/CT [15, 17-21].
Commercial interest in '*F-labelled PSMA has also increased
because of the possibility of improving supply through large
production volumes and long-distance delivery that would al-
low centres without an on-site cyclotron and/or a **Ge/**Ga
generator to perform PSMA imaging [22].
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The primary aim of this retrospective, single-centre analy-
sis was to assess the performance of **Ga-PSMA-11 PET/CT
in PCa patients with serum PSA levels <0.5 ng/ml during
BCR after RP, assessed by per-patient and per-lesion analyses.
The potential impact of ®*Ga-PSMA-11 PET/CT on treatment
strategy in this cohort of patients was also assessed.

Materials and methods
Inclusion criteria and intention-to-treat analysis

8Ga-PSMA-11 PET/CT is performed in our institution within
an investigational new drug (IND) trial in PCa patients with
BCR approved by the local ethics committee (EudraCT 2015-
004589-27 OsSC). All the patients considered in the present
retrospective analysis were patients enrolled in the prospec-
tive, single-centre trial. All patients provided signed informed
consent prior to PET/CT scan. The records of all patients en-
rolled between March 2016 and July 2017 were retrospective-
ly analysed. The inclusion criteria for the present analysis
were: (a) RP as primary therapy, (b) proven BCR, ©) PSA
levels in the range 0.2—0.5 ng/ml and (d) no S-RT performed
after recurrence.

An intention-to-treat (ITT) analysis was also performed.
The cohort of patients was grouped into three different sub-
populations according to their characteristics and the different
patterns of treatment. A radiation oncologist and a urologist,
blinded to the PSMA results, defined the three subpopulations
in accordance with the National Comprehensive Cancer
Network (NCCN) guidelines (version 2.2017): (1) S-RT (with
or without systemic treatment), (2) stereotactic body radio-
therapy (SBRT, with or without systemic treatment), and ©)
systemic treatment (androgen-deprivation therapy, ADT).

The radiation oncologist and the urologist adopted the
NCCN guidelines (version 2.2017) with adjustments on the
basis of the best clinical practice for patient treatment plan-
ning. Moreover, although SBRT in international guidelines
such as the NCCN guidelines is not considered an option in
oligometastatic patients, there is increasing evidence in the
literature [23-28] suggesting its usefulness in this setting,
and SBRT was included as a treatment option in our cohort
of patients. According to the NCCN guidelines, S-RT to the
prostate bed is suggested when conventional imaging is neg-
ative or positive only in the prostate bed. S-RT to the prostate
bed and pelvic LNs was planned in pN1 patients with positive
imaging in one or more pelvic LNs not previously treated with
RT, whereas patients with imaging showing positive pelvic
LNs, who had undergone previous radiation treatment were
candidates for pelvic LN dissection (PLND). Simultaneous
integrated boost intensity-modulated RT was considered to-
gether with S-RT when imaging was positive In the prostate
bed or pelvic LNs. Moreover, in patients with positive
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conventional imaging showing five or fewer metastatic le-
sions (LNs and/or distant metastases) SBRT with or without
ADT was suggested. Finally, patients with positive conven-
tional imaging and more than five disease locations (LNs and/
or distant metastases) were candidates for ADT with or with-
out palliative RT to symptomatic lesions.

Radiopharmaceuticals and PET/CT acquisition

%8Ga-PSMA was synthesized in the radiopharmacy of the
Service of Nuclear Medicine of the S.Orsola Malpighi
University Hospital of Bologna. **Ga-PSMA-HBED-
CC(Glu-NH-CO-NH-Lys-(Ahx)-[[*®*Ga]Ga(N,N'"-bis-[2-hy-
droxy-5-(carboxyethyl)benzyl]ethylenediamine-N,N'-diacetic
acid]) (**Ga-PSMA-11) was prepared using a procedure sim-
ilar to that described by Eder et al. [29], transferred to a
cassette-based automated synthesis module (Modular-Lab,
PharmTracer; Eckert & Ziegler, Berlin) based on acetone-
free cation exchange postprocessing.

8Ga-PSMA-11 PET/CT imaging was performed on either
a Discovery STE or a Discovery 710 PET/CT hybrid system
(GE Healthcare) after intravenous injection of %8Ga-PSMA—
ligand complex at a mean dose of 2 MBg/kg of “*Ga-PSMA-
11 (dose range 150 =50 MBq). The tomographs were validat-
ed for proper quantification and quality of the images recorded.
Daily quality control procedures were performed. Patients did
not need any preparation before the procedure. An attenuation-
corrected whole-body scan (skull base to mid-thighs) in 3D
(emission time 2 min per bed position with an axial field of
view of 15.6 cm per bed position) starting 60 min after tracer
injection was acquired. A low-dose CT scan was performed for
attenuation correction of the PET emission data and contrast
medium was not used. Emission data were also corrected for
scatter and random coincidence events by dedicated software.
All ®®Ga-PSMA-11 PET/CT images were analysed with ded-
icated software (eNTEGRA; GE Healthcare).

Image interpretation

Reading and interpretation of PET/CT images was done inde-
pendently by two nuclear medicine physicians with oncology
experience. Disagreements were resolved by consensus. The
criteria used to define PSMA-positive lesions suspicious for
PCa location were in accordance with the current literature
[30-32]. Visual interpretation was the main criterion to reach
the final diagnosis. Semiquantitative analysis of all suspected
lesions was performed by calculating the maximum standard-
ized uptake value (SUVmax). The dimensions of pathological
findings were assessed using the low-dose CT scan. The up-
take of °®Ga-PSMA-11, i.e. the tracer concentration of the
region detected in the image, was quantified in terms of
SUVmax. Each suspicious PET lesion was categorized as ei-
ther positive or negative. Any area of focal uptake of PSMA

higher than the surrounding background without correlation
with physiological tracer uptake was the main criterion of
positivity, aside from the presence of lesions on the low-
dose CT scan. PET-positive lesions were classified as
suspected local relapse (prostate/prostate bed relapse and/or
iliac LNs and/or pararectal LNs) or suspected distant relapse
(retroperitoneal LNs and/or LNs above the iliac bifurcation
and/or bone lesions and/or visceral lesions). An interobserver
analysis was not performed in this study. **Ga-PSMA-11
PET/CT findings were validated when feasible by histology
or correlated with lesion-targeted imaging, including ''C-

Table 1 Characteristics of the 119 patients enrolled
Characteristic Value
Age (years)

Mean 66

Median 66

SD 6.39

Range 44-78
Tumour stage, n

pT2 40

pT3 79

pNx 33

pNO 68

pN1 18

RO 74

R1 45
Gleason score, n

3+3 2

3+4 29

4+3 50

4+4 21

5+4 17
PSA level at the time of ®*Ga-PSMA-11 PET/CT (ng/ml)

Mean 0.34

Median 0.32

Range 0.2-0.5
Time to relapse (months)

Mean 30.1

Median 21
Time from surgery to PET (months)

Mean 43.8

Median 35
Previous treatment after RP, n (%)

Adjuvant RT 32 (26.9)

ADT during BCR 28 (23.5)

S-PLND 54.2)

SBRT 1(0.8)

Orchiectomy 1(0.8)

ADT at the time of PSMA PET 9 (7.6%)
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Table2  PSA levels at the time of the scan, PSA doubling time (PSAdt) and PSA velocity (PSAvel) in PET-positive and PET negative patients
No. of patients Mean Median SD 95% CI for mean Range p value
Lower bound Upper bound
PSA level (ng/ml) Negative 78 0.32 0.31 0.09 0.30 0.34 0.20-0.50 0.035
Positive 41 0.36 0.37 0.09 0.33 0.39 0.21-0.50
Total 119 0.34 0.32 0.09 0.32 0.35 0.20-0.50
PSAdt (months) Negative 78 8.79 6.60 7.19 7.17 10.4 1.20-44.20 <0.001
Positive 41 5.10 4.00 5.11 3.49 6.72 1.00-29.80
Total 119 7.52 5.00 6.76 6.23 8.75 1.00-44.20
PSAvel (ng/ml/yr) Negative 78 0.49 0.30 0.42 0.40 0.59 0.10-1.70 0.007
Positive 41 0.67 0.50 0.48 0.52 0.82 0.10-2.10
Total 119 0.55 0.40 0.45 0.47 0.64 0.10-2.10

choline PET/CT, pelvic MRI, contrast-enhanced CT and/or
bone scan.

Statistical analysis

All the data reported are expressed as means, medians, stan-
dard deviations (SD) and ranges. PSA kinetics were calculated
according to the method described by Khan et al. [33] and at
least two PSA measurements were performed during the
6 months prior to the PET/CT scan. Demographic and clinical
variables were assessed by a descriptive analysis. Continuous
variables were compared between the two groups using the
nonparametric Mann-Whitney test in view of the asymmetric
distribution of the variables. All tests were two-sided.
Statistical significance was assumed for p values less than
0.05. All data were assessed using the SPSS Statistics soft-
ware package (version 21.0.0, IBM Corp., Armonk, NY).

Results
Population characteristics

We enrolled 119 consecutive patients with BCR after RP.
Their median age was 66 years (range 44—78 years) and all
patients underwent °®Ga-PSMA-11 PET/CT with a serum
PSA level in the range 0.2—0.5 ng/ml (mean PSA value
0.34 ng/ml, median 0.32 ng/ml; SD £0.09). Of the 119 pa-
tients, 9 (7.6%) were receiving ADT at the time of the scan and
28 (23.5%) received ADT during recurrence. None of the
patients enrolled had had previous S-RT. Five patients
(4.2%) had had previous S-PLND. Complete clinical data
are presented in Table 1.

PET/CT performance

In the patient-based analysis, **Ga-PSMA-11 PET/CT was
positive in 41 patients (34.4%). Pathological PSMA uptake

@ Springer

was observed in the prostatic fossa in 3 patients (2.5%), in
pelvic LNs in 21 (17.6%), in retroperitoneal LNs in 4 (3.4%)
and inbone in 21 (17.6%). No visceral metastases (e.g. lung or
liver) were observed. Additionally, 25 patients (21.0%) had a
single PSMA-positive lesion, 13 patients (10.9%) had two to
five PSMA-positive lesions (oligometastatic patients), and 3
patients (2.5%) had more than five PSMA-positive lesions
(multimetastatic patients). Regarding bone metastasis, 8 pa-
tients (6.7%) had two or more bone lesions and 13 patients
(10.9%) had a single bone lesion. Table 2 shows PSA levels,
PSA doubling time (PSAdt) and PSA velocity (PSAvel) in
both PSMA-positive and PSMA-negative patients.

The lesion-based analysis showed a total of 86 lesions de-
tected with *®Ga-PSMA-11 PET/CT: 3 in the prostatic fossa,
32 pelvic LNs, 10 extrapelvic LNs (including retroperitoneal
nodes) and 41 bone lesions. These results are presented in
Table 3.

The °®*Ga-PSMA-11 PET/CT results were validated
mostly by clinical follow-up (correlative imaging and/or
decreasing or increasing PSA levels after S-RT). Among
the 41 positive patients, 23 had clinical follow-up. To the
best of our knowledge, none of these was considered false-
positive. Negative scans were considered negative by def-
inition. The Mann-Whitney test showed a significant dif-
ference between ®*Ga-PSMA-11 PET/CT-positive and

Table3  Per-lesion based analysis of ®*Ga-PSMA PET/CT performance

Lesion site Number SUVmax Number
of lesions of patients

Mean Range

Prostate bed 3 25.0 24.9-25.0 2

Pelvic LNs 32 12.5 2.1-41.2 21

Distant LNs 10 9.1 3.3-15.8 4

Bone 41 79 2.0-40.1 21

Other 0 - -

Total 86 10.3 2.0-41.2 -
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%8Ga-PSMA-11 PET/CT-negative patients in PSA levels
(higher values in positive patients, p =0.035), PSAdt and
PSAvel (faster kinetics in positive patients; p <0.001 for
PSAdt, p=0.007 for PSAvel). The analysis comparing
PSA levels and PSA kinetics in PET-positive and PET-
negative patients is presented in Table 2.

ITT analysis

The radiation oncologist and urologist identified 74 patients
(62.2%) as possible candidates for S-RT in the prostatic fossa,
7 (5.9%) for S-RT in the prostatic fossa and pelvic LNs, 0
(0%) for SBRT, and 38 (31.9%) for ADT. After reviewing
the ®®Ga-PSMA-11 PET/CT results, the radiation oncologist
and urologist changed their treatment strategy in 36 patients
(30.2%). The ITT analysis performed according to **Ga-
PSMA-11 PET/CT findings showed that 70 patients (58.8%)
became candidates for S-RT (to the prostatic fossa in 58,
48.7%; to both the prostatic bed and the pelvic LNs in 12,
10.1%), 29 patients (24.4%) became candidates for SBRT
(to local LNs in 11 patients; to distant LNs in 1; to bone in
18), 1 patient (0.8%) became a candidate for S-PLND due to
previous LN RT, and 21 patients (17.6%) became candidates
for ADT. The results of the ITT analysis are presented in detail
in Table 4 and Fig. 1. Therefore, of 41 patients positive on
%8Ga-PSMA-11 PET/CT, radiotherapy planning was modified
in 36 |87.8%). The clinical management of the remaining five
PSMA -positive patients was not significantly modified in
comparison with the PSMA-blinded ITT analysis, due to: (1)
previous pelvic RT in high-risk patients with PSMA-positive
pelvic LNs (two patients), (2) PSMA scan suggesting distant
multimetastatic spread (three patients) (Figs. 2, 3 and 4).

Discussion

Despite the retrospective analysis, the patient series was en-
rolled prospectively within an IND trial, and none of the

included patients received S-RT during recurrence. Only a
few studies are currently evaluating the clinical role of
PSMA PET/CT in a homogeneous cohort of relapsing patients
showing very low levels of PSA (<0.5 ng/ml) after RP.
Nevertheless, our results show a slightly lower detection rate
(34.4%) to that found previously in patients with this range of
PSA levels [34-37] and lower than that of ®*Ga-PSMA-PET/
MRI [38]. In a retrospective multicentre study in 270 patients,
Calais et al. [36] found a detection rate of 40.5% in a subpop-
ulation with PSA levels <0.5 ng/ml. A meta-analysis by
Perera et al. [20] showed that the detection rate in patients
with PSA levels in the range 0.2-0.99 ng/ml is in the range
44-69%. Emmett et al. [39] investigated 164 patients with
recurrence after RP with PSA levels in the range 0.05—
1.0 ng/ml. PSMA PET/CT was positive in 61% of the patients:
38 in the prostatic fossa, 41 in pelvic LNs, and 23 with distant
lesions. Finally, in a recent study by Rauscher et al. [40],
PSMA PET/CT was positive in 74 of 134 patients (55%) with
PSA levels in the range 0.2—0.5 ng/ml after RP.

The lower detection rate observed in our study in compar-
ison with that found in other studies can be explained by the
fact that our patient series comprised a very selected and ho-
mogeneous cohort of consecutive patients with proven BCR
after RP and without previously administered S-RT.
Furthermore, only 7.6% of patients had received ADT at the
time of the scan. The concomitant administration of ADT in
patients with recurrence with increasing PSA levels has re-
cently been reported as the most significant predictor of a
positive ®®Ga-PSMA-11 PET/CT scan [40].

A single PSMA-positive lesion was observed in 21.0% of
our patients, while oligometastatic disease was observed in
10.9% and multimetastatic disease in 2.5%. These results are
similar to those found by Ceci et al. [13] in 70 patients with
BCR or persistently elevated PSA levels after radical therapy
(RP or EBRT). In their study, 11.4% of patients had
oligometastatic disease. In a subpopulation of patients with
PSA levels <0.5 ng/ml, Mamede et al. [41] found that ''C-
choline PET/CT identified the site of PCa relapse in 21.1% of

Table 4 Treatments proposed by

the radiation oncologist and Proposed treatment Blinded to PSMA According to PSMA results
urologist before and after BGa-
PSMA-11 PET/CT S-RT 81 (68.1%) 70 (58.8%)
Prostatic bed only 74 (62.2%) 58 (48.7%)
Prostatic bed + pelvic lymph nodes 7 (5.9%) 4 (3.3%)
Prostatic bed + bed boost 0 (0%) 2 (1.7%)
Prostatic bed + pelvic lymph nodes + lymph 0 (0%) 5(4.2%)
node boost
Prostatic bed + bed boost + pelvic lymph 0 (0%) 1 (0.8%)
nodes + lymph node boost
SBRT 0 (0%) 29 (24.4%)
PLND 0 (0%) 1 (0.8%)
ADT 38 31.9%) 21 (17.6%)
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Fig. 1 Relationship between
number of patients with pre-
PSMA and post-PSMA
treatment. ADT androgen-
deprivation therapy, AS active
surveillance, SBRT stereotactic
body radiotherapy, S-RT salvage
radiotherapy, LN lymph node,
PSMA prostate-specific
membrane antigen

bed+LN+boost S-RT

patients. Therefore our results are consistent with those of
Morigi et al. [21] showing a higher detection rate with **Ga-
PSMA-11 than with "' C-choline in PCa patients with very low
PSA levels previously treated with radical intent and with
increasing PSA levels.

The secondary aim of the current study was to evaluate the
impact of ®*Ga-PSMA-11 PET/CT on treatment strategy
through an ITT analysis. The ITT analysis showed that the
theoretical treatment strategy was changed in 36 patients
(30.2%). Especially, when the %8Ga-PSMA-11 PET/CT result
was positive, the radiation oncologist and urologist opted for a
change in the intended treatment in 87.8% of patients. In par-
ticular, SBRT was reconsidered as a viable option while S-RT
was often tailored to include the PSMA-positive lesions with-
in the irradiation field. Therefore, in this selected group of
patients, PSMA imaging led to a significant change in

Fig.2 A 68-year-old patient treated with RP and PLND for PCa (GS 4 +
4, pT2cN0(0/12)Mx, PSA nadir 0.01 ng/ml). No adjuvant therapies were
performed and BCR occurred 3 years later with a PSA level of 0.20 ng/
ml. The PSA level increased to 0.26 ng/ml and the patient was selected for
"'C-choline PET/CT imaging which was negative. A subsequent *Ga-
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AS + ADT .

4 bed S-RT

== post-PSMA

—@—pre-PSMA

7 bed+boost S-RT

bed+LN S-RT

management in approximately one third of the overall pa-
tient population. These findings are consistent with those
of Afaq et al. [42] and Calais et al. [36] in subgroups with
PSA levels in the range 0.2-0.5 ng/ml. Nevertheless, these
results are not consistent with those of other studies per-
formed in less selected and more heterogeneous popula-
tions in which a change in management was reported in
76% of patients [43].

According to our results, **Ga-PSMA-11 PET/CT
should be suggested in patients in the early phase of BCR
after RP, namely those showing very low PSA levels. As
reported in the literature, PSA levels <0.50 ng/ml are sig-
nificantly associated with more favourable outcomes after
S-RT [7]. Accordingly, the inclusion of the positive **Ga-
PSMA-11 PET/CT findings in the field of irradiation may
allow a tailored approach, thus reducing the incidence of

PSMA-11 PET/CT scan revealed pathological PSMA uptake in the right
prostate bed (arrows, SUVmax 24.9) close to a surgical clip. The patient
was later treated with S-RT to a planned target volume which included the
PET-positive finding. A PSA level of 0.03 ng/ml 12 months after
treatment indicated a complete response
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Fig. 3 A 65-year-old patient treated with RP and PLND for PCa (GS 4 +
3, pT3bNOMx). Adjuvant RT and S-PLND were performed. BCR
occurred 5 years later with a PSA level of 0.30 ng/ml. No ADT was
administered and ®*Ga-PSMA-11 PET/CT imaging (PSA level 0.45 ng/
ml at the time of the scan) revealed significant uptake in a single left
internal iliac lymph node (arrows, SUVmax 20, maximum diameter
6 mm)

failure of S-RT [8]. Recently Emmett et al. [39] observed a
treatment response (defined as PSA decrease of >50%) in
71 of 99 patients (71.7%) in whom S-RT was performed
according to the ®*Ga-PSMA-11 PET/CT results.

Fig. 4 A 60-year-old patient treated with RP and PLND for PCa (GS =
5+4, pT3bpN1Mx). MRI was performed 5 months after BCR and
showed metastatic lesions in two lumbar vertebrae. **Ga-PSMA-11
PET/CT imaging (PSA level 0.40 ng/ml at the time of the scan)
revealed metastatic bone disease in multiple areas of PSMA uptake
without significant alterations on CT images

The present study had some limitations. The analysis was
performed retrospectively and only one centre was involved.
Another limitation is the lack of an interobserver analysis for
PET/CT reading. Moreover, to determine the impact of **Ga-
PSMA-11 PET/CT on therapeutic management, an ITT anal-
ysis was performed. The design of this study precluded anal-
ysis of the impact of ®*Ga-PSMA-11 PET/CT on clinical out-
comes. However, in order to reproduce the most reliable sce-
nario, the definition of the possible treatment, as assessed by
the radiation oncology and urologist was obtained by consen-
sus and blinded to the **Ga-PSMA-11 PET/CT images.
Finally, the lack of validation by histology is a common lim-
itation in imaging studies, especially in recurrent PCa, since
the biopsy of PET-positive lesions is generally not feasible.

Conclusion

In this cohort of 119 consecutive patients with recurrent PCa
with PSA levels <0.5 ng/ml ®*Ga-PSMA-11 PET/CT showed a
detection rate of 34.4%. In particular, in 19.3% of patients the
site of disease was found to be outside the pelvis, namely
extrapelvic LNs or bone metastases. The ITT analysis showed
that 30.2% of patients had a change in the intended treatment
blinded to **Ga-PSMA-11 PET/CT results. These results sup-
port the hypothesis that ®*Ga-PSMA-11 PET/CT is a valid pro-
cedure in the management of patients with recurrent PCa with
low PSA levels after radical surgery, and support the implemen-
tation of this imaging procedure in routine clinical practice.
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