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Clinical impact of 68Ga-PSMA-11 PET on patient management
and outcome, including all patients referred for an increase in PSA level
during the first year after its clinical introduction
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Abstract
Purpose The fast-increasing use of positron emission tomography (PET) with prostate-specific membrane antigen (PSMA)
ligand for the imaging of prostate cancer (PCA) biochemical recurrence has led to a rapid change in treatment concepts. Since
the superiority of 68Ga-PSMA-11 PET in detecting recurrent PCA is well established, the aim of our study was to assess its effect
on management and outcome in all patients imaged during the first year after its introduction into clinical routine.
Methods Of 327 patients imaged, 223 were referred for recurrent PCA and gave written informed consent for further analysis of
their data for this retrospective consecutive cohort analysis. Twenty patients were lost to further follow-up. The rate of detection
of recurrence by 68Ga-PSMA-11 PET was based on the clinical reports. Management before the availability of PET diagnostic
information was assessed according to guidelines (therapy option without 68Ga-PSMA-11 PET). In the 203 patients with follow-
up 6 months after 68Ga-PSMA-11 PET, the therapies effectively implemented as well as follow-up PSA levels were evaluated,
with a PSA value of <0.2 ng/ml representing a complete response and a decrease in PSA value of at least 50% from baseline
representing a partial response.
Results 68Ga-PSMA-11 PETwas positive and identified recurrence in 166 of the 223 patients (74%), with a detection rate of 50%
for recurrent disease at low PSA values of <0.5 ng/ml. 68Ga-PSMA-11 PET led to a change in management in 122 of the 203
patients (60%). A substantial increase in the use of metastasis-targeted treatment and a reduction in the use of systemic treatment
were observed, with 59 of the 203 patients (29%) undergoing targeted radiotherapy (RTXa) only, and 20 patients (10%)
undergoing RTXa with hormonal therapy as the two most frequently selected therapy options. The proportion of patients in
whom systemic therapy was selected decreased from 60% (133 of 223 patients) to 34% (70 of 203 patients) on the basis of the
information provided by the 68Ga-PSMA-11 PET scan. PSMA PET-directed metastasis-targeted treatment led to a complete
response after 6 months in 45% of patients.
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Conclusion The high rate of recurrence detection by PSMA PETwas confirmed and PSMA PET led to a change in management
in 60% of patients. Focal therapy for PSMA-positive lesions is a promising approach with complete responses in 45% of patients.

Keywords PSMA . Detection rate . Prostate cancer . Biochemical recurrence . Change inmanagement . Targeted

Introduction

The use of positron emission tomography (PET) with
prostate-specific membrane antigen (PSMA) ligand in the set-
ting of biochemical recurrence of prostate cancer after local
treatment has increased significantly in the last few years due
to its superior detection rate compared with conventional im-
aging and PET with previously established tracers such as
choline [1–4]. More important than the superior detection rate
is the impact on patient management. Therefore, there is a
fast-increasing body of literature on the impact of PSMA
PET in various settings, and PSMA PET has been reported
to lead to a change inmanagement in about 50% of patients [2,
5–9]. This is mostly due to the identification of focal recur-
rence when conventional imaging has failed [2, 10] or the
identification of additional sites of disease [6], that potentially
lead to changes in radiotherapy (RT) planning or even to local
surgical approaches in selected patients [7]. Data from recent
studies demonstrate a change in dose or RT planning target
volume and an increased use of stereotactic body RT after
PSMA PET [5, 6, 11]. A meta-analysis has also confirmed
that after PSMA PET more patients receive targeted RT and
surgical resection, while the proportion receiving systemic
treatment decreases by more than 50%, mostly due to fewer
patients receiving androgen-deprivation therapy (ADT), and
fewer patients are followed with watchful waiting [8].

Only a few studies have assessed outcomes in patients who
have undergone PSMA PET for biochemical recurrence by
measurement of prostate-specific antigen (PSA) levels after
treatment, and have shown promising results [11–16].
Several authors have observed a significant decrease in PSA
levels after PSMA PET-guided RT (RTXa). Henkenberens
et al. found that RTXa for isolated lymph node metastases
after primary therapy provides effective local control and im-
proved outcomes, and delays the initiation of systemic treat-
ment (chemotherapy or ADT) [16]. Schmidt-Hegemann et al.
investigated the value of RTXa in 129 patients and found that
nearly 90% of the patients treated with RTXa without addi-
tional ADTwere free of biochemical recurrence after a median
follow-up of 20 months [15]. These promising results suggest
that PSMA PET-guided therapies could be an effective strat-
egy for treating recurrent disease and for postponing the intro-
duction of systemic therapies.

The progress towards personalized therapies is desirable in
all disease contexts but is even more important in the context

of cancer, since treatments can cause severe side effects.
Furthermore, avoiding, unnecessary and costly therapies is
of increasing importance, especially with the increasing can-
cer burden in western societies [17, 18]. Although many stud-
ies have assessed the impact of PSMA PET in patient man-
agement there is less data on its impact on patient outcomes
and most importantly on overall survival [19].

The aim of this study was to assess the impact of 68Ga-
PSMA-11 PET on the management and outcome in all pa-
tients examined in the first year after its clinical introduction
for prostate cancer imaging in Switzerland.

Materials and methods

Study population

This retrospective study included all patients who underwent
68Ga-PSMA-11 PET for prostate cancer restaging at the
Department of Nuclear Medicine, University Hospital
Zürich, in the first year after its clinical introduction for pros-
tate cancer imaging in Switzerland, from April 2016 to April
2017. The local ethics committee approved the study protocol
and all patients gave general written informed consent for the
retrospective use of their data (BASEC no. 2018-01284).

Study design

We collected all relevant clinical information from patient
charts at the time of the 68Ga-PSMA-11 PET scan including
TNM stage, Gleason score, resection margins for prostatecto-
my, RT and systemic treatments, and PSA levels. For follow-
up evaluation, information on the management implemented
and PSA levels 6 months after 68Ga-PSMA-11 PET was
obtained.

Changes in management were assessed by comparing the
potential therapy options before 68Ga-PSMA-11 PET based
on PSA levels, initial tumour stage, resection margins and
previous treatment according to guidelines [20, 21], with the
therapy implemented after 68Ga-PSMA-11 PET. Dose escala-
tion to local recurrences for prostate bed salvage RT (sRTX)
was not considered a change in management. However, if a
lesion outside the prostate bed RT field was targeted, a change
in management was recorded. To compare our results with
those reported in the literature, we defined two therapy
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groups. The first group comprised patients with metastasis-
targeted treatment based on a positive 68Ga-PSMA-11 PET
scan including RTXa or surgery with our without ADT and
excluding PSMA-targeted internal RT (IRT), and the second
group comprised patients with only local treatment including:
RTXa, surgery or sRTX after a positive or a negative 68Ga-
PSMA-11 PETscan, without systemic therapy (with ADTalso
considered as systemic therapy). An experienced urologist
evaluated the management initially intended and the manage-
ment implemented in all patients in-house (80 patients), and,
for external patients, the referring physicians were contacted
and asked to determine whether the 68Ga-PSMA-11 PET scan
had had an impact on management.

Outcomes were assessed by analysis of PSA levels after
6 months. According to previous studies, a PSA value of
≤0.03 ng/ml was defined as undetectable, a PSA value of
<0.2 ng/ml was considered a complete response and a de-
crease in PSA level by at least 50% compared with the level
at the time of the scan was considered a partial response [15,
22–24]. In patients with a baseline PSAvalue of <0.2 ng/ml, a
decrease of at least 50% was considered a partial response,
and a PSA value of ≤0.03 ng/ml as undetectable.

Imaging techniques

Patients underwent 68Ga-PSMA-11 PET/CT or 68Ga-PSMA-
11 PET/MR after a single injection of 68Ga-PSMA-11 (dose:
mean 128.3 MBq, SD 17 MBq, range 86–162 MBq). To re-
duce tracer activity in the bladder, ureters and kidneys, furo-
semide (0.13 mg/kg) was injected intravenously 30 min prior
to tracer injection, and patients were asked to void prior to the
scan. The institutional protocol was in agreement with the
EANM and SNMMI procedure guidelines [25].

PET/MR protocol

A clinical routine whole-body PET/MR scan was performed
60 min after injection on a hybrid scanner (SIGNA PET/MR;
GE Healthcare, Waukesha, WI, USA) as used in previous
studies in our department with the same protocol for prostate
imaging as recently described [10]. In brief, six bed positions
with 2 min acquisition time per bed position for the whole-
body protocol, and additional specific sequences covering the
pelvis, including a high-resolution T1-weighted LAVA-FLEX
sequence, and a T2-weighted fast recovery fast spin-echo se-
quence in at least two planes.

PET/CT protocol

In patients who underwent a PET/CT scan, PET was per-
formed with six bed positions with 2.5 min acquisition time
per bed position, and an attenuation CT scan was acquired on
a Discovery VCT 690 PET/CT scanner (GE Healthcare,

Waukesha, WI, USA) 60 min after injection with the follow-
ing whole-body scan parameters: tube voltage 140 kV, tube
current with automated dose modulation with a maximum of
80 mA/slice, collimation 512 × 0.976, pitch 0.984:1, rotation
time 0.5 s, coverage speed 78 mm/s, field of view 50 cm, and
images with a transverse pixel size of 0.976 and a slice thick-
ness of 1.25 mm reconstructed in the axial plane.

Image analysis

The acquired PET, CT and MR images were transmitted to a
dedicated review workstation (Advantage workstation, version
4.6 or 4.7; GE Healthcare), which allows PET and CT or MR
images to be reviewed side by side or in fused mode. All scans
were analysed by dual board-certified radiologists and nuclear
medicine physicians with 4–8 years of experience, incorporating
both the MRI or CT and PET information. The readers had
access to the clinical information for the readouts. Carewas taken
to avoid false-positive findings by considering the physiological
biodistribution and the known PSMA-positive pitfalls such as
neural ganglia, Paget’s disease, sarcoidosis and others [26, 27].

The clinical decisions based on the clinical reports were
obtained for patients in our own urology or radiotherapy de-
partments using our hospital patient information system, or
assessed by questionnaires sent to the referring physicians
for patients referred to our hospital.

Statistical analysis

Descriptive statistics are used to display patient data as me-
dians, means, and ranges and percentages. Previous treat-
ments in the patient cohort are illustrated using a pie chart.
The detection rates are plotted against the absolute PSAvalues
at the time of the scan. Changes in management are illustrated
using Sankey diagrams that show the selected therapies in
relation to previous treatments with and without PET informa-
tion. Outcomes in terms of relative changes in PSAvalues are
illustrated using waterfall plots. Graphics were generated
using R ® version 3.5.1, USA).

Results

Patient characteristics

A total of 327 patients underwent a 68Ga-PSMA-11 PET scan
during the study period. Of these, 223 were included in the
analysis of detection rates and 203 in the analysis of changes
in management and follow-up PSA levels. Patient selection is
illustrated in Fig. 1.

The mean age of the patients at the time of the scan was
68 years (SD 6.8 years) and themean PSAvalue was 4.3 ng/ml
(SD 10.4 ng/ml, range 0.03–99 ng/ml). One patient with a
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PSAvalue of 0.03 ng/ml was referred for 68Ga-PSMA-11 PET
because of suspected remaining nodal disease after radical
prostatectomy (RPE); however, the scan was negative and
PSAwas undetectable at follow-up.

The initial T stage was available in 200 patients. The ma-
jority had pathological staging after surgery and only a few
had clinical staging. Most patients were diagnosed with stage
T3, 52 had local nodal metastasis at diagnosis and only four
had distant metastasis at diagnosis. Themost frequent Gleason
score at diagnosis was 4 + 3 (33%), followed by 3 + 4 (20%).
Patient characteristics are shown in Table 1.

Treatment before 68Ga-PSMA-11 PET

RPE without any additional radiation or systemic treatment
was the only previous treatment in 115 of the 223 patients
(52%). In 69 patients (31%) a combination of RPE and
sRTX due to first PSA relapse was performed before 68Ga-
PSMA-11 PET, and in an additional 17 patients ADT was
added after RPE and sRTX (8%). Overall, in 35 patients
(16%) ADTwas given before the scan, alone or together with
another treatment modality. An overview of the previous treat-
ments of the patients before they were referred for 68Ga-
PSMA-11 PET is given in Fig. 2.

Detection rate of 68Ga-PSMA-11 PET

Overall, 68Ga-PSMA-11 PET for restaging was positive in 166
of the 223 patients, resulting in a detection rate of 74%. PSA
values at the time of the scanwere available in 220 patients. Site

Table 1 Patients characteristics

Characteristic Value

Age (years)

Mean ± SD 68 ± 6.8

Median (range) 69 (45–86)

PSA value at scan (ng/ml) (n = 220, missing 3)

Mean ± SD 4.3 ± 10.4

Median 0.98 (0.03–99)

PSA value at scan, n (%) (n = 220, missing 3)

0–0.2 ng/ml 27 (12)

0.2–0.5 ng/ml 47 (21)

0.5–2.0 ng/ml 64 (29)

>2 ng/ml 82 (37)

Gleason score, n (%) (n = 183, missing 40)

<7 15 (8)

3 + 4 36 (20)

4 + 3 60 (33)

4 + 4 25 (14)

4 + 5 32 (17)

5 + 5 1

Other (3 + 5, 5 + 3, 5 + 4) 14 (7)

Initial staging, n (%)

T (n = 200, missing 23)

T1 Total 3 (1)

Clinicala 2

T2 Total 81 (40)

Clinicala 0

T3 Total 113 (56)

Clinicala 3

T4 Total 3 (1)

Clinicala 0

N (n = 197, missing 26)

N0 Total 142 (72)

Clinicala 5

N1 Total 51 (26)

Clinicala 2

N2 Total 1

Clinicala 0

Nx Total 3 (1)

Clinicala –

M (n = 198, missing 25)

M0 Total 171 (86)

Clinicala 171

M1 Total 4 (2)

Clinicala 4

Mx Total 23 (12)

Clinicala 23

SD standard deviation
a Number of patients from among the total with only clinical and no
pathological staging

Fig. 1 Patient selection
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of recurrence was detected more frequently in patients with
higher PSA values, as illustrated in Fig. 3. Findings were sus-
picious for local recurrence in 49 patients (30%), lymph node
metastasis in 113 patients (68%), bone metastasis in 54 patients
(33%) and distant visceral metastasis in 12 patients (7%).

Impact of 68Ga-PSMA-11 PET on management

Overall 68Ga-PSMA-11 PET changed management in 122 of
203 patients (60%). Considering only the changes based on
scans with positive findings, management was changed in 114
of 152 patients (75%). Twenty patients were lost to follow-up.
The potential therapy options before PET in relation to the
effective options after PET are illustrated as Sankey diagrams
that show the absolute numbers of selected therapies and the
pathways for the individual patients. Figure 4a shows the the-
oretical therapy options according to previous treatments and
guidelines without PET information available, Figure 4b
shows the corresponding therapies actually selected after in-
tegration of the 68Ga-PSMA-11 PET information in relation to
the previous treatments.

In 86 patients (42% of 203) the information from 68Ga-
PSMA-11 PET was used for metastasis-targeted treatment.
RTXa and RTXa with ADTwere the most frequently selected
therapy options (59 patients, 69%, and 20 patients, 23%, re-
spectively). In seven patients, surgery was performed as the
therapy option, leading to a complete response in two patients
without additional therapy. Systemic therapy, including ADT,
with or without local treatment, would have been the therapy
option according to guidelines before 68Ga-PSMA-11 PET in
133 of the 223 patients (60%). After the 68Ga-PSMA-11 PET
this number decreased to 70 of 203 patients (34%). 68Ga-
PSMA-11 PET findings led to IRT with 223Ra by exclusion
of visceral metastasis in two patients and to IRT with 177Lu-
PSMA-617 in two other patients.

Of 115 patients treated with RPE only, 90 were considered
for sRTX alone before the scan, 68Ga-PSMA-11 PET was
positive in 54 (60%) and changed the therapy in 43 (55%)
of 78 patients who had follow-up available. In 42 of 54 pa-
tients (78%), 68Ga-PSMA-11 PET showed recurrence outside
the prostate/prostate bed. Of these 42 patients, 26 (62%) had
RTXa and three underwent surgery. Of the 100 patients for
whom a curative treatment approach was intended by the re-
ferring physician before the scan, 68Ga-PSMA-11 PET was
positive in 13 patients for distant metastasis either in bone or
in soft tissue, ruling out a curative approach.

Figure 5 shows the changes from the theoretical treatment
options according to previous treatments and guidelines to the
actually selected treatments after integration of 68Ga-PSMA-
11 PET information.

Impact of 68Ga-PSMA-11 PET on PSA

In 203 patients, PSAvalues at the time of 68Ga-PSMA-11 PET
and 6 months later were available. The mean PSAvalue at the
time of the scan in the 203 patients was 4.26 ng/ml (SD
9.7 ng/ml) and the median value was 0.97 ng/ml (range
0.03–99 ng/ml). After 6 months the mean PSA value was
2.99 ng/ml (SD 9.7 ng/ml) and the median was 0.4 ng/ml

Fig. 2 Treatments the patients had received before recurrence. The most
common treatment was radical prostatectomy (RPE), followed by RPE
and salvage radiotherapy (sRTX). Only two patients underwent definitive
radiotherapy (RTX). A total of 15 patients had received androgen
deprivation therapy (ADT) and 22 had received surgery, sRTX, ADT
and/or chemotherapy combined

Fig. 3 Rates of detection of recurrence by 68Ga-PSMA PET in relation to
PSAvalues. The detection rate remains satisfactory (around 50%) even in
patients with low PSA values <0.5 ng/ml
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(range 0.001–82.7 ng/ml). Figure 6 shows the relative changes
in PSA values in all patients.

68Ga-PSMA-11 PET showed extensive disease (multi-
ple metastatic lymph nodes or bone metastasis) in three
patients after RPE with a mean PSA value of 1.01 ng/ml
(range 0.08–2 ng/ml). These patients received ADT only,
which resulted in a decrease in PSA level in all three (mean
decrease 81%; Fig. 7). 68Ga-PSMA-11 PET was negative
in 57 patients despite an elevated PSA level, leading to
sRTX with or without ADT in 33 patients, while PSA
levels were followed in 18 patients without therapy. PSA
progression was seen in only 9 of the 33 patients (27%)
treated despite a negative 68Ga-PSMA-11 PET scan, while
progression was seen 13 of the 18 patients (72%) selected
for PSA level follow-up, with an increase of up to 209%
(from 4.65 to 14.39 ng/ml).

Follow-up was available in 25 of the 27 patients with a
PSA baseline value of <0.2 ng/ml. At follow-up PSA was
undetectable in 9 of the 25 patients (36%), and a partial re-
sponse was seen in 14 of the 25 patients (56%).

Metastasis-targeted treatment Follow-up PSA levels were
available in all 86 patients who underwent treatment on the
basis of the 68Ga-PSMA-11 PET findings (59 RTXa, 6 sur-
gery, 20 RTXa and ADT, and 1 surgery and ADT). PSAwas
undetectable in 22 patients (25%), and a complete response
was seen in 40 patients (45%; Fig. 8). A partial response was
seen in 54 patients (63%), and the PSA level decreased in 65
patients (76%). Figure 9 shows the relative changes in PSA
values in all patients who underwent 68Ga-PSMA-11 PET-
guided metastasis-targeted treatment.

Fig. 4 Therapy options in all 223
patients in relation to previous
treatments: a therapy options
according to guidelines without
68Ga-PSMA PET (w/o PSMA
PET); b therapies implemented
after 68Ga-PSMA PET (with
PSMA PET). RPE radical
prostatectomy, ADT androgen-
deprivation therapy, sRTX salvage
radiotherapy, RTX radiotherapy,
RTXa targeted radiotherapy,
Chemo chemotherapy, IRT inter-
nal radiotherapy, Multimodal sur-
gery, sRTX, ADT and/or chemo-
therapy combined, PSA prostate-
specific antigen

Fig. 5 Changes from theoretical treatment options according to previous
treatments and guidelines (w/o PSMA PET) to the treatments
implemented in 203 patients after integration of 68Ga-PSMA-11 PET
information (with PSMA PET). ADT androgen-deprivation therapy,
sRTX salvage radiotherapy, RTXa targeted radiotherapy, Chemo chemo-
therapy, IRT internal radiotherapy, PSA prostate-specific antigen
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In seven patients surgical resection of 68Ga-PSMA-11-pos-
itive lymph nodes was performed. 68Ga-PSMA-11 PET de-
tected a total of 14 suspicious lymph nodes with a median
maximum standardized uptake value (SUVmax) of 10.1 (range
2.7–128), in three patients the lymph nodes were rated with
low suspicion (SUVmax 2.7–4.2). and in these patients the
dissected lymph nodes were negative. In the remaining four
patients 68Ga-PSMA-11 PET detected 10 lymph nodes, and in
these patients 11 lymph node metastases were confirmed on
histopathology.

Local treatment The 97 patients (48% of 203) who received
local treatment without systemic therapy included 65 patients
who received metastasis-targeted treatment (59 RTXa, 6 sur-
gery) and 32 who received sRTX. A complete response was
seen in 44 patients (45%).

In 28 patients (29%) who received local treatment only, the
PSA level had increased after 6 months. Follow-up imaging
was available in five patients: in two patients the second 68Ga-
PSMA-11 scan was still negative, in two patients the second
68Ga-PSMA-11 PET scan showed a previously negative
lymph node to be positive for metastasis, and in one patient
distant metastasis remained PSMA-positive after treatment.
Details of the responses to the various selected therapies are
given in Table 2.

Discussion

68Ga-PSMA-11 PET led to a change in management in 60%
of our patients. This is in accordance with the findings of a
meta-analysis by Han et al. that showed a change in

Fig. 7 A patient selected for
curative salvage radiotherapy
before the scan with a PSA value
of 0.96 ng/ml. Imaging was
positive for lymph node
metastasis (not shown) and two
bone metastases in the pelvis
(yellow arrows). a 68Ga-PSMA
PET maximum intensity
projection. b–g Transaxial PET,
T1 MRI and fused PET/MRI im-
ages (b–d first lesion, e–g second
lesion, respectively). The patient
received androgen deprivation
therapy instead of salvage radio-
therapy with undetectable PSA
6 months later

Fig. 6 Overall relative decreases
in PSAvalues from the time of the
68Ga-PSMA PET scan to follow-
up at 6 months in 203 patients.
Blue bars represent patients who
had any therapy implemented
(171 patients); green bars repre-
sent those without therapy and
PSA follow-up only (32 patients).
*Nine patients with an increase of
more than 300%
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management in 54% of patients [8].We observed a decrease in
systemic treatment and an increase in the number of local
treatments after 68Ga-PSMA-11 PET, which has also been
observed by other authors [7, 14, 16, 28]. Based on positive
68Ga-PSMA-11 PET findings, metastasis-targeted treatment
was performed in 43% of the patients, leading to a substantial
number of complete responses (40 of 88 patients (45%),
reached a PSA value of <0.2 ng/ml). Including patients who
underwent sRTX, 48% of all patients had local treatment only,
and 45% of these patients showed a complete response.

The observed impact on patient management was mainly
based on the high 68Ga-PSMA-11 PET detection rate (74% in
our cohort), which remained good (around 50%) even in pa-
tients with a PSA value of <0.5 ng/ml. This detection rate is
consistent with those found in large retrospective studies [1, 3,
29]. Compared with the findings of Afaq et al. [30] and

Sterzing et al. [31], who found management changes in 39%
and 51% of patients, respectively, the impact on management
was slightly higher in our cohort. However, only 47% of the
scans in the cohort of Afaq et al. were positive, a significantly
lower proportion than our rate (74%), and the cohort of
Sterzing et al. differed from ours in that it included patients
imaged for initial staging. It is known that PSMA status, and
therefore the PSMA PET detection rate, can be altered by
ADT. Initial results suggest a downregulation of PSMA ex-
pression in patients on long-term androgen deprivation [32].
However, more recent preclinical studies have shown that
short-term androgen deprivation can lead to an increase in
PSMA expression in prostate cancer cells [33, 34]. Afshar-
Oromieh et al. have shown that PSMA uptake decreases in
patients on long-term ADT, reducing the sensitivity of PSMA
PET for detecting prostate cancer lesions, and these authors

Fig. 8 A patient selected for
androgen-deprivation therapy af-
ter radical prostatectomy and sal-
vage radiotherapy before the scan
with a PSA value of 0.28 ng/ml.
Imaging showed two metastatic
pelvic lymph nodes (yellow
arrows). a 68Ga-PSMA PET
maximum intensity projection. b–
g Transaxial 68Ga-PSMA PET,
T1 MRI and PET/MRI fusion
images (b–d first lesion, e–g sec-
ond lesion, respectively). The two
lymph nodes were resected and
PSAwas undetectable 6 months
after the scan, without additional
therapy

Fig. 9 Overall relative decreases
in PSAvalues from the time of the
PSMA PET scan to follow-up at
6 months in 86 patients who
underwent targeted treatment
with additional ADT (pink bars,
21 patients) and without addi-
tional ADT (blue bars, 65 pa-
tients). One patient with bone
metastases showed an increase in
PSA level despite RTXa and
ADT. ADT androgen-deprivation
therapy, RTXa targeted radiother-
apy. *Two patients with an in-
crease of more than 300%
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suggested that patients should be scanned before the start of
ADT [35]. In our study, 35 of 223 patients (15.6%) received
ADT at some point before the scan and with again rising PSA
levels. The detection rate in this subgroup was higher than in
the rest of the cohort (88% vs. 74%), with a positive scan in 31
of the 35 patients.

In 41 (31%) of 133 patients in whom systemic treatment
was planned before the 68Ga-PSMA-11 PET, treatment was
converted to local treatment (RTXa, surgery or sRTX, without
additional ADT). This represents 21% of the whole cohort
(41/203), and a complete response was seen in 13 of these
41 patients (32%). Hope et al. found a similar conversion rate
to local therapy of 32% in 126 patients with biochemical re-
currence [36]. However, they included patients with additional
ADT in the group receiving local therapy. Applying the same
criteria would increase the conversion rate in our population
from 31% to 41%.

Notwithstanding the observed tendency towards an in-
crease in metastasis-targeted treatment and local treatments,
we observed many different patient pathways from the
intended therapy before PET to the therapy implemented after
68Ga-PSMA-11 (Fig. 5). As also observed by Han et al. [8] in
their meta-analysis, in our cohort, 68Ga-PSMA-11 PET like-
wise contributed to a more personalized approach to patient
management, allowing the physician to select and combine
therapy modalities based on the location and extension of
disease in each patient.

In 90 patients of our cohort, sRTX alone would have been
planned before 68Ga-PSMA-11 PET. In 42 patients (47%)
68Ga-PSMA-11 PET showed positive disease outside the pros-
tate bed. Therefore, theoretically, in almost half of the patients
sRTX confined to the prostate bed would not have included
PSMA-positive recurrence, probably leading to treatment fail-
ure. In a cohort of 70 patients, Van Leeuwen et al. found that
28.6% of PSMA-positive lesions were located in either regional

lymph nodes or bone and would not have been included in a
conventional sRTX field to the prostatic bed [37]. However,
their cohort had an overall lower PSA level, with 90% of the
patients having a PSA value of <0.5 ng/ml, while our cohort
had a mean PSAvalue of 0.57 ng/ml. Also Schmidt-Hegemann
et al. [38] found that a lower proportion of patients (20%) had
pelvic lymph node metastasis, but again among patients with a
maximum PSA value of 0.5 ng/ml.

The high detection of PSMA-positive lesions outside the
prostate bed raises the expectation that outcomes following
RTXa might be substantially better than following sRTX.
Among the 65 patients who underwent PSMA PET-directed
metastasis-targeted treatment without additional ADT, 27
(42%) achieved a complete response. In the subgroup of pa-
tients with PSMA PET-directed metastasis-targeted treatment
in whom sRTX alone was planned before PET, the proportion
of patients achieving a complete response increases to 56%.

The success of sRTX depends on the PSA level before
sRTX [39, 40] and the presence of risk factors [41]. In patients
with high PSA levels and unfavourable prognostic factors, the
5–7-year progression-free survival after SRT ranges from 32%
to 45% [40–46] and the 10-ear progression-free survival can
be as low as 22% [44]. In our cohort of 78 patients in whom
sRTX alone was planned before the scan with follow-up data,
only 27 patients actually received sRTX, and 34 had
metastasis–targeted treatment, and 44 of these 78 patients
(56%) had a complete response. In a recent randomized
multicentre trial including 374 patients with PSA values be-
tween 0.2 ng/ml and 2 ng/ml, Carrie et al. found a 5-year
progression-free survival rate of 62% among patients receiv-
ing sRTX alone [47]. However, comparing the two cohorts,
our patients selected for sRTX before 68Ga-PSMA-11 PET
had more aggressive disease: 31% versus 11% had a
Gleason score of 8 or above, and 40% versus 18% had a
PSA value of ≥0.5 ng/ml.

Table 2 Treatment responses in relation to treatment modality assessed in terms of PSA values 6 months after PSMA PET

Number
of patients

PSA undetectable
(≤0.03 ng/ml)

PSA
<0.2 ng/ml

PSA decrease ≥50%
from baseline

Any PSA decrease
from baseline

Stable
PSA

Any PSA increase
from baseline

sRTX 32 5 (15.6%) 17 (53.1%) 16 (50%) 22 (68.7%) 2 (6.2%) 8 (25%)

sRTX + ADT 3 1 (33.3%) 2 (66.6%) 2 (66.6%) 2 (66.6%) 0 1 (33.3%)

RTXa 59 11 (18.6%) 25 (42.3%) 32 (54.2%) 42 (71.1%) 0 17 (28.8%)

RTXa + ADT 20 9 (45%) 13 (65%) 19 (95%) 19 (95%) 0 1 (5%)

Surgery 6 2 (33.3%) 2 (33.3%) 2 (33.3%) 3 (50%) 0 3 (50%)

Surgery + ADT 1 0 0 1 (100%) 1 (100%) 0 0

Systemic therapya 46 13 (28.2%) 19 (41.3%) 33 (71.7%) 38 (82.6%) 1 (2.1%) 7 (15.2%)

IRT with 223Ra 2 0 0 0 0 0 2 (100%)

IRT with 177Lu-PSMA-617 2 0 0 1 (50%) 1 (50%) 0 1 (50%)

Total 171 41(24.0%) 78 (45.6%) 106 (61.9%) 128 (74.8%) 3 (1.7%) 40 (23.3%)

ADT androgen-deprivation therapy, sRTX salvage radiotherapy, RTXa targeted radiotherapy, IRT internal radiotherapy
aADT and/or chemotherapy only
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Although the follow-up in our study was short in compar-
ison with studies assessing progression-free survival, there is
evidence that early PSA values after therapy are predictive of
outcome [23, 48–50]. In addition, long-term disease-free sur-
vival in patients undergoing only PET imaging-targeted sal-
vage lymphadenectomy has been reported, with 5 of 11 pa-
tients having a PSAvalue of ≤0.03 ng/ml after a mean follow-
up of 41 months [51]. Therefore, the high rate of complete
responses in our cohort might reflect the contribution of more
assertive therapies after 68Ga-PSMA PET, including
metastasis-targeted treatment.

Finally, regarding the question as to whether therapy
should be postponed on the basis of a negative PSMA PET
scan, our results showed a PSA progression rate of 72% in
patients who underwent PSA follow-up only. This is in accor-
dance with recently published data of Emmett et al. who also
found a poorer outcome in patients who did not receive sRTX
after a negative PSMA PET scan compared with patients who
received sRTX [13]. This further strengthens the hypothesis
that a negative PSMA PET scan should not be a reason to
withhold active treatment in light of the high response rate
of sRTX in patients with a low PSA level [47, 52].

Improved laboratory tests now allow more sensitive and
accurate detection of PSA recurrence. The use of a PSAvalue
of 0.2 ng/ml as a cut-off value for a complete response is
therefore controversial. However, to enable comparison with
previously reported results, this study included the PSA cut-
off value of 0.2 ng/ml for a complete response, and added the
results for undetectable PSA (0.03 ng/ml).

A limitation of this study was that, despite careful consid-
eration of known pitfalls in PSMA PET such as second pri-
mary, sarcoidosis, neural ganglia and haemangioma [26, 27],
false-positive findings cannot be excluded with certainty,
since most lesions were not assessable by histopathology.
There are other limitations to this study, such as the already
discussed short follow-up of 6 months in our cohort, the het-
erogeneity of the cohort and the hypothetical assessment of
the therapy option before the 68Ga-PSMA-11 PET scan.
However, we believe that a sufficient number of patients were
included to allow adequate analysis for the purposes of the
study, and to show the impact of 68Ga-PSMA-11 PET in clin-
ical routine in different disease contexts. Because many pa-
tients were not treated in our institution, changes in RT dose
and target volume were not assessed in detail, and therefore
changes in target volume and dose modulation were not con-
sidered as changes in management in our cohort. As RTX
protocols vary widely among institutions, the analysis of these
data would be of questionable value.

It is important to point out that this study investigated the
impact of PSMA findings in daily practice today, with some
insights into treatment response. More prospective evalua-
tions are still needed to prove the overall benefit of these
strategy changes in our patients.

Conclusion

The high rate of detection of recurrent prostate cancer with 68Ga-
PSMA-11 PETwas confirmed in the current study and translated
into a change in management in 60% of patients. Metastasis-
targeted therapy options, most commonly RTXa, in patients with
PSMA-positive lesions resulted in complete responses in 45% of
patients, and this may be an interesting new approach to individ-
ualized therapy. However, prospective clinical trials demonstrat-
ing the long-term benefit of this approach including improve-
ment in overall survival are currently lacking. In the setting of
postoperative biochemical recurrence, a negative PSMA PET
scan should not be a contraindication to the use of sRTX, which
is in accordance with current guidelines.
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