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KEY POINTS

� Prostate-specific membrane antigen (PSMA) PET/magnetic resonance (MR) imaging can help
distinguish between patients with prostate cancer with locoregional recurrence and those with
distant metastases, even at low prostate-specific antigen levels.

� PSMA PET/MR imaging may have advantages compared with PET/computed tomography for the
detection of local recurrence and anatomic correlates to PET-positive lymph node and bone lesions.

� PSMA PET/MR imaging can help in making informed treatment decisions in patients with biochem-
ical recurrence after radical prostatectomy.

� PSMA PET/MR imaging enables dose-escalated and metastases-directed salvage radiotherapy in

patients with biochemical recurrence after radical prostatectomy.
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INTRODUCTION

Prostate cancer is the second most commonly
diagnosed cancer type among men worldwide.1

Over the last decades, the number of patients
increased drastically because of increasing
incidence and the wide availability of serum
prostate-specific antigen (PSA) tests. Prostate
cancer is a highly heterogeneous disease and pa-
tients are stratified in risk groups based on clinical
factors such as PSA level, T stage, and Gleason
grade.2 Patients in the low-risk group usually do
not require immediate treatment, but can be fol-
lowed on active surveillance until disease progres-
sion warrants intervention. In contrast, patients in
the intermediate-risk or high-risk group are usually
offered radical treatment. Radical prostatectomy
(RP) and radiotherapy (RT) are the 2 most common
options for treatment with curative intent, with the
former currently most used. However, approxi-
mately 30% of patients experience disease recur-
rence within 5 years after surgical removal of the
prostate.3,4

Suspicion of prostate cancer recurrence is
based on changes in PSA kinetics during the
follow-up after initial treatment. After RP,
biochemical recurrence (BCR) is defined as 2
consecutive increasing PSA values greater than
0.2 ng/mL.5 To decide on treatment of recurrent
disease, it is of utmost importance to distinguish
between patients who have locoregional confined
disease, which is considered curable, and those
with distant metastases. Salvage radiotherapy
(sRT) to the prostate bed and possibly pelvic
lymph nodes, with or without short-term androgen
deprivation therapy (ADT), is the standard treat-
ment option for the first group, whereas palliative
long-term ADT is the common treatment option
for the latter.5 However, patient stratification and
treatment planning based on PSA values alone
are challenging, because visual confirmation of
the site of recurrence is lacking. Conventional im-
aging modalities are not sensitive enough to
detect recurrent prostate cancer at the low PSA
values with which patients typically present at
the hospital.5 Importantly, this caveat leads to a
more or less blind treatment approach with asso-
ciated risks of overtreatment of patients with
occult metastatic disease, and suboptimal treat-
ment of patients with potentially curable disease.
An imaging examination that provides better
knowledge of the site of recurrence would alleviate
these problems and could enable more personal-
ized treatment strategies.
Simultaneous PET/magnetic resonance (MR) im-

aging shows potential for improving the diagnosis
in several cancer types.6,7 For prostate cancer,
PET/MR imaging with prostate-specific membrane
antigen (PSMA) ligands can provide images with
excellent soft tissue contrast, as well as a superior
sensitivity for detection of recurrent disease.8 This
article discusses the emerging role of PSMA PET/
MR imaging for the planning of sRT in patients
with prostate cancer with BCR after RP.
SALVAGE RADIOTHERAPY AFTER RADICAL
PROSTATECTOMY

sRT is defined as the administration of RT to the
prostatic bed and possibly to the surrounding tis-
sues, including lymph nodes, in patients with BCR
after initial RP but no evidence of distant metastatic
disease.9 The main advantage of sRT compared
with adjuvant RT (aRT), which is the administration
of RT after RP but before evidence of disease recur-
rence, is that the former avoids overtreatment and
associated side effects in patients who would never
develop recurrent cancer.9 One retrospective study
with 510 patients found that the 8-year metastasis-
free survival and overall survival did not differ signif-
icantly between pT3N0 patients receiving aRT
(92% and 89%, respectively) or observation
plus early sRT (91% and 92%, respectively).10

Three ongoing prospective randomized controlled
trials (ClinicalTrials.gov identifiers: NCT00541047,
NCT00860652, NCT00667069) hope to shed more
light on the potential differences in cancer control
between aRT and sRT. Convincing evidence shows
that sRT is most effective at low PSA values and
should be commenced at the first signs of recur-
rence.11–13 In a largemulticenter studywith patients
initially treatedwith RP, Tendulkar and colleagues13

reported 5-year absence of BCR in 71% of patients
with pre-sRT PSA levels between 0.01 and 0.2 ng/
mL, 63% for PSA 0.21 to 0.5 ng/mL, 54% for 0.51
to 1 ng/mL, 43% for 1.01 to 2 ng/mL, and 37%
for PSA greater than 2 ng/mL. Likewise, the cumu-
lative rate of distant metastases significantly corre-
lated with pre-sRT PSA levels, ranging from 9% to
27% for the lowest and highest PSA groups,
respectively. Results of the Radiation Therapy
Oncology Group (RTOG) 9601 randomized
controlled trial showed that the addition of
24 months of ADT to early sRT resulted in signifi-
cantly higher rates for overall survival (76.3% vs
71.3%) and lower incidences of metastatic disease
(14.5% vs 23%) and death from prostate cancer
(5.8% vs 13.4%) at 12 years.14 In the GETUG-
AFU 16 randomized clinical trial, the addition of
short-term ADT to early sRT had a significantly
favorable effect on biochemical or clinical progres-
sion at 5-year follow-up (80% for sRT 1 ADT vs
62% for sRT alone), but no benefit on overall sur-
vival was found at time of analysis.15 Similar results

http://ClinicalTrials.gov
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were recently reported from the interim analysis of
the RTOG 0534 SPPORT trial, with 5-year freedom
from progression in 71.1% of the patients who
received prostate bed sRT alone versus 82.7% of
patients who received sRT plus short-term ADT. A
third arm with patients receiving additional irradia-
tion of the pelvic lymph nodes showed significantly
increased freedom from progression (89.1%)
compared with the other 2 arms, as well as a signif-
icantly reduced likelihood of developing distant
metastases at 8-year follow-up.16 The reduced like-
lihood of developing distant metastases represents
the first evidence from a randomized controlled trial
that extending the sRT field to the pelvic lymph
nodes leads to clinically meaningful reductions in
BCR in patients without previous evidence of lymph
node involvement (N0/Nx).

Computed tomography (CT) and bone scintig-
raphy (BS) are conventionally used to detect evi-
dence of distant metastatic disease. However,
these imaging modalities rarely detect disease at
PSA levels less than 10 ng/mL, which limits their
use for most candidates for sRT.5 Consequently,
patient selection for sRT and consecutive treatment
planning is often based on PSA kinetics and other
clinical parameters alone, without visual evidence
of the site of recurrence. In general, a patient with
prostate cancer with BCR after RP is considered
a candidate for sRT if benefit from treatment may
be expected, taking into consideration the risk of
death unrelated to prostate cancer. The expected
benefit of sRT is usually calculated using nomo-
grams that typically include clinical parameters
such as pre-sRT PSA, PSA doubling time, Gleason
score, seminal vesicle invasion, extracapsular
extension, surgical margins, lymph node metasta-
ses, concurrent or neoadjuvant ADT, and radiation
dose to predict the risk of being progression free
at some time after treatment.11,13 In general, men
with a life expectancy greater than 10 years may
benefit from sRT, often given in combination with
short-term ADT or antiandrogens (6–24 months).
The total radiation dose given to the prostate bed
should be at least 66 Gy.5 A total radiation dose
of 45 Gy to the whole pelvis is usually given in re-
lapsing patients who had positive nodes on pelvic
lymph node dissection (N1), although recent evi-
dence shows that patients with negative or un-
known pelvic lymph node stage (N0/Nx) may also
benefit from pelvic lymph node irradiation.16
PROSTATE-SPECIFIC MEMBRANE ANTIGEN
PET IMAGING

Clinical parameters are useful for predicting the pa-
tient’s population-based probability of benefiting
from sRT.11,13 However, they do not provide direct
evidence of the location of recurrence, which is of
paramount importance formore tailored treatment.
The ideal imaging examination would detect local
recurrence in the prostate bed (T1), lymph node
metastases inside (N1) and outside the pelvis
(M1a), bone metastases (M1b) and other distant
metastases (M1c) at low PSA levels, in order to
facilitate informed clinical decision making based
on the tumor-node-metastasis (TNM) staging sys-
tem. However, traditional imaging modalities all
have their limitations; CT is not useful for detection
of local recurrence because of lack of soft tissue
contrast, whereas both CT and BS lack sensitivity
for detection of lymph node and bone metastases
at low PSA levels.17 MR imaging is excellent
for assessment of local recurrence18 but also per-
forms poorly for detection of small lymph node
metastases.19

Lately, there has been a strong focus on the
development of prostate cancer–specific PET ra-
diotracers, because alterations in molecular pro-
cesses typically precede morphologic changes,
thus providing opportunities for early detection
of the site of recurrence. 11C-choline and 18F-flu-
ciclovine are radiotracers that are currently US
Food and Drug Administration approved for
PET imaging in recurrent prostate cancer,
whereas 18F-fluoromethylcholine is often used
in clinical practice as well. Most recently,
PSMA-based radiotracers that are typically
labeled with 68Ga or 18F, depending on the sub-
type, are rapidly gaining popularity for detection
of recurrent prostate cancer. The current Euro-
pean Association of Urology (EAU) guidelines
state that choline PET/CT may be useful in
selected patients with PSA level greater than
1 ng/mL, especially when PSA doubling time is
less than 6 months.5 However, it has been
consistently shown that choline PET has
low detection rates at PSA levels less than
2 ng/mL.20–22 In a head-to-head comparison in
100 patients with BCR after RP, fluciclovine
PET showed higher detection rates than choline
PET at PSA levels less than 2 ng/mL (21% vs
14% for PSA <1 ng/mL, 45% vs 29% for PSA
1–2 ng/mL).23 Several studies compared PSMA
PET with choline PET scans of the same pa-
tients, and higher detection rates were consis-
tently found for the former, especially at PSA
levels less than 1 ng/mL.24–26 In a recent review
of the available literature on these 3 radiotracers,
Evans and colleagues27 reported median PSMA
PET detection rates of 51.5% for PSA level less
than 1 ng/mL, 74% for PSA 1 to 2 ng/mL, and
90.5% for PSA greater than 2 ng/mL. These
values compared favorably with those of choline
PET (19.5% for PSA level <1 ng/mL, 44.5% for
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PSA 1–2 ng/mL, and 76% for PSA >2 ng/mL)
and fluciclovine PET (38% for PSA <1 ng/mL,
65% for PSA 1–2 ng/mL, and 78% for
PSA >2 ng/mL). A large meta-analysis by Perera
and colleagues28 reported similar pooled detec-
tion rates for PSMA PET at low PSA levels. Spe-
cifically for patients with BCR after RP, these
were 33% for PSA 0 to less than 0.2 ng/mL,
46% for PSA 0.2 to less than 0.5 ng/mL, 57%
for PSA 0.5 to less than 1 ng/mL, 82% for PSA
1 to less than 2 ng/mL, and 97% for PSA greater
than 2 ng/mL. Stratified by the site of recurrence,
the pooled estimate of PSMA PET positivity for
this patient group was 22% in the prostate
bed, 36% in the pelvic lymph nodes, 7% in the
extrapelvic lymph nodes, 15% in the bones,
and 2% in the distant viscera.
In summary, PSMA ligands seem to outper-

form other prostate cancer–specific PET tracers,
especially because of their ability to detect
recurrent disease at PSA levels less than
1 ng/mL. Recurrence is more often detected
outside than inside the prostate bed,28 even at
PSA levels less than 0.5 ng/mL,29 which indi-
cates that offering sRT to the prostate bed alone
is suboptimal for most patients. One limitation is
that reliable histologic verification of the PSMA
PET findings is often lacking in the setting of
recurrent prostate cancer. Although some
studies have used biopsies to confirm subsets
of PSMA PET-positive lesions, this approach
does not provide information on lesions that
are false-negative on imaging. Consequently,
the best estimates of the sensitivity and speci-
ficity of PSMA PET in patients with BCR after
RP are obtained from patients who have
undergone dissection of the pelvic lymph nodes
for primary staging. The pooled sensitivity and
specificity of PSMA PET in this setting were
shown to be 77% and 97%, respectively, on a
per-patient analysis, and 75% and 99%, respec-
tively, on a per-lesion analysis.30
PROSTATE-SPECIFIC MEMBRANE ANTIGEN
PET/COMPUTED TOMOGRAPHY VERSUS PET/
MAGNETIC RESONANCE IMAGING

Modern PET scanners are combined with a CT or
MR imaging scanner to provide anatomic refer-
ence and morphologic correlates that are comple-
mentary to the molecular information from PET. To
date, most PSMA PET studies have been per-
formed on PET/CT scanners and some on PET/
MR imaging scanners, reflecting the different
availability of these scanners. Nevertheless, there
may be advantages of using PET/MR imaging
instead of PET/CT for detection of prostate cancer
recurrence, which can primarily be attributed to
the superior soft tissue contrast of MR imaging
compared with CT, as described later.
After RP and lymph node dissection, the anat-

omy of the pelvis is greatly changed. Multipara-
metric MR imaging (mpMR imaging), which is the
combination of anatomic T2-weighted (T2w)
MR images and functional dynamic contrast-
enhanced (DCE) and diffusion-weighted (DW) MR
images, allows differentiation between recurrent
cancer, residual prostate tissue, inflammatory tis-
sue, and fibrosis.18 Although T2w MR imaging is
mainly used for anatomic reference, the addition
of DCE and, to some extent, DW MR imaging
has been shown to significantly increase the sensi-
tivity to detect locally recurrent disease.31

Although the complementary nature of PSMA
PET and MR imaging for detection of local recur-
rence remains to be clarified in large prospective
studies, initial work with limited patient numbers
and varying MR imaging protocols generally
shows a favorable effect of combining the twomo-
dalities. In their study with 119 relapsing patients
who underwent PSMA PET/CT and subsequent
PET/MR imaging, Freitag and colleagues32 found
that mpMR imaging detected 18 cases of local
recurrence, of which 9 were missed by the PET
components of both PET/CT and PET/MR imag-
ing. Lutje and colleagues33 also detected more
local recurrences with PET/MR imaging than with
PET/CT (14 vs 9 in 25 patients), which was mainly
attributed to the availability of MR images. In a
small study with a trimodal PET/CT-MR imaging
system, the addition of MR imaging was useful
for cases with local recurrence, classified as inde-
terminate on PSMA PET/CT.34 Lake and col-
leagues35 found that DCE MR imaging was most
effective for identifying PSMA-avid foci in the pros-
tatic bed, and was able to detect additional lesions
without associated PSMA uptake. The potential of
PSMA PET/MR imaging for detection of local
recurrence is further shown in Fig. 1, in which
the mpMR imaging provides morphologic and
functional correlates for a region with suspicious
focal PSMA uptake in the prostate bed.
For detection of lymph node and bone metasta-

ses, superiority of PSMA PET compared with both
MR imaging and CT has been clearly shown.36–38

Nevertheless, PET/MR imaging may also have ad-
vantages compared with PET/CT in this setting.
Freitag and colleagues38 found that the visibility
of the lymph nodes was significantly higher on
MR imaging from PET/MR imaging compared
with low-dose CT from PET/CT, as was the overall
conspicuity for bone lesions. Similarly, Afshar-
Oromieh and colleagues39 stated that the different
sequences and the higher resolution of MR



Fig. 1. PSMA-1007 PET/MR (A–C) and PET/CT (D–F) images of a patient with suspected local recurrence (arrows).
Both PET from PET/MR imaging (A) and PET from PET/CT (D) show focal uptake in the prostate bed on the coronal
images. PET image fusion with transverse T2w SPACE image provides soft tissue contrast for anatomic reference
(B), whereas PET image fusion with the transverse low-dose CT image does not (E). Furthermore, early enhance-
ment on the transverse DCE image provides another functional correlate (C), which is lacking on the low-dose CT
image (F).
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imaging enabled a subjectively easier evaluation of
the PET/MR images compared with the PET/CT
images. Lake and colleagues35 reported that
anatomic correlates were found on MR imaging
for all suspected lymph node and bone metasta-
ses with focal PSMA PET uptake. These findings
are supported by Figs. 2 and 3. They show that
morphologic correlates to lymph node and bone
lesions with focal PSMA uptake can bemore easily
identified on MR imaging than on low-dose CT.

The PET components of PET/CT and PET/MR
imaging systems generally provide images of
similar diagnostic quality, although standardized
uptake values may differ because of differences
in detector type and attenuation and scatter
correction techniques.40 Ringheim and col-
leagues40 randomized the same-day scan order
of PSMA PET/MR imaging and PET/CT and found
that all suspected sites of local recurrence, lymph
node, and bone metastases were visualized by
both PET modalities. Similarly, Freitag and col-
leagues38 found very high concordance for the
detection of suspicious lymph nodes (98.5%)
and bone metastases (100%) between PET from
PET/MR imaging and PET from PET/CT. Of special
concern are the photopenic (halo) artifacts around
the bladder and kidneys that are sometimes pre-
sent in PET images from PET/MR imaging but
not from PET/CT.38,39 These artifacts may espe-
cially hamper the evaluation of local recurrence
and lymph node metastases in 68Ga-PSMA-11
and 18F-DCFPyl PET images, because these
PSMA variants are predominantly cleared by the
kidneys. Halo artifacts are of less concern for
18F-PSMA-1007, which has a predominant hepatic
clearance.41 Furthermore, it has been shown that,
with simple adjustment of the maximum scatter
fraction, these artifacts can be resolved.42 One
other concern with regard to PET/MR imaging is
the long scan time, which may reduce its
cost-effectiveness. Scan protocols may vary be-
tween PET/MR imaging scanners and PSMA
ligands,32,35,43 and international guidelines do not
yet exist. In our institution, the total scan time of
a whole-body 18F-PMSA-1007 PET/MR imaging
examination (4 bed positions, thighs to chin),
including mpMR imaging of the prostate bed, is
less than 45 minutes (Table 1). In clinical practice,
this means that with PET/MR imaging 1 patient
can be scanned every hour, whereas 2 patients
per hour can be examined with PET/CT. In case
of the latter, separate mpMR imaging of the pros-
tate bed is also performed, usually in combination
with MR imaging of the spine and the pelvic and
abdominal lymph nodes, unless recent MR images
are available. Consequently, the total scan time for
PSMA PET/MR imaging is shorter than that of
PMSA PET/CT plus MR imaging, with the addi-
tional advantage of intrinsically coregistered
images.

The incorporation of MR imaging in RT target
volume delineation has been shown to decrease
the interobserver contouring variability compared
with CT alone in patients with primary and



Fig. 2. PSMA-1007 PET/MR (A–C) and PET/CT (D–F) images of a patient with suspected lymph node metastases
(arrows). Both PET from PET/MR imaging (A) and PET from PET/CT (D) show focal uptake in lymph nodes on
the coronal images. PET image fusion with the transverse T1 weighted (T1w) volumetric interpolated breath-
hold examination (VIBE) Dixon image provides soft tissue contrast for anatomic reference (B), whereas PET image
fusion with the transverse low-dose CT image does not (E). Morphologic correlates to the suspected lymph
nodes are more easily detected on the transverse T1w VIBE Dixon image (C) than on the transverse low-dose
CT image (F).
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recurrent prostate cancer.44,45 However, MR im-
aging does not intrinsically provide information
on the tissue’s electron density for dose calcula-
tion and may suffer from geometric distortions,
which traditionally limited its role as a stand-
alone modality for RT planning. Now modern MR
imaging hardware and software solutions have
Fig. 3. PSMA-1007 PET/MR (A–C) and PET/CT (D–F) images
Both PET from PET/MR imaging (A) and PET from PET/CT
ages. Both PET image fusion with the sagittal T1w turbo sp
sagittal low-dose CT (E) provide anatomic reference in the b
suspected bone lesion may be more clearly visualized on th
CT image (F).
largely resolved these issues, MR imaging–only
workflows are being implemented for RT of
primary prostate cancer in clinical practice.46

However, an MR imaging–only work flow would
not be sufficient for dose-escalated and
metastases-directed sRT in patients with prostate
cancer with BCR after RP. Some investigators
of a patient with suspected bone metastases (arrows).
(D) show focal uptake in the spine on the coronal im-
in echo (TSE) image (B) and PET image fusion with the
ony tissue. However, the morphologic correlate to the
e sagittal T1w TSE image than on the sagittal low-dose



Table 1
The PET/magnetic resonance imaging scan
protocol and corresponding scan times
(minutes) used on the 3-T Biograph mMR
scanner (Siemens Healthineers, Erlangen,
Germany) in our institution

MR Imaging Sequence
Simultaneous
PET

Localizers whole body (2:45) No

4 bed positions
MRAC (0:15)
T1w VIBE COR (0:15)
T2w HASTE TRA (1:15)
DW EPI TRA (2:28)
T1w TSE SAG (0:58)

Yes (6:00)

Localizer pelvis (0:57) No

1 bed position
MRAC (0:15)
T2w SPACE (08:15)

Yes (10:00)

DW EPI TRA (3:33) No

DCE T1w VIBE TRA (3:29) No

In patients who have undergone prostatectomy, typical
high-resolution T2w turbo spin echo imaging of the pros-
tate bed in 3 orthogonal planes is deemed unnecessary
when high-resolution (0.5 � 0.5 � 1 mm3) T2w SPACE im-
ages are also available.

Abbreviations: COR, coronal; DW EPI, Diffusion-
weighted echo planar imaging; HASTE, half-Fourier ac-
quired single-shot turbo spin echo; MRAC, MR imaging–
based attenuation correction; SAG, sagittal; SPACE, Sam-
pling Perfection with Application optimized Contrasts us-
ing different flip angle Evolution; T1w, T1 weighted; TRA,
transverse; TSE, turbo spin echo; VIBE, volumetric interpo-
lated breath-hold examination.
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have suggested a PSMA PET/CT-based work-
flow,47,48 but this approach would still suffer from
the inherent limitations of CT. For example, Habl
and colleagues49 reported that additional planning
MR imaging needed to be performed when PSMA
PET/CT suggested local recurrence, because
morphologic correlates were usually lacking in
the CT scan. In contrast, a PSMA PET/MR
imaging–based RT planning workflow could pro-
vide all the information needed for delineation of
the target volumes and organs at risk.

IMPACT OF PROSTATE-SPECIFIC MEMBRANE
ANTIGEN PET ON PATIENT MANAGEMENT

According to international guidelines,5 patients
with BCR after RP should be treated with sRT
when PSA levels are less than 0.5 ng/mL,
presuming the site of recurrence is locally in the
prostate bed. It has been shown that the therapeu-
tic effect of sRT reduces with increasing PSA
levels,12,13 which probably reflects an increased
likelihood of occult metastatic disease outside
the radiation field. However, even in the low-PSA
group, more than 40% of patients treated with
sRT do not achieve long-term PSA response.50

New insights into the pattern of prostate cancer
recurrence came to light with the introduction of
PSMA PET imaging, among other things convinc-
ingly showing that low PSA values do not guar-
antee absence of metastatic disease.29,47 For
example, one study by Meredith and colleagues29

reported suspected local recurrence, lymph node
metastases, and bone metastases in 2%, 7%,
and 2% of patients with PSA level less than
0.2 ng/mL, respectively, and in 8%, 13%, and
6% of patients with PSA 0.2 to less than
0.5 ng/mL. This pattern of recurrence at low PSA
values mimics more or less the overall pattern
described in the meta-analysis by Perera and col-
leagues,28 albeit with lower detection rates.
Consequently, PSMA PET imaging may be the
key to improving the efficacy of sRT, by unblinding
the patient selection and treatment planning pro-
cess, and a substantial impact on patient manage-
ment may be expected.

A recent meta-analysis by Han and colleagues51

showed that PSMA PET imaging changed treat-
ment decisions in about half of all patients with
prostate cancer. They pooled the results obtained
from studies with a mix of patients with prostate
cancer, including those with primary prostate can-
cer, BCR after RP, and BCR after RT, and found an
overall proportion of (intended or implemented)
change in management of 54%. PET positivity
was the only variable significantly associated
with a change in management. In patients with
BCR after initial treatment (RP, RT, or both), the
availability of PSMA PET led to increased use of
curative treatment options at the expense of palli-
ative systemic treatment. The proportion of pa-
tients assigned to radiotherapy increased from
56% before PSMA PET to 62% after PSMA PET,
surgery increased from 1% to 7%, focal treatment
from 1% to 2%, and multimodal treatment from
2% to 6%. In contrast, the proportion of patients
assigned to systemic treatment decreased from
26% to 12% because of PSMA PET, and those
without treatment decision decreased from 14%
to 11%. Conventional sRT to the prostate bed
was the RT methodology of choice in 95% of the
patients before PSMA PET imaging. However, af-
ter PSMA PET, 24% of patients received sRT
with increased dose to the sites of suspected
recurrence and/or an enlarged target volume,
including the sites of recurrence, and 20%
received stereotactic body RT to single metasta-
ses or oligometastases. There was a tendency to-
ward a greater proportion of change in patient
management in studies that included relapsing
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patients with higher PSA levels (43% for PSA
<1 ng/mL, 54% for PSA 1 to <2 ng/mL, and 69%
for PSA >2 ng/mL).
For this work, 10 studies that specifically re-

ported the overall change in management in pa-
tients with BCR after RP were identified
(Table 2). Major changes in treatment manage-
ment were reported in 19% to 77% of patients,
with a 43% median proportion of change. This
finding agrees well with the pooled proportion
of change for the lowest PSA level group
(<1 ng/mL) reported by Han and colleagues,51

which is based on patients initially treated with
RP (�RT) only.49,52,53 Seven out of 10 studies
explicitly reported the changes in treatment deci-
sions.47–49,52–55 Van Leeuwen and colleagues53

investigated the impact of PMSA PET in men
who were diagnosed with BCR after RP and
were being considered for sRT to the prostate
bed. PSMA PET changed the treatment in 20 out
of 70 (29%) patients, including enlarging the RT
treatment volume to the pelvic nodes in 5 out of
20 (25%) patients, changing to surgical salvage
lymph node dissection in 1 out of 20 (5%) patients,
RT to the pelvic lymph nodes plus ADT in 6 out of
20 (30%) patients, stereotactic RT of a solitary pel-
vic lymph node in 4 out of 20 (20%) patients, ste-
reotactic RT of a lesion outside the pelvis with or
without ADT in 3 out of 20 (15%) patients, and
RT to the prostatic fossa plus stereotactic radio-
therapy for an extrapelvic lesion in 1 out of 20
(5%) patients. Bluemel and colleagues54 investi-
gated the impact of PSMA PET on patient man-
agement in men with persistent PSA or BCR
after RP and who were candidates for sRT to the
prostate bed. Treatment recommendations
changed in 19 out of 42 (42%) patients because
Table 2
Overview of studies that report the impact of prosta
decisions, specifically for patients with prostate canc
prostatectomy

Study by First Author N
Average
Age (y)

Ave
PSA

Sterzing et al,56 2016 42 70 2.8

Van Leeuwen et al,53 2016 70 67 0.2

Bluemel et al,54 2016 46 69 0.7

Habl et al,49 2017 100 64 0.7

Hope et al,57 2017 43 69 2.7

Afaq et al,58 2018 68 — —

Zschaeck et al,55 2017 22 65 6.1

Grubmüller et al,52 2018 117 74 1.0

Henkenberens et al,48 2018 39 66 1.2

Calais et al,47 2018 270 68 0.4
of findings on PSMA PET. These changes included
dose escalation to local recurrence in 6 out of 19
patients (32%); extension of the RT field to a sus-
picious rectal lesion in 2 out of 19 (11%) patients;
extension of the RT field to pelvic and/or retroper-
itoneal lymph node metastases, including dose
escalation for involved lymph nodes in 8 out of
19 (42%) patients; extension of the RT field to
lymph node metastases and a single bone metas-
tasis in 1 out of 19 (5%) patients; and change to
systemic treatment with ADT in 2 out of 19 (11%)
patients with multiple distant bone metastases
and/or multiple lymph node metastases. Habl
and colleagues49 investigated the impact of
PSMA PET on sRT treatment planning in 100 pa-
tients with BCR after RP, with or without prior
RT. Only patients who received sRT after PSMA
PET imaging were considered, thus, for example,
excluding patients with multiple metastases who
received ADT or other therapies. The conventional
RT treatment plan (prostate bed) was changed in
59 out of 100 (59%) patients. These plans included
RT plus simultaneous integrated boost (SIB) to the
prostate bed in 19 out of 59 (32%) patients, RT
plus SIB to the pelvic lymph nodes in 22 out of
59 (37%) patients, RT plus SIB to extrapelvic
lymph nodes in 15 out of 59 (25%) patients, ste-
reotactic RT to a single lymph node metastasis in
1 out of 59 (2%) patients, and stereotactic RT
bone metastases in 10 out of 59 (17%) patients.
Zschaek and colleagues55 investigated the impact
of PSMA PET on treatment management in high-
risk patients presenting with BCR after RP and
who were candidates for sRT. All 22 patients
were originally scheduled for sRT of the prostate
bed. PSMA PET led to treatment modifications in
17 out of 22 (77%) patients, including an additional
te-specific membrane antigen PET on treatment
er with biochemical recurrence after radical

rage
(ng/mL)

Detection
Rate (%)

Proportion of Change in
Management (%)

74 61

54 29

53 42

71 59

— 33

— 34

— 77

86 43

85 59

49 19
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dose boost to local recurrence in 6 out of 17 (35%)
patients, extension of the RT field plus an addi-
tional dose boost to the affected lymph nodes in
10 out of 17 (59%) patients, and stereotactic RT
of bone metastases in 4 out of 17 (24%) patients.
In 1 out of 17 (6%) patients, RT was omitted
because of extensive metastatic disease. Grub-
muller and colleagues52 found that PSMA PET
changed the clinical decision-making in 50 out of
117 (42%) patients with BCR after RP, with or
without prior RT. RT to the prostate bed was
changed to wait and see in 1 out of 50 (2%) pa-
tients, to salvage surgery in 1 out of 50 (2%) pa-
tients, and to metastases-directed RT in 1 out of
50 (2%) patients. ADT was changed to wait and
see in 1 out of 50 (2%) patients, to salvage surgery
in 10 out of 50 (20%) patients, to metastases-
directed RT in 13 out of 50 (26%) patients, and
to multimodal treatment in 5 out of 50 (10%) pa-
tients. Wait and see was changed to salvage
surgery in 2 out of 50 (4%) patients and to
metastases-directed RT in 16 out of 50 (32%) pa-
tients. Henkenberens and colleagues48 also inves-
tigated the impact of PSMA PET on the
management of relapsing patients with a high
risk of metastatic disease. Treatment was
changed from conventional sRT to the prostate
bed to individualized treatment concepts in 23
out of 39 (59%) patients, including metastases-
directed RT with or without ADT in 19 out of 23
(83%) patients, ADT alone in 2 out of 23 (9%) pa-
tients, chemotherapy alone in 1 out of 23 (4%) pa-
tients, and ADT plus chemotherapy in 1 out of 23
(4%) patients. In addition, Calais and colleagues47

investigated the potential impact of PSMA PET on
the planning of sRT in patients with PSA levels less
than 1 ng/mL. Major impact was found in 52 out of
270 (19%) patients, including extension of the pel-
vic target volume in 19 out of 52 (37%) patients,
extension of the target volume to the para-aortic
lymph nodes in 5 out of 52 (10%) patients, and
metastases-directed stereotactic body RT in 22
out of 52 (42%) patients. In 6 out of 52 (12%) pa-
tients, RT would have been avoided because of
advanced metastatic disease. In addition, 80 out
of 270 (30%) patients could have received focal
dose escalation to lesions within the original target
volume, which was considered as minor impact by
the investigators.

In summary, these initial studies indicate that
PSMA PET can have substantial impact on the
planning of sRT in patients with prostate cancer
with BCR after RP. Some patients received pallia-
tive systemic treatment because PSMA PET indi-
cated that sRT would be futile because of the
presence of advanced metastatic disease. In other
patients, long-term ADT was modified to
locoregional sRT, thereby potentially curing the
disease and reducing, or at least delaying, sys-
temic side effects. In a substantial number of pa-
tients, the RT plan was adapted to include all
sites of recurrence, to boost the dose to sus-
pected lesions, and/or to treat single or oligometa-
static disease. In others, PSMA PET revealed that
active treatment and not a wait-and-see policy
would be the best treatment strategy to avoid pro-
gression of existing disease. Importantly, these
findings cannot be generalized to all relapsing pa-
tients after RP because of limitations with regard
to retrospective study design, low numbers of pa-
tients, mixed populations, and patient selection
bias. Furthermore, long-term follow-up data are
currently lacking, so it remains to be seen whether
PSMA PET-based treatment planning will lead to
improved overall survival. Two prospective ran-
domized controlled trials (ClinicalTrials.gov identi-
fier: NCT03525288, NCT03582774) are currently
underway to shed more light on these important
questions.
SUMMARY

sRT is apotentially curative treatment option for pa-
tients with prostate cancer with BCR after RP,
especially when PSA levels are still low. Because
of a lack of sensitive conventional imaging
methods, theplanningof sRT is currently beingper-
formed in the absence of visual evidence of the site
of recurrence. Simultaneous PSMA PET/MR imag-
ing combines excellent soft tissue contrast with a
superior sensitivity for cancer, and can help detect
recurrence in the prostate bed, lymph nodes,
bones, and distant organs. Consequently, PSMA
PET/MR imaging can play an important role in the
selection of patients who may benefit from sRT,
and facilitate dose-escalated and metastases-
directed treatment planning. Whether or not
PSMA PET/MR imaging–based planning of sRT
can improve the long-term outcome in patients
with BCR after RP should be answered in prospec-
tive randomized controlled trials.
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