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Early PET imaging with [68]Ga-PSMA-11 increases
the detection rate of local recurrence in prostate cancer
patients with biochemical recurrence
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Abstract
Purpose PET/CT using 68Ga-labelled prostate-specific mem-
brane antigen PSMA-11 (HBEDD-CC) has emerged as a
promising imaging method in the diagnostic evaluation of
prostate cancer (PC) patients with biochemical recurrence.
However, assessment of local recurrence (LR) may be limited
by intense physiologic tracer accumulation in the urinary blad-
der on whole-body scans, normally conducted 60 min post-
tracer injection (p.i.). It could be shown on early dynamic
imaging studies that 68Ga-PSMA-11 uptake in PC lesions oc-
curs earlier than tracer accumulation in the urinary bladder.
This study aims to investigate whether early static PET acqui-
sition increases detection rate of local recurrence on 68Ga-
PSMA-11 PET/CT in comparison to PET imaging 60min p.i..
Methods 203 consecutive PC patients with biochemical failure
referred to 68Ga-PSMA-11 PET/CT were analysed retrospec-
tively (median prostate specific antigen (PSA) value: 1.44 ng/
ml). In addition to whole-body PET/CT scans 60 min p.i., early
static imaging of the pelvis was performed, starting at a median
time of 283 s p.i. (range: 243–491 s). Assessment was based on
visual analysis and calculation of maximum standardized up-
take value (SUVmax) of pathologic lesions present in the pelvic
area found on early PET imaging and on 60 min-PET scans.

Results 26 patients (12.8%) were judged positive for LR on
PET scans 60 min p.i. (median SUVmax: 10.8; range: 4.7–
40.9), whereas 50 patients (24.6%) revealed a lesion sugges-
tive of LR on early PET imaging (median SUVmax: 5.9; range:
2.9–17.6), resulting in a significant rise in detection rate
(p < 0.001). Equivocal findings on PET scans 60 min p.i.
decreased significantly with the help of early imaging
(15.8% vs. 4.5% of patients; p < 0.001). Tracer activity in
the urinary bladder with a median SUVmax of 8.2 was present
in 63 patients on early PETscans (31.0%). However, acquisition
starting time of early PET scans differed significantly in the
patient groups with and without urinary bladder activity (median
starting time of 321 vs. 275 s p.i.; range: 281–491 vs. 243–311 s
p.i.; p < 0.001). Median SUVmax value of lesions suggestive of
LR on early images was significantly higher in comparison to
gluteal muscle, inguinal vessels and seminal vesicle/anastomosis
(median SUVmax: 5.9 vs. 1.9, 4.0 and 2.4, respectively).
Conclusions Performance of early imaging in 68Ga-PSMA-
11 PET/CT in addition to whole-body scans 60 min p.i. in-
creases the detection rate of local recurrence in PC patients
with biochemical recurrence. Acquisition of early PET images
should be started as early as 5 min p.i. in order to avoid
disturbing tracer activity in the urinary bladder occuring at a
later time point.
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Introduction

Radical prostatectomy (RP) and primary radiotherapy are
treatment options with potentially curative intent in patients
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with clinically localized prostate cancer (PC) [1, 2]. In up to
50% of patients biochemical recurrence (BR) after RP occurs,
defined as serum prostate specific antigen (PSA) levels
>0.2 ng/ml [3, 4]. Available imaging modalities do have lim-
itations in the visualization of the site of tumour recurrence,
especially at low PSA values [4–6]. The efficacy of salvage
radiotherapy depends on early detection of LRwhen relapsing
disease is still limited to the prostatic fossa [4, 7]. Magnetic
resonance imaging (MRI) has proven to be a sensitive method
in detecting LR, whereas its role in the diagnosis of metastases
is restricted [5, 8]. Whole-body PET imaging with C-11- or
F-18-labelled choline has been widely applied for assessment
of BR [9, 10]. Unfortunately, choline PET lacks diagnostic
accuracy in this indication and is inferior to MRI in the detec-
tion of LR [11–14]. Over the past few years, PET/CTwith the
68Ga-labelled prostate specific membrane antigen (PSMA)
ligand Glu-urea-Lys(Ahx)-HBED-CC (PSMA-11), a ligand
that binds to the cell-surface protein PSMAwith overexpres-
sion on most PC, has been successfully introduced in the
diagnostic work-up of PC patients [15–17]. Concerning the
overall detection rate in BR, 68Ga-PSMA-11 PEToutperforms
18F–choline PET [18–20].

In 68Ga-PSMA-11 PET/CT, a whole-body scan starting
60 min post-tracer injection (p.i.) is usually performed in the
clinical routine [17, 21, 22]. Due to high physiologic urinary
bladder activity at this time point, identification of LR may be
hampered in 68Ga-PSMA-11 PET/CT [21, 23, 24]. It has been
demonstrated that the application of early dynamic imaging in
the first 8 min p.i. enables distinguishing tumour from bladder
activity in 68Ga-PSMA-11 PET/CT [25]. Tumour-related
68Ga-PSMA-11 uptake occurs earlier than tracer accumulation
in the urinary bladder and, therefore, LR might be easier to
identify within the first minutes p.i. in comparison to PET
scans 60 min p.i. [25].

As performance of early dynamic imaging is quite demand-
ing, the primary goal of this study was to evaluate whether a
single early static PET scan of the pelvic area could increase
diagnostic performance of 68Ga-PSMA-11 PET/CT in detect-
ing LR in PC patients with biochemical relapse.

Materials and methods

Patients

203 consecutive PC patients with BR after definitive primary
therapy referred to our department for a 68Ga-PSMA-11 PET/
CT from October 2014 to June 2016 were retrospectively
analysed. In 179 patients, radical prostatectomy was per-
formed as primary therapy, whereas 25 patients had received
primary radiotherapy. Patients presented with a median PSA
value of 1.44 ng/ml (range: 0.14–96.00). 41 patients (20.2%)
showed a PSA value ≤0.5 ng/ml, whereas in 72 patients

(35.5%), the PSA level was ≤1.0 ng/ml. Detailed patient char-
acteristics are shown in Table 1.

Radiopharmaceutical

PSMA-11 [Glu-NH-CO-NH-Lys(Ahx)-HBED-CC; HBED-
CC = N,N ′-bis[2-hydroxy-5-(carboxyethyl)benzyl]
ethylenediamine-N, N′-diacetic acid] was obtained from ABX
Advanced Biochemical Compounds (Radeberg, Germany) of
good manufacturing practice (GMP) quality. 68Ga-PSMA-11
was prepared on an automated synthesis module (Modular-
Lab PharmTracer; Eckert & Ziegler, Berlin) using a procedure
previously described [25, 26]. The radiochemical purity of the
final product was >91% as analysed by reversed-phase high-
performance liquid chromatography and thin layer
chromatography.

Imaging protocol

68Ga-PSMA-11 PET/CT imaging was performed in a dual-
phase mode using a dedicated PET/CT system (Discovery
690; GE Healthcare, Milwaukee, WI, USA). The acquisition
protocol included an early static image of the pelvis centred on
the prostate bed (one bed position with an axial field of view
of 15.6 cm). After a fasting period of at least 6 h, patients were
injected a median activity of 150 MBq 68Ga-PSMA-11 (range
95–190 MBq). Variation of injected 68Ga-PSMA-11 activity
was due to the short half-life of 68Ga and variable elution
efficiencies of the 68Ge/68Ga radionuclide generator.
Nevertheless, image quality of PET scans in patients in whom
lower activities were administered was good and judged suf-
ficient for correct image analysis. Early PET imaging was
performed after positioning the patient on the bed of the
PET scanner at a median acquisition starting time of 283 s
(sec) p.i. (range: 243–491 s) with a duration of PET emission
of two min. For attenuation correction and anatomic
localisation, a low-dose CT of the same region was done be-
fore PET acquisition. 60 min after tracer injection, a whole-
body PET/CT scan (skull base to upper thighs) in three-

Table 1 Patient characteristics

Patients 203

Primary radical prostatectomy 178

Primary radiation therapy 25

Age (years): median (range) 68 (54–92)

Initial Gleason score median (range) 7 (6–10)*

PSA (ng/ml): median (range) 1.44 (0.14–96.0)**

Salvage radiotherapy 62

*In 67 of 203 patients, no initial Gleason score could be obtained

**In 18 of 203 patients, no PSA within 4 weeks before PET scan was
available
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dimensional mode was conducted (emission time: 2 min per
bed position, axial field of view: 15.6 cm per bed position). In
102 patients (50.2%), a diagnostic contrast-enhanced CT
(ceCT) scan was performed. The ceCT scan parameters using
BGE smart mA dose modulation^ were: 100–120 kVp, 80–
450mA, noise index 24, 0.8 s per tube rotation, slice thickness
3.75 mm and pitch 0.984. A CT scan of the thorax, abdomen
and pelvis (shallow breathing) was acquired 40–70 s after
injection of contrast agent (60 to 120 ml of Iomeron
400 mg/l, depending on patient body weight), followed by a
CTscan of the thorax in deep inhalation. In the remaining 101
patients, a low-dose CT scan was performed for attenuation
correction of the PET emission data. The low-dose CT scan
parameters using BGE smart mA dose modulation^ were: 100
kVp, 15–150 mA, noise index 60, 0.8 s per tube rotation, slice
thickness 3.75 mm and pitch 1.375. Reconstruction was per-
formed with an ordered subset expectation maximization al-
gorithm (OSEM) with four iterations per eight subsets.

Image analysis

All 68Ga-PSMA-11 PET/CT images were analysed with ded-
icated commercially available software (GE Advance
Workstation SW Version AW4.5 02), which allowed the re-
view of PET, CT and fused imaging data in axial, coronal and
sagittal slices. PET images were interpreted independently by
two board-approved nuclear medicine physicians with more
than 10 years of clinical experience.

Whole-body PET/CT images 60 min p.i. were evaluated
with respect to LR, malignant lymph node (LN) involvement
and distant metastases. Any focal uptake higher than sur-
rounding background activity that did not correspond to phys-
iologic tracer accumulation was considered pathologic and
suggestive of malignancy. This interpretation criteria is the
result of our clinical experience and goes in line with pub-
lished literature [15–17, 21]. With regard to assessment of
LR, only lesions with increased uptake at a typical area of
local relapse that was clearly distinguishable from urinary
bladder activity were counted as pathologic and rated as LR.
In contrast, uncertain findings that could represent LR, but
because of its localisation, could also be explained by urinary
activity were considered as abnormal; however, they were not
classified as pathologic (e.g. tracer accumulation in the mid-
line adjacent to the urinary bladder). For analysis, equivocal
findings were counted as negative for LR. In addition, semi-
quantitative analysis of all lesions visually considered typical
for malignancy was performed using the maximum standard-
ized uptake value (SUVmax). For SUVmax , calculation vol-
umes of interest were drawn automatically with a manually
adapted isocontour threshold centred on lesions with focally
increased uptake. Furthermore, it was assessed if the so called
Bhalo artefact^ around the urinary bladder could be observed
on PET scans 60 min p.i., an artefact due to high urinary

bladder activity causing elimination of the PET signal around
the urinary bladder [21, 27]. SUVmax measurement of the
urinary bladder activity was performed in all patients.

In a second step, early PET images fused with low-dose CT
were analysed. For assessment of LR, each lesion with focally
increased uptake at a typical site of LR outside the urinary
bladder was counted as suggestive of LR. As to evaluation
of malignant LN involvement and bone metastases, early PET
images were compared to the PET/CT images 60 min p.i.
Only pathologic lesions that were present on whole-body
PET and within the field of view of the early PET scans were
assessed and analysed semiquantitatively. The urinary bladder
was evaluated as to whether physiologic urinary activity was
present at early imaging. SUVmax was calculated within vol-
umes of interest that were placed over the sites of pathologic
tracer accumulation consistent with tumour lesions (LR, LN,
bone). SUVmax was measured in the urinary bladder of all
patients in whom urinary activity was found, and in reference
tissues such as inquinal vessels, gluteal muscle, and normal
tissue in prostate bed/vesicourethral anastomosis/seminal ves-
icles. The latter served as a negative control group. It was
chosen because the majority of LR occurs at this site; only
regions with no apparent pathology were included in SUVmax

measurements. Regarding detection rate of LR on early PET,
analysis was performed in all patients investigated and in a
subgroup comprising only patients in whom urinary bladder
activity was absent.

Statistical analysis

Detection rates of LR on PET scans 60 min p.i. vs. early static
PET scans were tabulated in cross-tables and compared with
McNemar’s test for paired observations. For quantitative var-
iables, due to skewed distributions, we used rank-based non-
parametric statistical tests:Wilcoxon signed rank-sum tests for
paired observations for comparison of SUVmax values in var-
ious tissues and over time points; and Mann–Whitney U tests
for comparison of SUVmax, PSA values and starting time of
early static PET scan between various independent subgroups
(e.g. PET-positive vs. PET-negative patients). A significance
level of α = 0.05 (two-tailed) was applied. Statistical analyses
were performed using SPSS, version 22.0 (IBM Corp.,
Armonk, NY, USA).

Results

PET/CT studies 60 min p.i.

126 out of 203 patients showed at least one lesion with path-
ologic tracer accumulation consistent with tumour relapse on
PET scans 60 min p.i., yielding an overall detection rate of
62.1%. Pathologic lesions consistent with malignant LN

Eur J Nucl Med Mol Imaging (2017) 44:1647–1655 1649



involvement were found in 81 patients (39.9%), and patho-
logic foci suggestive of distant metastases could be detected in
35 patients (17.2%). The majority of distant metastases were
confined to the bone; in three patients, 68Ga-PSMA-11-posi-
tive lung metastases were present.

With regard to detection of LR, 26 patients (12.8%) were
judged positive for LR on images 60 min p.i. 145 patients
(71.4%) were clearly negative for LR on images 60 min p.i.,
whereas 32 patients (15.8%) showed an equivocal finding,
classified as abnormal or uncertain but not as pathologic, as
the findings were not definitely consistent with LR. Most of
these cases represented tracer accumulation in the midline that
was not discernable from intense physiologic urinary activity
in the bladder or proximal urethra. Median SUVmax of urinary
bladder activity 60 min p.i. measured in all patients was 61.3
(range: 10.7–172.2). The Bhalo artefact^ could be found in 26
patients (12.8%). The median SUVmax value of all lesions
indicative of LR 60 min p.i. was 10.8 (range: 4.7–40.9).

Early PET/CT studies

On early images, lesions with increased tracer accumulation
highly suggestive of LR were found in 50 patients (24.6%),
resulting in a significantly higher detection rate of LR com-
pared to PET acquisition 60 min p.i. (24.6% vs. 12.8%;
p < 0.001). An example of a patient in whom a LR is clearly
visible on early PET is given in Fig. 1, whereas on PET images
60 min p.i., it is not distinguishable from the urinary bladder.
All pathologic lesions classified as LR on images 60 min p.i.
were also positive on early PET acquisition. Regarding LR,
equivocal findings were present in only 9 patients (4.5%),
resulting in a significant reduction of unclear cases in compar-
ison to 60min p.i. (15.8% vs. 4.5%; p < 0.001), as presented in
Table 2. The majority of the 32 cases classified as equivocal
on PETscans 60min p.i. were not interpreted as pathologic on
early PET (n = 23; 71.9%), most likely representing urinary
activity. Seven unclear cases 60 min p.i. (21.9%) were
regarded as positive for LR on early PET images, whereas
two (6.2%) remained equivocal on early scans. In contrast, 7
patients with unclear findings on early PETwere judged neg-
ative for LR on PET 60 min p.i. Figure 2 shows a case with an
equivocal finding on the PET scan 60 min p.i. with no in-
creased tracer uptake at that site on early PET, rendering an
LR unlikely. Median SUVmax of all 50 lesions suggestive of
LR on early imaging was 5.9 (range: 2.9–17.6).

In a subanalysis comprising all patients who only received
radiotherapy as primary treatment (n = 25), 7 patients were
judged positive for LR on PET 60 min p.i. compared to 9 on
early PET. Equivocal findings were present in 7 patients
60 min p.i. and in 5 patients on early PET images.

Semiquantitative evaluation of reference tissues on early
PETacquisition measured in the gluteal muscle, in the seminal
vesicle/anastomosis and in inguinal vessels revealed a median

SUVmax value of 1.9 (range: 1.1–3.3), 2.4 (range: 1.1–3.6) and
4 (range: 1.9–7), respectively. These values were significantly
lower than median SUVmax in lesions suggestive of LR
(p < 0.001). Nevertheless, an overlap in SUVmax values be-
tween malignant lesions and reference tissues was found,
which was more pronounced in the area of inguinal vessels
in contrast to gluteal muscle and the region of anastomosis/
seminal vesicle. Table 3 shows the detailed SUVmax analysis
of the LR-indicative lesions in comparison to SUVmax values
of reference tissues.

Tracer accumulation in the urinary bladder was present in
63 patients (31.0%) on early PET images with a median
SUVmax of 8.2 (range 3.0–45.8). In contrast, the median
SUVmax value of the urinary bladder 60 min p.i. of these
patients was 65.6 (range: 10.7–168.4). Image acquisition for
early PET scans in patients in whom urinary bladder activity
was already present on early PET acquisition was started sig-
nificantly later, compared to those with no tracer accumulation
in the urinary bladder on early images, with a median starting
time of 321 s vs. 275 s, respectively (range: 281–491 s vs.
243–311 s; p < 0.001).

Furthermore pathologic lesions consistent with metastases
on whole-body PET/CT scans 60 min p.i. were analysed on
early PET images with regard to detectability and intensity of
tracer uptake. A total of 128 metastases indicative of lesions in
80 patients (LNs: n = 100; bone: n = 28) could be identified in
the pelvic region on PET scans 60 min p.i. 82 out of 100 LN
present on images 60 min p.i. (82%) also showed a tracer
accumulation on early images that exceeded tracer uptake of
surrounding tissue, exhibiting a median SUVmax of 7.8 on
early PET (range: 2.9–46.2), compared to a median SUVmax

of 10.0 on the scans 60min p.i. (range: 3.9–88.8). The remain-
ing 18 LNs were not clearly visible on early images as they
were obscured by adjacent vessel activity (mostly in the iliacal
region). As to bone metastases, 27 out of 28 lesions (96.4%)
with pathologic tracer uptake 60 min p.i. were also identified
on early imaging, demonstrating a median SUVmax of 8.9 on
early scans (range: 2.1–41.7) compared to a median SUVmax

of 11.4 (range: 2.2–50.3) on images 60 min p.i. SUVmax

values of all tumour lesions measured on early PET and PET
scans 60 min p.i. are listed in Table 4. The majority of bone
lesions rated positive on PET scans corresponded to sclerotic
alterations on CT consistent with bone metastases (96.4%);
one pathologic focal skeletal uptake did not show a correlate
on CT.

In order to exclude possibly false positive findings on early
PET imaging due to urinary bladder activity, a subgroup anal-
ysis of all patients with absent bladder activity on early PET
images was performed (n = 140). In this subgroup, a lesion
with pathologic 68Ga-PSMA-11 accumulation typical for LR
was found in 19 patients (13.6%) on the PET/CTscans 60 min
p.i., whereas on early images, 39 patients (27.9%) were
judged positive for LR, resulting in a significantly higher
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detection rate (p < 0.001). In contrast to 23 patients with un-
clear findings concerning LR on PET images 60 min p.i.
(16.4%), no equivocal finding was described on early PET
scans, yielding a significant reduction (p < 0.001), as demon-
strated in Table 2.

With respect to PSA levels, patients with lower PSAvalues
were more likely to be judged positive for LR only on early
PET. Median PSA value in patients regarded positive for LR
only on early PETwas significantly lower than in patients with
LR-suggestive findings on both early PET and PET images
60 min p.i. (2.02 vs. 4.59 ng/ml; p = 0.006).

Regarding verification of lesions with pathologic tracer
accumulation suspicious of LR on 68Ga-PSMA-11 PET/

CT, no histologic confirmation was available, mostly due
to practical reasons. In addition, as patients were referred
to us from many different urological practices and hospi-
tals, information on follow-up of patients could not always
be obtained. However, in 26 out of all 50 cases judged
positive for LR (52%) the PET-positive lesion either
showed a correlate on morphologic imaging (ceCT and/
or subsequent MRI) or was confirmed on follow-up
68Ga-PSMA-11 PET/CT. In 5 patients (10%), salvage RT
to the prostatic fossa led to a drop of PSA value after
therapy, indirectly indicating a true positive finding.
Thus, 38% of lesions assessed positive for LR remained
unconfirmed.

Table 2 Comparison of findings and detection rate regarding local recurrence between early PET images and PET scans 60 min p.i. in patients
subdivided in group 1, comprising all patients investigated (n = 203), and group 2, including only patients with absent urinary bladder activity (n = 140)

Local recurrence Early PET
group 1

PET 60 min
group 1

p value* Early PET
group 2

PET 60 min
group 2

p value*

Clearly negative 144 145 – 101 98 –

Equivocal 9 32 <0.001 0 23 <0.001

Clearly positive 50 26 <0.001 39 19 <0.001

*p value from McNemar test

a b

c

d

Fig. 1 68Ga-PSMA-11 PET/CT
of a 67-year-old prostate cancer
patient with biochemical
recurrence after radical
prostatectomy (PSA at PET time:
0.4 ng/ml), showing an intense
focal tracer accumulation at the
vesicourethral anastomosis with
no clear distinction from urinary
bladder activity on PET scan
60 min p.i., as seen on maximum
intensity projection (MIP; a) and
fused axial PET/CT (b) images.
On fused axial (c) and sagittal (d)
images of early PET/CT, a lesion
with intense tracer uptake is
present at the corresponding
region (red arrow) with no tracer
uptake visible in the urinary
bladder (yellow arrow), a finding
most likely representing local
relapse of prostate cancer
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Discussion

According to the results of the first study published on
biodistribution data of 68Ga-PSMA-11 PET, whole-body
PET acquisition is normally conducted 60 min p.i. in clinical
practice [28]. However, intense physiologic urinary bladder
accumulation, usually present at this time point, may obscure
areas adjacent to the urinary bladder and may cause equivocal
findings, especially with respect to evaluation of LR [21, 24,
29]. In addition, the so called Bhalo artefact^ might also ham-
per assessment of areas in the vicinity of the urinary bladder.
This phenomenon is well documented with 68Ga-PSMA-11
PET/MRI studies [27]. It is caused by extinction of the PET
signal due to high urinary bladder activity and was recently
also described on 68Ga-PSMA-11 PET/CT scans [21]. In fact,
in our cohort, 26 patients (12.8%) did show a relevant halo
artefact on PET scans 60 min p.i. Following the assumption
that the lower the tracer activity in the urinary bladder, the
better the visualization of PC lesions in sites close to the

urinary bladder, several strategies which aim to reduce urinary
bladder activity on PET scans 60 min p.i. are described [21,
29, 30]. Unfortunately, methods like administration of di-
uretics or catheterization of the urinary bladder show only
limited success. Imaging at an early time point p.i., when
urinary bladder activity is still not present, might also be a
possible approach to solve this problem. In a study conducted
by our group, we could show that early dynamic imaging
allows differentiation of PC-related tracer uptake from activity
in the urinary bladder in 68Ga-PSMA-11 PET [25]. With early
dynamic scans comprising the first 8 min p.i., we could dem-
onstrate that 68Ga-PSMA-11 uptake in lesions suggestive of
PC occurs significantly earlier than tracer accumulation in the
urinary bladder. PC lesions usually show a sufficient uptake of
68Ga-PSMA-11 as early as 3–4 min p.i., whereas tracer accu-
mulation in the urinary bladder is still absent in the vast ma-
jority of patients until 6 min p.i..

Although early dynamic imaging in 68Ga-PSMA-11 PET is
feasible, the applied imaging protocol is quite time-consuming

a

b 60 min 

e earlyc early

d 60 min 

Fig. 2 68Ga-PSMA-11 PET/CT of a 62-year-old prostate cancer patient
with biochemical relapse after radical prostatectomy (PSA at scan time:
1.5 ng/ml) with an equivocal finding in the prostatic fossa on images
60 min p.i., displayed on MIP (a) and fused PET/CT of the pelvis (b)
with a red arrow pointing to the area of focal increased uptake. A clear
distinction between local recurrence and urinary tracer activity is not

possible. In contrast, on fused axial PET/CT images of early PET/CT
(c), no pathologic tracer accumulation is found at that site, rendering a
local recurrence unlikely. In addition, lymph nodes with intense tracer
uptake in the pelvic area suggestive of metastases are seen on MIP with
two of themmarked on fused axial PET/CT images 60 min p.i. (d; yellow
arrow), showing a clear correlate also on early PET/CT (e)

Table 3 Comparison of SUVmax

values on early PET of lesions
suggestive of local recurrence
(n = 50) and reference tissues

Median

SUVmax

Mean

SUVmax

SD

SUVmax

Range

SUVmax

p value*

LR, early PET 5.9 7.2 3.7 2.9–17.6 –

Seminal vesicle-anastomosis, early PET 2.4 2.4 0.4 1.1–3.6 <0.001

Gluteal muscle, early PET 1.9 2.0 0.4 1.1–3.3 <0.001

Inguinal vessel, early PET 4.0 4.1 1.0 1.9–7.0 <0.001

*p value from theWilcoxon test for paired observations expressing differences of SUVmax values between LR and
reference tissues on early PET

LR local recurrence
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and, in our experience, it is difficult to implement additional
early dynamic scans of all PC patients as a standard in clinical
routine, given limited PETscan resources. Therefore, the main
purpose of this study was to assess if acquisition of a single
early static image might constitute an alternative to early dy-
namic imaging and whether its use could improve the detec-
tion rate of LR in PC patients with BR. Kabasakal et al. al-
ready described the potential usefulness of early pelvic imag-
ing with 68Ga-PSMA-11 PET in PC patients [31]. They could
not find a difference in the detection rate of LR between early
images and PET scans 60 min p.i. As the inhomogeneous
patient population of their study included only eight patients
with BR, we tried to verify the value of early static imaging in
a larger patient cohort, yielding more robust statistical data.

In a first step, we sought to determine which time point of
acquisition start could be optimal for early static PET. Out of
all 203 patients investigated, tracer accumulation in the uri-
nary bladder was already present in 63 patients (31.0%) on
early PET scans. However, the median acquisition starting
time of patients without tracer activity in the urinary bladder
was significantly lower in comparison to those patients with
tracer accumulation already present in the urinary bladder
(median time of acquisition start: 285 vs. 310 s; p < 0.001).
In particular, almost all patients in whom acquisition was
started in the fifth min p.i. did not show a relevant urinary
bladder uptake. This goes in line with the data of the study
on early dynamic imaging published by our group with uri-
nary bladder activity appearing in most patients later than
6 min p.i. [25]. The differences in the time point of acquisition
start are mostly attributable to the fact that we initially per-
formed early imaging in the sixth to eighth min p.i. However,
we soon realized that this might not be the ideal time point, as
in a high number of patients, tracer activity in the urinary
bladder had already occurred. Reinforced by the results of
the study on early dynamic imaging, we decided to start image
acquisition earlier thereafter. According to our findings, we

suggest that acquisition of early static PET should start at the
beginning of the fifth min p.i., in order to avoid disturbing
urinary bladder activity on early static PET images. Also, for
practical reasons, acquisition starting time 5 min p.i. has prov-
en to be optimal, as tracer was not injected directly on the
scanner with patients being positioned on the scanner only
after tracer administration.

Although tracer accumulation in pathologic lesions includ-
ing LR and metastases was significantly higher on PET scans
60 min p.i., tracer uptake of these lesions was found to be
sufficient on early PET (see SUVmax measurements in
Table 4). In particular, all lesions suggestive of LR on PET
scans 60 min p.i. (n = 26) with a median SUVmax of 10.8 on
images 60 min p.i. showed a good uptake also on early PET
with a median SUVmax of 9.2. Importantly, no pathologic le-
sion consistent with LR on scans 60 min p.i. was missed on
early PET. Only small LNmetastases that were not distinguish-
able from surrounding iliac vessel activity and one small, pure-
ly sclerotic bone lesion could not be visualized on early PET.
Tracer accumulation in all lesions suggestive of LR on early
PET (n = 50) was significantly higher in comparison to phys-
iologic inquinal vessel and gluteal muscle activity with a me-
dian SUVmax of 5.9, 4.0 and 1.9 respectively (p < 0.001). As
the seminal vesicles and the vesicourethral anastomosis consti-
tute the most common sites of LR, SUVmax of these areas was
measured in patients with no apparent pathology at these re-
gions, in order to exclude false positive interpretations due to
blood pool activity. Again, the median SUVmax of LR-
indicative lesions was significantly higher compared to this
reference tissue (5.9 vs. 2.4; p < 0.001). Importantly, in contrast
to inguinal vessel activity, the overlap in SUVmax values be-
tween normal anastomosis/seminal vesicles and malignant le-
sions was only small. Thus, we conclude that a focal tracer
uptake present as early as 5 min p.i. at a LR-typical region most
likely represents a finding consistent with PC lesion.

Applying this diagnostic criteria, we could identify LR-
suggestive lesions in 50 out of 203 patients on early PET
(24.6%) compared to findings judged positive for LR on
PET scans 60 min p.i. in only 26 patients (12.8%), resulting
in a significant increase of detection rate (p < 0.001).

The increase of detection rate was mostly due to a signifi-
cant reduction of equivocal findings on early PET compared
to PETscans 60 min p.i. In our experience, regions adjacent to
the urinary bladder sometimes are difficult to assess on 68Ga-
PSMA-11 scans 60 min p.i. Unfortunately, these areas repre-
sent sites where local relapses in most of the patients occur.
Especially, a focal uptake in the midline that cannot be clearly
discriminated from urinary bladder activity represents a diag-
nostic challenge. We usually rate these findings as equivocal
but not consistent with LR. Thus, the detection of LR may be
underestimated on scans 60 min p.i. In fact, in this study, the
number of uncertain cases was significantly reduced with the
use of early PET in comparison to the scans 60 min p.i.

Table 4 Comparison of SUVmax values of all lesions suggestive of
prostate cancer within pelvic area visible on both early PET and PET
scans 60 min p.i. (local recurrence: n = 26; lymph nodes: n = 82; bone:
n = 27), measured on early PET and 60 min p.i.

Median
SUVmax

Mean
SUVmax

SD
SUVmax

Range
SUVmax

p value*

LR 60 min 10.8 15.2 10.3 4.7–40.9 <0.001
LR early PET 7.5 8.2 3.7 3.9–17.6

LN 60 min 10.0 15.5 14.1 3.9–88.8 <0.001
LN early PET 7.8 10.3 7.7 2.9–46.2

Bone 60 min 11.4 14.2 11.9 2.2–50.3 =0.002
Bone early PET 8.9 11.4 9.2 2.1–41.7

*p value from the Wilcoxon test for paired observations testing differ-
ences between early PET and PET/CT after 60 min for LR, LN and bone

LR local recurrence, LN lymph node, SD standard deviation
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(p < 0.001). Of note, the majority of equivocal findings 60min
p.i. were regarded as negative for LR on early PET, most
likely representing urinary activity. Unclear findings were
present in 32 patients (15.7%) on scans 60 min p.i., whereas
only 9 patients (4.4%) were described as equivocal for LR on
early images. The benefit was even more pronounced in the
subgroup of patients without urinary tracer activity on early
PET (n = 140) with no equivocal finding on early PET com-
pared to 23 uncertain cases on PET images 60 min p.i.
(16.4%).

Interestingly, patients with lower PSA values were more
likely to show LR visible only on early PET. In contrast,
patients with higher PSA levels tended to be judged positive
on both early PET and PET scans 60 min p.i. (median PSA:
2.02 vs. 4.59 ng/ml). As serum PSA usually reflects tumour
volume, the difference might be attributed to a smaller tumour
size of LR that could not be discernable on PET scans 60 min
p.i. at sites adjacent to the urinary bladder.

Briefly, the overall rate of PET positivity with 62.1% of
patients showing at least one pathologic lesion seems relatively
low compared to other studies published to date [20, 32–35].
This might be due to the comparatively low PSAvalues of the
patient population (median PSA: 1.44 ng/ml), including a quite
high number of patients with a PSA level <1.0 and <0.5 ng/ml
(35.5% and 20.2% of patients, respectively).

One major limitation of the study is the fact that pathologic
findings regarding LR could only be verified in 62% of pa-
tients. In particular, histologic confirmation was not obtained
in any of the patients, partly due to practical reasons, as in
patients who underwent salvage radiotherapy thereafter the de-
cision was solely based on imaging results. However, the data
of early imaging are quite consistent. All lesions rated clearly
positive for LR on scans 60 min p.i. could also be seen on early
images. This goes in line with the results of our previous study
on early dynamic imaging. A focal tracer uptake in the prostatic
fossa, which is visible prior to tracer accumulation in the uri-
nary bladder, is highly suspicious of LR [25]. In addition, all
pathologic lesions rated as metastases in the pelvic area on
scans 60 min p.i. were also found on early PET images, apart
from some LN that were obscured by iliacal vessel activity.
Therefore, it seems very likely that a focal tracer accumulation
at LR-typical sites on early static scans could be considered as a
true positive finding too, as long as there is no tracer activity
visible in the urinary bladder. Nevertheless, we acknowledge
the fact that efforts have to be made that these encouraging
results of early PET need to be confirmed in further studies
with histology results as the reference standard.

Conclusions

In this study, we could demonstrate that application of early
static scans of the pelvis enhances the detection rate of local

relapse in PC patients with BR referred to 68Ga-PSMA-11
PET/CT. It particularly seems to represent a powerful method
in clarifying equivocal findings on PET scans 60 min p.i. in
areas adjacent to the urinary bladder. With acquisition starting
at the beginning of the fifth min p.i., no urinary bladder activ-
ity is present in the majority of patients on early PET images,
whereas PC-related tumour lesions already show a sufficient
high tracer uptake at this time point. Therefore, we advise
integrating early static PET imaging in the standard acquisi-
tion protocol of 68Ga-PSMA-11 PET/CT for PC patients with
biochemical relapse.
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