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68Ga-PSMA-11 PET/CT in primary staging of prostate cancer:
PSA and Gleason score predict the intensity of tracer
accumulation in the primary tumour
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Abstract
Purpose Prostate cancer (PC) cells typically show increased
expression of prostate-specific membrane antigen (PSMA),
which can be visualized by 68Ga-PSMA-11 PET/CT. The
aim of this study was to assess the intensity of 68Ga-PSMA-
11 uptake in the primary tumour and metastases in patients
with biopsy-proven PC prior to therapy, and to determine
whether a correlation exists between the primary tumour-
related 68Ga-PSMA-11 accumulation and the Gleason score
(GS) or prostate-specific antigen (PSA) level.
Methods Ninety patients with transrectal ultrasound biopsy-
proven PC (GS 6–10; median PSA: 9.7 ng/ml) referred for
68Ga-PSMA-11 PET/CT were retrospectively analysed. PET
images were analysed visually and semiquantitatively bymea-
suring the maximum standardized uptake value (SUVmax).
The SUVmax of the primary tumour and pathologic lesions
suspicious for lymphatic or distant metastases were then com-
pared to the physiologic background activity of normal pros-
tate tissue and gluteal muscle. The SUVmax of the primary
tumour was assessed in relation to both PSA level and GS.
Results Eighty-two patients (91.1%) demonstrated pathologic
tracer accumulation in the primary tumour that exceeded
physiologic tracer uptake in normal prostate tissue (median

SUVmax: 12.5 vs. 3.9). Tumours with GS of 6, 7a (3+4) and
7b (4+3) showed significantly lower 68Ga-PSMA-11 uptake,
with median SUVmax of 5.9, 8.3 and 8.2, respectively, com-
pared to patients with GS >7 (median SUVmax: 21.2;
p < 0.001). PC patients with PSA ≥10.0 ng/ml exhibited sig-
nificantly higher uptake than those with PSA levels
<10.0 ng/ml (median SUVmax: 17.6 versus 7.7; p < 0.001).
In 24 patients (26.7%), 82 lymph nodes with pathologic tracer
accumulation consistent with metastases were detected
(median SUVmax: 10.6). Eleven patients (12.2%) revealed
55 pathologic osseous lesions suspicious for bone metastases
(median SUVmax: 11.6).
Conclusions The GS and PSA level correlated with the inten-
sity of tracer accumulation in the primary tumours of PC pa-
tients on 68Ga-PSMA-11 PET/CT. As PC tumours with GS 6+
7 and patients with PSAvalues ≤10 ng/ml showed significant-
ly lower 68Ga-PSMA-11 uptake, 68Ga-PSMA-11 PET/CT
should be preferentially applied for primary staging of PC in
patients with GS >7 or PSA levels ≥10 ng/ml.
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Introduction

In patients with newly diagnosed prostate cancer (PC), the
assessment of the exact tumour stage, in addition to prostate-
specific antigen (PSA) level and Gleason score (GS) tumour
grading, has major implications for prognostic grouping and
choice of treatment [1, 2].

According to guidelines, magnetic resonance imaging
(MRI), computed tomography (CT) and bone scintigraphy
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are recommended imaging procedures for the primary staging
of PC, with the choice of modality largely dependent on the
risk of metastasis [1, 2]. MRI is typically applied for assessing
the local tumour stage and evaluating local spread to lymph
nodes (LN), whereas CT is performed both for evaluating
malignant LN involvement and for detecting distant metasta-
ses [2, 3]. The use of bone scintigraphy is advised only in
patients at high risk of bone metastases [1, 4].

Whole-body positron emission tomography (PET)/CT im-
aging using either C-11 or F-18-labelled choline has the ca-
pacity to detect both LN and distant metastases in PC patients
[5–8]. Unfortunately, choline PET/CT lacks sufficient sensi-
tivity for detecting LN metastases [6, 9, 10], and for this rea-
son in particular, current guidelines do not recommend choline
PET for standard primary staging of PC [1].

Over the past few years, the prostate-specific membrane
antigen (PSMA) ligand 68Ga-PSMA-11 has emerged as a
promising new PET tracer in the diagnostic work-up of PC
patients [11–17], showing high affinity for PSMA, a cell-
surface transmembrane protein that is over-expressed in most
PC cells [18–22]. In PC patients with biochemical recurrence,
68Ga-PSMA-11 PET/CT has shown superiority to choline
PET/CT, due to its higher accuracy, and has the potential to
replace standard imaging modalities in this indication
[23–25].

In primary staging of intermediate- to high-risk PC pa-
tients, 68Ga-PSMA-11 PET/CT has demonstrated greater sen-
sitivity and specificity in LN staging than conventional imag-
ingmodalities [26, 27]. However, it was also observed in these
studies that some primary tumours showed no or only faintly
increased 68Ga-PSMA-11 uptake.

The main aim of the present study, therefore, was to test the
correlation between the intensity of tracer uptake in the pri-
mary tumour and the GS and/or PSA level. This could provide
the basis upon which to identify PC patients in whom the
primary tumour is presumably positive on 68Ga-PSMA-11
PET/CT at primary staging.

Materials and methods

Ninety patients with newly diagnosed, untreated PCwhowere
referred for 68Ga-PSMA-11 PET/CT for primary staging from
January 2014 to September 2016 were analysed retrospective-
ly. In all patients, PC was verified histologically with
transrectal ultrasound (TRUS)-guided biopsy, and the GS re-
sults of TRUS biopsy served as reference for the PET find-
ings. Patients were not strictly consecutive, as only those for
which PSA values within 4 weeks prior to 68Ga-PSMA-11
PET/CT imaging were available were included in the analysis.
Detailed information on patient characteristics is shown in
Table 1. The study was conducted according to the principles
of the Declaration of Helsinki and its later amendments [28].

Written informed consent was obtained from all patients ac-
cording to institutional guidelines.

Radiopharmaceutical

PSMA-11 (Glu-NH-CO-NH-Lys(Ahx)-HBED-CC;
HBED = N ,N ′ - b i s [ 2 - h yd r oxy - 5 - ( c a r b oxy e t h y l )
benzyl]ethylenediamine-N,N′-diacetic acid) was obtained
from ABX advanced biochemical compounds (Radeberg,
Germany) and met Good Manufacturing Practice (GMP)
quality standards. 68Ga-PSMA-11 was prepared on an auto-
mated synthesis module (Modular-Lab PharmTracer; Eckert
& Ziegler, Berlin) using a procedure described previously [13,
29]. The radiochemical purity of the final product was >91%
as analyzed by reversed-phase high-performance liquid chro-
matography (HPLC) analysis and thin-layer chromatography
(TLC), proving the absence of colloidal 68Ga [30].

Imaging protocol

68Ga-PSMA-11 PET/CT imaging was conducted using a ded-
icated PET/CT system (Discovery 690; GE Healthcare,
Milwaukee, WI). Sixty minutes after injection of 68Ga-
PSMA-11 (median activity: 150 MBq; range: 78–199 MBq),
a whole-body PET scan (skull base to upper thighs) was ac-
quired in three-dimensional mode (emission time: 2 min per
bed position, with an axial field of view of 15.6 cm per bed
position). The variation in injected 68Ga-PSMA-11 activity
was due to the short half-life of 68Ga and the variable elution
efficiency of the 68Ge/68Ga radionuclide generator. However,
the image quality of the PET scans in patients administered
lower activity was good and was judged sufficient for accurate
image analysis. Twenty-six patients (28.9%) received a diag-
nostic contrast-enhanced CT (ceCT) scan. The ceCT scan pa-
rameters, using GE Smart mA dose modulation, were as fol-
lows: 100 or 120 kVp, 80–450 mA, noise index 24, 0.8 s per
tube rotation, slice thickness 3.75 mm and pitch 0.984. A CT

Table 1 Patient characteristics

Patients (n) 90

Age median (range) 64 years (47–83)

GS 6 (n) 11

GS 7a (n)a 30

GS 7b (n)b 14

GS 8 (n) 17

GS 9 (n) 13

GS 10 (n) 5

PSA median (range) 9.7 ng/ml (2.2–188.4)

GS Gleason score, n number
a GS 7a corresponds to GS 3+4
bGS 7b corresponds to GS 4+3
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scan of the thorax, abdomen and pelvis (shallow breathing)
was acquired 40–70 s after the injection of contrast agent (60–
120 ml of Iomeron 400 mg/l, depending on patient body
weight), followed by a CT scan of the thorax with deep-
inhalation breath-hold. The relatively low number of ceCT
scans reflects the fact that according to European
Association of Urology (EAU) guidelines, diagnostic CT is
not recommended as a standard imaging procedure in the pri-
mary staging of PC [1, 2]. In the remaining 64 patients, a low-
dose CT scan was performed for attenuation correction of the
PET emission data. Low-dose CT images were also used for
anatomical correlation of lesions with increased uptake found
on PET. The low-dose CT scan parameters, using GE Smart
mA dose modulation, were as follows: 100 kVp, 15–150 mA,
noise index 60, 0.8 s per tube rotation, slice thickness 3.75mm
and pitch 1.375. Reconstruction was performed with an or-
dered subset expectation maximization (OSEM) algorithm
with four iterations/eight subsets.

Image analysis

All 68Ga-PSMAPET/CT images were analysedwith commer-
cially available dedicated software (GE Advantage
Workstation software version AW4.5 02), which allowed the
review 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 each, who were
aware of all clinical data available. Any disagreement was
resolved by consensus. The site of the primary tumour within
the prostate gland was known to the investigators from the
TRUS biopsy. In a first step, they assessed whether the prima-
ry tumour was visually distinguishable from surrounding
prostate tissue. The tumour was judged positive when
tumour-related focal tracer uptake was higher than that of
surrounding prostate tissue. For calculation of the maximum
standardized uptake value (SUVmax) of the primary tumour,
volumes of interest (VOIs) were drawn automatically with a
manually adapted isocontour threshold centred on lesions with
focally increased uptake corresponding to the tumour site ver-
ified by TRUS biopsy. In cases where the primary tumour
could not be clearly identified on PET images, VOIs were
placed over the area where the primary tumour was found in
TRUS biopsy.With respect to the evaluation of LN and distant
metastases, any focal uptake higher than surrounding back-
ground activity that did not correspond to physiologic tracer
accumulation was considered pathologic and suggestive of
malignancy. This interpretation criterion is the result of our
clinical experience and is in line with published literature
[13, 14, 31]. A quantitative cut-off for PC lesions has not been
described do date. The SUVmax values of metastases were
calculated within VOIs placed over the sites of pathologic
tracer accumulation consistent with tumour lesions. In

addition, the SUVmax was measured in areas with physiologic
tracer uptake in normal prostate tissue (BGp) and in the gluteal
muscle (BGm). SUVmax was chosen because SUVmean

depends on the volume of interest drawn by the investigator,
whereas SUVmax is operator-independent [11].

Statistical analysis

Associations between the GS and PSA and the SUVmax of the
primary tumour were described descriptively (Crosstabs;
Spearman correlation coefficient rS), visualized in scatter
plots, and evaluated using the Mann–Whitney U test and
Kruskal–Wallis test. Methods appropriate for (right-)skewed
data (such as SUVmax) were selected. A significance level of
α = 0.05 (two-tailed) was applied. Statistical analyses were
performed using SPSS version 22.0 software (IBM Corp.,
Armonk, NY).

Results

The GS among patients ranged from 6 to 10; patients present-
ed with a median PSAvalue of 9.7 ng/ml (see also Table 1). In
82 of 90 patients (91.1%), the primary tumour was able to be
visualized on 68Ga-PSMA-11 PET/CT, whereas in eight pa-
tients (8.9%), the primary tumour was not distinguishable
from the surrounding prostate tissue (for an example of a
patient without visualization of the primary tumour, see
Fig. 1). The median SUVmax among all tumours was 11.5
(range: 2.7–66.4), compared to a median SUVmax of 3.9
(range: 2.5–6.6) and 1.2 (range: 0.8–2.0) in normal prostate
tissue and gluteal muscle, respectively. The median SUVmax

of tumours judged as positive was significantly higher than
that in tumours not visible on 68Ga-PSMA-11 PET/CT (12.5
versus 3.6; p < 0.001). Eighty-three tumours (92.2%) showed
a higher SUVmax than the median SUVmax of normal prostate
tissue, whereas 65 primary tumours (72.2%) presented a
higher median SUVmax than the maximum SUVmax measured
in normal prostate tissue (max SUVmax: 6.6).

All primary tumours rated negative belonged to the sub-
groups GS 6 (n = 3), GS 7a (n = 4) or GS 7b (n = 1). All tu-
mours of subgroups GS 8–10 exhibited higher 68Ga-PSMA-
11 accumulation than surrounding prostate tissue. Combining
GS and tumour-related tracer uptake, lower median SUVmax

values were found for the subgroups GS 6 (SUVmax: 5.9), GS
7a (SUVmax: 8.3) and GS 7b (SUVmax: 8.2) than for GS 8
(SUVmax: 21.2), GS 9 (SUVmax: 22.8) and GS 10 (SUVmax:
17.7). Differences in median SUVmax values between tumours
with GS of 6, 7a and 7b and those with GS of 8, 9 and 10 were
statistically significant (p < 0.001 and p = 0.005, respectively).
A comparison of GS subgroups and SUVmax values for all
tumours and normal prostate tissue is illustrated in Fig. 2,
and detailed information about the results and the values of
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the subgroups is listed in Table 2. A comparison of median
SUVmax between the subgroups with GS 7a and 7b did not
detect a statistically significant difference (8.3 vs. 8.2; p = 1.0).

With respect to PSA values, the median PSA levels of
patients with tumours that were not visible did not differ sig-
nificantly from those with identifiable primary tumours (me-
dian PSA: 6.1 vs. 10.0 ng/ml; p < 0.035). The PSAvalues and
corresponding SUVmax values of the primary tumours for all
patients are shown in Fig. 3. 68Ga-PSMA-11 uptake in the
primary tumour was higher in patients with PSA levels
≥10 ng/ml than those with PSA values <10 ng/ml, exhibiting
amedian SUVmax of 7.7 vs. 17.6, respectively, and resulting in
a statistically significant difference (p < 0.001), as shown in
Table 3. In the GS 7a and GS 7b subgroups, the median
SUVmax was higher in patients with PSA levels ≥10 ng/ml
versus <10 ng/ml (6.8 vs. 10.6 with GS 7a, and 7.5 vs. 19.0

with GS 7b; see Table 4). However, the difference was statis-
tically significant only in subgroup 7a (p = 0.036), and did not
reach statistical significance in group GS 7b (p = 0.054).

In addition, the SUVmax values for patients in whom radical
prostatectomy was performed were compared to definitive
postoperative histology results (n = 49), which revealed a sta-
tistically significant correlation (p < 0.001) between the medi-
an SUVmax and GS: a median SUVmax of 6.8 in the group with
GS of 6 and 7 (range: 2.7–35.1), and amedian SUVmax of 19.5
in GS 8–10 tumours (range: 5.3–65).

As for the detection of metastases, in 24 patients (26.7%), a
total of 82 LN with pathologic 68Ga-PSMA-11 uptake consis-
tent with metastases were detected, with a median SUVmax of
10.6 (range: 3.1–90.6) and a median diameter of 10.9 mm
(range: 3.9–32.9). The median SUVmax of tumours in patients
with LN metastases was higher than in patients without ma-
lignant LN involvement (18.7 vs. 9.7), also reaching statistical
significance (p = 0.001).

The histologic results of pelvic LN dissection were avail-
able in 49 patients. Among 18 patients who showed LN me-
tastases on histologic evaluation, 11 patients exhibited LN

Table 2 SUVmax values of different Gleason score subgroups

N Median
SUVmax

Mean
SUVmax

SD
SUVmax

Range
SUVmax

GS 6 11 5.9 7.1 4.6 2.7–19.3

GS 7a 30 8.3 10.9 8.2 2.9–35.1

GS 7b 14 8.2 11.3 9.6 3.9–40.0

GS 8 17 21.2 24.2 15.5 5.6–66.4

GS 9 13 22.8 21.3 8.9 5.3–37.3

GS 10 5 17.7 27.8 21.6 12.0–65.0

Total 90 11.5 15.5 12.6 2.7–66.4

N number, SD standard deviation, GS Gleason score

normal GS 6 GS 7a GS 7b GS 8 GS 9 GS 10
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Fig. 2 Comparison of 68Ga-PSMA-11 uptake expressed in SUVmax

values in normal prostate tissue (green box) and in primary tumours of
different GS subgroups. Box plots demonstrate that median SUVmax is
significantly higher in tumours with GS >7 (8, 9, 10) than in primary
tumours with GS of 6, 7a (3+4) and 7b (4+3)

a b

c

Fig. 1 68Ga-PSMA-11 PET/CT
with maximum-intensity
projection (a), fused PET/CT (b)
and axial PET (c) images of a 64-
year-old patient with biopsy-
proven PC (GS 3+4) and a PSA
value of 3.3 ng/ml. On fused PET/
CT images and PET images
alone, no pathologic tracer uptake
exceeding tracer uptake in normal
prostate tissue at the site of the
primary tumour was detected (red
arrow pointing to tumour area
known from TRUS-guided
biopsy). The SUVmax of the
primary tumour was 2.9,
compared to a maximum SUVmax

of 3.3 in normal prostate tissue

944 Eur J Nucl Med Mol Imaging (2017) 44:941–949



with pathologic 68Ga-PSMA-11 accumulation. In two patients
with PET-positive LN, malignant LN spread could not be
confirmed on histologic exam. In patient-based analysis, the
calculated sensitivity and specificity were 61.1 and 90.0%,
respectively.

In total, 56 lesions with pathologic tracer accumulation
suspicious for distant metastases were found in 11 patients
(12.2%). All but one were limited to the bone, exhibiting a
median SUVmax of 11.6 (range: 2.6–82.6). Most of the bone
lesions showed a correlate on CT images. Sclerotic alterations
were detected in 41 lesions, and four lesions corresponded
with an osteolytic lesion on CT. Ten pathologic osseous foci
showed no pathologic finding on CT, although the median
SUVmax was higher in these lesions than in bone lesions also
positive on CT (14.2 vs. 10.1). CT images served as reference
for malignant bone involvement in all lesions that showed a
clear correlate on ceCT or on low-dose CT (n = 45). In four
68Ga-PSMA-11-positive lesions not visible on CT, metastases
were confirmed with MRI. Six lesions not discernible on CT
were not further investigated, as they were present in two
patients who also showed sclerotic metastases, rendering

malignant bone infiltration in these cases very likely (an ex-
ample of a patient with both PET-positive bone metastases
visible on CT and no correlation on CT images is presented
in Fig. 4). SUVmax values for all metastases are listed in
Table 5. In one patient, a pathologic lesion with increased
tracer accumulation (SUVmax: 8) highly suspicious for PC
metastasis was found in the lung, but histologic verification
revealed a metastasis of a renal cell carcinoma.

The median SUVmax of primary tumours with distant me-
tastases was higher than the median SUVmax for patients in
whom no distant metastases were found (17.7 vs. 10.5), al-
though the difference was not statistically significant
(p = 0.098). The median PSA value for patients judged posi-
tive for distant metastases was significantly higher than in
patients with no sign of distant metastases (30.0 vs.
8.19 ng/ml; p = 0.001); the same was true for patients with
LN metastases versus patients without LN metastases (22.29
vs. 7.87 ng/ml; p < 0.001), as is also presented in Table 6.

Fig. 3 Comparison of PSA
values and primary tumour-
related 68Ga-PSMA-11 uptake,
expressed as SUVmax. Scatter plot
shows the correlation between
PSA level and median SUVmax

value for tumours, which reaches
statistical significance
(rSpearman = 0.506; p < 0.001)

Table 4 Comparison of subgroups GS 7a and GS 7b with PSA
values < 10 ng/ml and ≥ 10 ng/ml, respectively, in relation to SUVmax

values of primary tumours

N Median
SUVmax

Mean
SUVmax

SD
SUVmax

Range
SUVmax

GS 7a and PSA< 10 ng/ml 21 6.8 9.1 6.8 2.9–34.0

GS 7a and PSA ≥ 10 ng/ml 9 10.6 15.0 10.6 5.4–35.1

GS 7b and PSA< 10 ng/ml 10 7.5 7.5 7.5 3.9–12.7

GS 7b and PSA ≥ 10 ng/ml 4 19.0 20.9 8.3 5.7–39.9

N number, SD standard deviation

Table 3 Comparison of PSA level and SUVmax of primary tumours
between patients with PSA < 10 ng/ml and those with PSA ≥ 10 ng/ml

PSA (ng/ml) N Median
SUVmax

Mean
SUVmax

SD
SUVmax

Range
SUVmax

<10 46 7.7 10.2 7.6 2.7–34.0

≥10 44 17.6 21.0 14.4 3.5–66.4

N number, SD standard deviation
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Discussion

Themain aim of our retrospective studywas to determinewheth-
er a correlation exists between the intensity of 68Ga-PSMA-11
accumulation in the primary tumours of PC patients and the GS
and/or PSA value. In addition, we sought to ascertain whether
stratification of PC patients and predicting PET positivity of the
primary tumour would be possible using these parameters.

PC cells typically show increased expression of PSMA,
enabling targeted PET imaging with PSMA ligands, among
which 68Ga-PSMA-11 has demonstrated high affinity for
PSMA [18, 29, 32–34]. Benign prostatic epithelium also ex-
hibits enhanced PSMA expression, as proved by immunohis-
tochemical studies; however, the intensity of expression is
lower than that in prostate cancer cells [20–22]. On 68Ga-
PSMA-11 PET/CT, increased uptake of 68Ga-PSMA-11 in
normal prostate tissue has been described in previous studies,
with a median SUVmax value ranging from 2.4 to 5.5, and the
highest median SUVmax of 8.3 on PET imaging 60 min after
tracer injection [11, 34, 35]. Our data are similar, and more or

less confirm these values, as our patients showed a median
SUVmax of 3.9 in normal prostate tissue and a maximum
SUVmax of 6.6.

With respect to the diagnostic work-up of prostate cancer
patients, in patients with biochemical recurrence, 68Ga-
PSMA-11 PET appears to be superior to choline PET, due to
the higher accuracy of the former compared to choline PET/
CT [13, 17, 23–25].

Promising data have also been reported for primary stag-
ing, with 68Ga-PSMA-11 PET/CT showing higher sensitivity
and specificity, at least for nodal staging, compared to both CT
and choline PET/CT [26, 34, 35]. In a series of 130 patients
with intermediate- to high-risk PC staged with 68Ga-PSMA-
11 PET/CT, Maurer et al. observed that 8.4% of primary tu-
mours showed no increase or only a slight increase in tracer
accumulation. In another study, Budäus et al. reported that
7.1% of primary tumours were negative on 68Ga-PSMA-11
PET/CT [27]. This is in line with our findings, as 8.9% of
primary tumours were not distinguishable from the surround-
ing normal prostate tissue. However, whilst 82 primary tu-
mours (91.1%) showed a median SUVmax higher than that

a b

c

e

d

Fig. 4 68Ga-PSMA-11 PET/CT with maximum-intensity projection
(MIP) (a), fused PET/CT (b, e) and CT (c, d) images of a 71-year-old
PC patient with biopsy-proven PC (GS 3+4) and a PSA value of
3.3 ng/ml: MIP shows multiple bone metastases. The bone metastasis in
the right iliac bone (short red arrow) shows intense tracer accumulation,
with an SUVmax value of 26.1 on fused PET/CT image (b) corresponding

to a faint sclerotic area on CT image (c). In contrast, the bonemetastasis in
the thoracic spine (long red arrow) with high tracer uptake (SUVmax:
23.8) displayed on fused PET/CT (e) does not show a pathologic
correlate on CT (d), and probably constitutes malignant bone marrow
infiltration

Table 5 SUVmax values of lymph node and bone metastases

N Median
SUVmax

Mean
SUVmax

SD
SUVmax

Range
SUVmax

LN metastases 82 10.6 15.8 15.0 3.1–90.6

Bone metastases 55 11.6 15.9 13.7 2.6–82.6

CT-positive BM 45 10.1 15.0 7.9 6.4–29.7

CT-negative BM 10 14.2 15.0 15.0 2.6–82.6

BM bone metastases, N number, SD standard deviation

Table 6 SUVmax values of primary tumour and PSA level in subgroups
of patients with and without metastases

LN pos.
(n = 66)

LN neg.
(n = 24)

BM pos.
(n = 11)

BM neg.
(n = 79)

Median SUVmax tumour 18.7 9.7 17.7 10.5

SUVmax tumour range 4.9–66.4 2.7–38.0 5.6–39.9 2.7–66.4

Median PSA (ng/ml) 20.72 8.00 30.00 8.19

BM bone metastases
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of normal prostate tissue, only 65 primary tumours (72.2%)
presented with a median SUVmax higher than the maximum
SUVmax measured in normal prostate tissue (maximum
SUVmax: 6.6). Hence, in addition to tumours that are
completely indiscernible on 68Ga-PSMA-11 PET/CT, there
are obviously tumours that show only a faint increase in tracer
uptake compared with normal prostate tissue. Clearly, in these
cases, detection of the primary tumour will be challenging.

Metastases of primary tumours with relatively low 68Ga-
PSMA-11 accumulation may also be missed. With respect to
the detection of LN metastases, Maurer et al. demonstrated
higher sensitivity with 68Ga-PSMA-11 PET thanwith conven-
tional imaging alone (68.3 vs. 28.2% in a template-based anal-
ysis). Histologically verified LNmetastases that were not pos-
itive on 68Ga-PSMA-11 PET/CT were either too small to de-
tect or were metastases of primary tumours in which tracer
uptake was absent or low. When patients with primary tu-
mours negative on 68Ga-PSMA-11 PET were excluded, sen-
sitivity increased to 78.2%.

In general, sufficient tracer uptake in the primary tumour
is considered a precondition for visualisation and detection
of metastases on PET imaging. The use of 68Ga-PSMA-11
PET/CT as a staging procedure should be reserved for PC
patients with a high likelihood of marked PET positivity of
the primary tumour. It would be useful to have parameters at
the initial diagnosis of PC that could predict whether a pri-
mary tumour is suitable for imaging with 68Ga-PSMA-11
PET/CT. This issue was addressed in part in a recently pub-
lished study by Sachpekides et al. [35]. In 24 patients with
PC referred to 68Ga-PSMA-11 PET/CT for primary staging,
the authors found a weak to moderate statistically significant
correlation between PSA value/GS and tracer accumulation
in tumour lesions. Besides the fact that the main aim of this
study was the assessment of tracer pharmacokinetics on dy-
namic PET/CT, a major limitation of the study was the rel-
atively small number of patients. In addition, patients with
GS of 6 and 10 were not investigated, and no GS informa-
tion was available or three patients. For this reason, we
wanted to verify these promising results in a larger cohort
of patients that included tumours with GS of 6 and 10 and
that allowed us to perform subgroup analysis with higher
statistical power.

With regard to the correlation between GS and 68Ga-
PSMA-11 uptake in the primary tumour, our data support
the observation reported by Sachpekides et al. Tumours with
GS of 6, 7a and 7b exhibited a statistically significant lower
68Ga-PSMA-11 accumulation than tumours with GS of 8, 9
and 10, based on the median SUVmax. To account for the
different clinical behaviour of GS 3+4 (7a) and GS 4+3 (7b),
we sought to determine whether these two groups differed in
68Ga-PSMA-11 uptake. However, tracer uptake of the primary
tumour was almost identical, with a median SUVmax of 8.3
and 8.2, respectively (p = 1.000).

Combining GS and PSA for comparison with tumour-
related tracer accumulation in both GS 7a and GS 7b sub-
groups, the median SUVmax was higher in patients with PSA
levels ≥10 ng/ml than those with PSA values <10 ng/ml (6.8
vs. 10.6 with GS 7a, and 7.5 vs. 19.0 with GS 7b). However,
the difference was statistically significant only in subgroup 7a
(p = 0.036), and despite a marked difference in absolute values
in patients with GS 7b, it did not reach statistical significance
(p = 0.054), likely due to the relatively low number of patients
in this subgroup.

As TRUS-biopsy results served as reference in the above-
mentioned patients, we performed an additional analysis in a
subgroup of patients for whom postoperative histology of the
primary tumour after radical prostatectomy was available
(n = 49). Again, a statistically significant difference in median
SUVmax values was observed between GS 6/7 and GS 8–10
tumours (SUVmax: 6.8 vs. 19.5; p < 0.001).

The correlation between PSA value and positive findings
on 68Ga-PSMA-11 PET/CT is well demonstrated in PC pa-
tients with biochemical relapse [12, 13]. As the PSA level in
this setting largely reflects tumour volume, the sensitivity of
68Ga-PSMA-11 PET/CT in detecting recurrent lesions in-
creases as PSA values increase. In primary staging of PC,
Sachkepides et al. found a statistically significant correlation
between PSAvalue and SUVmax of primary tumours [35]. Our
results corroborate these findings, as patients with higher PSA
levels exhibited statistically significant higher tracer uptake in
the primary tumour. Importantly, the PSA levels of patients
with primary tumours not visible on 68Ga-PSMA-11 PET/CT
were significantly lower than those in patients with PET-
positive tumours (median PSA: 6.1 vs. 10.0 ng/ml;
p < 0.035). Given the clinical impact, we additionally com-
pared primary tumour-related tracer accumulation in patients
with PSA values <10 ng/ml to those with PSA-values
≥10 ng/ml, and found a statistically relevant difference as well
(median SUVmax: 7.7 vs. 17.6; p < 0.001;). And although it
was not the main aim of our study, we also assessed the de-
tection rate of lesions with pathologic 68Ga-PSMA-11 uptake
consistent with metastases. In 26.7% of patients, a total of 82
LN with pathologic tracer uptake suspicious for malignant
involvement were found, with a median SUVmax of 10.6
(range: 3.1–90.6), which was markedly higher than the phys-
iologic background activity of the gluteal muscle (median
SUVmax: 1.2). It is worth noting that the median SUVmax of
primary tumours with pathologic LN on 68Ga-PSMA-11 PET/
CTwas significantly higher than that in tumours without sus-
picion of LN metastases on PET/CT images (18.7 vs. 9.7;
p < 0.001).

Although it was not the primary purpose of our study, we
also compared PET findings of LN with postoperative histol-
ogy in 49 patients in whom pelvic LN dissection was per-
formed. In a patient-based analysis of the detection of LN
metastases with 68Ga-PSMA-11 PET/CT, sensitivity and
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specificity of 61.1 and 90.0% were found, respectively.
Similar results were described by Maurer et al. in a study
including 130 patients [26]. However, in contrast to that study,
we were unable to conduct a template-based analysis, as no
standardized bilateral template pelvic LN dissection was per-
formed to confirm the findings of 68Ga-PSMA-11 PET/CT.
This has been investigated in previous studies with at least
somewhat promising results with respect to the sensitivity
for detecting LN metastases [26, 27, 36–38], demonstrating
in particular a higher detection rate for LN metastases with
68Ga-PSMA-11 PET compared with choline PET [25, 39].

With regard to the detection of distant metastases, 55 bone
lesions with pathologic 68Ga-PSMA-11 accumulation highly
suspicious for metastases were detected in 11 patients (12.2%).
Bone lesions in most cases were clearly visible on PET images
due to excellent lesion-to-background contrast, exhibiting a me-
dian SUVmax of 11.6. The majority of pathologic foci judged
positive in PET displayed a pathologic correlate on CT images
(41 sclerotic lesions, 4 osteolytic lesions). However, pathologic
bone foci were also detected that were negative on CT (n = 10).
One possible reason for this finding is that in some cases, only
low-dose CT was performed, with the possibility of missing
discrete bone alterations. On the other hand, these cases may
represent malignant bone marrow infiltration with no reaction
of the bone visible on CT images. Interestingly, the median
SUVmax of these bone lesions not visible on CTwas higher than
that in osteoblastic/osteolytic lesions (14.2 vs. 10.1). At least in
osteoblastic lesions, this can be partially explained by lower
tumour volume in sclerotic areas. Figure 4 depicts a case of
multiple bone metastases with PET-positive sclerotic bone me-
tastases and osseous lesions with intense 68Ga-PSMA-11 up-
take, without a correlate on CT. Also of note was the association
between the intensity of tracer accumulation in the primary tu-
mour and the presence of pathologic osseous foci, with amedian
SUVmax of 17.7 vs. 10.5 for the primary tumour for bone-
positive and bone-negative patients, respectively.

A major limitation of our study is the retrospective nature
of the analysis. Although we acknowledge that further valida-
tion of our findings with prospective trials is required, the data
in our relatively large patient cohort are quite consistent.

Conclusions

In the years since 68Ga-PSMA-11 PET/CTwas introduced for
the primary staging of PC, various studies have observed that
primary tumours may show varying intensity of 68Ga-PSMA-
11 uptake, with tumours sometimes not distinguishable from
surrounding normal prostate tissue.

In the present study, we demonstrated that the intensity of
tumour-related tracer uptake on 68Ga-PSMA-11 PET/CT cor-
relates with PSA level and GS in newly diagnosed PC. Based
on our findings, we recommend that 68Ga-PSMA-11 PET/CT

for the primary staging of PC be preferentially performed in
tumours with GS > 7 or patients with PSA level ≥10 ng/ml,
whereas staging with 68Ga-PSMA-11 PET/CT in tumours
with GS of 6 and 7 with PSA values <10 ng/ml is not advis-
able, taking into account the significantly lower 68Ga-PSMA
uptake in these tumours.
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