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Abstract
Purpose Differentiating between prostate cancer (PC) lesions and benign structures which exhibit radiotracer uptake in PSMA-
ligand PET/CT can be challenging. Additional late imaging has been shown to be a powerful method for the discrimination
between PC and non-PC lesions, owing to the increasing tracer uptake of the former. Nevertheless, there are no pre-existing
studies which describe the dynamic tracer uptake for ganglia, which this present study aims to address.
Methods Fifty consecutive patients with PC who received standard and late 68Ga-PSMA-11-PET/CT (by local protocol at 1.5 h
“standard” and 2.5 h p.i. “late”) underwent retrospective evaluation. All lesions with a tracer uptake above local background
indicative for ganglia as well as PC lesions were analysed with regard to their maximum standardised uptake values (SUVmax)
and localisation.
Results Overall, 86 PSMA-positive ganglia were identified in 70% (n = 35) of the patients. Five ganglia exhibited PSMA avidity
at late imaging only, and three at standard imaging only. A total of 66 lesions suggestive for PC were detected in 44 patients
(88%), of which 45% (n = 30) were morphologically identified as lymph nodes (LN), the remainder being locally recurrent
lesions or bone metastases. No solid organ metastases were present in our cohort. At late scanning, 73% of the LN exhibited an
increase in SUVmax, whereas 65% of the ganglia exhibited a decreasing or stable SUVmax.
Conclusion Whereas the presence of increasing tracer uptake in potential PC lesions can provide additional data about the
likelihood of malignancy, increasing SUVmax alone does not reliably differentiate between ganglia and PC lesions and is a
potential diagnostic pitfall. We therefore recommend high-resolution CT to enable morphological characterisation of ganglia.
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Introduction

Prostate cancer (PC) is the most common malignancy in men,
and the third leading cause of cancer-related death in men [1].
Despite initial treatment, biochemical recurrence is a

commonly encountered entity and presents a challenge for
conventional imaging modalities given their limited abilities
to detect disease at early stages of recurrence where the like-
lihood of salvage therapy being curative is greater.

The prostate-specific membrane antigen (PSMA), also
known as folate hydrolase I or glutamate carboxypeptidase
II, has become the focus of much attention owing to its high
levels of expression on PC cells [2]. Following its clinical
introduction in 2011, PSMA-ligand molecular imaging has
rapidly established itself as the investigation of choice in re-
current PC [3–6]. Furthermore, PSMA-directed radioligand
therapy is a rapidly evolving treatment modality for metastatic
disease, creating a theragnostic role for PSMA-ligand molec-
ular imaging [7].

Despite its name, PSMA expression is not limited to PC
cells, but is observed in a wide variety of tissues, both patho-
logical and physiological. For example, it has been
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demonstrated that PSMA is expressed by the neovasculature
of a wide variety of solid tumours [8]. Physiological PSMA
expression is reported in the lacrimal and salivary glands, the
liver, the spleen, the kidneys and the intestines [9]. PSMA-
ligand uptake has also been observed in benign mediastinal
lymph nodes. Such non-specific causes of tracer uptake create
potential pitfalls when interpreting images [10]. Furthermore,
numerous publications have demonstrated PSMA-avid pe-
ripheral nerve ganglia [11–15], with physiological PSMA ex-
pression reported to occur in astroglial cells [16], and is im-
plicated in a number of neuropsychiatric disorders along with
its homologue glutamate carboxypeptidase III [17, 18]. The
factors that influence PSMA-ligand avidity for ganglion re-
main to be determined and are likely manifold.

A challenge for the nuclear medicine physician is therefore
differentiating between genuine manifestations of PC and
physiological, incidental radiotracer uptake in peripheral gan-
glia. The result is potential diagnostic confusion and could
result in the incorrect staging of a patient’s PC. To mitigate
against this, a number of stratagems have been proposed:
careful anatomic correlation [13] and examination of the le-
sion’s configuration (with “band-shaped” being associated
with ganglia and lymph-nodes being associated with “tear-
drop” or “nodular” morphologies [15]). Previous studies re-
port that the intensity of uptake in ganglia is mild to moderate
when compared with histologically confirmed lymph node
(LN) metastases [15]. The pattern of radiotracer uptake may
also be useful: PC metastases are associated with increasing
tracer uptake over time [9, 10, 19, 20]. Equivocal cases might
therefore be resolved by considering the pattern of uptake in
biphasic imaging [19]. However, to our knowledge, hitherto
there have been no reports describing the dynamic patterns of
uptake for PSMA-ligands in ganglia, which this present study
aims to address.

Materials and methods

In this retrospective analysis, we investigated 50 individuals
(characteristics outlined in Table 1) with biochemically recur-
rent PC who were referred to our centre for 68Ga-PSMA-11-
PET/CT between 11/2018 and 02/2019. Imaging was per-
formed at 1.5 h post injection of radiotracer (p.i.) with addi-
tional late scanning performed at 2.5h p.i. Since numerous
publications have shown the advantages of later scanning in
PSMA-imaging [9, 19, 21–23], we modified our standard
scanning protocol from 1 h p.i. to 1.5 h p.i. in January 2018
(the protocol is further detailed in the following paragraph). At
our centre, the decision to carry out late scans is a clinical
judgement and is primarily employed in order to clarify un-
clear findings at standard scanning or to increase the probabil-
ity of tumour detection in cases of negative standard scans,
and is standard of care in our institution. Due to the

retrospective nature of the analysis, it is not possible to recon-
struct the particular situations (which are individual to each
case) in which the decision was made to conduct an additional
late scan. The majority of patients (n = 34) had undergone
initial operative treatment by radical prostatectomy. Two re-
ceived radiotherapy as initial management alone, and seven
underwent combined operative and radiotherapy. Complete
details of initial therapy were not available in the clinical notes
of seven patients. Further details regarding age, Gleason score,
initial staging, applied activity and the prostate-specific anti-
gen (PSA) value at time of scanning are as outlined in Table 1.

Radiotracer

68Ga-PSMA-11 was produced as previously described [6, 24].
In brief, 68Ga3+ was obtained from a 68Ge/68Ga radionuclide
generator and used for radiolabelling of PSMA-11. The 68Ga-
PSMA-11 solution was given by intravenous bolus injection
(mean of 202 ± 35 MBq, range 124–280 MBq).

Imaging

All patients received regular whole body PET scans (from the
head to the thighs) at 1.5 h p.i following peroral hydration with
1 L of water (beginning from 30 min p.i.) and 20 mg of i.v.
Furosemide (at 1 h p.i.). Late imaging was performed at 2.5 h
p.i. (from Xiphoid process to the thighs) with peroral hydra-
tion ad libitum. Both scans at 1.5 h and 2.5 h p.i. were
analysed for pathological lesions characteristic for PC in ad-
dition to the presence of ganglia exhibiting increased radio-
tracer uptake relative to the local background.

Image acquisition

All patients were investigated using the same Biograph Vision
PET/CT digital scanner (Siemens, Erlangen, Germany). A
non-contrast-enhanced CT scan from pelvis to vertex was per-
formed 1.5 h post tracer injection using the following param-
eters: slice thickness of 1.0 mm; pitch factor 1; soft tissue
reconstruction kernel; maximum of 120 keV and 90 mAs by
applying CARE kV and CARE Dose. Immediately after CT
scanning, a whole body PET (pelvis to vertex) was acquired in
3D (matrix 440 × 440) with a zoom factor of 1.0. A total
acquisition time of 20 min using flow-technology (0.7 mm/s
table velocity) and an axial field of view (FOV) of 726 mm
was used. The emission data were corrected for randoms,
scatter and decay. Reconstruction was conducted with a
TrueX + TOF algorithm and Gauss-filtered to a transaxial
resolution of 2 mm at FWHM (full width at half maximum).
Attenuation correction was performed using the low-dose
non-enhanced computed tomography data. PET and CT were
performed using the same protocol for every patient. 2.5 h
after the tracer injection, an additional “late” PET/CT scan
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was performed from the pelvis to the upper abdomen (includ-
ing the Xiphoid process) using a longer acquisition time (0.5
mm/s table velocity), otherwise with the same acquisition pa-
rameters as above.

Image evaluation

Image analysis was performed using an appropriate worksta-
tion and software (SyngoVia; Siemens, Erlangen, Germany).
Two experienced physicians (one post-graduate physician
with 7 years clinical experience and one board-certified nucle-
ar physician with 14 years experience—first and last authors,
respectively) read the data set together and resolved any dis-
agreements by consensus. Lesions that were visually consid-
ered to be suggestive for PC or ganglia exhibiting increased
tracer uptake relative to local background were counted and
analysed with respect to their type (local relapses, lymph
node, bones), localisation and to their maximum standardised
uptake value (SUVmax) in, both the standard and late images.
Ganglia were grouped according to anatomic location: pre-
sacral or coeliac plexus. The stellate and cervical plexus gan-
glions were not included in our routine late imaging and were
therefore disregarded in this analysis.

For calculation of the SUVmax, circular regions of interest
were drawn around areas with focally increased uptake in
transaxial slices and automatically adapted to a three-
dimensional volume of interest at a 40% isocontour as previous-
ly described [6]. Visual criteria for the differentiation between
ganglia and lymph nodes were as described previously [15]
(namely band shape, teardrop or nodular configuration) and
was aided by a co-registered thin-slice CT (1-mm slice thick-
ness). A maximum of five PC lesions and five ganglia were
selected in patients with multiple PSMA-positive lesions in or-
der to prevent over-representation of these individuals in our
cohort thereby avoiding the introduction of possible bias. Only
one patient was identified with more than five PSMA-positive
ganglia and three patients had more than five PC lesions.

Measurement of the SUVmax at 1.5 h and 2.5 h allowed for
a percentage change in tracer uptake to be obtained.

Percentage changes between − 10 and + 10% were considered
to be “stable”, i.e. showing no significant change. Those great-
er than + 10% were considered to be “increasing” and those
less than − 10% were considered to be “decreasing”. Ten
percent is a conservative estimate based on previously report-
ed variability in SUV measurements [25, 26].

Statistical analysis

SUVmax values of the ganglia and PC lesions at 1.5 h and 2.5 h
p.i. were compared using the paired Student’s t test to evaluate
differences between the standard and late images and the un-
paired t test to evaluate differences between lesion types; a two-
tailed p value of < 0.05 was considered statistically significant.
To test for associations between lesion type and pattern of be-
haviour (increasing vs. stable/decreasing), Fisher’s exact test
was used. We evaluated the diagnostic utility of changes in
SUVmax in the differential diagnosis of lymph nodes and gan-
glia by construction of a Punnett square, from which sensitivity
and specificity can be derived. Finally, associations between
ganglion tracer uptake and PET positivity were considered.
To test for an association between PET positivity and ganglion
frequency, Fisher’s exact test was used. The unpaired t test was
used to evaluate differences between SUVmax at 1.5 and 2.5 h
and the magnitude of SUVmax change for the PSMA positive
and PSMA negative groups.

Results

PC lesions

In our cohort of 50 patients, 66 lesions characteristic for PC
were identified in the 44 patients (88% of the patient cohort)
and 86 lesions characteristic of ganglia were identified in a
total of 35 patients (70% of the patient cohort). Six patients
(12%) had no identifiable pathological lesions (negative PET).
All lesions had clear computer tomographic correlates, and all
were identified as PET positive in both standard and late

Table 1 Patient characteristics
(PSA, prostate specific antigen;
OP, operative treatment; RT,
radiotherapy)

Characteristic Values

Age (mean/standard deviation/range/median) 68/19/54–84/68.5

Gleason score (range/median) 6–9/7

PSA (ng/ml) (mean/standard deviation/range/median) 9.03/22.2/0.03–105/1.3

Coeliac (mean/standard deviation/range/p value) – 19%/15%/– 39%–12%/< 0.001

Initial therapy 34 × OP

7 × OP + adj. RT

2 × RT

Initial TNM 3 × T1, 15 × T2, 13 × T3, 11 × N1, 2 × Nx

Injected activity (MBq) (mean/standard
deviation/range/median)

202/17.6/124–280/202
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imaging. Of the PC lesions, 30 were identified as lymph
nodes, 25 lesions of locally recurrent PC (in the prostatic fossa
and seminal vesicles) and 11 bone metastases.

Measuring SUVmax at 1.5 h (“standard”) and 2.5 h
(“late”), we obtained increased SUVmax at late imaging, with
statistically significant differences between standard and late
imaging (p = 0.009). We then grouped all PC lesions by “in-
creasing”, “stable” and “decreasing” SUVmax as shown in
Fig. 1. The majority of PC lesions exhibited increasing tracer
uptake (73%), with 15% remaining “stable” and 12% showing
decreasing tracer uptake. Of the 30 PSMA-positive lymph
nodes, 22 exhibited increasing tracer uptake (73%), with the
remaining eight being either stable or decreasing.

Ganglia

A total of 86 PSMA-positive ganglia were identified in 35
patients (70%), with a total of 50 ganglia in the pre-sacral
plexus and 36 in the coeliac plexus being identified; all lesions
included had clear computed tomographic correlates.
Example images for coeliac (Fig. 2) ganglia are depicted.

We observed a heterogeneous pattern of tracer uptake for
the ganglia. In the PET images on visual analysis, three gan-
glia exhibited PSMA positivity on standard imaging only (and
not visible in the late images) and eight were identifiable only
at late imaging. Using the samemethod as above, we obtained
values for SUVmax. In contrast between ganglia types (coe-
liac versus pre-sacral), the coeliac ganglia were associated
with a statistically significant higher tracer uptake at standard
uptake (p = 0.003) and higher (albeit non-significant) tracer
uptake at late imaging (p = 0.12). The results are shown in
Table 2. The ganglia were then grouped according to the di-
rection of change, with roughly half of the ganglia exhibiting a
decreasing tracer uptake (45%), the remainder presenting with
either stable (21%) or increasing (34%) tracer uptake.

Patterns of uptake in PC lesions and ganglia

As shown in Fig. 3, a significantly (p < 0.001) higher tracer
uptake at both standard and late imaging was observed in PC
lesions when compared with both groups of ganglia (coeliac
and pre-sacral). The absolute SUVmax values are listed in
Table 2.

We then considered the dynamic behaviour of ganglia com-
pared with lymph node metastases of PC. Whereas the lymph
node metastases demonstrated a statistically significant higher
tracer uptake at late imaging in comparison with standard
imaging (p < 0.001), the ganglia were not associated with
statistically significant change in SUVmax values (p = 0.4
for coeliac ganglia and p = 0.6 for pre-sacral ganglia), dem-
onstrating their largely stable and heterogeneous pattern of
behaviour.

Lesions identified as lymph nodes or ganglia based on CT
imaging were then classified according to increasing, decreas-
ing or stable SUVmax in the late images (i.e. positive or
stable/negative percentage change from standard to late imag-
ing, as described); the results are shown in the histogram
found in Fig. 4.

We then considered whether the presence of rising tracer
uptake acts as a potential diagnostic criterion to distinguish
between lymph node metastasis of PC and ganglia. Using
the morphological classification as the lesions in the thin-
slice CT as the benchmark, a Punnett square for the ob-
served frequencies of rising and falling tracer uptake can
be constructed (Fig. 5). Correspondingly, the diagnostic
accuracy of the finding of increasing SUVmax (defined
as [true positives + true negatives] ÷ total population)
yields 67%, with a relatively high sensitivity (73%) and
moderate specificity (65%). Although the positive predic-
tive value of increasing tracer uptake is low (42%), its
absence has a high negative predictive value (88%). We
then used Fisher’s exact test to consider the association

Fig. 1 Direction of change in
SUVmax for both ganglia and PC
lesions from “standard” to “late”
imaging
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between rising tracer uptake and lesion type (ganglia and
lymph nodes), giving a two-tailed p < 0.001.

Finally, an intra-patient analysis of the patterns of
tracer uptake revealed heterogeneous patterns of uptake
with three predominant visual patters observed: increas-
ing, decreasing and discordant. For the latter, patterns of
concomitantly increasing and decreasing tracer activity
were seen to occur in paired structures, as exemplified
by the pair of sacral plexus ganglia presented in Fig. 6.
Such a discordant pattern was observed in 17 of the
patients (49%), further highlighting the heterogeneous
pattern of tracer uptake.

Association with PET positivity

We considered the potential for PET positivity as a confound-
er. No significant association between PET positivity and gan-
glion frequency was observed. Furthermore, no association
between PET positivity or negativity and the SUVmax at 1.5
h, 2.5 h or the magnitude and direction of change was
observed.

Discussion

Numerous studies have highlighted the unspecific nature of
PSMA expression, with ganglia representing a potential diag-
nostic pitfall [11, 13]. With new generation digital PET/CT
scanners reporting ever higher sensitivity and resolution [27],
such small yet PSMA-avid lesions are likely to present an
increasing diagnostic challenge for nuclear medicine physi-
cians. The new paradigm of theragnostics makes the accurate
staging and identification of PSMA-avid lesions yet more im-
portant, as well as raising questions about the potential for side
effects arising from both physiological and pathological
PSMA expression [28]. It is with this in mind that we sought
to investigate the dynamic radiopharmaceutical uptake for
ganglia using 68Ga-PSMA-11-PET. To our knowledge, this

a b c

d e f

Fig. 2 Coronal images showing example of PSMA-positive ganglia in
the coeliac plexus. The focal, increased tracer uptake in the standard
images (indicated by yellow arrows at the bottom row) could easily be
mistaken for a PC lesion. The late images (top row) show barely increased
tracer uptake beyond background. In the CT, the typical filiform pattern

associated with ganglia can be discerned. The two CT images (A,D) show
a long, filiform object which correlates to a ganglion. (Tiles D,E,F stan-
dard images; tiles A,B,C late images; tiles A,D CT images; tiles B,E PET;
tiles C,F fusion of PET and co-registered CT)

Table 2 SUVmax values at standard and late imaging for coeliac, sacral
and PC lesions.Min, minimum; Max, maximum; SD, standard deviation

Parameter Coeliac Pre-sacral PC lesions

Standard Late Standard Late Standard Late

Mean 3.77 3.4 2.8 2.8 16.8 19.7

Min–max 2.0–7.5 1.2–10.8 1.1–7.4 1.5–7.6 2.0–75.4 2.0–89.7

SD 1.4 2.1 1.2 1.1 16.5 17.9

Median 3.4 2.9 2.6 2.6 11 14
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is the first publication of this kind aiming to resolve this clin-
ically relevant diagnostic question.

We identified PSMA-positive lesions characteristic of gan-
glia in 70% of our patients, broadly in keeping with detection
rates quoted by Rischpler, who found in 89.4% of patients
PSMA-positive coeliac plexus ganglia and in 49% sacral plex-
us ganglia [15]. We noted a statistically significant greater
SUVmax in PC lesions (including lymph node metastases)
compared with ganglia, which is in agreement with already
published results [11, 15] and previous studies demonstrating
association between intensity of tracer uptake and histopatho-
logical positivity for PC [29].

Nevertheless, as was demonstrated by the significant over-
lap in SUVmax values for lymph node metastases and ganglia,

the two structures can easily be mistaken visually, and ganglia
presented a higher SUV than previously suggested “cut-off”
values for “PSMA positivity” (SUV > 2) [30]. Indeed, in a
PET/MRI study of coeliac ganglia, Bialek and Malkowski re-
ported that roughly 50% of patients presented with at least one
coeliac ganglia which was confusable with a PSMA-positive
lymph node either on grounds of size, shape or tracer uptake
[31]. Compared with the pre-sacral ganglia, we recorded higher
average SUVmax values in the coeliac ganglia, which was also
in agreement with previous studies [15].

Whereas the physical half-life of the radioisotope (68Ga) is
short (68 min), previous studies have confirmed that 68Ga-
PSMA-11 exhibits an increase in tracer uptake over time in
the majority of PC lesions [9, 10, 19, 20]. This favourable

Fig. 3 Box and whisker plots
showing SUVmax at standard and
late imaging respectively for both
coeliac (left) and sacral (middle)
as well as PSMA-positive lymph
nodes (LN) (right). Cross = me-
dian, line = mean, whisker = max/
min. Significantly higher
SUVmax values were obtained
for PC lesions compared with
ganglia (p > 0.001)

Fig. 4 Histograms of SUVmax
change at standard and late
imaging for PSMA-positive
lymph nodes (LN) (left) and gan-
glia (right). Whereas the majority
of lesions identified as lymph
nodes (LN) exhibited an increas-
ing SUVmax, the majority of
ganglia demonstrated a decreas-
ing or stable SUVmax
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pharmacokinetic property means that in cases of diagnostic
uncertainty (for example in distinguishing between patholog-
ical and non-pathological tracer uptake for a lymph node), the
pattern of tracer uptake in late imaging has been posited as
providing useful diagnostic information [9]. This paradigm is
supported by our observation that a statistically significant
increase in SUVmax at late imaging was observed in PC le-
sions (73% of which exhibit increase).

In contrast, the ganglia were not associated with a statisti-
cally significant increased tracer uptake at late imaging.

However, we interpret this finding with caution. Given that
roughly a third of ganglia exhibited increased tracer uptake
(the remaining exhibited stable or decreasing patterns). We
therefore conclude that this criterion clearly cannot be used
reliably to differentiate between lesion types (ganglia vs.
lymph node metastases). Indeed, this notion finds support in
our statistical analysis. Although Fisher’s exact test did reveal
an association between these two lesion types and the charac-
teristic of increased tracer uptake which reached statistical
significance, analysis of the diagnostic performance of rising
tracer uptake using CT categorisation of the lesions yielded a
low diagnostic accuracy (67%), albeit with a relatively high
negative predictive value (NPV) of 88%. We interpret this
high NPV as meaning that in ambiguous cases, the absence
of rising tracer uptake potentially provides useful diagnostic
information as a rule-out criterion, whereas rising SUVmax
should be regarded as unspecific when considering the differ-
ential diagnosis of ganglia versus lymph nodes.

Reviewing the previous literature, we note that in several
works complete PET/CT examination parameters were not re-
corded. In other studies, we note the use of CTslice thicknesses
of 5mm and filters with a full width half maximum (FWHM) of
5mm, which are limitations imposed by the performance char-
acteristics of the previous generation of PET detectors.We draw
attention to the well-known partial volume effect, and the fact
that the PET/CT resolution in such studies is likely larger than

a b c
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Fig. 6 Discordant tracer uptake in a pair of sacral ganglia. Whereas the
left ganglion (yellow arrow) exhibits visually increased uptake in late
imaging, the right ganglion (red arrow) shows barely increased tracer
uptake beyond background in the late imaging (Left: SUVmax standard

2.7, SUVmax late 4.8; Right: SUVmax standard 3.2, SUVmax late 2.0).
Tiles D,E,F standard images, tiles A,B,C late images; tiles A,D CT
images; tiles B,E PET; tiles C,F fusion of PET and co-registered CT

LN Ganglion

Increasing SUVmax 22 30 PPV: 42%

Decreasing SUVmax 8 56 NPV: 88%

Sens: Spec:

73% 65%

Benchmark - CT

Fig. 5 Punnett square for the observed frequencies of rising and falling
tracer uptake in lymph nodes (LN) and ganglia. We assess the diagnostic
performance of increasing SUVmax in distinguishing between lymph
node (LN) lesions of PC and ganglia, using the thin-slice CT as the
benchmark. We see from this Punnett square that while increasing values
of SUVmax has low specificity in distinguishing LN from ganglia, its
absence has a high negative predictive value in ruling out potential LN
metastases. PPV—Positive predictive value, NPV—Negative predictive
value, Sens—Sensitivity, Spec—Specificity. “Decreasing” SUVmax de-
fined as falling or stable (– 10% < SUV > + 10%)
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the cross-sectional diameter of most ganglia (reported to be
3 mm ± 1mm in cadaveric studies [32]). Furthermore, previous
studies demonstrate the influence of voxel size upon the mea-
sured SUVmax, of the choice of reconstruction algorithm in the
detectability of ganglia and the positron range for the various
radionuclides (mean positron range in soft tissue 18F 0.27 mm;
68Ga 1.05mm), which place physical limits upon themaximum
resolution obtainable [33–35]. We therefore interpret quantita-
tive tracer uptake analyses in such studies with a high degree of
caution.

In this present study, we employed a PET scanner with
favourable performance characteristics (reported spatial resolu-
tion at FWHM and 1 cm from centre of FOVof 3.6 mm) [36],
which we argue better enables the quantification of such small
lesions and is potentially less vulnerable to the limitations de-
scribed above, particularly the partial volume effect.
Nevertheless, until the new generation of digital PET/CT scan-
ners which are currently being brought into the market by var-
ious manufacturers become widely adopted in routine clinical
use, the authors advise caution in using patterns of tracer uptake
to differentiate between PC lesions and ganglia. Instead, we
draw attention to the thin-slice size in our CT protocol (1
mm) which aids considerably the detection, identification and
morphological characterisation of such small structures.
Therefore, based on these findings, we strongly recommend
the routine use of CT protocols which enable the reconstruction
of thin slices to support differential diagnosis of PSMA-positive
lesions at standard imaging. In cases which remain unclear,
additional late imaging can be performed, where the absence
of increasing SUVmax can be of additional diagnostic use in
the differentiation of ganglia from PC lesions.

As described above, the positron range of 18F is shorter than
that of 68Ga, resulting in potentially higher spatial resolution. As
a result, 18F-PSMA ligands are reported to exhibit a higher de-
tection efficiency [37], and consequently it is widely reported
that artefactual tracer uptake in small lesions such as ganglia is
even greater.We therefore assume that with the increasing adop-
tion of 18F-PSMA ligands, our present findings will be of even
greater relevance when considering the potential for false posi-
tives resulting in over-diagnosis, and urge that our recommen-
dations be borne inmindwhen considering new study protocols.

In this retrospective study, our patients were referred for
staging of biochemical recurrence and largely went on either
to conservative or palliative management, salvage radiothera-
py or chemotherapy. Although there was no histological cor-
relation, the thin-slice CT protocol of our high performance
3rd generation digital PET/CT scanner enabled a reliable mor-
phologic differentiation between ganglia and lymph nodes.
We note numerous studies confirming the high specificity of
PSMA, such as that of Perera et al [38]. We also note that our
patient cohort who all received additional late imaging for
indeterminate feature may represent a source of bias. Studies
of prospective design are required to address this limitation.

Conclusion

While the majority of PC lesions exhibit an increasing
tracer uptake, one-third of the coeliac and pre-sacral gan-
glia also presented with increasing uptake values.
Therefore, the observation of increasing SUV values alone
cannot reliably help to differentiate ganglia from lymph
node metastases of PC although the absence of rising
SUV has a high negative predictive value in ruling out
PC lesions. Although the uptake in ganglia was significant-
ly lower compared with lymph node metastases, there is a
remarkable overlap of the SUV values, meaning that abso-
lute SUV value alone cannot be a reliable criterion to dif-
ferentiate the two lesion types; relying on uptake patterns
alone therefore represents a potential diagnostic pitfall.

According to the first description of dynamic patterns of
radiotracer uptake in ganglia and to our experiences, we rec-
ommend conducting thin-slice CT scans which can better
show the characteristic morphology of ganglia (such as band
or teardrop shape), and can more reliably identify ganglia
compared with quantitative analysis of SUV values.
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