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Abstract
Purpose Since the clinical introduction of 68Ga-PSMA-11
PET/CT, this imaging method has rapidly spread and is now
regarded as a significant step forward in the diagnosis of re-
current prostate cancer (PCa). The aim of this study was to
analyse the influence of several variables with possible influ-
ence on PSMA ligand uptake in a large cohort.
Methods We performed a retrospective analysis of 1007 con-
secutive patients who were scanned with 68Ga-PSMA-11
PET/CT (1 h after injection) from January 2014 to January
2017 to detect recurrent disease. Patients with untreated pri-
mary PCa or patients referred for PSMA radioligand therapy

were excluded. The possible effects of different variables in-
cluding PSA level and PSA doubling time (PSADT), PSA
velocity (PSAVel), Gleason score (GSC, including separate
analysis of GSC 7a and 7b), ongoing androgen deprivation
therapy (ADT), patient age and amount of injected activity
were evaluated.
Results In 79.5% of patients at least one lesion with charac-
teristics suggestive of recurrent PCa was detected. A patho-
logical (positive) PET/CT scan was associated with PSA level
and ADT. GSC, amount of injected activity, patient age,
PSADT and PSAVel were not associated with a positive PET/
CT scan in multivariate analysis.
Conclusion 68Ga-PSMA-11 PET/CT detects tumour lesions
in a high percentage of patients with recurrent PCa. Tumour
detection is clearly associated with PSA level and ADT. Only
a tendency for an association without statistical significance
was found between higher GSC and a higher probability of a
pathological PET/CT scan. No associations were found be-
tween a pathological 68Ga-PSMA-11 PET/CT scan and pa-
tient age, amount of injected activity, PSADT or PSAVel.

Keywords Prostate cancer . PET/CT . Positron emission
tomography . PSMA . Prostate-specific membrane antigen

Introduction

Prostate cancer (PCa) is the most frequent tumour entity in
men worldwide and its incidence has increased in recent years
[1]. After initial curative therapy, biochemical recurrence is
frequent in men with high-risk PCa. In such a constellation,
searching for recurrent tumour is challenging using conven-
tional imaging modalities such as CT and MRI due to low
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sensitivity and specificity. As a consequence, there is a need
for improved diagnostic tools. In this context, prostate-
specific membrane antigen (PSMA) has received increased
attention during recent years. PSMA is a transmembranous
enzyme which is significantly overexpressed in the majority
of prostatic adenocarcinomas. The level of PSMA expression
rises with increasing tumour dedifferentiation, and in metasta-
tic and hormone-refractory cancers [2–4]. Despite its name,
PSMA is not specific to prostate tissue. A lower level of ex-
pression is seen in various other tissues such as brain, kidney,
salivary glands, liver, ganglia and small intestine [2, 5]. Since
the late 1990s, it has been known that the neovasculature of
many solid tumours also expresses PSMA [5]. Recently, there
have been many reports of the uptake of PSMA ligands in
various nonprostate tissues [6–18].

In 2011, 68Ga-PSMA-11 (also known as HBED-CC, Glu-
urea-Lys(Ahx)-HBED-CC, and PSMA-HBED-CC) was in-
troduced for the clinical imaging of PCa. Since then, PET
using 68Ga-PSMA-11 has been regarded as an important step
forward in the diagnosis of recurrent PCa. The first reports
indicated that this novel method is significantly superior to
alternative methods used for the detection of recurrent PCa
[19, 20]. More recent reports have confirmed the high sensi-
tivity and specificity of 68Ga-PSMA-11 PET/CT [21–24]. In
addition, two studies have analysed possibly interacting fac-
tors including the level of prostate-specific antigen (PSA),
PSA doubling time (PSADT), PSA velocity (PSAVel),
Gleason score (GSC), ongoing androgen deprivation therapy
(ADT), patient age and amount of injected activity in cohorts
of 319 and 248 patients [21, 22]. Similar studies with smaller
patient cohorts have also been reported [25, 26]. The aim of
this study was to analyse a significantly larger patient cohort
and compare the results with those in the existing literature.

Materials and methods

Patients

This was a retrospective analysis of 1007 consecutive patients
who underwent PET/CT 1 h after injection of 68Ga-PSMA-11
between January 2014 and January 2017 in our department.
The characteristics of the patients are summarized in Table 1.

Some of the data from 76 patients in the present study have
been analysed in previous studies on different topics [18–20,
24–26]. Patients without recurrent disease and patients who
were referred for PSMA radioligand therapy were excluded
from this study. Patients with very low PSA values (<0.1 ng/
ml, 15 patients) were referred for 68Ga-PSMA-11 PET/CT if
imaging with an alternative modality including CT and MRI
indicated suspicion of progressive disease. To increase the
validity of the statistical analysis, only the initial PET/CTscan

of each patient was included in this evaluation, regardless of
eventual referral for subsequent PET/CT scans.

Radiotracer

68Ga-PSMA-11 was produced as previously described [21, 27].
Briefly, [68Ga]Ga3+ was obtained from a 68Ge/68Ga radionuclide
generator and used for radiolabelling PSMA-11. The 68Ga-
PSMA-11 solution was administered to the patients as an intra-
venous bolus injection (mean 227 ± 66 MBq, range 66–
400MBq). The target injected activity was 2MBq per kilogram
body weight. Variations in the amount of injected activity were
caused by the short physical half-life of 68Ga (68 min), the
variable elution efficiency of the 68Ge/68Ga generator during
its life-time and unexpected delays in clinical routine.

Imaging

The patients were investigated with two different scanners. A
Biograph-6 PET/CT scanner was used until August 2015 and

Table 1 Characteristics of patients investigated in this study

Characteristic Value

Age (years) (n = 1007)

Mean ± SD 68 ± 7.8

Median (range) 68 (39–90)

Tracer (MBq) (n = 1007)

Mean ± SD 227 ± 66

Median (range) 233 (66–400)

Gleason score (n = 864; missing 143)

Mean ± SD 8.0 ± 1.0

Median (range) 7 (5–10)

PSA at PET (ng/ml) (n = 971; missing 36)

Mean ± SD 12.1 ± 53.9

Median (range) 2.2 (0.01–1,237)

Prostatectomy (n)

Yes 828

No 175

Radiation therapy (n)a

Yes 600

No 392

Androgen deprivation therapy at PET (n)

Yes 221

No 680

PSA doubling time (months) (n = 317; missing 690)

<1 14

1–3 80

3–6 81

6–12 76

>12 66

a To the prostate gland or the prostate fossa after prostatectomy
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was then replaced by a Biograph mCT Flow scanner (both
Siemens, Erlangen, Germany). The two PET/CT scanners
were cross-calibrated.

The scan protocol for the Biograph-6 scanner (whole-body
1 h after injection, whole-body or part-body 3 h after injection)
was as described previously [21]. For the Biograph mCT Flow
scanner, a whole body CT scan without contrast enhancement
was performed 1 h after injection with the following parame-
ters: slice thickness 5 mm, increment 3–4 mm, soft tissue
reconstruction kernel, and CARE Dose. Immediately after
CT scanning, a PET scan was acquired in three dimensions
(matrix 200 × 200) in flow motion at 0.7 cm/min. The emis-
sion data were corrected for randoms, scatter and decay.
Images were reconstructed with an ordered subsets expecta-
tion maximization algorithm with two iterations and 21 sub-
sets and with gaussian filtering to a transaxial resolution of
5 mm at full-width at half-maximum. Attenuation correction
was performed using the low-dose non-enhanced CT data.
The PET and CT scans were performed using the same proto-
col in every patient on the Biograph mCT Flow scanner.

All patients were asked to drink 1 l of water 30 min after
tracer injection. No diuretics were administered between trac-
er injection and the acquisition 1 h after injection.
Immediately prior to the scans, patients were asked to empty
their urinary bladder. There were no special requirements re-
garding diet, sobriety or pausing ADT.

Image analysis

All scans were first analysed by three physicians at an inter-
disciplinary conference consisting of a board-certified nuclear
medicine physician, an assistant nuclear medicine physician
and an assistant radiology physician supported by a board-
certified radiology physician. The reports were later validated
by the head of both departments or alternatively by their rep-
resentatives (all board-certified physicians). Thereafter, all re-
ports were saved and stored.

Lesion evaluation

All lesions considered visually typical of PCa were counted
and analysed unless the patient presented with disseminated
metastases. In patients with nondisseminated metastases, all
lesions were analysed with regard to type (lymph node, bone
metastases, local relapse or soft tissue metastases), their loca-
tion and their maximum standardized uptake value
(SUVmax), as this is common in our clinical routine.

Statistical analysis

For statistical analysis, Excel 2010 (Microsoft, Redmond,
WA), Sigmaplot version 13 software (Systat Software Inc.,
WA) and R version 3.3.2 were used. In all cases a p value of

<0.05 was considered statistically significant. The following
statistical analyses were used:

1. In the primary analysis, the associations between pos-
itive (pathological) PET/CT results and the following
variables were investigated in both a univariate and a
multivariate logistic regression analysis: hormonal
therapy (at the time of PET/CT), patient age, amount
of injected activity, PSA level and initial GSC.

– GSC was analysed using two different approaches: (a)
GSC ≤7a versus ≥7b analysed as categorical variables
(primary analysis); (b) four different classes: GSC 5/6
(as reference against which all other classes were com-
pared), GSC 7 (including both 7a and 7b), GSC 8, and
GSC 9/10.

– The amount of injected tracer activity was analysed as
multiples of 50 MBq. The odds ratios therefore refer to
increments of 50 MBq.

– Patient age was analysed as multiples of 10 years.
– PSA levels showed a skewed distribution and were there-

fore converted to a natural logarithmic scale (log PSA).

2. The associations between positive (pathological) PET/
CT results and PSADTand PSAVel were also investigat-
ed using an extension of the multivariate logistic re-
gression model from the primary analysis. As these
variables were only available for a small proportion
of the patients, both PSADT and PSAVel were investi-
gated in two separate supplementary analyses based on
a smaller group of patients for whom all variables were
available. In both cases, PSADT and PSAVel were pri-
marily coded as continuous variables. For the first anal-
ysis, only PSADTwas added to the multivariate model.
For the second analysis, both PSADT and PSAVel were
added to the model.

As an additional sensitivity analysis, PSADT was
also classified into five different classes: up to 1 month
(as reference against which all other classes were com-
pared), 1–3 months, 3–6 months, 6–12 months, and
>1 year.

3. The proportions of positive PET results were calculat-
ed for subgroups defined according to PSA levels and
GSC. Exact binomial 95% confidence intervals were
determined for these estimates.

A patient-based sensitivity analysis was also performed.
However, patient-based calculation of specificity, negative
predictive value and positive predictive value was not possible
as we assumed that all patients had recurrent disease and
therefore the cohort did not include true-negative cases.

To provide an individualized calculation of the probability
of a pathological 68Ga-PSMA-11 PET/CT scan at 1 h after
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injection, a Microsoft-Excel file was created and is attached to
the supplementary data of this article (Supplementary File 1).
By inserting individual patient parameter values (age, ADT,
PSA level and GSC), the percentage of patients with a patho-
logical scan can be calculated. To strengthen the statistical
validity of the calculation, we excluded PSADT and PSAVel

as otherwise the numbers of patients in the database in whom
all variables were available would have decreased from 755 to
260 (including PSADT) and 61 (including PSAVel). However,
it has to be emphasized that the values calculated are only
approximate, and no warranty can be given for the calculated
ratios and percentages.

Results

In none of the patients were any adverse or clinically detect-
able pharmacological effects following injection of the radio-
tracer detected. According to information provided by the pa-
tients, 277 had previous surgical therapy only, 110 had previ-
ous radiation therapy only, 14 had ADT only, none had che-
motherapy only, 337 had surgery and additional radiation ther-
apy, 111 had surgery, radiation therapy and ADT, 9 had sur-
gery, radiation therapy, ADT and chemotherapy, and 5 had
surgery, radiation therapy and chemotherapy. Fourteen pa-
tients were pretreated with high-intensity focused ultrasound.

In 801 of the 1007 patients (79.5%) at least one lesion
characteristic of recurrent PCa was detected on 68Ga-PSMA-
11 PET/CT. The patient-based sensitivity was therefore 79.5%
with a 95% confidence interval of 77.0% to 81.9%. The rates
(including confidence intervals) of pathological PET/CTscans
in relation to PSA levels and GSC are presented in Figs. 1 and
2, respectively.

Supplementary File 2 includes a list of the lesion sites in the
801 PET-positive patients. These patients include those with
exclusively local relapse/pretreated primary tumour (n = 97),
with exclusively lymph node metastases (n = 154), with ex-
clusively bone metastases (n = 18), with exclusively visceral
metastases (including pelvic fat tissue or organ metastases,
n = 6), and with lymph node and bone metastases (n = 113).

PSADT was available in 317 patients: up to 1 month in 14
patients, 1–3 months in 80, 3–6 months in 81, 6–12 months in
76 and >1 year in 66. Mean calculated PSADT was
337 ± 719 days (range 7–7737 days, median 165 days).
PSAVel was available in 69 patients (mean PSAVel

29.1 ± 54.4 ng/ml per year, range 0.6–160.7 ng/ml per year,
median of 7.8 ng/ml per year). The 801 patients with patho-
logical radiotracer uptake had a median PSA level of 2.8 ng/
ml (range 0.01–1237 ng/ml) and a median GSC of 7.0 (range
5–10), and were injected with a mean activity of 227 MBq
68Ga-PSMA-11 (range 66–380 MBq, median 233 MBq). The
206 patients without pathological findings had a median PSA
level of 2.4 ng/ml (range 0.01–127 ng/ml) and a median GSC

of 7 (range 5–9), and were injected with a mean activity of
224 ± 66 MBq (range 66–399 MBq, median 234 MBq).

The primary multivariate analysis of those patients in
whom all variables were available (n = 755) showed strong
and significant associations between a positive PET result and
log PSA level as well as ADT. No significant or relevant
associations were found between a positive PET result and
the following parameters: GSC, patient age or amount of
injected activity. These results did not depend in a relevant
way on whether GSC was included as a continuous variable
(Table 2) or as a categorical variable (Table 3). The analyses
including PSADT (n = 260; Tables 4 and 5) and both PSADT

and PSAVel (n = 61; Table 6) showed no significant or relevant
effects of either variable. This did not change if PSADT was
included as a categorical variable.

The univariate analysis showed no significant differences
between PET-positive and PET-negative patients with regard
to the amount of injected activity (logistic regression p = 0.54)
and GSC (logistic regression p = 0.78). However, there were
significant differences for log PSA and ADT (logistic regres-
sion p < 0.001 for both). The univariate analysis demonstrated
no significant effects of the variables singly. The results of the
univariate analysis are presented in Supplementary Table 1.

Discussion

Since its clinical introduction in 2011, the use of 68Ga-PSMA-
11 PET/CT has rapidly spread. Several different PSMA li-
gands have also been introduced for clinical PET imaging.
So far, these alternative PSMA ligands have been used in
small patient cohorts only. In addition, it can be assumed that
these ligands have different pharmacokinetics and sensitivities
for tumour detection. The data presented here are therefore
valid only for 68Ga-PSMA-11 PET/CT performed 1 h after
injection. As mentioned above, factors that could interact with
the PET/CT PSMA ligand have been analysed in two studies
with patient cohorts comprisingmore than 200 patients as well
as in studies with smaller cohorts [21, 22, 25, 26]. The aim of
this study was to analyse a significantly larger cohort of pa-
tients and to compare the results with those in the literature.

Of all the patients included in the current analysis, 79.5%
showed at least one lesion with characteristics suggestive of
recurrent PCa on 68Ga-PSMA-11 PET/CT performed 1 h after
injection. This rate is slightly lower than we have found pre-
viously [21]. The lower PSA values (median PSA 2.2 in this
study vs. 4.6 in our previous study) is probably the main
reason for the lower detection rates in this study. However,
the detection rates in this study are still remarkably different
from the 89.5% found by Eiber et al. [22]. As the imaging
protocol and amounts of injected activity are similar, the rea-
sons for this discrepancy remain speculative. Patient selection
might be one reason.
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Recently, several studies have shown that tumour-to-
background ratios (contrast) and tumour uptake of various
PSMA ligands increase in the majority of PCa lesions with
time [19, 28–35]. Comparison of different PSMA ligands
therefore strictly requires scans to be performed within the
same time frame after injection. One of the studies mentioned
demonstrated that the higher uptake and contrast of PCa le-
sions in scans obtained 3 h after injection result in a higher
number of lesions detected by 68Ga-PSMA-11 PET/CT as
well as in a higher number of patients with a pathological
PET result [35]. In a small cohort of patients analysed for
dosimetry, the optimal imaging time for 68Ga-PSMA-11
seemed to be at 3 h after injection [31]. However, 68Ga-
PSMA-11 PET/CT is routinely performed 1 h after injection

in accordance with the clinical set-up first described
[19].Therefore, this novel method of imaging could easily be
integrated into clinical routine as a range of other PET scans
with different tracers (e.g. FDG, DOTA conjugates etc.) are
also routinely performed at 1 h after injection. However, as
described above, additional late scans with 68Ga-PSMA-11
can help clarify unclear findings or increase the probability
of tumour detection in patients with a negative early scan [35].

It can be assumed that all patients included in this analysis
had recurrent disease and that our cohort did not include true-
negative cases. Therefore, calculating patient-based specificity,
and negative and positive predictive values was not possible.
However, with regard to a patient-based analysis, it is apparent
that 68Ga-PSMA-11 is able to detect PCa with good sensitivity.

Fig. 1 Probabilities of a
pathological 68Ga-PSMA-11
PET/CT scan (a) and plot of the
rates of pathological PET/CT
scans with confidence intervals
(b) in relation to PSA levels in
971 patients. Blue columns
Numbers of patients with a path-
ological PET/CT scan together
with the rates which also repre-
sent the patient-based sensitivities
of 68Ga-PSMA-11 PET/CT in
detecting recurrent PCa in relation
to PSA level. Amongst all pa-
tients with a PSA level less than
0.2 ng/ml, 15 had values less than
0.1 ng/ml
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Fig. 2 Probabilities of a
pathological 68Ga-PSMA-11
PET/CT scan (a) and plot of the
rates of pathological PET/CT
scans with confidence intervals
(b) in relation to GSC in 864 pa-
tients. The GSC 7 bar includes
those patients in whom the sub-
classification (7a or 7b) was un-
known.Blue columnsNumbers of
patients with a pathological PET/
CT scan together with the rates

Table 2 Multivariate logistic regression analysis of the associations between different variables and a pathological 68Ga-PSMA-11 PET/CT scan
including only the variables that were available in all 755 patients, with Gleason score as a continuous variable

Variable Coefficient Standard error p value Odds ratio 95% confidence interval

Constant 0.963 0.961 0.316 2.618 0.398–17.206

Agea −0.0125 0.131 0.924 0.988 0.764–1.276

Injected activityb 0.00245 0.0715 0.973 1.002 0.871–1.153

Androgen deprivation therapy 0.592 0.275 0.032 1.807 1.053–3.100

Log PSA 0.735 0.0776 <0.001 2.086 1.792–2.429

Gleason score ≥7b 0.0964 0.241 0.689 1.101 0.686–1.767

aAnalysed as multiples of 10 years
b Analysed as multiples of 50 MBq
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The multivariate analysis demonstrated a strong association
between a pathological 68Ga-PSMA-11 PET/CT scan and PSA
level. This result confirms previously reported results and was
expected as an increase in PSA levels usually indicates progres-
sive disease in differentiated PCa. However, as demonstrated in
Fig. 1, a continuous increase in PSA level does not always
correlate with an increase in tumour detection. Not all patients,
even those with a PSA level above 10 ng/ml, had a pathological
scan (Fig. 1). Although according to the literature almost all
prostatic adenocarcinomas express PSMA [36, 37], the level of
PSMA expression can be regarded as decisive for a patholog-
ical PSMA ligand scan. Other reasons for a negative scan de-
spite PSA elevation could be dedifferentiation of the tumour,
tumour size below the spatial resolution of the PETscanner, the
stage of technology of the PET scanner, and tumours adjacent
to the urinary bladder. Recent studies have demonstrated a
higher sensitivity of late 68Ga-PSMA-11 PET/CT including
oral hydration and administration of a diuretic [35, 38].

One of the most important questions in PSMA-imaging
concerns the role of ADT. It is known from preclinical studies

that ADTcan increase PSMA expression in PCa cells [39, 40].
The finding of this preclinical observation in the clinical set-
ting could have a significant impact on both imaging and
therapy with PSMA ligands. Recently, Hope et al. demonstrat-
ed that ADT is able to increase PSMA expression in PCa
metastases and to increase the number of lesions visualized
by PSMAPET. This effect, which has been observed before in
cell and animal models, has been seen in one patient [41].
Confirming the results of our previous study [21], the current
analysis demonstrated that patients receiving ADT at the time
of 68Ga-PSMA-11 PET/CT more frequently presented with a
positive scan than patients without ADT at the time of the
scan. However, this result needs to be interpreted with caution
as patients with advanced disease could be more likely to
receive ADT. On the other hand, ADT usually causes reduc-
tions in tumour volumes and PSAvalues. Both of these effects
have a negative impact on tumour detection on imaging. In
contrast to our findings, Eiber et al. could not find a significant
association between an ADT (within the last 6 months prior to
the scan) and the probability of a pathological 68Ga-PSMA-11

Table 3 Multivariate logistic regression analysis of the associations between different variables and a pathological 68Ga-PSMA-11 PET/CT scan
including only the variables that were available in all 755 patients, with Gleason score as a categorical variable

Variable Coefficient Standard error p value Odds ratio 95% confidence
interval

Constant 0.796 0.994 0.423 2.217 0.316–15.548

Agea −0.0239 0.132 0.856 0.976 0.754–1.265

Injected activityb 0.0136 0.0716 0.849 1.014 0.881–1.166

Androgen deprivation therapy 0.528 0.279 0.058 1.696 0.982–2.929

Log PSA 0.747 0.0790 <0.001 2.110 1.808–2.464

Gleason score

7 0.201 0.363 0.580 1.222 0.600–2.489

8 0.231 0.421 0.584 1.260 0.551–2.878

9 + 10 0.711 0.421 0.092 2.035 0.891–4.648

aAnalysed as multiples of 10 years
b Analysed as multiples of 50 MBq

Table 4 Multivariate logistic regression analysis of the associations between different variables and a pathological 68Ga-PSMA-11 PET/CT scan in
260 patients in whom PSADT data were available, with PSADT as a continuous variable

Variable Coefficient Standard error p value Odds ratio 95% confidence
interval

Constant 0.960 1.752 0.584 2.611 0.0843–80.893

Agea 0.0429 0.236 0.856 1.044 0.657–1.658

Injected activityb −0.0454 0.121 0.708 0.956 0.754–1.211

Androgen deprivation therapy 0.273 0.446 0.540 1.314 0.549–3.149

Log PSA 0.644 0.138 <0.001 1.904 1.452–2.497

Gleason score ≥7b −0.220 0.450 0.625 0.802 0.332–1.938

PSADT 0.000253 0.000391 0.518 1.000 0.999–1.001

aAnalysed as multiples of 10 years
b Analysed as multiples of 50 MBq
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PET/CTscan [22]. Different analyzing methods and including
criteria might be reasons for this discrepancy.

In accordance with our results published previously, there
was only a tendency for an association without significance
between higher GSC and a higher probability of a pathological
PET/CT scan. The detection rate among patients with GSC 6
was slightly higher than among those with GSC 7/8. As men-
tioned above, no clear relationship between GSC and the PET
result was found in the main analysis. Thus, any differences in
detection rate between GSC classes were most likely the result
of chance. Indeed, the confidence intervals for GSC 6 and GSC
7/8 (Fig. 2) strongly overlapped. Therefore, no real differences
between the GSC groups can be concluded. In contrast to other
analyses, we were able to analyse GSC 7a and 7b separately,
but did not observe any relevant differences between the
groups. A positive correlation between higher GSC and

PSMA expression has been demonstrated in preclinical studies
[42–44]. In contrast to our group, Eiber et al. found a signifi-
cantly positive association between higher GSC and a patho-
logical 68Ga-PSMA-11 PET/CT scan in 221 patients. In accor-
dance with the results of previous studies including more than
200 patients [21, 22], no association was found between a
pathological 68Ga-PSMA-11 PET/CT scan and patient age or
PSADT. This result was expected as we do not assume any
correlation between proliferation index and PSMA expression
of the tumours. However, studies with smaller patient cohorts
have shown a significant role of PSADT [25, 26].

The multivariate analysis also did not show any association
between PSAVel and a pathological 68Ga-PSMA-11 PET/CT
scan. Our explanation for this observation is the same as for
PSADT. Also no association was found between the amount of
injected activity and a pathological 68Ga-PSMA-11 PET/CT

Table 5 Multivariate logistic regression analysis of the associations between different variables and a pathological 68Ga-PSMA-11 PET/CT scan in
260 patients in whom PSADT data were available, with PSADT as a categorical variable

Variable Coefficient Standard error p value Odds ratio 95% confidence
interval

Constant 1.008 2.039 0.621 2.741 0.0503–149.230

Agea 0.0348 0.241 0.885 1.035 0.645–1.661

Injected activityb −0.0551 0.122 0.651 0.946 0.745–1.201

Androgen deprivation therapy 0.191 0.450 0.672 1.210 0.501–2.925

Log PSA 0.644 0.139 <0.001 1.904 1.450–2.499

Gleason score ≥7b −0.298 0.456 0.514 0.742 0.303–1.816

PSADT (days)

31–90 0.705 0.913 0.440 2.024 0.338–12.122

91–180 0.0667 0.881 0.940 1.069 0.190–6.008

181–365 −0.136 0.879 0.877 0.873 0.156–4.887

>365 0.453 0.917 0.621 1.573 0.261–9.489

aAnalysed as multiples of 10 years
b Analysed as multiples of 50 MBq

Table 6 Multivariate logistic regression analysis of the associations between different variables and a pathological 68Ga-PSMA-11 PET/CTscan in 61
patients in whom PSADT and PSAVel data were also available, with PSADT and PSAVel as continuous variables

Variable Coefficient Standard error p value Odds ratio 95% confidence
interval

Constant 0.686 3.732 0.854 1.986 0.00132–2.982.909

Agea 0.159 0.521 0.760 1.173 0.423–3.253

Injected activityb −0.177 0.282 0.531 0.838 0.482–1.457

Androgen deprivation therapy 0.137 0.894 0.878 1.147 0.199–6.617

InPSA 0.822 0.280 0.003 2.276 1.315–3.940

GSC ≥ 7b −0.623 0.966 0.519 0.536 0.0808–3.563

PSADT 0.000882 0.00145 0.544 1.001 0.998–1.004

PSAVel −0.0105 0.00702 0.135 0.990 0.976–1.003

aAnalysed as multiples of 10 years
b Analysed as multiples of 50 MBq
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scan. In our previous study including 319 patients a noticeable
but nonsignificant positive association was also observed be-
tween a positive 68Ga-PSMA-11 PET/CT scan and lower
amounts of injected activity [21]. We assumed that statistical
variability was the sole explanation for this unexpected find-
ing. The results of the current study confirm this assumption.

In order to provide an individualized calculation of the prob-
ability of a pathological 68Ga-PSMA-11 PET/CTscan at 1 h after
injection, aMicrosoft Excel file was created and is attached to the
supplementary data of this article (Supplementary File 1). By
inserting individual patient parameter values (age, ADT, PSA
level and GSC), the probability of a pathological 68Ga-PSMA-
11 PET/CTscan can be calculated. However, it has to be empha-
sized that the values calculated are only approximate, and no
warranty can be given for the calculated ratios and percentages.

One limitation of this study is the lack of an analysis of
histological patterns in patients who were treated by surgery
after 68Ga-PSMA-11 PET/CT. The main reason is that the
majority of the patients were not treated at our centre.
Biopsies and operative findings not obtained at our hospital
were not included in this evaluation due to insufficient access
to the pathological reports. In addition, the histology data
would have to be interpreted with great caution because no
standardized approach was followed. For instance, results
stratified by individual lymph nodes may be strongly biased
by the inclusion of individual patients with large numbers of
lymph nodes removed or patients with exclusive removal of
individual suspicious lymph nodes. Furthermore, probably
only those patients with clear-cut PET findings and/or find-
ings of other conventional imaging modalities underwent sur-
gery. On the other hand, the high specificity of 68Ga-PSMA-
11 for the detection of PCa has been histologically well doc-
umented in several studies [21, 22, 34, 45–49]. Although up-
take of PSMA ligands in various nonprostate tissues has been
reported [50–61], it has to be emphasized that the number of
nonprostate lesions detected represents only a fraction of the
overwhelming numbers of PCa lesions detected daily by
PSMA ligand imaging worldwide. According to the experi-
ence so far, any uptake of 68Ga-PSMA-11 (and possibly also
of alternative PSMA ligands currently clinically used) above
local background in lesions morphologically visible on CT or
MRI is highly specific for PCa. However, this statement is
currently valid only in patients with a rising PSA level after
initial treatment of PCa.

Conclusion

68Ga-PSMA-11 PET/CT can detect recurrent PCa in a high
percentage of patients with recurrent PCa. The probability of a
pathological 68Ga-PSMA-11 PET/CT scan is strongly associ-
ated with PSA level and ongoing ADT. Only a tendency for an
association without significance was found between higher
GSC and a higher probability of a pathological PET/CT scan.

No association was found between a pathological 68Ga-
PSMA-11 PET/CT scan and patient age, amount of injected
activity, PSADT or PSAVel.
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