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ABSTRACT
Background: Accurate primary staging is one of the most important issues for initial management of
prostate cancer (PCa) patients to perform an optimal selection of patients for curative intended treat-
ment. 68Ga-Prostate-Specific-Membrane-Antigen (PSMA) PET/CT was found superior to conventional
imaging both for detection of recurrence after curative intended treatment and for primary staging.
We studied the recurrence rate after radical prostatectomy in high-risk PCa patients primary staged
with 68Ga-PSMA PET/CT compared with conventional imaging.
Material and methods: The study included 247 D’Amico high-risk PCa patients treated with radical
prostatectomy (RP) after primary staging with 68Ga-PSMA PET/CT and a reference group of 137 high-
risk patients with RP after conventional imaging (99mTc bone scintigraphy and CT). Recurrence rates
were assessed by Cox regression and Kaplan-Meier analysis.
Results: The 5-year recurrence-free survival rate was 71.1% in the 68Ga-PSMA PET/CT cohort compared
with 56.4% in the conventional imaging cohort. Primary staging by 68Ga-PSMA PET/CT reduced bio-
chemical recurrence (BCR) risk by 42% (HR ¼ 0.58 (0.41–0.83), p¼ .004).
Conclusion: The present data could indicate a lower recurrence rate after RP following primary stag-
ing with 68Ga-PSMA PET/CT compared to conventional imaging, likely due to improved selection of
patients for surgery.

ARTICLE HISTORY
Received 29 May 2022
Accepted 22 September 2022

KEYWORDS
68Ga-prostate-specific mem-
brane antigen PET/CT;
biochemical recurrence;
primary staging; radical
prostatectomy; prostate
cancer

Background

Prostate cancer (PCa) is the second most diagnosed cancer
and the fifth leading cause of cancer-related death in men
worldwide [1] as well as a textbook example of cancer het-
erogeneity. Accurate primary staging is one of the most
important issues for initial management of patients [2]. By
now, prostate-specific membrane antigen (PSMA) is a well-
established target for clinical imaging of PCa patients. Last
year, the proPSMA trial [3] concluded that 68Ga-PSMA-PET/CT
is a suitable replacement for conventional imaging in pri-
mary staging, providing superior accuracy, to the combined
findings of 99mTc bone scintigraphy and CT in D’Amico high-
risk patients as conventional imaging before curative-intent
radical prostatectomy (RP) or radiotherapy.

While recognizing the excellent accuracy of 68Ga-PSMA-
PET/CT in the primary staging and recurrent setting, it is not
clear whether improved primary staging by 68Ga-PSMA-PET/
CT contributes to longer biochemical recurrence (BCR)-free
survival in PCa patients after RP. This is of great importance
as a substantial proportion of high-risk patients undergoing
curative-intented RP will later experience recurrence follow-
ing surgery depending on several risk factors [4]. Therefore,

the aim of this retrospective study was to investigate the
recurrence rate after RP following primary staging with 68Ga-
PSMA PET/CT compared with 99mTc bone scintigraphy and
CT-TAP (thorax, abdomen, pelvis) as conventional imaging.

Materials and methods

Study population

In this study, the inclusion criteria were newly diagnosed,
biopsy-proven, high-risk PCa patients (according to the
D’Amico classification [5]) who were treated with curative-
intent RP following primary staging by 68Ga-PSMA PET/CT. A
total of 1,101 PCa patients were referred for 68Ga-PSMA PET/
CT scans at the Department of Nuclear Medicine and PET-
Centre, Aarhus University Hospital, Denmark, between April
2016 and March 2019. In this cohort, 731 patients (66.4%)
were referred for primary staging, whereas the remaining
370 patients (33.6%) were referred for recurrent disease. Of
the primary staged patients, 691 individuals (62.8%) were
deemed high-risk. Lastly, 247 patients with localized disease
(22.4%) were treated with RP following the 68Ga-PSMA PET/
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CT scan and thus included in the present study (Figure 1).
Initial findings of 68Ga-PSMA PET/CT primary staging on this
cohort has previously been published [6].

Clinicopathological data

Clinical and pre-operative data were gathered from medical
records (Columna Clinical Information System (MidtEPJ),
Systematic, Aarhus, Denmark) as well as the pathology
reports from the RP specimens. The data were afterwards
stored in a Research Electronic Data Capture (REDCap) data-
base hosted by Aarhus University [7]. All 247 patients under-
went RP with 177 patients having a pelvic lymph node
dissection within the standard template of resection accord-
ing to the European Association of Urology [8] based on
their pre-operative risk of lymph node involvement (>7%)
assessed by the Briganti nomogram [9]. A total of 30 patients
(12.1%) experienced BCR after positive resection margins
(Table 1) with 9 patients receiving adjuvant (salvage) radio-
therapy and androgen deprivation therapy (ADT) (30.0%)
after the surgery. Patients without positive resection margins
did not receive adjuvant radiotherapy and/or ADT at any
time before BCR. Follow-up was conducted in July 2021
through medical records. Attained follow-up data were time
to BCR, death, time of death, and whether the cause of
death was PCa related.

Imaging protocol

All 68Ga-PSMA PET/CT scans were performed approximately
60min following intravenous injection of 2.14 MBq 68Ga-
PSMA (68Ga-Glu-CO-Lys(Ahx)-HBED-CC) per kilogram body
weight with low-dose CT for anatomical localization and
attenuation correction. All patients were scanned on a
Siemens Biograph TruePoint PET/CT scanner (Siemens,

Erlangen, Germany). Images were reconstructed with all
existing corrections applied (attenuation, scatter and Point-
Spread Function) using the TrueX reconstruction algorithm (4
iterations and 21 subsets) and a 3mm Gaussian post-filter
(XYZ) and voxel size 2� 2 � 2mm.

Image analysis

All scans were analyzed by experienced, board certified spe-
cialists in nuclear medicine with common pitfalls in 68Ga-
PSMA PET/CT in mind [10]. Image analysis was performed
using Hybrid Viewer (HERMES Medical Solutions AB,
Stockholm, Sweden). Images were interpreted according to
the PSMA-RADS Version 1.0-criteria [11]. Maximum standar-
dized uptake values (SUVmax) were measured in primary
prostate tumors.

All 68Ga-PSMA PET/CT scans with extraprostatic extension
or metastasis were discussed at multidisciplinary team con-
ferences with board-certified oncologists, radiologists, urolo-
gists, pathologists, and nuclear medicine physicians. Only
patients with localized disease in the prostate (cT1-cT3N0M0)
or patients with oligometastatic disease (cT1-cT3N1M0) fol-
lowing primary staging by 68Ga-PSMA PET/CT, where the sus-
pected regional lymph node metastases were deemed
readily accessible for pelvic lymph node dissection, were
scheduled for RP. All RP procedures were performed as
robot-assisted surgery at the Department of Urology, Aarhus
University Hospital, Denmark or the Department of Urology,
Holstebro Regional Hospital, Denmark.

Data analysis

All statistical analyses were performed using R version 4.0.2
(R Foundation, Vienna, Austria) [12]. The prognostic poten-
tial of 68Ga-PSMA PET/CT compared with conventional

Figure 1. Flow chart of inclusion of high-risk prostate cancer patients treated by radical prostatectomy in the study. �Refers to treatment with antiandrogens, sur-
gical or chemical castration therapy, 223Radium, and early or late chemotherapy (most commonly Docetaxel or Cabazitaxel).
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imaging was assessed by Cox regression providing hazard
ratios (HRs) as well as Kaplan-Meier analysis and two-sided
log-rank test using biochemical recurrence (BCR, defined as
having a PSA value >0.2 ng/mL following RP) as clinical
endpoint. All variables were summarized using descriptive
statistics; values without normal distribution were described
as median (range). Names of utilized statistical tests are
provided in the results section. In all cases, p values < .05
were considered statistically significant.

External database and cohort

To compare the prognostic value of 68Ga-PSMA PET/CT with
conventional imaging, we utilized an external cohort of RP
patients from the Department of Urology, Aarhus University
Hospital, Denmark. The cohort held 2,576 RP patients from
May 2001 until January 2021. In total, 357 patients were

registered as primary staged by 99mTc bone scintigraphy and
CT-TAP with available follow-up and BCR status. After individ-
ual assessment, 137 patients were confirmed D’Amico high-
risk individuals.

The radical prostatectomy procedure has largely been
the same for many years at the facility, however in August
2005 the procedure was changed to be a robot-assisted
procedure. The outcome for the patients has roughly
been the same in terms of radical surgery, but with a
decreased risk of erectile dysfunction and incontinence for
robot surgery. A total of 34 patients (24.8%) experienced
BCR after positive resection margins (Table 1) with 4
patients receiving adjuvant (salvage) radiotherapy (11.8%).
No patients received ADT after having positive resections
margins. Patients without positive resection margins did
not receive adjuvant radiotherapy and/or ADT at any time
before BCR.

Table 1. Characteristics of radical prostatectomy (RP) specimens in the 68Ga-PSMA PET/CT cohort and in the 99mTc bone scintigraphy and CT-TAP cohort.

Characteristics of radical prostatectomy (RP) specimens

All 68Ga-PSMA PET/
CT patients

68Ga-PSMA PET/
CT BCR patients

All 99mTc bone scintigraphy
and CT-TAP patients

99mTc bone scintigraphy
and CT-TAP BCR patients

Patients, n (%) 247 (100.0%) 63 (25.5%) 137 (100.0%) 68 (49.6%)
Patients with PLND�
Yes, n (%) 177 (71.7%) 55 (31.1%) 69 (50.4%) 45 (66.2%)
No, n (%) 70 (28.3%) 8 (11.4%) 68 (49.6%) 23 (33.8%)
Unknown, n (%) 0 (0.0%) 0 (0.0%) 8 (5.8%) 5 (7.4%)

Any positive lymph nodes from PLND��
Yes, n (%) 36 (20.3%) 25 (45.5%) 10 (14.5%) 9 (20.0%)
No, n (%) 141 (79.7%) 30 (54.5%) 59 (85.5%) 36 (80.0%)
Unknown, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Positive resection margin
Yes, n (%) 67 (27.1%) 30 (47.6%) 50 (36.5%) 34 (50.0%)
No, n (%) 180 (72.9%) 33 (52.4%) 80 (58.4%) 28 (41.2%)
Unknown, n (%) 0 (0.0%) 0 (0.0%) 7 (5.1%) 6 (8.8%)

ISUP grade in RP specimens
1, n (%) 10 (4.0%) 1 (1.6%) 16 (11.7%) 2 (2.9%)
2, n (%) 96 (38.9%) 13 (20.6%) 76 (55.5%) 33 (48.5%)
3, n (%) 60 (24.3%) 18 (28.6%) 17 (12.4%) 8 (11.8%)
4, n (%) 47 (19.0%) 13 (20.6%) 17 (12.4%) 15 (22.1%)
5, n (%) 34 (13.8%) 18 (28.6%) 3 (2.2%) 2 (2.9%)
Unknown, n (%) 0 (0.0%) 0 (0.0%) 8 (5.8%) 8 (11.8%)

Pathological stage
pT1, n (%) 0 (0.0%) 0 (0.0%) 8 (5.8%) 2 (2.9%)
pT2, n (%) 139 (56.3%) 13 (20.6%) 81 (59.1%) 27 (39.7%)
pT3, n (%) 108 (43.7%) 50 (79.4%) 41 (29.9%) 32 (47.1%)
pT4, n (%) 0 (0.0%) 0 (0.0%) 1 (0.7%) 1 (1.5%)
Unknown, n (%) 0 (0.0%) 0 (0.0%) 6 (4.4%) 6 (8.8%)

Prostate weight (g), formalin-fixed
Median (range) 61.0 (30.0–175.0) 59.0 (33.0–175.0) – –
<50, n (%) 57 (23.1%) 15 (23.8%) – –
50–100, n (%) 162 (65.6%) 43 (68.3%) – –
>100, n (%) 28 (11.3%) 5 (7.9%) – –
Unknown, n (%) 0 (0.0%) 0 (0.0%) – –

Prostate volume (cm3)
Median (range) 44.8 (13.4–185.1) 41.9 (15.3–121.0) – –
<50, n (%) 149 (60.3%) 43 (68.3%) – –
50–100, n (%) 85 (34.4%) 19 (30.2%) – –
>100, n (%) 13 (5.3%) 1 (1.6%) – –
Unknown, n (%) 0 (0.0%) 0 (0.0%) – –

Primary tumor volume (cm3)
Median (range) 5.9 (0.2–49.2) 9.0 (1.7–48.4) – –
<5, n (%) 104 (42.1%) 15 (23.8%) – –
5–10, n (%) 72 (29.1%) 19 (30.2%) – –
>10, n (%) 71 (28.7%) 29 (46.0%) – –
Unknown, n (%) 0 (0.0%) 0 (0.0%) – –

�Pelvic lymph node dissection. ��If pathological examination of resected lymph nodes revealed any metastases.
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Results

Patient characteristics and biochemical recurrence

Of all 247 patients included in the 68Ga-PSMA PET/CT-cohort,
63 patients (25.5%) had BCR, defined as having a PSA value
>0.2 ng/mL following RP within the follow-up period, while
184 patients (74.5%) remained free of recurrence after
5 years. The median follow-up time was 45.5months
(27.6–62.7months) and median time to BCR was 13.2months
(1.9–55.2months). For the conventional imaging cohort with
137 individuals, 69 patients (50.4%) remained free of recur-
rence after 5 years. Median follow-up time was 100.3months
(6.0–231.5months) and median time to BCR was 18.6months
(1.1–116.9months). The clinicopathological and RP character-
istics of patients from both cohorts are summarized in Tables
1 and 2.

Prognostic value of 68Ga-PSMA PET/CT for primary
staging

To assess the prognostic value of 68Ga-PSMA PET/CT for pri-
mary staging purposes, we compared 68Ga-PSMA PET/CT
with 99mTc bone scintigraphy and CT-TAP as conventional
imaging. Primary staging by 68Ga-PSMA PET/CT was signifi-
cantly associated with longer time to BCR in univariate Cox
regression analysis (HR ¼ 0.58 (0.41–0.83), p¼ .004) com-
pared with 99mTc bone scintigraphy and CT-TAP. Consistent
with this, Kaplan-Meier analysis showed a better recurrence-

free survival (RFS) probability (two-sided log-rank test,
p¼ .003) (Figure 2). The biochemical 5-year RFS rate was
71.1% (0.95 CI 64.5%-78.3%) in the 68Ga-PSMA PET/CT cohort
compared with a 5-year RFS rate of 56.4% (0.95 CI
48.6–65.6%) in the 99mTc bone scintigraphy and CT-TAP
cohort, thus yielding a 26.1% improvement with 68Ga-PSMA
PET/CT (p¼ .003).

Discussion

In the present study, we found a lower recurrence rate after
RP in the group primary staged with 68Ga-PSMA PET/CT com-
pared with the conventional imaging group. To our know-
ledge, this is the first study to investigate the prognostic
value of 68Ga-PSMA PET/CT compared with conventional
imaging for primary staging in high-risk PCa patients treated
with curative-intent RP. In comparison, the proPSMA trial
demonstrated superior accuracy of 68Ga-PSMA PET/CT com-
pared to conventional imaging [3], and a study by Pyka et al.
[13] compared 68Ga-PSMA PET/CT and 99mTc bone scintig-
raphy for skeletal staging in primary PCa finding far superior
region-based sensitivity (98.8–99.0%) and specificity
(98.9–100%) of 68Ga-PSMA PET/CT compared with values of
99mTc bone scintigraphy (82.4–86.6% and 91.6–97.9%,
respectively). In terms of lymph node involvement deter-
mined by CT scans, 68Ga-PSMA PET/CT caused considerable
changes in N status with a 20% increase in level of confi-
dence in a study by Donswijk et al. [14].

Table 2. Baseline and clinicopathological characteristics of the 68Ga-PSMA PET/CT cohort and the 99mTc bone scintigraphy and CT-TAP cohort.

Baseline and clinicopathological characteristics

All 68Ga-PSMA PET/
CT patients

68Ga-PSMA PET/
CT BCR patients

All 99mTc bone scintigraphy
and CT-TAP patients

99mTc bone scintigraphy
and CT-TAP BCR patients

Patients, n (%) 247 (100.0%) 63 (25.5%) 137 (100.0%) 68 (49.6%)
Age, years
Median (range) 68.2 (46.9–78.9) 69.2 (51.0–78.9) 63.9 (48.5–84.8) 64.9 (48.9–84.8)

Follow-up time (months)
Median (range) 45.5 (27.6–62.7) 46.4 (27.8–62.6) 100.3 (6.0–231.5) 102.6 (6.0–231.5)

SUVmax
�

Median (range) 14.29 (3.15–85.99) 15.60 (4.75–66.58) – –
Pre-operative PSA (ng/mL)
<10, n (%) 113 (45.7%) 25 (22.1%) 57 (41.6%) 23 (33.8%)
10–20, n (%) 79 (32.0%) 23 (29.1%) 33 (24.1%) 17 (25.0%)
>20, n (%) 55 (22.3%) 15 (27.3%) 46 (33.6%) 27 (39.7%)
Unknown, n (%) 0 (0.0%) 0 (0.0%) 1 (0.7%) 1 (1.5%)

ISUP grade in biopsies
1, n (%) 26 (10.5%) 3 (11.5%) 25 (18.2%) 7 (10.3%)
2, n (%) 38 (15.4%) 6 (15.8%) 29 (21.2%) 16 (23.5%)
3, n (%) 27 (10.9%) 8 (29.6%) 6 (4.4%) 6 (8.8%)
4, n (%) 116 (47.0%) 32 (27.6%) 21 (15.3%) 13 (19.1%)
5, n (%) 40 (16.2%) 14 (35.0%) 2 (1.5%) 2 (2.9%)
Unknown, n (%) 0 (0.0%) 0 (0.0%) 54 (39.4%) 24 (35.3%)

Clinical stage
cT1, n (%) 73 (29.6%) 9 (12.3%) 3 (2.2%) 0 (0.0%)
cT2, n (%) 121 (49.0%) 32 (26.5%) 128 (93.4%) 64 (94.1%)
cT3, n (%) 53 (21.4%) 22 (41.5%) 5 (3.6%) 3 (4.4%)
cT4, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Unknown, n (%) 0 (0.0%) 0 (0.0%) 1 (0.7%) 1 (1.5%)

Regional lymph node metastases
cN0, n (%) 231 (93.5%) 50 (21.6%) 0 (0.0%) 0 (0.0%)
cN1, n (%) 16 (6.5%) 13 (81.3%) 0 (0.0%) 0 (0.0%)
Unknown, n (%) 0 (0.0%) 0 (0.0%) 137 (100.0%) 68 (100.0%)

�Maximum standardized uptake value (SUVmax) is defined as the hottest voxel within the primary tumor (volume of interest, VOI) on the 68Ga-PSMA PET/
CT scan.
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Previous reports of D’Amico high-risk patients had a 5-
year RFS rate of 58.4% [4] very much in line with the pre-
sent conventional imaging cohort. Based on the results
from the present study, 68Ga-PSMA PET/CT may be recom-
mended for primary staging prior to RP compared with
conventional imaging due to higher diagnostic value and
better selection of patients for surgery. The main study limi-
tation was the comparability of the two cohorts used in
the study which were not recruited in the exact same
period and not completely matched. However, the fre-
quency of adjuvant radiotherapy and/or ADT following posi-
tive resection margins was comparable as well as the
surgical technique used throughout the years. Though, the
positive resection margin rate was marginally higher in the
external cohort, these major predictors of recurrence do not
clearly explain the difference between the groups. The add-
ition of adjuvant radiotherapy as well as ADT after a posi-
tive resection margin has only been implemented as
standard in Denmark recently which explains the marginally
higher percentage of additional therapy in the 68Ga-PSMA
PET/CT cohort. Besides, this is a retrospective study design
and our 68Ga-PSMA PET/CT cohort has shorter follow-up
time compared with the conventional imaging cohort due
to the relatively recent introduction of 68Ga-PSMA PET/CT
for primary staging. However, the recurrence rate after RP

following conventional imaging in the present study seems
in line with previous published data [4,15,16], and hence
we consider it fair to conclude that our data could indicate
a lower recurrence rate after RP following primary staging
with 68Ga-PSMA PET/CT compared to conventional imaging.
This would probably be caused by an improved selection
of patients for surgery.

However, we do not know if the improved staging has an
impact on PCa-specific or overall survival, as improved pri-
mary staging will eventually lead to stage migration (the Will
Rogers phenomenon [17]) with the movement of supposed
former localized PCa patients, when staged by conventional
imaging, to the oligometastatic group when staged by 68Ga-
PSMA PET/CT. This will lead to fewer patients with true
advanced disease in the RP group, but instead they will be
added to the metastatic group despite having a very low
metastatic burden. This will result in better survival in both
above-mentioned groups. Unfortunately, PC-specific survival
analyses could not be carried out due to insufficient follow-
up time in our 68Ga-PSMA PET/CT cohort in a prostate cancer
context.

Therefore, additional prospective studies of larger scale
are warranted to confirm the results presented and to study
the potential survival benefits of the entire cohort of PCa
patients.

Figure 2. 68Ga-PSMA PET/CT compared with conventional imaging in relation to recurrence-free survival (RFS) in Kaplan-Meier curve analysis with 0.95 CI. Primary
staging with 68Ga-PSMA PET/CT was significantly associated with a longer 5-year RFS rate compared with conventional imaging. The median duration of follow-up
was 45.5months in the 68Ga-PSMA PET/CT cohort and 100.3months in the 99mTc bone scintigraphy and CT-TAP (thorax, abdomen, pelvis) group. The follow-up
data of the conventional imaging cohort is censored at 60months due to much longer follow-up time compared with the 68Ga-PSMA PET/CT cohort to improve
visualization.
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Conclusion

The present data could indicate a lower recurrence rate after
RP following primary staging with 68Ga-PSMA PET/CT com-
pared to conventional imaging, likely due to improved selec-
tion of patients for surgery. However, further prospective
data on this topic are warranted.
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