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Abstract
Objective
To assess European Association of Urology (EAU) risk groups for biochemical recurrence (BCR) of prostate cancer relative
to prostate-specific membrane antigen-positron emission tomography (PSMA-PET) status and oncological outcomes.

Patients and Methods
A retrospective analysis of a study that incorporated PSMA-PET for men with BCR after radical prostatectomy (RP) was
undertaken. EAU risk groups were considered relative to clinical variables, PSMA-PET findings, and deployment of salvage
radiotherapy (SRT). The primary oncological outcome was event-free survival (EFS) and this was analysed relative to
clinical and imaging variables. An ‘event’ occurred if prostate-specific antigen (PSA) level rose >0.2 ng/mL above nadir or
additional therapies were introduced.

Results
A total of 137 patients were included, most of whom had EAU high-risk disease (76%) and/or low PSA levels (80%
<0.5 ng/mL) at the time of PSMA-PET. EAU risk group was not associated with regional nodal/distant metastasis on
PSMA-PET. Regional nodal/distant metastasis on PSMA PET (compared to negative/local recurrence: hazard ratio [HR]
2.2; P = 0.002) and SRT use (vs no SRT: HR 0.44; P = 0.004) were associated with EFS. EAU high-risk status was not
significantly associated with worse EFS (HR 1.7, P = 0.12) compared to EAU low-risk status. Among patients who received
SRT, both regional/distant metastasis on PSMA-PET (HR 3.1; P < 0.001) and EAU high-risk status (HR 2.9; P = 0.04) were
independently associated with worse EFS, which was driven by patients in the EAU high-risk group with regional/distant
metastases (38%; HR 3.1, P = 0.001).

Conclusions
In patients with post-RP BCR, PSMA-PET findings and receipt of SRT predicted EFS. In patients receiving SRT, PSMA
status combined with EAU risk grouping was most predictive of EFS. These findings suggest that the EAU risk groups
could be improved with the addition of PSMA-PET.
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Introduction
Due to uncertainties regarding the prognostic implications of
biochemical recurrence (BCR) after radical prostatectomy (RP)
for prostate cancer, the European Association of Urology
(EAU) Guidelines panel undertook a scoping systematic review
and meta-analysis in 2018 to determine the prognostic features
of BCR to inform management recommendations [1]. Worse
survival outcomes were estimated for patients with shorter
(<12 months) serum PSA doubling time (PSA-DT) and high
Gleason score (GS; ≥4 + 4) after RP. EAU risk groups were
subsequently devised, ‘low’ (PSA-DT >12 months and
pathological GS <8) and ‘high’ (PSA-DT ≤12 months or
pathological GS 8–10), and these were endorsed with
recommendations for treatment that included limiting
(obviating) salvage radiotherapy (SRT) for ‘selected’men in the
EAU low-risk group [2]. However, the source data for this
recommendation were historical cohorts that used conventional
imaging such as CT and/or whole-body bone scan for
assessment of metastatic disease. More accurate molecular
imaging techniques, such as prostate-specific membrane
antigen (PSMA) positron emission tomography (PET), were
not included in the risk algorithms which we hypothesize may
further refine prognostic information.

It has been shown that PSMA-PET is more accurate than
conventional imaging for staging [3] and PSMA-PET is
recommended within the EAU and Australian guidelines for
assessment of prostate cancer in the BCR setting [4,5].
Although the diagnostic accuracy of PSMA with regard to
BCR is high, with a positive predictive value of 0.92 [6], there
is minimal information regarding its influence on survival
outcomes [7]. Novel randomized trials are underway to assess
PSMA-PET as an intervention to aid treatment guidance and
improve subsequent oncological outcomes [8], but data
regarding the predictive and prognostic properties of PSMA-
PET are limited.

We have previously reported that PSMA-PET better predicted
3-year freedom from progression than established clinical
predictors in a prospective multicentre study of patients with
BCR after RP [9]. The objective of this analysis was to
analyse EAU risk groups relative to PSMA-PET status and
subsequent oncological outcomes within our previous study.

Patients and Methods
Study Details

This is a secondary analysis of data collected from 260
patients as part of a prospective, multicentre study performed
in Australia across four academic centres (St Vincent’s and
Royal North Shore, Sydney, Sir Charles Gairdner and Fiona
Stanley, Perth) [9]. Institutional Human Research Ethics
Committee approval was obtained for each site and all
participants provided informed written consent.

Participants with a rising PSA level of between ≥0.05 and
<1 ng/mL following RP and eligible to receive SRT were
enrolled. After providing written informed consent,
participants underwent whole-body 68Ga-PSMA-PET/CT with
non-contrast CT imaging between January 2015 and March
2017 according to a standardized protocol. PET images were
prospectively reported by experienced nuclear medicine
physicians using a four-point certainty scoring scale for each
site of identified lesions. PSMA-PET results were provided to
the clinician, subsequent treatments were recorded (rather
than mandated) and clinical course was followed for at least
3 years.

The SRT treatment after PSMA-PET with or without short-
term androgen deprivation therapy (ADT; 3–6 months
duration according to clinician preference), was performed
according to institutional protocols. Subsequent clinical
events, including PSA kinetics and use of additional
treatments were recorded.

Primary Outcome

The primary outcome of this analysis was event-free survival
(EFS). An event was defined as a PSA >0.2 ng/mL above the
nadir PSA following SRT or use of additional hormonal and/or
radiotherapy (RT) [10]. When the clinical decision was not to
give RT, an event was defined as a rise of ≥0.2 ng/mL in serum
PSA from baseline based on two PSA measures 2 weeks apart,
or use of additional therapy. This definition was derived to be
similar to the post-SRT definition and to allow for small
increases due to insignificant pathology (e.g., residual benign
tissue). Published observational data support this definition, as
post-SRT BCR risk increased 3% (or 10% if two or more risk
factors were present) per 0.1 ng/mL of PSA level [11], while a
pre-SRT PSA of ≥0.4 ng/mL was most likely to predict worse
post-SRT BCR and progression-free survival outcomes [12].
Therefore, an increasing PSA of ≥0.2 ng/mL from baseline
represents biochemical progression while still allowing for
intervention with curative intent. The time to event was
determined as the period from the original date of PSMA-PET
to an event or was censored at the last PSA date.

EAU Risk Categorization

The EAU risk categorization was performed post hoc for each
patient using PSA-DT (prior to PSMA-PET) and GS as
reported in RP histopathology [2]. For this analysis, the
primary outcome of EFS was analysed according to EAU risk
group, PSMA-PET status and their combination. PSMA-PET
status was dichotomized into negative/locally recurrent (non-
metastatic) vs regional lymph nodal (N1) or distant
metastasis (M1). Negative and locally recurrent (to the
prostatic fossa alone) PSMA-PET findings were combined
because our previous analysis demonstrated that oncological
outcomes were equivalent, while patients with regional nodal
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(55%) and distant metastases (21–25%) had significantly
worse outcomes (hazard ratio [HR] 2.7; P = 0.002) than
patients without metastasis so were grouped together for this
analysis.

Statistical Analysis

Demographic information was summarized using median
with interquartile range or as proportions. The percentage of
patients not experiencing an event in each prespecified group
was calculated. Cox proportional hazards models were used
to calculate the HRs for an event. Analysis was performed
using Stata statistical software, v16 (StataCorp, College
Station, TX, USA).

Results
Patient Characteristics

A total of 137 patients were included in this analysis
(Fig. S1), of whom 80% received SRT. Their demographics
are listed in Table S1 according to EAU risk group,
PSMA status and SRT. Serum PSA level and GS were both
higher among patients with regional/distant metastatic disease
reported on PSMA-PET compared to those with negative/
locally recurrent PSMA-PET findings (median PSA 0.27 vs
0.20 ng/mL, P = 0.005; GS ≥8 46% vs 23%, P < 0.004).

EAU Risk Classification

Most patients (76%) were classified as having EAU high-risk
status and had low PSA levels (<0.5 ng/mL; 109/137, 80%) at
the time of PSMA-PET. Patients in the high-risk group had
markedly earlier BCR after RP (33 vs 76 months; P < 0.001)
and a higher GS (GS ≥8 42% vs 0%; P < 0.001), as well as a
higher T stage (≥pT3 73% vs 48%; P = 0.02) and a higher
incidence of positive surgical margins (25% vs 6%; P = 0.03)
than those in the EAU low-risk group.

High risk (compared to low risk) resulted in worse EFS
among patients who received SRT (56% vs 82%; P = 0.04).

PSMA-PET Findings

The PSMA-PET findings relative to EAU risk group and PSA
level at the time of PSMA-PET are shown in Table 1. Overall,
61% of patients (83/137) had negative/locally recurrent
findings on PSMA-PET, and 89% of these patients (74/83)
had low PSA levels (<0.5 ng/mL). Regional/distant metastatic
disease was identified in 39% of patients (54/137; 35/54
regional nodal involvement; 19/54 distant metastasis) despite
a low PSA level (<0.5 ng/mL) in 65% (35/54).

European Association of Urology risk status was not
associated with overall PSMA-PET status (negative/locally
recurrent vs regional/distant metastasis; P = 0.2). When PSA

groups were considered, regional/distant metastatic disease
was more likely when PSA was >0.5 ng/mL for both EAU
low- (11%) and EAU high-risk (57%) groups, compared to
when PSA was ≤0.5 ng/mL (6% and 26%, respectively;
Table 1). Similar regional/distant metastatic disease detection
was observed with further PSA subgrouping (Table S2).

Event-Free Survival

After follow-up of 28 � 14 months (mean event-free period
38 � 7 months), the EFS rate was 55% (76/137; Table 2).
Regional/distant metastatic PSMA-PET findings were more
likely to result in an event (HR 2.2, 95% CI 1.3–3.7;

Table 1 Prostate-specific membrane antigen-positron emission
tomography status according to both European Association of Urology
risk group and PSA level.

PSMA-PET status PSA range Total

≤0.5 ng/mL >0.5 ng/mL

Overall, n (%)
Negative/local
recurrence

74 (68) 9 (32) 83 (61)

Regional/distant
metastasis

35 (32) 19 (68) 54 (39)

EAU risk group, n (%)
Low

Negative/local
recurrence

22 (20) 1 (4) 23 (17)

Regional/distant
metastasis

7 (6) 3 (11) 10 (7)

High
Negative/local
recurrence

52 (48) 8 (28) 60 (44)

Regional/distant
metastasis

28 (26) 16 (57) 44 (32)

Total 109 (100) 28 (100) 137 (100)

Negative PSMA-PET demonstrated no disease sites; local recurrence
showed avidity confined to the prostatic fossa. EAU, European
Association of Urology; PET, positron emission tomography; PSMA,
prostate-specific membrane antigen.

Table 2 Event-free survival among men who received salvage
radiotherapy according to European Association of Urology risk group
and PSMA-PET status.

EFS HR (95% CI) P value

EAU risk group, n/N (%)
Low 18/22 (82) 2.9 (1.1–8.3) 0.039
High 49/88 (56)

PSMA-PET status, n/N (%)
Negative/local
recurrence

47/63 (75) 3.2 (1.7–5.9) <0.001

Regional/distant
metastasis

20/47 (43)

EAU, European Association of Urology; EFS, event-free survival; HR,
hazard ratio; PET, positron emission tomography; PSMA, prostate-
specific membrane antigen. Bold indicates significant value.
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P = 0.002); however, EAU high-risk status did not confer a
statistically significant worse EFS outcome overall (HR 1.7,
95% CI 0.9–3.2; P = 0.12).

The EFS outcomes for patients who received SRT (110/137;
80%) are shown in Table 2. EAU high-risk status resulted in
significantly worse EFS (56% vs 82%; HR 2.9, P = 0.039
[Fig. 1A]). Similarly, significantly worse EFS was observed for
patients with regional/distant metastasis than for those with
negative/locally recurrent PSMA-PET findings (43% vs 75%;
HR 3.2, P < 0.001 [Fig. 1B]). The majority of patients with
regional/distant metastasis underwent RT (n = 47/54; 87%),
which incorporated a metastasis-directed approach (pelvic
lymph nodes and/or distant metastasis) for 85% of these
patients (40/47).

The combination of EAU risk group and PSMA-PET status is
shown in Table 3 and Fig. 1C. Worse EFS was observed for
patients with regional/distant metastasis on PSMA-PET who
received SRT compared to those with negative/locally
recurrent disease PSMA-PET findings in the EAU high-risk
group (37% vs 71%; HR 3.1, 95% CI 1.6–6.1; P = 0.001) but
did not reach statistical significance in the EAU low-risk
group (71% vs 87%; HR 2.3, 95% CI 0.3–16; P = 0.84).

Adjusted multivariate Cox regression analysis determined that
both EAU high-risk status (HR 2.9, P = 0.04) and regional/
distant metastasis on PSMA-PET (HR 3.1, P < 0.001) were
predictive of an event despite SRT.

Special Groups

When regional nodal and distant metastasis on PSMA-PET were
considered as separate groups among patients who received
SRT, EFS was 48% and 29%, respectively. Incorporation of
regional nodal metastasis into the negative/locally recurrent
PSMA-PET group, to provide a pelvic vs extra-pelvic
comparison, reduced EFS to 66%. Pelvic nodal RT [prostate bed
with pelvic nodal RT or nodal RT alone (n = 34, 20 events)]
outcomes were compared to prostate bed/fossa RT alone (n = 7,
3 events) and no significant difference in EFS was observed (HR
1.6, 95% CI 0.5–5.5; P = 0.43).

Androgen deprivation therapy was used for 26 patients who
underwent SRT (24%), who were mostly in the EAU high-
risk group and had regional/distant metastasis on PSMA-PET
(96%). In these patients, 19 events were observed (EFS 27%).
ADT use was associated with worse EFS among patients in
the EAU high-risk group (HR 4.0, 95%CI 2.1–7.5; P < 0.001)
and regional/distant metastasis on PSMA-PET (HR 2.8, 95%
CI 1.3–6.0; P = 0.009).

Twenty percent of the cohort (27/137) did not receive SRT
and, instead, underwent surveillance (n = 21, 78%), systemic
therapy (n = 5, 19%) or surgery (n = 1, 3%). Clinical
variables in these patients were similar to those in patients

who did receive SRT, except T-stage was higher among
patients receiving SRT (≥pT3 69% vs 59%; P = 0.02).
Although use of SRT was predictive of EFS in this group (HR
0.44, 95% CI 0.26, 0.77; P = 0.004), EAU risk status (HR
1.42, P = 0.73) and PSMA-PET status (HR 1.3, P = 0.47)
were not (Table S3). Patients who received SRT had
significantly higher EFS in both the EAU low-risk (82% vs
36%; HR 0.22, P = 0.02) and EAU high-risk groups (56% vs
31%; HR 0.45, P = 0.02), as well as negative/locally recurrent
PSMA-PET results (75% vs 35%; HR 0.27, P < 0.001), but
not when regional/distant metastasis were seen on PSMA-
PET (43% vs 29%; HR 0.61, P = 0.31).

Discussion
The intersection of established clinical variables with
potentially additive prognostic and predictive information
from novel imaging methods, such as PSMA-PET, in the
setting of BCR following RP is highly relevant for clinicians
to guide decisions on appropriate management.
Contemporary practice has pivoted to generally favour early
SRT rather than adjuvant RT after RP to reduce
overtreatment, which was recently supported by three
randomized trials and the ARTISTIC meta-analysis [13]. The
EAU risk groups provide a validated framework for risk
stratification but are limited to data from patients staged with
conventional imaging [14,15]. In this study, we found that
both PSMA-PET status and EAU risk group were
independently predictive of EFS and provided complementary
information for patients undergoing SRT. PSMA-PET status
was more predictive of EFS than EAU risk group.

While use of PSMA-PET in the BCR setting is endorsed by
the EAU and Australian guidelines [4,5], there are limited
outcome data for PET-guided RT. Our previously published
data have shown that PSMA-PET results are predictive of
3-year outcomes despite recording but not dictating treatment
regimens [9]. The EMPIRE-1 study randomized 165 patients
to post-prostatectomy SRT guided by either 18F-fluciclovine-
PET/CT or conventional imaging, and reported that PET-
guided RT improved EFS at 3 years (76% vs 63%; P = 0.003)
and 4 years (76% vs 51%; P < 0.001) [16]. A similarly
designed randomized trial assessing PSMA-guided SRT is in
progress and the results are eagerly awaited [8]. This study
demonstrates that both EAU risk group and PSMA-PET
result are important predictors of SRT outcomes and both
factors should be included in future trials.

Regional/distant metastasis on PSMA-PET was significantly
predictive of EFS among men who received SRT, as was EAU
high-risk status. Incorporation of PSMA status (HR 3.1,
P = 0.001) improved on EAU risk status (HR 2.9, P = 0.039)
for prediction of EFS among EAU high-risk patients who
received SRT. Overall, the EFS in this patient cohort was
55%, significantly lower than the EFS observed within
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randomized trials in the ARTISTICmeta-analysis (87–94%)
[13] which included a higher proportion of EAU low-risk
patients (GS ≤7 82–89%; PSA-DT unknown). While our EAU
low-risk, negative/locally recurrent group showed similar EFS
rates to those observed in the ARTSTIC meta-analysis (87%),
worse EFS was noted for EAU high-risk status (56%) and
especially patients with regional/distant metastasis (43%), with
their combination showing worse survival (37%) compared to
EAU high-risk status, negative/locally recurrent patients (71%).

European Association of Urology risk status was shown to
predict PSMA-PET findings in a recent report on 145
patients from two prospective cohorts, in which patients in
the EAU high-risk group were more likely to have a positive
scan (82% vs 49%; odds ratio 6.7, P < 0.001) than those in
the low-risk group, and improved prediction of scan
positivity on PSA alone (area under the curve 0.83 vs 0.76;
P = 0.02) [17]. PSA-DT, even with PSA values <0.5 ng/mL,
has been shown to provide additive benefit for prediction of
PSMA-PET positivity [18], as well as more favourable
outcomes being observed after SRT in men with longer PSA-
DT (>10 months) [19]. The EAU risk groups provide an
additional composite measure of clinical variables (GS and
PSA-DT), of which PSA-DT is likely to reflect tumour clonal
kinetics and hence cancer biology [20]. Thus, a clinical and
imaging-guided risk stratification framework may further
optimize patient selection for imaging and RT use to improve
RT outcomes in the BCR setting.

Further trials are needed to investigate biomarker-guided
approaches (clinical, imaging, molecular features) for optimal
oncological outcomes. The incorporation of imaging such as
PSMA-PET into clinical practice and the subsequent
oncological outcomes can be captured by national registries
and provide benchmarking for evidence-based care [21].
Other considerations include different PSA thresholds to

define BCR [22] or other imaging [23,24] or molecular tests
[25]. For instance, molecular tests such as the Decipher�

genomic classifier, which is independently prognostic for
major oncological outcomes (adverse surgical pathology,
progression-free survival, metastasis-free survival and overall
survival) for patients prior to or after RP may provide further
prognostic information [26], and merit inclusion in
prospective trials in this setting.

This study has several limitations. One being sample size; in
particular, there was a limited proportion of patients with EAU
low-risk status (24%) and high PSA levels (≥0.5 ng/mL; 20%),
which may have affected the association of EAU risk with
PSMA-PET findings, as well as a small proportion of patients
who did not receive SRT, limiting further exploration of this
subgroup. Secondly, the clinically pragmatic but not
predetermined intervention was at the discretion of treating
urologists or radiation oncologists. Furthermore, variability in
clinical practice and censoring in some patients may have
overtly influenced observed outcomes. The definition of EFS
among men who did not receive SRT is not validated but was
defined to be most similar to the well-accepted post-SRT
definition according to supportive clinical data. The post hoc
data collection and variable availability of PSA-DT values
(collected as categorical variables) limited the inclusion of all
patients from the original study and further analysis. Use of the
EAU risk groups, originally defined and validated for
metastasis-free survival and overall survival, in this study to
predict EFS is a deviation from their original intended use,
which was necessary given the lack of long-term follow-up
required to determine metastasis-free survival and overall
survival with PSMA-PET.

The strengths of this study include the multicentre pragmatic
design that allows the findings to be generalizable to clinical
practice. Furthermore, the study was conducted by
experienced imaging centre staff with high-quality imaging,
and imagers who, as integral members of the urology
multidisciplinary team were cognisant of the clinical
implications of their reports.

In conclusion, PSMA-PET was both prognostic and more
predictive of outcomes following SRT than was the EAU risk
classification. EAU risk grouping and PSMA-PET findings
were complementary variables for prediction of outcomes in
patients with BCR after RP receiving SRT. These findings
provide early evidence of the value of PSMA-PET among
clinical variables for prediction of oncological outcomes in
the BCR setting. Randomized trials assessing the benefit of
PSMA-PET for treatment selection and guidance, including
extent of radiation fields and use of ADT, with subsequent
long-term oncological outcomes, are required.

Disclosure of Interests
All authors confirm no relevant conflict of interest.

Table 3 Event-free survival among men who received salvage
radiotherapy according to combined European Association of Urology risk
group and PSMA-PET status.

EAU risk group HR
(95% CI)

P
value

Low
(n = 22)

High
(n = 88)

PSMA-PET status,
n/N (%)

Negative/local
recurrence
(n = 63)

13/15 (87) 34/48 (71) 2.4 (0.5–10) 0.25

Regional/distant
metastasis
(n = 47)

5/7 (71) 15/40 (38) 2.9 (0.7–12) 0.15

HR (95% CI) 2.3 (0.3–16) 3.1 (1.6–6.1)
P value 0.4 0.001

EAU, European Association of Urology; HR, hazard ratio; PET, positron
emission tomography; PSMA, prostate-specific membrane antigen.
Bold indicates significant value.
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Supporting Information
Additional Supporting Information may be found in the
online version of this article:

Appendix S1
Table S1 Demographic data according to EAU risk groups,
PSMA-PET status and radiotherapy (RT) use. RP, radical
prostatectomy; IQR, interquartile range.

Table S2 PSMA-PET status according to both EAU risk and
PSA level (further substratified compared to Table 1).
Negative PSMA-PET demonstrated no disease sites; local
recurrence showed avidity confined to the prostatic fossa.
Table S3 Event-free survival (EFS) among the overall
population (Table A) and men who did not receive salvage
radiotherapy (no SRT; Table B) with Cox regression analysis
(Table C) according to EAU risk, PSMA-PET status and their
combination.
Figure S1 Patient inclusion flow chart considering the
original patient cohort (n = 260) and the cohort in the
present analysis (n = 137); PSAdt, PSA doubling time.
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