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a b s t r a c t
The management of patients with biochemical, local, nodal, or oligometastatic relapsed prostate cancer
has become more challenging and controversial. Novel imaging modalities designed to detect recurrence
are increasingly used, particularly PSMA-PET scans in Australia, New Zealand and some European countries. Imaging techniques such as MRI and PET scans using other prostate cancer-specific tracers are also
being utilised across the world. The optimal timing for commencing salvage treatment, and the role of
local and/or systemic therapies remains controversial. Through surveys of the membership, the
Australian and New Zealand Faculty of Radiation Oncology Genito-Urinary Group (FROGG) identified
wide variation in the management of recurrent prostate cancer. Following a workshop conducted in
April 2017, the FROGG management committee reviewed the literature and developed a set of recommendations based on available evidence and expert opinion, for the appropriate investigation and
management of recurrent prostate cancer. These recommendations cover the role and timing of postprostatectomy radiotherapy, the management of regional nodal metastases and oligometastases, as well
as the management of local prostate recurrence after definitive radiotherapy.
Ó 2018 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 129 (2018) 377–386

The management of relapsed prostate cancer is evolving due to
the early detection of recurrence with ultrasensitive serum
prostate-specific antigen (PSA) assays and advanced imaging
modalities such as choline-, prostate-specific membrane antigen(PSMA) and fluciclovine-positron emission tomography (PET)
scans, and magnetic resonance imaging (MRI). Recent studies have
provided valuable information on the role and timing of radiotherapy (RT) post-prostatectomy, and the additional benefit of concurrent androgen deprivation therapy (ADT) [1–3].
Increasing utilisation of PET and/or MRI for recurrent disease has
occurred in many countries, often in advance of evidence to guide
optimal utilisation and subsequent decision-making. The use of
novel imaging has led to increased identification of oligometastatic
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disease and/or nodal recurrence and interest in metastasis-directed
therapy and salvage nodal treatments, with uncertainty regarding
the respective roles of local and systemic therapy, and whether
local therapy has any impact on clinical progression and outcomes.
This increased identification of low-volume nodal and metastatic
prostate cancer has occurred in parallel with recent large randomised trials which have reported improved survival with the
addition of early chemotherapy or abiraterone for de novo metastatic prostate cancer [4–6], confirming the importance of prospective trials to evaluate the role of local therapy in addition to, or with
the intent of delaying systemic therapy in low-volume metastatic
disease.
In order to provide guidance on the investigation and management of recurrent prostate cancer, a set of recommendations was
developed by the Royal Australian and New Zealand College of
Radiologists’ Faculty of Radiation Oncology Genito-Urinary Group
(FROGG).
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Materials and methods
The members of FROGG recognised wide variation in the management of recurrent prostate cancer and the need to develop
evidence-based recommendations. A working party of FROGG
members reviewed the literature, appraised the current evidence
and drafted an initial set of recommendations. A two-day workshop was held by FROGG in April 2017. Sixty-two specialists in
radiation oncology, medical oncology, urology, radiology and
nuclear medicine from Australia, New Zealand and the United
States participated. Prior to the workshop, participants completed
an online survey consisting of five clinical scenarios of prostate
cancer recurrence to assess current patterns of practice and identify areas of most controversy. During the workshop, the draft recommendations were presented to attendees, with discussions by
the group prompting modification. Following the workshop, further refinements were made by the FROGG working party.

Results
The pre-workshop survey was completed by forty radiation
oncologists and demonstrated significant heterogeneity in the
management of biochemical recurrence including the use of imaging investigations. There was a lack of consensus regarding the role
of elective pelvic nodal irradiation and the use and duration of ADT
for locoregional prostate cancer recurrence. The management of
isolated pelvic node recurrence, oligometastases and intraprostatic
recurrence post-RT also differed amongst those surveyed.
The final recommendations were approved by the FROGG executive committee and are detailed in table format, along with supporting references and the levels and grades of evidence as
outlined by the Oxford Centre for Evidence-based Medicine [7]. A
number of recommendations lack high-level evidence and are
based on expert opinion. In these circumstances, patients should
be entered into clinical trials where available. This document
serves as a guide for safe and more consistent practice, and is not
intended to be restrictive nor prohibitive. Management recommendations should be tailored to individual patient’s circumstances and preferences.

Discussion
Recommendation 1: Role of adjuvant post-prostatectomy radiotherapy (Table 1).

Definitionof adjuvant radiotherapy
The ASTRO/AUA definition of adjuvant radiotherapy (ART) is RT
delivered post-prostatectomy to those patients with an undetectable PSA considered at higher risk of prostate cancer recurrence
[8], usually within 6 months of surgery. In order to achieve consistency in the reporting and comparing of outcomes of both adjuvant
and salvage RT, we recommend that a PSA <0.10 ng/mL [9] be considered ‘‘undetectable” providing that the PSA is not rising when
ultrasensitive PSA assays are being used. This is not intended to
alter the accepted definition of post-prostatectomy biochemical
recurrence, nor to define a threshold value at which RT should be
considered.
Patient selection for adjuvant post-prostatectomy radiotherapy
Three randomised controlled trials (RCTs) have demonstrated
that ART for high-risk post-prostatectomy patients halves the risk
of biochemical recurrence [10–16]. Improvements in clinical endpoints including metastasis-free survival and overall survival, were
seen in one trial [10]. The contribution and limitations of these trials to contemporary practice are acknowledged [17], including the
heterogeneous use of salvage RT and ADT in the observation arms,
and in two of these trials, enrolment of a proportion of patients
with detectable PSA levels [12–15]. The results of 3 RCTs (RAVES,
RADICALS, GETUG-17) of adjuvant versus early salvage RT that
have now closed to recruitment will provide much needed evidence on the optimal timing of post-prostatectomy RT [18–20].
Results of the RAVES trial are expected in 2019.
For individual post-prostatectomy patients, the risk of recurrence should be evaluated using known prognostic factors such
as positive margins, Gleason score 8, pathological T3b/T4 disease,
and/or established nomograms [21–23]. Patients deemed to be at
high-risk of recurrence should have the option of adjuvant versus
early salvage RT discussed with them by a radiation oncologist.
Patients with pathological node-positive disease may also benefit from ART, with several retrospective cohorts demonstrating
improved disease-specific and overall survival with the combination of adjuvant ADT and RT [21,24–27].
Recommended adjuvant radiotherapy dose
Although the minimum dose to the prostate bed in the three
adjuvant RCTs ranged from 60 to 64 Gy [10–15], based on the current randomised trials of adjuvant versus salvage postprostatectomy RT [18,19], a dose of 64–66 Gy in 32–33 fractions
is recommended.

Table 1
Summary of recommendations for adjuvant radiotherapy.
Definition: Adjuvant radiotherapy is RT delivered within 6 months post-prostatectomy in patients with PSA < 0.10 ng/mL and not rising
Recommendation

Level of
evidence

Grade of
evidence

References

1.1. Patients at high risk of recurrence based on known prognostic factors such as positive margins,
Gleason score 8, pathological T3b/T4 or node-positive disease, and/or established nomograms
should be referred to a radiation oncologist for a discussion on the role and timing of post-operative
radiotherapy
1.2. The recommended ART dose to the prostate bed is 64–66 Gy (EQD2)
1.3. In patients with pathological node-positive disease post-prostatectomy, post-operative ADT has
been shown to improve survival
1.4 Pathologically node-positive patients should be referred to a radiation oncologist for consideration
of pelvic radiotherapy and ADT, as the combination has been shown to improve disease-free survival
and overall survival

1a

A

[21–23]

1b
1b

B
A

[18,19]
[28,29]

2b

B

[21,24–27]

Abbreviations: RT = radiotherapy. PSA = prostate-specific antigen. ART = adjuvant radiotherapy. EQD2 = equivalent dose in 2-Gy fractions. ADT = androgen deprivation
therapy.
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Role of concurrent ADT with adjuvant post-prostatectomy
radiotherapy
In those patients with pathological node-negative disease
receiving ART, there is no high-level evidence to support the routine use of concurrent ADT.
In patients with pathological node-positive disease, adjuvant
ADT has been shown to improve overall survival [28,29].
Recommendation 2: Management of rising PSA postprostatectomy and role of salvage radiotherapy (Table 2).

Definition. of salvage radiotherapy
Salvage radiotherapy (SRT) is the delivery of postprostatectomy RT to patients with a detectable post-operative
PSA or rising PSA of any amount, or if recurrent disease is seen
on imaging. A ‘‘detectable” PSA threshold of 0.10 ng/mL is recommended to provide a consistent definition for reporting adjuvant
and salvage RT [9]. This does not modify the existing definition
of biochemical relapse, nor define the appropriate level or timing
of initiation of SRT.

Role for imaging investigations in patients with a rising PSA postprostatectomy
In patients with a rising PSA post-prostatectomy, conventional
imaging investigations such as computed tomography (CT) and
whole body bone scan have limited sensitivity at low PSA levels,
and are of limited value in asymptomatic patients [30,31]. The European Association of Urology (EAU) recommends against routine
imaging in asymptomatic patients or those with PSA <10 ng/mL
[32], with the ASTRO/AUA guidelines suggesting restaging may be
considered in a patient with biochemical recurrence but acknowledge the low yield of imaging modalities such as bone scan when
PSA <10 ng/mL [33].

Novel imaging techniques using radiolabelled monoclonal antibodies that bind to PSMA on prostate epithelial cells such as PSMAPET scans are increasingly being used, when available, in the investigation of biochemical recurrence. The majority of contemporary
experience in Australia and New Zealand evaluating patients with
rising PSA levels following prostatectomy is utilising PSMA-PET. In
a recent review it was noted that the bulk of published experience
favours PSMA-PET as the most sensitive imaging agent at low PSA
levels [34]. In those prostate cancers that do not express PSMA,
alternative tracers using choline, fluciclovine or fluorodeoxyglucose, may be of utility.
A systematic review and meta-analysis of PSMA-PET in assessing disease recurrence demonstrated increasing PSMA-PET positivity with increasing PSA levels, and in meta-regression analysis the
predicted positivity was 48% for PSA of 0.2 ng/mL, 56% for PSA 0.5
ng/mL and 70% for PSA 1.0 ng/mL [35]. Another review of PSMAPET for prostate cancer recurrence, reported 50% positivity at PSA
levels 0.20–0.49 ng/mL, and 53% positivity at PSA levels of 0.50–
0.99 ng/mL [36]. At PSA levels <0.2 ng/mL, positive rates of only
11–23% have been reported [37,38]. Based on these findings, at
PSA levels <0.2 ng/mL there are concerns about the reliability and
utility of PSMA-PET. Additionally, interpretation of published
results is limited by the lack of standardisation in reporting,
absence or variability in definitions of positive lesions, and the limited histologic correlation with imaging findings, leading to uncertainty regarding the rate of false positive results. The recently
published consensus guidelines on reporting of PSMA-PET scans
may provide valuable consistency in reporting [39].
It is also important to note that 5–10% of prostate cancers do
not express PSMA [40], and that PSMA is also expressed by tissues
other than prostate cancer, with possible false positive results in
sites such as sacral/coeliac ganglia, Paget’s bone lesions, and other
malignancies [41–43]. The use of ADT can affect interpretation of
PSMA-PET scans, as PSMA expression by prostate cells increases
with inhibition of the androgen receptor and can result in

Table 2
Summary of recommendations for rising PSA post-prostatectomy and role of salvage radiotherapy.
Definition: Salvage radiotherapy is RT delivered post-prostatectomy in the setting of a PSA >0.10 ng/mL or rising PSA of any magnitude
Recommendation
2.1. Role for imaging investigations in patients with a rising PSA post-prostatectomy:
Conventional imaging with computed tomography and whole body bone scan have low sensitivities at
PSA <10 ng/mL and are of limited value in asymptomatic patients
PSMA-PET has an emerging role in the detection of recurrent disease post-prostatectomy at low PSA
levels and should be considered. At PSA levels <0.2 ng/mL, the sensitivity and specificity of PSMA-PET
is low and is not routinely recommended
A negative PSMA-PET does not preclude the presence of a local recurrence and these patients should still
be offered salvage radiotherapy if clinically appropriate
Where positive findings on PSMA-PET may alter management, consider confirmation with correlative
imaging or biopsy
Multiparametric MRI may also be considered to aid detection and localisation of local recurrence
2.2. Patients with a persistently rising PSA post-prostatectomy should be referred to a radiation
oncologist for discussion of SRT
2.3. Early SRT, even at PSA <0.2 ng/mL, is associated with improved biochemical control and freedom
from distant metastases.
2.4. Recommended doses for SRT:
Doses of 66–70 Gy (EQD2) to the prostate bed are associated with improved biochemical control and are
recommended
In patients with macroscopic prostate bed recurrence: The electively treated prostate bed should be
treated to doses of 66–70 Gy (EQD2).
If achievable, gross recurrence on imaging to be treated to doses >70–74 Gy (EQD2) respecting normal
tissue constraints
2.5. Elective pelvic nodal irradiation can be considered in patients who have had a minimal or no nodal
dissection and who are at high risk of microscopic nodal involvement
2.6. Concurrent ADT with SRT can be considered, with the benefit most evident for higher risk patients

Level of evidence

Grade of evidence

References

4

C

[30–33]

4

C

[34–38]

4

C

[49]

5

D

–

4
5

C
C

[50]
[1,46,48]

2a

B

[1,46,48]

2a

B

[18–19]

5

D

–

5

D

–

2b

C

[59–62]

1b

A

[2,3,63]

(e.g. pre-RT PSA >0.7 ng/mL, Gleason >7, positive margins). Hormone duration of 6–24 months is
recommended
Abbreviations: RT = radiotherapy. PSA = prostate-specific antigen. PSMA-PET = prostate-specific membrane antigen-positron emission tomography. MRI = magnetic resonance
imaging. SRT = salvage radiotherapy. EQD2 = equivalent dose in 2-Gy fractions. ADT = androgen deprivation therapy.
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increased sensitivity of PSMA-PET after administration of ADT
[44,45]. As with the introduction of any new imaging modality,
there is a learning curve for nuclear medicine physicians and treating clinicians in the interpretation of results and we recommend
that PET scans be reviewed in a multidisciplinary team meeting
and management plans discussed. It is suggested that confirmation
of a corresponding anatomic lesion on CT or MRI, histological verification, or evidence of progression on serial imaging should be
obtained where possible, if PET findings are used to alter treatment
recommendations.
In patients in whom SRT would otherwise be recommended,
SRT should not be withheld due to a negative PET scan, as microscopic locoregional disease may be below the sensitivity of detection. With evidence demonstrating improved efficacy of early SRT
[1,46–48], delaying radiotherapy until gross disease is seen may
compromise treatment outcomes. One study of PSMA-PET for biochemical recurrence post-prostatectomy found that a negative
PSMA-PET was independently predictive of treatment response
to SRT, and that these patients had a more favourable treatment
response to SRT than those with a positive PSMA-PET [49].
Multiparametric MRI is also of value in detecting local recurrence post-prostatectomy with increasing sensitivity at higher
PSA levels. In a series of 80 men undergoing MRI for suspected local
recurrence, MRI detected a local recurrence in 52%, 79%, and 89%
with PSA levels <0.4 ng/mL, 0.4–1.0 ng/mL, and >1.0 ng/mL, respectively [50]. MRI may also be a valuable correlative imaging modality for equivocal PET findings or to provide better anatomical
delineation of recurrence when planning radiotherapy.
Patient selection for salvage post-prostatectomy radiotherapy
There are no prospective RCTs evaluating the effectiveness of
SRT, however, retrospective series have reported improved biochemical control and cancer-specific survival rates in certain
groups of patients receiving SRT [51,52]. An updated multiinstitutional analysis of more than 2400 patients treated with
SRT described overall 5-year freedom from biochemical failure
(FFBF) rates of 56%. Even in patients with the poorest prognosis
i.e. Gleason 9–10 disease and a PSA >2.0 ng/mL, SRT achieved a
5-year FFBF rate of 26% [1]. As any patient with a persistently rising
PSA post-prostatectomy could benefit from SRT, we recommend
that patients with a life expectancy of more than 10 years be
referred early to a radiation oncologist for discussion regarding
SRT. SRT should still be considered in the absence of positive imaging findings and indeed preliminary data on PSMA scanning prior
to SRT suggests a better response to prostate bed RT in those
patients with a negative scan [49]. SRT should therefore be considered on an individual case basis with shared decision-making
between the clinician and patient following discussion of the
expected treatment efficacy, toxicity, natural history of biochemical relapse and the patient’s life expectancy and preferences.
Timing of salvage radiotherapy
There is no prospective data that defines a PSA threshold for the
recommendation of SRT, however, evidence supports more favourable outcomes when SRT is administered at lower PSA readings
[1,46,48,53]. A systematic review reported a significant association
between PSA levels before SRT and relapse-free survival, with a
2.6% decrease in relapse-free survival for each 0.1 ng/mL increase
in PSA prior to SRT, and relapse-free survival of 64% at pre-SRT
PSA levels of 0.2 ng/mL [46]. Tendulkar et al. [1] recently updated
a predictive nomogram to evaluate the benefit of early SRT [48],
and included patients treated with SRT at PSA 0.2 ng/mL.
This study found that early SRT at the lowest detectable PSA of
0.01–0.2 ng/mL resulted in 71% FFBF at 5 years, with increasing

pre-SRT PSA associated with decreasing FFBF and increasing rates
of distant metastases. These data support the ASTRO/AUA joint
consensus guidelines that recommend salvage radiation therapy
‘‘at the earliest sign of PSA recurrence” [33] such that patients
should consult with a radiation oncologist before the PSA exceeds
0.2 ng/mL.
It is important to note that not all patients with a rising or
detectable PSA may develop further PSA progression or clinical
progression of disease, and earlier initiation of SRT may result in
overtreatment of some patients [54]. Interpreting a rise in PSA in
the context of known adverse histopathological features (pT3b or
higher, Gleason 8, negative surgical margins) may guide the early
initiation of SRT [55].
Recommended dose for post-prostatectomy salvage radiotherapy
Systematic reviews and meta-analyses have shown improved
biochemical control rates with increasing SRT doses [47,56]. King
et al. demonstrated an SRT dose of 70 Gy resulting in a relapsefree survival rate of 58.4% compared to 38.5% for 60 Gy at a median
follow-up of 52 months [56]. A dose–response relationship has also
been demonstrated with SRT dose <66 Gy significantly associated
with increased biochemical failure when compared to doses 66
Gy [1]. However, dose-escalated RT, may increase toxicity. The
long-term efficacy and toxicity results of the SAKK 09/10 randomised study of SRT to 64 or 70 Gy are awaited [57].
We recommend SRT doses of 66–70 Gy to the prostate bed, similar to the 64–66 Gy used in the ongoing adjuvant versus salvage
radiation therapy trials [18,19] and described in the ASTRO/AUA
guidelines [33]. Series incorporating these doses have shown very
high rates of in-field control to the prostate bed and pelvic lymph
nodes as assessed by PSMA-PET scanning [58]. For macroscopic
prostate bed recurrence, higher doses of radiotherapy 70–74 Gy
EQD2 to gross disease should be considered if normal tissue dose
constraints allow.
Role of elective pelvic lymph node irradiation
Retrospective series of elective pelvic lymph node irradiation
(EPLNI) post-prostatectomy have reported improved biochemical
control in a select group of patients [59–62]. The benefit of EPLNI
was seen in those patients with Gleason 8, pre-operative PSA
>20 ng/mL, pre-SRT PSA 0.4 ng/mL, pT3 or pathological nodal disease [59,60]. A retrospective analysis of 1861 patients receiving
SRT reported that EPLNI was associated with 5-year FFBF of 62%
versus 49% (p < 0.001) for prostate bed RT but no difference in distant metastases [62]. We are awaiting the results of the RTOG 0534
phase 3 trial, the first RCT of EPLNI and concurrent ADT. This study
closed to accrual in 2015 and will provide valuable information.
With limited available evidence, we recommend EPLNI be discussed as an option with patients at high risk of microscopic nodal
involvement, and particularly considered in those who have had a
minimal or no nodal dissection.
Role of ADT with salvage post-prostatectomy radiotherapy
There have been 2 RCTs evaluating the role of ADT in conjunction with SRT, and a systematic review recently published [2,3,63].
The French GETUG-AFU 16 phase 3 trial randomised 743 men
with rising PSA to 0.2–2.0 ng/mL post-prostatectomy to SRT to
the prostate bed +/ pelvis with or without 6 months of goserelin
ADT [2]. The study found the addition of ADT improved 5-year
progression-free survival from 62% to 80%, but no significant difference in overall survival. Further follow-up is required to determine
if the delay in biochemical progression translates into improvement in clinical endpoints.
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The RTOG 9601 phase 3 trial included a less favourable group of
patients, requiring a detectable post-operative PSA of 0.2–4.0 ng/
mL, with 12% having persistently positive PSA >0.5 ng/mL postoperatively [3]. Seven hundred and sixty patients were randomised
to SRT to the prostate bed with or without 24 months of bicalutamide. At 12 years, overall survival was 76.3% in the bicalutamide
arm compared to 71.3% in the placebo group, with a hazard ratio
for death of 0.77. Two years of bicalutamide was also associated
with a significant decrease in biochemical progression, development of metastatic disease and death from prostate cancer. On
post-hoc subgroup analysis, the benefit of bicalutamide was seen
in men with pre-treatment PSA >0.7 ng/mL, Gleason 7 and positive surgical margins.
It remains uncertain how the results of these trials should apply
to contemporary practice, where SRT is frequently initiated at PSA
levels lower than in these two trials. The recently closed RADICALS
trial of 0 versus 6 months versus 24 months of ADT [19], may provide further information on patient selection and the optimal duration of hormone therapy.
We recommend for patients receiving SRT, the option of concurrent ADT (6–24 months) should be discussed, particularly in
patients with adverse prognostic features such as persistent postoperative PSA, higher PSA level prior to SRT and Gleason 8–10 disease. Treatment decisions should be individualised and based on
the patient’s risk profile, adverse effects of ADT, and patient’s preferences, as well as life expectancy. ADT should also be considered
for men with a macroscopic prostate bed recurrence on imaging.
Recommendation 3: Radiotherapy for recurrence limited to pelvic lymph nodes after curative local treatment (Table 3).
Traditionally, pelvic nodal recurrence of prostate cancer has
been managed with observation or ADT alone. In the setting of
an isolated nodal recurrence after curative local treatment with
either RT or prostatectomy, there is no high-level evidence to guide
management, and accrual to clinical trials evaluating the impact of
locoregional therapy is encouraged. There is, however, evidence
regarding the benefit of treating pelvic nodal metastases at initial
presentation. Specifically, the addition of RT to ADT has been
shown in retrospective series of pathological node-positive disease
to improve biochemical relapse-free, cancer-specific and overall
survival in the adjuvant setting [21,24,27]. For clinical de novo pelvic lymph node metastases, combined RT and ADT has also been
shown to be a curative treatment approach [64–70].

Small retrospective single-arm studies have described their outcomes following salvage nodal RT and/or lymph node dissection
for isolated oligometastatic lymph node recurrence after curative
local prostate treatment [71–80]. These studies have included a
heterogeneous group of patients, various treatment techniques
and target volumes, as well as variable use of ADT. A systematic
review of RT for nodal recurrence reported response rates of 13–
75% at a short median follow-up of 11–29 months [81]. Salvage
nodal irradiation was well-tolerated with less than 10% of patients
experiencing grade 2 toxicities, and grade 3 toxicities limited to
only a few patients [81,82].
Nodal-directed RT has also been shown in selected patients to
provide sustained biochemical control, and to delay the time to
both ADT and further disease progression [75,78,81,83–85]. ADTfree survival rates of 82% at 1 year, and 54–60% at 2 years, as well
as median time to ADT of 23.7 months have been reported after
stereotactic body radiotherapy (SBRT) for nodal recurrence, however, none of these trials specified their threshold for recommencing ADT [75,84]. The STOMP phase 2 RCT of observation versus
metastases-directed therapy with SBRT or surgery in a cohort of
62 patients with nodal and/or distant metastases, also reported a
trend to longer median ADT-free survival and longer time to PSA
progression with metastasis-directed therapy at median followup of 3 years [85]. Interpretation of these limited published
outcomes should recognise the highly selected cohorts and the
significant variability in natural history of relapse in the absence
of locoregional salvage therapy.
Patients who are more likely to have locoregional disease only,
based on clinicopathological risk factors and imaging can be considered for salvage nodal treatment, extrapolating from the de novo
and pathological node-positive data. However, this approach
remains investigational. Prognostic features to consider include
Gleason score, disease-free interval, PSA doubling time, number
of involved lymph nodes, and anatomical level of highest lymph
node [21,86,87]. Concurrent ADT should be considered with RT,
particularly for patients receiving whole pelvic RT.
Prospective trials are required to guide management, and we
await the outcome of the GETUG P07 trial studying the efficacy
of EPLNI and 6 months of ADT for recurrent prostate cancer isolated to the pelvic lymph nodes [88].
For those patients who experience a pelvic lymph node recurrence after curative local treatment, PET scanning can be useful

Table 3
Summary of recommendations for radiotherapy management of recurrence limited to pelvic lymph nodes after curative local treatment.
Recommendation

Level of evidence

Grade of evidence

References

3.1. Observation, ADT, radiotherapy or surgery are suitable treatment options for recurrence limited to
pelvic lymph nodes, considering the patient’s life expectancy, preferences and disease prognostic
factors.
3.2. In patients being considered for salvage locoregional therapy, a PSMA-PET scan is recommended, if
available.
3.3. Concurrent ADT should be considered with radiotherapy, particularly for patients receiving whole
pelvic radiotherapy.
3.4. Recommended radiotherapy target volume:
The preferred target volume includes bilateral pelvic lymph nodes, delineated in accordance with
published guidelines
SBRT alone to involved node(s) may be considered in selected patients, but these patients should be
informed that they are at high risk of relapse which may be harder to treat with curative intent
Radiation treatment to the prostate bed should be considered in patients with pathological risk factors
for prostate bed recurrence
3.5. Recommended radiotherapy dose:
Elective pelvic lymph nodes should be treated to doses of at least 45–54 Gy (EQD2)
Gross nodal disease should be treated to a higher dose while maintaining safe normal tissue dose
constraints and with appropriate image guidance.

4

C

[71–82]

5

D

[89]

5

C

[21,24,27,64–70]

5

D

[93,94]

5

D

[71,73,75,77,92]

5

C

–

5
5

B
D

[96–105]
–

Abbreviations: ADT = androgen deprivation therapy. PSMA-PET = prostate-specific membrane antigen-positron emission tomography. SBRT = stereotactic body radiotherapy.
EQD2 = equivalent dose in 2-Gy fractions.

382

Radiotherapy for prostate cancer recurrence

to evaluate the extent of disease and aid in radiotherapy planning,
if applicable [89].
Target volume for salvage nodal radiotherapy
The RT techniques and treatment volumes used for lymph node
recurrence have included SBRT to only the gross recurrence
[71,73,75,77,85], radiotherapy to the involved lymph node chain
or to the bilateral pelvis with involved lymph nodes receiving a
higher dose [72,74,76].
The optimal radiotherapy target volume is not known. The
STOMP randomised trial utilised SBRT to the gross node, but also
included bilateral salvage pelvic lymph node dissection in the
metastasis-directed therapy arm. Given the high risk of subclinical
disease in the pelvic nodes beyond what is identified on PET imaging [90,91] and the risk of further relapse in the adjacent lymph
nodes [75,92], we recommend bilateral pelvic lymph nodes be
included in the target volume. Established contouring guidelines
published by the RTOG and PIVOTAL trial groups on EPLNI exist
as references and are based on prostatic lymphography and surgical data [93,94]. A series evaluating C-11 choline PET for determining patterns of failure in men with rising PSA following postprostatectomy RT found that 59% of men had nodal recurrence in
the pelvis to the level of the aortic bifurcation versus 39% in the
RTOG-defined pelvic nodal fields [95]. Individual clinical scenarios
also need to be taken into consideration, for example, the extent of
the nodal clinical target volume based on the level and location of
nodal involvement.
If patients have previously received prostate bed RT, then overlap of dose from re-irradiation should be minimised in order to
limit toxicity. In those patients who have not previously had prostate bed RT, elective radiation should be considered in those at risk
of prostate bed recurrence.
Although SBRT to isolated pelvic lymph node recurrences has
been shown in selected series to provide rates of local control in
excess of 90% at 2 years [75,84,92], further nodal relapses out-offield frequently occur and account for up to 67% of all relapse cases
at median follow-up of 2 years [75,92]. In selected patients, or
those keen to avoid ADT, nodal SBRT may be used to delay the time
to ADT, however these patients should be informed that they are at
high risk of recurrence which may be harder to treat with reirradiation and curative intent.
Recommended dose for salvage nodal radiotherapy
Traditionally, EPLNI for prostate cancer has utilised doses of 45–
50.4 Gy [96–103]. Pelvic nodal doses of 54–56 Gy EQD2 have been
described in non-randomised studies, with no or few late grade 3
toxicities at short-follow-up [104,105]. For gross nodal disease,
higher doses of RT are recommended in order to potentially eradicate macroscopic disease, with the optimal dose remaining
unknown. In order to deliver high doses to the target volume, while
sparing surrounding normal tissue, modern techniques including
IMRT and VMAT and daily image-guidance are recommended. If

considering dose-escalation, organ at risk constraints should be
respected, with safe dose-escalation limited by the size, location
and number of involved lymph nodes.
Recommendation 4: Radiotherapy management of oligometastases (Table 4).
The role of RT for oligometastatic prostate cancer continues to
be investigated, and patients should be encouraged to enter clinical
trials, such as the ongoing randomised CORE study comparing best
available standard of care with or without SBRT for 1 – 3
oligometastases (CRUK 14–038/TROG 16-03, ClinicalTrials.gov
identifier: NCT02759783). Systemic therapy remains the standard
of care for widespread metastatic prostate cancer [106]. For symptomatic metastatic disease, RT has been shown to improve pain
and provide local control [107].
There is no consensus definition of oligometastatic disease,
however, accepted working definitions from clinical trials tend to
limit the number of metastases to 1–3 or 1–5 metastases in one
or few organs [108]. For the purpose of our guidelines, we define
oligometastatic disease as the presence of 1–3 distant metastases,
but acknowledge this is an evolving area.
The rationale for SBRT and metastasis-directed therapy is based
on the presumption that the oligometastasis may be the only site
of disease, or may be a nidus to seed other metastases [109], and
thus local therapy targeting the metastasis may delay disease progression, improve survival and, in some cases, potentially result in
cure. Resection or ablation of oligometastatic disease has become
the default standard of care in other malignancies such as
colorectal cancer and renal cell carcinoma based on cohort studies
[110–112]. However, level 1 evidence is lacking for extracranial
oligometastatic disease. Patients being considered for SBRT for oligometastatic prostate cancer should be informed of the absence of
high-level evidence.
A systematic review of SBRT for the treatment of oligometastatic prostate cancer has demonstrated local control rates of more
than 90% and isolated cases of severe toxicity [82]. A multiinstitutional analysis of SBRT for 1–3 prostate cancer metastases
in treatment-naïve patients with recurrent disease reported a
median distant progression-free survival of 21 months and
3-year distant progression-free survival of 31% [113]. SBRT was
associated with a favourable toxicity profile, with only 3% developing a late grade 2 toxicity and no grade 3 or higher toxicities. These
retrospective studies, however, included a highly selected group of
patients with mixed nodal and bone metastases, and were further
confounded by varying use of ADT. The Australian POPSTAR trial
treated 1–3 oligometastases from prostate cancer with SBRT and
the bone-only metastatic cohort reported 2-year freedom from
local progression rate of 89% and freedom from distant failure of
39% [114].
Novel imaging studies, and in particular, PSMA-PET scans can
play an important role in diagnosing limited metastatic disease
and should be performed when available in patients being considered for SBRT, to better define the extent of disease and select
patients suitable for metastasis-directed therapy [89]. Given
recently reported trials demonstrating improved overall survival

Table 4
Summary of recommendations for radiotherapy management of oligometastases.
Recommendation

Level of evidence

Grade of evidence

References

4.1. Systemic therapy remains the current standard of care for metastatic disease
4.2. If symptomatic, radiotherapy should be recommended to relieve pain and provide local control
4.3. Patients should be encouraged to enter clinical trials where available to ascertain the potential
benefit of SBRT in addition to standard of care systemic therapy
4.4. In patients being considered for SBRT, a PSMA-PET scan is recommended to aid in determining the
extent of metastatic disease

1b
1a
4

A
B
C

[106]
[107]
–

5

D

[89]

Abbreviations: SBRT = stereotactic body radiotherapy. PSMA-PET = prostate-specific membrane antigen-positron emission tomography.
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Table 5
Summary of recommendations for management of local recurrence after definitive radiotherapy.
Recommendation

Level of evidence

Grade of evidence

References

5.1. Observation, ADT (immediate or deferred) or local salvage treatment are suitable treatment options
for local prostate recurrence and treatment decisions should be individualised.
5.2. Men with biopsy-confirmed local recurrence only, life expectancy of more than 10 years and of good
performance status, who are willing to accept the possible side effects associated with salvage
therapy should be offered local salvage therapy.
5.4. If considering salvage local therapy, options include salvage prostatectomy, brachytherapy,
stereotactic radiotherapy, HIFU, cryotherapy and salvage electroporation. Local salvage treatments
are associated with significant toxicity and an individualised-treatment approach is recommended.
Suitable patients should be considered for clinical trials.
5.5. Favourable prognostic features for response to salvage therapy include pre-salvage Gleason score
 7, PSA < 10 ng/mL and initial clinical stage T1 or T2.

3b

B

[128–129]

4

C

[32]

4

C

[129–137]

4

C

[32]

Abbreviations: ADT = androgen deprivation therapy. HIFU = high intensity focused ultrasound. PSA = prostate-specific antigen.

with early chemotherapy and abiraterone for de novo metastatic
prostate cancer [4–6], decisions to use metastasis-directed therapy
with the intent of delaying systemic treatment should be discussed
with medical oncology colleagues in the multidisciplinary team.
The role and duration of ADT used in combination with SBRT is
not known, but may improve tumour control by having a synergistic effect. A study of neoadjuvant/concurrent ADT and high dose
external beam radiotherapy for oligometastatic prostate cancer
reported 3-year biochemical relapse free survival and overall survival rates of 54.5% and 92%, respectively [74]. Alternatively, SBRT
given alone, may be used as a means to avoid or delay the time to
ADT and its associated side effects [75,84,113]. A pooled analysis
reported a median time to ADT of 28 months after SBRT, however,
as with many of these studies, there were no guidelines on when to
commence ADT [113]. The first RCT of metastasis-directed therapy
and delayed ADT for oligometastatic prostate cancer (STOMP trial)
reported 3-year outcomes [85] and the ORIOLE study of SBRT vs
observation is currently accruing patients [115].
Recommendation 5: Management of local recurrence after
definitive radiotherapy (Table 5)
Biochemical failure after definitive RT was defined by the Phoenix Consensus [116] as a rise in PSA by 2 ng/mL or more above the
nadir PSA. In the modern era of dose-escalated RT to the prostate,
the risk of isolated local failure is less than 10% [117,118]. However, with more sensitive imaging modalities such as PSMA-PET,
we may find this figure is higher.
Salvage therapy for local relapse post-RT should be considered
only in men with biopsy-confirmed, isolated local prostate recurrence who are of good performance status with minimal comorbidities and a life expectancy greater than 10 years. Multiparametric
MRI is able to detect local recurrence post-RT with good histopathologic confirmation [119–123]. Its accuracy in identifying local recurrence ranges from 68 to 90% [124]. A PSMA-PET scan may be a
useful investigation for evaluating disease following local RT, particularly if salvage is being considered. Two Australian studies have
reported PSMA-PET results for biochemical failure after definitive
local treatment [38,125]. Targeted biopsies based on imaging investigations, as well as systematic transperineal biopsies should be performed at least 2 years post-RT, and reviewed by an experienced
genitourinary histopathologist, to allow accurate interpretation of
results [120,126,127].
The management of men with proven local recurrence should
be individualised based on patient and treatment factors. Not all
patients with local prostate relapse will experience morbidity
related to disease, and local salvage therapy post-RT can be associated with significant side-effects [124]. Suitable treatment options
include observation, immediate or deferred ADT, or local salvage
therapy [128,129].
There is low-level evidence to guide salvage local therapy with
series reports limited to highly selected patients. Suitable patients

with local relapse after definitive RT should be considered for clinical trials. Therapeutic options including salvage prostatectomy,
brachytherapy, stereotactic radiotherapy, high-intensity focused
ultrasound (HIFU), cryotherapy and salvage irreversible electroporation [129,130].
Most experience rests with salvage radical prostatectomy with
long-term cancer control outcomes reported [131–134]. The EAU
suggests considering salvage prostatectomy only for patients with
few comorbidities, life expectancy of more than 10 years, presalvage PSA level <10 ng/mL and Gleason score 7, no lymph node
involvement, and initial clinical stage of T1 or T2 [32]. After salvage
RP, 5-year freedom from biochemical failure-rates range from 28 to
71% and 10-year cancer-specific survival from 70 to 83%. Rates of
erectile dysfunction range from 80 to 100%, urinary incontinence
32–100%, anastomotic stricture 11–30% and rectal injuries 1–10%
[124,135]. Salvage radical prostatectomy should be performed in
well-selected patients by experienced urologists in high-volume
centres due to the potential for significant complications [136].
Other local treatments can be discussed with patients, along with
their experimental nature. Salvage LDR brachytherapy can
result in 5-year biochemical relapse-free survival (bRFS) rates of
34–77%, and late grade 3 genitourinary toxicity rates of 10–25%
[137]. HIFU series have reported 5-year bRFS rates of 45–54%, with
rates of urethral stricture at 18–38%, urinary incontinence 7–40%
and rectourethral fistulae of 0.4–6% [137].
Conclusion
In response to the increasing complexities and uncertainties in
the management of recurrent prostate cancer, as well as the
increasing utilisation of novel imaging techniques, FROGG have
developed clinically relevant recommendations on the radiotherapeutic management of recurrent prostate cancer. This is an area of
management that continues to evolve, and we await the results
from a number of ongoing clinical trials. Our recommendations
are based on current evidence and expert opinion, and serve as a
guide for clinicians in managing these scenarios. Shared decisionmaking with patients, multidisciplinary collaboration with
colleagues, and individualised recommendations remain critical
to optimal management.
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