(2021) 16:82
Vogel et al. Radiat Oncol
https://doi.org/10.1186/s13014-021-01811-8

Open Access

RESEARCH

A survey among German‑speaking radiation
oncologists on PET‑based radiotherapy
of prostate cancer
Marco M. E. Vogel1,2* , Sabrina Dewes1, Eva K. Sage1, Michal Devecka1, Jürgen E. Gschwend3, Matthias Eiber4,
Stephanie E. Combs1,2,5 and Kilian Schiller1

Abstract
Background: Positron emission tomography-(PET) has evolved as a powerful tool to guide treatment for prostate
cancer (PC). The aim of this survey was to evaluate the acceptance and use of PET—especially with prostate-specific
membrane antigen (PSMA) targeting tracers—in clinical routine for radiotherapy (RT) and the impact on target volume definition and dose prescription.
Methods: We developed an online survey, which we distributed via e-mail to members of the German Society of
Radiation Oncology (DEGRO). The survey included questions on patterns of care of RT for PC with/without PET. For
evaluation of doses we used the equivalent dose at fractionation of 2 Gy with α/β = 1.5 Gy [EQD2(1.5 Gy)].
Results: From 109 participants, 78.9% have the possibility to use PET for RT planning. Most centers use PSMA-targeting tracers (98.8%). In 39.5%, PSMA-PET for biochemical relapse after prior surgery is initiated at PSA ≥ 0.5 ng/mL,
while 30.2% will perform PET at ≥ 0.2 ng/mL (≥ 1.0 ng/mL: 16.3%, ≥ 2.0 ng/mL: 2.3%, regardless of PSA: 11.7%). In case
of PET-positive local recurrence (LR) and pelvic lymph nodes (LNs), 97.7% and 96.5% of the participants will apply an
escalated dose. The median total dose in EQD2(1.5 Gy) was 70.00 Gy (range: 56.89–85.71) for LR and 62.00 Gy (range:
52.61–80.00) for LNs. A total number of ≤ 3 (22.0%) or ≤ 5 (20.2%) distant lesions was most often described as applicable for the definition as oligometastatic PC.
Conclusion: PSMA-PET is widely used among German radiation oncologists. However, specific implications on treatment planning differ among physicians. Therefore, further trials and guidelines for PET-based RT are warranted.
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Background
Positron emission tomography (PET) imaging is an
important imaging modality for treatment planning in
cancer patients especially in those with prostate cancer
(PC). Several radiolabeled tracers have been developed
and used for patients with PC. Most recently different
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ligands of the prostate-specific membrane antigen
(PSMA) have been introduced and are widely used in
clinical practice especially in Germany.
PSMA-targeting PET-tracers allow for identifying
tumor lesions with detection rates of 58% at prostatespecific antigen (PSA) levels as low as 0.2–1.0 ng/mL for
[68Ga]PSMA, increasing with higher PSA values [1]. This
led to a shift in the treatment options of radiotherapy
(RT) for PC [2]. Whereas in the past, RT to the prostate,
prostate bed or other PC lesions was performed mostly
without a morphologic imaging correlate, today precise
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RT of the true tumor mass with PET imaging is possible.
Therefore, the concept of metastasis-directed therapy
(MDT) has been introduced [3].
The recently published proPSMA trial showed a 27%
higher accuracy for PSMA-PET/computed tomography
(CT) compared to conventional imaging with CT and
bone scan for staging prior to definitive treatment [4].
Further, PSMA-PET for patients with biochemical recurrence after prior definitive treatment is recommended in
the European [5] and German [6] guidelines.
However, PET-based RT planning and treatment differs
significantly among centers. Zschaeck et al. reported differing patterns of care for PSMA-PET-based RT in seven
university centers [7].
We have designed a survey on patterns of care of RT
with/without PET imaging for patents with PC. In the
present manuscript we present the results of the second
part of the survey on the application of PET imaging
which adds novel and unprecedented information on the
day-to-day routine of PET-based RT. We sought to determine the use and experience with PET for RT planning,
predominantly PSMA-PET, among German-speaking
radiation oncologists and the impact PET imaging has on
target volume definition and dose prescription.

Methods
The authors developed a questionnaire with 35 items on
RT planning with/without PET imaging for definitive
and postoperative treatment of PC as well as oligorecurrent/oligometastatic PC. Questions were created either
as single-choice questions, multiple-choice questions, or
free-response questions. We included four general epidemiologic questions, six general questions on definitive RT, six general questions on adjuvant/salvage RT, 14
questions on PET-based RT planning, and five questions
on RT for oligorecurrent/oligometastatic PC. A team of
radiation oncologists and specialists in nuclear medicine reviewed the survey and applied minor changes to
enhance usability and readability. For the distribution
of the questionnaire, we used the online platform survio.com. We sent a hyperlink via e-mail to all registered
members of the German Society of Radiation Oncology
(DEGRO). The participation was voluntary and anonymous. The survey was available for completion between
March 3rd, 2020 and April 3rd, 2020. The second part
of the survey is analyzed within the present manuscript
focusing on PET-based RT of PC (see Additional file 1).
All aspects focusing on the daily practice patterns of PC
treatment are not part of this manuscript.
When participants answered questions for total doses
and single doses with dose ranges, we chose the lower
end of range for analysis. Brachytherapy doses were not
considered in the calculation of the median doses and
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were stated separately. We excluded the dose values if
total dose and single dose did not match since this was
most likely due to an input error. For evaluation of the
doses we used the equivalent dose at fractionation of
2 Gy (EQD2), calculated using the linear quadratic model
with α/β prostate = 1.5 Gy [EQD2(1.5 Gy)]. All statistical
analyses were performed using SPSS version 25 (IBM,
Armonk, New York, USA).

Results
Between March 3rd, 2020 and April 3rd, 2020, 109 participants completed the survey. The characteristics of
participants are shown in Table 1.
A total of 109 members responded with 78.9% (86/109)
having access to PET for RT planning, either in-house
(44.0%, 48/109) or with an external cooperation partner (34.9%, 38/109). PSMA-targeting (98.8%, 85/86) and
choline agents (15.1%, 15/86) are used. PET/CT (100%,
86/86) and PET/ magnetic resonance imaging (MRI)
(34.9%, 30/86) are performed. Most participants (69.8%,
60/86) report problems with the cost coverage of PSMAPET imaging by health insurance. 96.5% (83/86) of the
radiation oncologists who have the possibility to use
PET imaging for RT planning do so in the daily clinical
routine. Figure 1 shows the clinical indications of use for
PET imaging.
In case of biochemical relapse after prior surgery, most
participants (39.5%) will initiate PSMA-PET imaging at
PSA values ≥ 0.5 ng/mL. 30.2% will perform PSMA-PET
Table 1 Characteristics of participants n = 109

n (%)

Participants’ institution
University hospital

29 (26.6%)

Non-university hospital

26 (23.9%)

Outpatient care center (MVZ)

37 (33.9%)

Medical practice

17 (15.6%)

Participants’ position
Resident

10 (9.2%)

Fellow/specialist

45 (41.3%)

Consultant/chair

54 (49.5%)

Available RT techniques
3D-CRT

100 (91.7%)

IMRT/VMAT

108 (99.1%)

Helical IMRT

26 (23.9%)

IGRT

97 (89.0%)

Stereotactic RT

80 (73.4%)

Proton/heavy ion RT

2 (1.8%)

Brachytherapy

64 (58.7%)

n number, 3D-CRTthree-dimensional conventional radiotherapy, IMRT intensitymodulated radiotherapy, VMAT volumetric arc therapy, IGRT image-guided
radiotherapy, RT radiotherapy
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n=86
Definitive RT

46.5%

Adjuvant RT

24.4%

Salvage RT

89.5%

RT of oligometastatic/oligorecurrent PC

94.2%

Other

11.6%
0%

50%

100%

Fig. 1 Clinical indications of use for PET imaging in patients with PC (n = 86, multiple choice possible, PET positron emission tomography, RT
radiotherapy, PC prostate cancer)

n=86
≥ 0.2 ng/mL

30.2%

≥ 0.5 ng/mL

39.5%

≥ 1 ng/mL

16.3%

≥ 2 ng/mL

2.3%

Regardless of PSA value

11.7%
0%

20%

40%

60%

Fig. 2 Thresholds of PSA before PET imaging in case of biochemical
relapse after prior surgery (n = 86, PSA prostate-specific antigen, ng/
mL nanogram/milliliter)

at ≥ 0.2 ng/mL. 16.3% and 2.3% will refer a patient to
PSMA-PET at PSA levels ≥ 1.0 ng/mL and ≥ 2.0 ng/mL,
respectively. 11.7% will perform PET regardless of the
PSA value (see Fig. 2).
Median total dose for dose escalation of PET-positive local recurrence in EQD2(1.5 Gy) is 70 Gy (range:
56.89–85.71 Gy) with single doses of 2.00 Gy (range:
1.80–4.30 Gy). PET-positive pelvic lymph nodes are

irradiated with a median total dose of 62.00 Gy (range:
52.61–80.00 Gy) in EQD2(1.5 Gy) with single doses of
2.00 Gy (range: 1.80–2.60 Gy) (see Table 2).
In cases of PET-positive pelvic lymph nodes only,
most radiation oncologists will treat the elective pelvic
lymphatic pathways including the PET-positive finding
and the prostate bed. Figure 3 shows the treatment volumes in cases of PET-positive lymph nodes only without local recurrence.
Further, we asked whether the participants would
prescribe additive ADT in cases of negative PET imaging before salvage RT. 61.6% (53/86) will recommend
androgen deprivation therapy (ADT), while 26.8%
(23/86) will not. 11.6% (10/86) will not recommend
ADT regardless of the PET.
Moreover, 86.0% (74/86) of the radiation oncologists
will initiate RT in case of a negative PET before salvage
RT, while 14.0% (12/86) will postpone RT.
Most participants define ≤ 3 (22.0%, 24/109) or ≤ 5
(20.2%, 22/109) distant lesions as oligorecurrent/oligometastatic PC (see Fig. 4). 76.1% (83/109) of the interviewed radiation oncologists will recommend ADT
in cases of RT for oligorecurrent/oligometastatic PC.
Oligometastatic bone lesions are treated with conventionally fractionated RT in 51.4% (56/109) and with
stereotactic body RT (SBRT) in 43.1% (47/109). 5.5%
(6/109) of the interviewees do not treat bone lesions
in the oligometastatic situation. Median total dose in
EQD2(1.5 Gy) for bone metastases was 64.64 Gy (range:
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Table 2 Median total doses for dose escalation of PET-positive local recurrence and pelvic lymph nodes and median total dose for
oligometastatic bone lesions

PET-positive local recurrence

Median total dose in
EQD2(1.5 Gy) [Gy]

Median single dose [Gy]

RT technique

70.00 (range: 56.89–85.71)

2.00 (range: 1.80–4.30)

SQB: 24.4% (21/86)
SIB: 66.3% (57/86)
No boost: 2.3% (2/86)
Other: 7.0% (6/86), one with LDRbrachytherapy with 108 Gy

PET-positive pelvic LNs

62.00 (range: 52.61–80.00)

2.00 (range: 1.80–2.60)

SQB: 19.8% (13/84)
SIB: 75.6% (65/84)
No boost: 3.5% (3/86)
Other: 1.2% (1/86) with a SBRT boost

Oligometastatic bone lesions

64.64 (range: 31.43–197.14)

5.00 (range: 1.80–20.00)

CRT: 51.4% (56/109)
SBRT: 43.1% (47/109)
No RT: 5.5% (6/109)

RT radiotherapy, LN lymph nodes, EQD2(1.5 Gy) equivalent dose at fractionation of 2 Gy with α/β = 1.5 Gy, SQB sequential boost, SIB simultaneous integrated boost,
LDR low dose rate, SBRT stereotactic body radiotherapy, CRT conventional fractionated radiotherapy

n=83

PET-positive LN only

12.1%

PB and PET-positive LN only

6.0%

PB and elective pelvic LNs including PETpositive LN

60.2%

Elective pelvic LNs including PET-positive LN

21.7%
0%

20%

40%

60%

80%

Fig. 3 Treatment fields in cases of PET-positive LN only (n = 83, PB prostate bed, LN lymph node, PET positron emission tomography, RT
radiotherapy, PC prostate cancer)

31.43–197.14 Gy) with a median single dose of 5.00 Gy
(range:1.80–20.00 Gy) (see Table 2).

Discussion
We conducted a survey among German-speaking radiation oncologists to characterize the patterns of care for
PET-based treatment for PC.
The data clearly show that PET imaging is widely
used in centers of various institutional settings (78.9%).

96.5% of the radiation oncologists use PET for RT planning for PC; mostly for salvage RT (89.5%) or RT for
oligometastatic/oligorecurrent PC (94.2%). Overall,
most centers use PSMA-targeting agents (98.8%). Several series have shown that PSMA-ligand PET yields
higher detection rate compared to choline-based PETagents: A meta-analysis of Treglia et al. showed a clear
benefit at PSA levels ≤ 1 ng/mL in patients with recurrent PC [8].
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n=86
No RT in cases of distant lesions

1.8%

≤ 1 distant lesions

0.9%

≤ 2 distant lesions

1.8%

≤ 3 distant lesions

22.0%

≤ 4 distant lesions

12.9%

≤ 5 distant lesions

20.2%

According to CHAARTED low volume

16.5%

According to LATITUDE low risk

14.7%

Other

9.2%
0%

10%

20%

30%

Fig. 4 Participants’ definition of oligometastatic/oligorecurrent prostate cancer for local ablative RT. (Low volume according to CHAARTED [30], low
risk according to LATITUDE [36], RT radiotherapy)

While PET/CT is the standard for image acquisition,
hybrid PET/MR imaging is used by 34.9% of the participants in the present survey. Guberina et al. showed that
PET/MRI and PET/CT have a similar detection rate, but
PET/MRI is more accurate in cases of local recurrence
[9]. However, average examination time for MRI and CT
was 70 min versus 20 min favoring CT acquisition [9].
Due to longer scan duration, MRI is more cost-intensive
compared to CT. A whole-body PET/CT with a pelvic
MRI might be a good compromise to reduce examination
time, while achieving a high detection rate.
A substantial amount of the participants (69.8%, 60/86)
report about problems of cost coverage by health insurances. In Germany, in some areas PSMA-PET imaging is
covered by health insurance after an individual decision
process. Some centers have individual contracts with
insurance companies, which made PSMA-PET imaging
more accessible regionally. In February 2020 the GBA
(Gemeinsamer Bundesausschuss) decided that PSMAPET imaging should be covered by the health insurance
companies in cases of PC recurrence after prior definitive
treatment when offered as part of a so-called specialized
out-patient care (ASV). Therefore, most of the participants use PET imaging in cases of rising PSA levels after
definitive treatment in order to plan further treatment
steps such as salvage RT or RT for oligorecurrent PC.

PSMA-PET at biochemical relapse is mostly performed
at PSA levels ≥ 0.5 ng/mL (39.5%) or ≥ 0.2 ng/mL (30.2%).
The European guideline [5] recommends PSMA-PET
imaging at PSA levels > 0.2 ng/mL with a weak strength
rating. Amongst others, Perera et al. showed that sensitivity of [68Ga]PSMA-PET increases with PSA levels.
The authors reported rates of 45%, 59%, and 75% for PSA
levels of 0.2–0.49, 0.5–0.99, and 1.0–1.99 ng/mL. For
PSA < 0.2 ng/mL the scan positivity was only 33% [1].
The ideal PSA cut-off in cases of biochemical recurrence
remains unclear; however, for patients with PSA levels over 0.2 ng/mL PSMA imaging should be discussed,
if available. PSMA-PET can be considered as standard
management for patients with rising PSA and should be
performed as early as possible and when PSA levels allow.
However, since some authors showed an improved outcome for very early salvage RT (< 0.2 ng/mL) [10–12]
early treatment is desirable and should not be postponed.
Only about half of the radiation oncologists (46.5%)
stated that they use PET imaging before definitive RT.
Our own experience has shown that integration of [68Ga]
PSMA-PET imaging into treatment planning for definitive RT in prostate cancer elevates the detection rate of
lymph node spread; moreover, target volumes according to standard guidelines such as by RTOG would not
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cover affected lymph nodes adequately (up to 35.7% of all
lymph nodes) without [68Ga]PSMA-PET imaging [13].
When PET imaging shows a local recurrence or pelvic
lymph nodes most radiation oncologists use dose escalation protocols to target these PET-positive lesions. Simultaneous integrated boost (SIB) concepts are most widely
used to escalate the radiation dose. The median total dose
in EQD2(1.5 Gy) was 70.0 Gy (range: 56.89–85.71 Gy) for
local recurrence and 62.00 Gy (range: 52.61–80.00 Gy)
for lymph nodes. The National Comprehensive Cancer
Network (NCCN) guideline recommends dose escalation
in patients with clinically positive lymph nodes “as dosevolume histogram parameters allow” [14]. However, the
dose prescription in lymph nodes is not clearly defined.
The Australian and New Zealand guideline recommends
a dose of over EQD2 60 Gy for positive lymph nodes in
definitive RT [15]. A Singaporean guideline recommends
54–79.2 Gy, depending on the location of the irradiated
lymph nodes for definitive RT [16]. Lately, Shakespeare
et al. evaluated toxicity and outcome of PSMA-PETbased dose escalation for definitive RT with patients
receiving 81 Gy in 45 fractions to the prostate and positive lymph nodes and 60 Gy in 45 fractions to the elective
lymphatic pathways. This translates to an EQD2(1.5 Gy)
of 76.37 Gy for positive lymph nodes. After 2 years,
failure-free survival was 100% with acceptable reported
acute and late toxicity [17].
In cases of salvage RT, a dose escalation for positive
lymph nodes is also recommended by the Australian
and New Zealand guideline; however, the optimal dose
remains to be specified [18]. Schmidt-Hegemann et al.
retrospectively evaluated PSMA-PET-based salvage RT
and showed good results for a median total dose escalation of 60.8 Gy [19] and 61.6 Gy [20] to PET-positive
lymph nodes while the elective pelvic lymph nodes were
treated with a median dose of 50.4 Gy.
In summary, the optimal dose for macroscopic lymph
nodes in cases of definitive and salvage RT remains a
topic of discussion. However, the median EQD2(1.5 Gy)
of 62.00 Gy in the present survey is in line with Australian/New Zealand guideline recommending doses of over
60 Gy. Bearing the dose–response relationship of PC in
mind, higher doses of 70 Gy or more for lymph nodes
(as described in the trial by Shakespear et al. [17]) might
result in better outcome. Further investigation needs to
be undertaken to evaluate the optimal dose.
The Australian and New Zealand guideline also recommends a dose escalation for macroscopic disease in the
prostatic fossa with a dose of EQD2 70–74 Gy [18]. The
rationale behind the dose escalation of macroscopic disease derives from the dose–response data for PC cells.
The alpha/beta ratio for PC is described to be low [21].
Targets with a low alpha/beta ratio are more resistant
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to low doses compared to tissues with a high alpha/beta
ratio. Therefore, higher total doses and hypofractionated
schemes for the prostate have been increasingly used
since improved radiation techniques allow for improved
sparing of organs at risk.
In case of PET-positive lymph nodes without signs of
local recurrence most participants (60.2%) will nevertheless treat the elective lymphatic pathways including the
positive lymph node and the prostate bed. Only 21.7%
will restrict the treatment field to the lymphatic pathways and the suspect lymph nodes. This remains a topic
of discussion: Should we treat the prostate bed, if no
macroscopic disease is present? And should we treat the
elective lymph drainage if we can visualize lymph nodes
affected by the disease? Panje et al. recently showed that
among Swiss centers 58% of the participants additionally
irradiate the prostate bed in cases of nodal oligorecurrence [22]. Zschaeck et al. showed in their survey that
92–100% will irradiate the prostate bed, pelvic lymphatic
pathways and prescribe a boost to PSMA-positive lymph
nodes [7]. To our knowledge, no data on RT of the pelvic lymph nodes ± prostate bed is available. But reducing
the treatment field to the lymphatic pathways consequentially shrinks the dose to rectum and bladder and
therefore might lower the risk of side effects. 12.1% of
the participants in our survey will treat the PET-positive
lymph nodes only, e.g. with SBRT. Panje et al. showed
that fit patients with few lymph node metastases are considered to be the best candidates for SBRT [22]. Recently,
Steuber et al. compared ADT to MDT such as SBRT or
surgery for nodal only recurrence and showed that MDT
improves cancer-specific survival [23]. Randomized data
on elective lymph node RT versus SBRT of single lymph
nodes is not available; however, SBRT could spare the
patient from toxicity by shrinking the treatment field to
the actual macroscopic disease. Salvage lymph node dissection in cases of nodal recurrence is an option. However, Schmidt-Hegemann et al. retrospectively compared
PSMA-PET-based salvage RT versus salvage lymph node
dissection for nodal recurrence and showed that RT was
superior [24].
Most participants define oligometastatic or oligorecurrent PC as ≤ 3 or ≤ 5 distant lesions. There is no clear
consensus of oligometastatic PC, and most authors use
the definition of 3–5 lesions. The STOMP trial by Ost
et al. [25] and the recent ORIOLE trial by Philipps et al.
[26] used the cut-off of 3 lesions for comparing surveillance versus MDT and showed a better outcome for
MDT. However, other series defined oligometastatic disease as ≤ 1 lesion [27], ≤ 4 lesions [28], or ≤ 5 lesions [29].
The definition of low volume metastatic disease by the
CHAARTED trial is also popular among the participants.
Low volume was defined as no visceral metastases and
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bone metastases confined to the vertebral column and
pelvis [30]. However, the CHAARTED definition might
not be suitable for the MDT approach as it allows an
undefined number of bone metastases in the vertebra or
pelvis. Additional ADT in cases of RT for oligometastatic
PC is recommend by most of the participants (76.1%).
ADT (± chemotherapy) is the standard management for
metastatic PC. However, with the developments in RT
(high precision SBRT) and imaging techniques (PSMAPET imaging), MDT of the macroscopic tumor lesions
is becoming another option for PC patients in the oligometastatic setting [25, 26]. This raises a crucial question:
Can patients be spared from ADT and the side effects (at
least for a certain time frame) with local approaches like
MDT or is a combined concept with concurrent ADT to
MDT the answer? In an earlier series, we showed that
concurrent ADT to MDT improved biochemical failurefree survival. However, a large number of patients were
spared from ADT initiation [31]. Siva et al. showed in
the SABR trial that the ADT-free survival for patients
who received PET-based MDT was 48% at 2 years [32].
Mazzola et al. compared patients with [68Ga]PSMA and
[18F]Choline-based SBRT for oligorecurrent PC and
showed that [68Ga]PSMA-based SBRT produced more
ADT-free patients [33]. The STOMP trial [25] reported
that the 5-year ADT-free survival was 8% for the observation group and 34% for the MDT group [34]. Consequentially, MDT might be an approach to spare patients
from potential side effects of hormonal deprivation.
However, patient selection is the key: The question of
which patients might benefit from MDT alone and wich
patients might profit from additional ADT should be
clarified in further trials.
When bone metastases are treated in the oligometastatic setting, half of the participants use conventionally
fractionated RT and the other half SBRT. This is surprising, since with SBRT high local ablative doses can
be achieved. Ost et al. showed a high local control for
patients treated with SBRT for oligometastatic PC with
biological equivalent doses (BED) of > 100 Gy [35]. However, facilities without the technical ability for SBRT
might opt for conventional fractionation.
Our study has certain limitations which are inherent to
online questionnaires; we only asked general questions
on RT doses in cases of PET-positive lesions. Participants
were not able to differentiate doses dependent on location of the local recurrence or lymph nodes. Our goal
was to present the individual opinions of radiation oncologists since it is inherent to online surveys that multiple
answers from one institution cannot be prevented. Further, the data presented in this paper reflect the day-today situation in German-speaking countries but might be
applicable to other regions as well. The data is a valuable
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addendum to all other published information on use and
recommendations of PET imaging for PC and focusses
on the end of the treatment loop—the way a new treatment and imaging modality is accepted and integrated
into daily clinical practice.

Conclusion
PSMA-PET imaging has emerged to be a key pillar in
RT for PC and has been included into daily clinical practice. In this analysis focusing on the use among Germanspeaking radiation oncologists, procedures and treatment
patterns differ, reflecting an often-observed phenomenon of a highly specialized technique in day-to-day use.
Therefore, further trials and more specific guidelines for
PET-based RT are essentially required, as well as education on the use and limitations of molecular imaging for
RT planning. In that regard, multidisciplinary research
and working groups are essential to foster interaction and
to promote standardization.
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