Clinical and Translational Radiation Oncology 36 (2022) 77-82

Contents lists available at ScienceDirect

ctRO /

Clinical and Translatiogl
Radiation Oncology 4

Clinical and Translational Radiation Oncology

ELSEVIER

journal homepage: www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology
Original Research Article ' :.)
A prospective phase II study of prostate-specific antigen-guided salvage

radiotherapy and °®Ga-PSMA-PET for biochemical relapse after radical
prostatectomy — The PROPER 1 trial

Adalsteinn Gunnlaugsson® , Vilberg Johannesson “, Elinore Wieslander *, Eva Brun*,

Ulrika Bitzen ", Olof Stahl?, Ola Bratt ¢, Goran Ahlgren “, Tomas Ohlsson *, Elisabeth Kjellén ?,
Per Nilsson®

@ Department of Oncology and Radiation Physics, Skdne University Hospital and Lund University, Lund, Sweden

Y Department of Clinical Physiology and Nuclear Medicine, Skdne University Hospital and Lund University, Lund, Sweden

¢ Department of Urology, Sahlgrenska University Hospital and Institute of Clinical Science Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden
94 The Peritus Clinic, Lund, Sweden

ARTICLE INFO ABSTRACT

Keywords:

Salvage radiotherapy

Prostate cancer

Adaptive

Prostate specific antigen

Prostate specific membrane antigen

Background and purpose: The treatment of biochemical recurrence (BCR) after prostatectomy is challenging as the
site of the recurrence is often undetectable. Our aim was to test a personalised treatment concept for BCR based
on PSA kinetics during salvage radiotherapy (SRT) combined with prostate-specific membrane antigen positron
emission tomography (PSMA-PET).

Materials and methods: This phase II trial included 100 patients with BCR. PSMA-PET was performed at baseline.
PSA was measured weekly during SRT. Initially, 70 Gy in 35 fractions was prescribed to the prostate bed.
Radiotherapy was adapted after 50 Gy. Non-responders (PSA still > 0.15 ng/mL) received sequential lymph node
irradiation with a boost to PSMA-PET positive lesions, while responders (PSA < 0.15 ng/mL) continued SRT as
planned. PET-findings were only taken into consideration for treatment planning in case of PSA non-response
after 50 Gy.

Results: Data from 97 patients were eligible for analysis. Thirty-four patients were classified as responders and 63
as non-responders. PSMA-PET was positive in 3 patients (9%) in the responder group and in 22 (35%) in the non-
responder group (p = 0.007). The three-year failure-free survival was 94% for responders and 68% for non-
responders (median follow-up 38 months). There were no significant differences in physician-reported urinary
and bowel toxicity. Patient-reported diarrhoea at end of SRT was more common among non-responders.
Conclusion: This new personalised treatment concept with intensified SRT based on PSA response demonstrated a
high tumour control rate in both responders and non-responders. These results suggest a clinically significant
effect with moderate side effects in a patient group with otherwise poor prognosis. PSMA-PET added limited
value. The treatment approach is now being evaluated in a phase III trial.

Clinical trial registration numbers: NCT02699424&ISRCTN45905321.

Introduction methods rarely identify the site of recurrence. Therefore, the decision to

treat the prostate bed with SRT is instead most often based on the

Patients who experience biochemical recurrence (BCR) after radical
prostatectomy with rising prostate-specific antigen (PSA) levels are most
often treated with salvage radiotherapy (SRT) to the prostate bed,
sometimes in combination with androgen deprivation therapy (ADT)
[1,2]. For patients with BCR at low PSA values, contemporary imaging

probability that the BCR is the result of a local recurrence only. Tumour
control probability after SRT can be predicted, for example, by the
Stephenson nomogram, which is based on pre-treatment clinical factors
[3]. The clinical value of including lymph node irradiation (LNI) in SRT
is unknown, but studies are ongoing [4].
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Novel imaging methods are emerging to improve the detection of the
site of early prostate cancer recurrences. 8Ga-prostate-specific mem-
brane antigen positron emission tomography (PSMA-PET) with
computed tomography has shown encouraging results in detecting
tumour recurrence at low PSA levels [5-8]. Several studies have
demonstrated that it is important to start SRT at as low PSA levels as
possible. It is therefore vital to improve the detection rate to optimise
treatment planning [9-11]. According to a recent systematic review, the
detection rate of PSMA-PET is estimated to be about 33% for patients
with PSA < 0.2 ng/mL, and 45% for PSA levels of 0.2-0.5 ng/mL [12],
which are the ranges within which patients are most often prescribed
SRT. The identification of the site of recurrence enables more person-
alised planning of SRT. Although these new imaging methods are
promising, in most cases it is still not possible to identify the site of
recurrence. In addition, a detectable local recurrence does not exclude
the presence of concurrent microscopic spread to pelvic lymph nodes or
other locations. Furthermore, the reported specificity and sensitivity of
PSMA-PET are high in the primary treatment setting, the corresponding
values are more seldom histologically confirmed in the early salvage
setting, making them less precise [12].

Instead of relying only on pre-treatment factors for the prediction of
outcome after SRT, it is desirable to have a reliable biomarker that re-
flects treatment response during SRT, which could be used to adapt the
SRT according to each patients response to treatment. Such a biomarker
could be used in combination with PSMA-PET imaging to identify pa-
tients with increased risk of failing SRT to the prostate bed only and
guide the use of more extended therapies for high-risk patients. We have
previously shown that PSA kinetics in the early phase of SRT is strongly
correlated to long-term treatment outcome in this setting, supporting its
potential as a predictive biomarker [13]. The low tumour burden in the
early BCR setting could be the prerequisite for the sharp PSA response
observed during SRT to the prostate bed only in patients with isolated
local recurrence. The opposite applies to patients with disease spread
beyond the prostate fossa, with a less pronounced PSA decrease as all
sites of recurrence are not receiving an adequate radiation dose. It is
therefore appealing to use the change in PSA during SRT as a biomarker
to guide the adaptation of SRT and to aid in the interpretation of PSMA-
PET findings in the early tumour recurrence setting.

The aim of this open-label prospective phase II trial was to evaluate a
new adaptive treatment strategy involving sequential LNI and radiation
boost to PSMA-PET-positive lesions guided by PSA kinetics as a
biomarker during SRT.

Materials and methods
Trial information

The PROPER 1 trial is an open-label, prospective, phase II study
(NCT02699424 and ISRCTN45905321) conducted at Skéne University
Hospital in Sweden. The study was approved by the Ethics Committee in
Lund (reference number 2015/431). Trial data were collected and
stored at the Clinical Trial Office in Lund.

Eligibility criteria

Patients > 18 years of age with histologically confirmed prostate
cancer in the prostatectomy specimen and any pT, pNO/Nx, MO with a
confirmatory PSA level > 0.15 ng/mL, WHO performance status 0-1,
and with adequate laboratory findings according to the study protocol
were eligible for inclusion.

Evidence of metastases on pre-operative imaging or in the surgical
specimen (e.g., N1 at lymph-node dissection) was an exclusion criterion.
Patients who were undergoing or had undergone previous ADT, or who
had a history of previous pelvic radiotherapy or malignancies other than
prostate cancer or basal cell carcinoma in the past five years were also
excluded. Patients with clinically significant disease other than prostate
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cancer (e.g. heart, pulmonary, gastrointestinal or urogenital), which in
the opinion of the investigator made inclusion undesirable, were not
included in the trial.

PSMA-PET

Prior to radiation treatment, all patients underwent a PSMA-PET
(68Ga—PSMA—1 1) examination with low-dose CT. One hour after the in-
jection of 2.5 MBq/kg bodyweight, with a maximum of 300 MBq, pa-
tients were scanned from the mid-thigh level to the base of the skull
using a GE Discovery 690 PET-CT scanner (GE HealthCare, Milwaukee,
WI, USA). The scan was analysed by two experienced readers, one a
specialist in nuclear medicine and the other an oncologist, blinded to the
PSA response. Uptakes not typical of a normal physiological pattern or
unspecific uptake patterns were regarded as suspicious for malignancy.
The treatment planning CT was available for correlation in the reading
situation.

Response evaluation and adaptive salvage radiotherapy

The adaptive sequential radiotherapy treatment techniques used in
PROPER I trial have been described in detail previously [14]. Initially,
all patients were prescribed 70 Gy to the prostate bed in 35 fractions.
PSA was measured on the day on which SRT started, and thereafter once
weekly during SRT. After five weeks of SRT (i.e., after 50 Gy), patients
were defined as responders if their PSA level had decreased below 0.15
ng/mL, or non-responders if their PSA level was still > 0.15 ng/mL.

The treatment of patients classified as responders continued ac-
cording to the initial prescription (70 Gy to the prostate bed) regardless
of PSMA-PET findings. The treatment of patients classified as non-
responders was adapted with a new prescription including the initial
70 Gy to the prostate bed and an additional 50 Gy in 25 fractions to
adjuvant lymph nodes. In addition, non-responders showing lymph node
metastases on the pre-therapy PSMA-PET examination received a
simultaneously integrated boost of 60 Gy in 25 fractions, corresponding
to EQD2y/p3—3 gy of 64 Gy. Local recurrence was treated with a dose
corresponding to EQD2 4/p—3 gy of 74-78 Gy. In cases of distant me-
tastases, or more than three lymph node metastases on PSMA-PET
(verified histologically or by another imaging method if a biopsy was
not considered feasible), the patients were considered ineligible, and
were excluded from further SRT. They were then referred for standard of
care treatment for metastatic disease (Fig. 1). All target volumes were
treated with 1 fraction/day and 5 fractions/week. To be able to adapt
the SRT for non-responders, and to add LNI and boost doses during SRT,
we developed the biologically adaptive plan-on-plan volumetric-
modulated-arc-therapy method, which has been described elsewhere
[14].

Outcomes

PSA was measured during SRT as described above, and thereafter at
3, 6, 9 and 12 months post-SRT, and every six months thereafter.
Treatment failure was defined as either BCR (PSA increase of 0.2 ng/mL
above post-SRT nadir, confirmed by a second measurement with the
date of the prior measurement registered as the time of BCR) or as a
clinical recurrence (identified clinically or with imaging methods).

Physician evaluated urinary and bowel toxicity were evaluated ac-
cording to the RTOG toxicity scale at baseline, at the end of SRT, 3 and
12 months after the end of SRT, and thereafter according to local clinical
routine. Patient-reported quality of life was evaluated with the EORTC
QLQ-C30 questionnaire, and urinary and bowel symptoms as well as
sexual function with the EORTC QLQ-PR25 at baseline, at the end of
SRT, and 12 months after the end of SRT.
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Remaining
20Gy/10fr.
(prostate bed)

<3 lymph node metastases:

a. Remaining 20Gy/10fr. (prostate bed)
b. Lymph node irradiation (sequential 50Gy/25fr.)

c. Boost to lymph node metastases if present (60Gy/25fr.)
d. Boost to local recurrence if present (74-78Gy EQD2)

58Gy-PSMA -
PET/CT
analysed

>3 lymph node metastases or distant metastases:

Treatment according to local guidelines: exclusion from
further study treatment.

Fig. 1. Overview of the treatment schedule in the PROPER 1 trial. PSMA-PET was performed at baseline, but the findings were not made available for the initial
radiotherapy treatment planning. Potential metastases were investigated if possible. Responders = patients with PSA < 0.15 ng/mL after 5 weeks of SRT, non-re-

sponders = patients with PSA > 0.15 ng/mL after 5 weeks of SRT.
Statistics

The primary outcome was analysed in the per-protocol population.
The Kaplan-Meier method was used to illustrate failure-free survival
(FFS). The QLQ-C30 and QLQ-PR25 functional and symptom raw scores
were linearly transformed to a 0-100 scale according to the EORTC
scoring manuals. Results are presented as mean values with standard
errors (SE), and the Wilcoxon rank sum test, adjusted for ties, was used
to compare treatment groups. Fisher’s exact test or the chi-squared test
for trend was used to compare proportions between responders and non-
responders. Analyses were based on the study database as of 22/09/
2021. Statistical calculations were performed with MedCalc Statistical
Software, version 20.014.

Results

Between March 2016 and December 2019, 100 patients were
included in the trial. Two patients withdrew their consent. One patient
had more than 3 lymph node metastases and was excluded from further
study treatment and follow-up according to protocol, leaving data from
97 patients for further analysis. The median follow-up time was 38
months (interquartile range (IQR) 29-48). Baseline clinical character-
istics are presented in Table 1.

Clinical outcomes

Of the 97 patients completing the study, 34 (35%) were classified as
responders (PSA < 0.15 ng/mL after 50 Gy) and 63 (65%) as non-
responders (PSA > 0.15 ng/mL after 50 Gy). The estimated overall
three-year FFS for the whole cohort (N = 97) was 76% (95% CI 67-86).
The corresponding values for the group of responders and the group of
non-responders were 94% (95% CI 86-100) and 68% (95% CI 56-81),
respectively (Fig. 2).

Treatment-related toxicity was similar in responders and non-
responders (Table 2 and Fig. 3). There was a tendency towards
increased physician-reported acute bowel toxicity in non-responders
compared to responders, and the patient-reported diarrhoea score was
significantly higher in the non-responders group (Supplementary
Table 1). However, no statistically significant differences were identified
in either physician- or patient-reported side effects during 12 months of
follow-up.

PSMA-PET findings

The overall PSMA-PET detection rate was 26% (25/97). Further
specification of the sites of recurrence according to PSMA-PET is given in
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Table 1
Baseline clinical characteristics (N=97) IQR=inter-quartile range.

PSA at start of SRT (ng/mL)

Median (IQR) 0.25 (0.19-0.37)
Time between surgery and SRT (months)
Median (IQR) 38 (24-59)
Gleason score in prostatectomy specimen

5 1 (1%)

6 (7%)

7 78 (80%)

8 5 (5%)

9 6 (6%)
Gleason score in prostatectomy specimen

<3+4 52 (54%)

>443% 45 (46%)
Surgical margins

Negative 52 (54%)

Positive 45 (46%)
pT stage

T2 50 (52%)

T3a 32 (33%)

T3b 15 (15%)

*Gleason 3+5 included in the >4+3 group.

Table 3. Three patients (9%) in the responder group had findings on
PSMA-PET classified as a probable site of recurrence, compared to 22
(35%) in the non-responder group. This difference in detection rate
between the groups was statistically significant (p = 0.007).

One patient in the responder group had a local recurrence which we
considered to be a true finding, even though histological confirmation
was not possible. As we did not consider findings in the responder group
other than in the prostate fossa as potentially true positives, we could
monitor the two patients where the PET findings were outside the
prostate bed (one in pelvic lymph nodes and one in bone). We were later
able to confirm that these in both cases were false positive.

During the five weeks of SRT before response evaluation we were
able to evaluate suspected sites of distant metastases with both further
imaging and histological evaluation. In all cases, we were able to
confirm that they were false positive findings, through metastatic work-
up during the first five weeks of SRT, and with further confirmation
through follow-up.
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Fig. 2. Failure-free survival (FFS) in the groups of responders and non-responders.

Table 2

Side effects in the responders (Resp.) and the non-responders (Non-resp.) before and after therapy. Upper part: Number (percentage) of patients with physician-
recorded grade <2 and grade >2 urinary and bowel toxicity evaluated using the RTOG morbidity scale. Lower part: Mean vale (SE) on the 0-100 scale of patient-
reported urinary and bowel symptoms from the EORTC PR-25 questionnaire. A higher value indicates more symptoms.

Physician-evaluated toxicity (RTOG scale)

Urinary Baseline End of radiotherapy 3 months 12 months

toxicity Resp. Non-resp. Resp. Non-resp. P Resp. Non-resp. P Resp. Non-resp. P

N (%) grade <2 33 (97%) 62 (98%) 29 (85%) 54 (86%) 1.00 31 (91%) 61 (98%) 0.13 30 (91%) 58 (98%) 0.13

N (%) grade >2 1 (3%) 1 (2%) 5 (15%) 9 (14%) 3 (9%) 1 (2%) 3 (9%) 1 (2%)

Bowel Baseline End of radiotherapy 3 months 12 months

toxicity Resp. Non-resp. Resp. Non-resp. P Resp. Non-resp. P Resp. Non-resp. P

N (%) grade <2 34 (100%) 62 (98%) 30 (88%) 46 (73%) 0.12 32 (94%) 54 (87%) 0.49 29 (88%) 49 (83%) 0.76

N (%) grade >2 0 (0%) 1 (2%) 4 (12%) 17 (27%) 2 (6%) 8 (13%) 4 (12%) 10 (17%)
Patient-reported symptoms (EORTC QLQ-PR25 questionnaire)

Urinary Baseline End of radiotherapy 3 months 12 months

symptoms Resp. Non-resp. Resp. Non-resp. P Resp. Non-resp. P Resp. Non-resp. P

Mean (SE) 13 (3) 10 (1) 29 (4 23 (2) 0.19 — — — 22 (5) 21 (2) 0.77

) (28) (52) (29) (61) (24) (59)

Bowel Baseline End of radiotherapy 3 months 12 months

symptoms Resp. Non-resp. Resp. Non-resp. P Resp. Non-resp. P Resp. Non-resp. P

Mean (SE) 5(2) 5(2) 11 (2) 14 (2) 0.31 — — — 9(3) 11 (2) 0.35

) @7) (51) (29) (59) (25) (58)

p-values from Fisher’s exact test
Discussion

To the best of our knowledge, this is the first prospective trial to
report the efficacy and tolerability of PSA-response-guided SRT for
prostate cancer BCR. Our results show that SRT responders receiving
local SRT only experienced a very low rate of treatment failure, con-
firming our results from a previous prospective observational study
[13]. Comparison with a matched cohort of 152 patients from that study
(applying the same definition of responder/non-responder, and the
same median follow-up time) showed 37% FFS at three years among
non-responders without LNI, compared to the 68% observed in the non-
responder group treated with LNI in the present study (Supplementary
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Fig. 1). The benefit of including regional lymph nodes in the SRT setting
is a subject of debate [4,15-19], but our results suggest that PSA non-
response during SRT of the prostate bed is often associated with
lymph-node metastases, and that these metastases can be effectively
treated with radiotherapy.

The overall PSMA-PET detection rate (26%) in the study cohort was
slightly lower than expected considering the PSA levels [12]. We found a
significant difference in detection rate between the responder (9%) and
the non-responder groups (35%). In this study, we scanned the first ever
patient in Sweden with PSMA-PET. Since PSMA was a new PET tracer at
the time of the start of the study, the PROPER 1 trial was also a feasibility
study for this imaging method, as well as for the PSA-response-adapted
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Fig. 3. Patient-reported A) urinary and B) bowel symptoms from the EORTC QLQ-PR25 questionnaire (transformed to a 0-100 scale according to the EORTC scoring
manual) for responders vs. non-responders at baseline, and 3 and 12 months post-SRT.

Table 3
PSMA-PET findings by location for all patients analysed in the study, responders
and non-responders.

Site of recurrence (PSMA-PET) All patients Responders Non-

(N=97) (n=34) responders

(n=63)
Prostate bed (9%) 1 (3%) 8 (13%)
Pelvic lymph nodes 10 (10%) 1 (3%) 9 (14%)
Bone (5%) 1 (3%) 4 (6%)
Bone and liver 1 (1%) 0 (0%) 1 (2%)
All signs of recurrence (detection 25  (26%) 3 (9%) 22 (35%)
rate)

SRT. Therefore, we chose not to include the PSMA-PET findings in the
initial work-up of the radiotherapy treatment planning and not to
exclude patients from curative treatment based on PSMA-PET findings
alone. Furthermore, we considered PET-positive findings outside the
prostate bed in treatment responders as false positive. This assumption
was based on our earlier findings showing excellent treatment outcome
for PSA responders at 5 weeks with SRT to the prostate bed only [13].

Only three patients in the responder group had positive PSMA-PET
scans, two of which were assumed to be false positive in accordance
with the discussion above. The third patient had PSMA uptake in the
prostate bed receiving 70 Gy, probably reflecting local recurrence,
however, this could not be histologically confirmed. Our findings show
that PSMA-PET was of no clinical value in the group of responders in the
present study.

It is often difficult to confirm pathology from observations made on
PSMA-PET, especially when the uptake is not clearly elevated. There-
fore, we chose not to take PSMA-PET into account before starting SRT.
Instead, our adaptive treatment strategy could be used as a tool to guide
which PSMA-PET findings warrant further work-up and treatment, and
which could be excluded to avoid over-treatment. For example, in pa-
tients with PSMA-PET findings in lymph nodes of unknown significance
and a distinct decrease in PSA during SRT (involving only the prostate
bed), lymph node involvement is unlikely. In contrast, the risk of lymph
node involvement in non-responders is more probable, and hence they
have a higher probability of benefiting from LNI.

The five weeks of treatment before deciding whether to add LNI
made it possible to confirm or exclude possible metastatic spread
through biopsy and/or further imaging without delaying the start of
treatment. In seven cases, six of whom were non-responders, PSMA-PET
showed suspicion of disease spread outside the pelvic region. All sus-
pected distant metastases (n = 7) were confirmed as false positives,
either through biopsy or follow-up. As distant metastases, detectable on
PSMA-PET, should most likely occur at higher PSA levels than the
baseline levels in this study, we deem it important not to exclude these
patients from curative treatment, if spread of disease is not confirmed by
further investigation, optimally histologically. If distant metastases are
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confirmed, the decision can be made to stop SRT after five weeks i.e., 50
Gy, a dose that can be considered plausible in the palliative setting, and
to change to systemic therapy. Unspecific bone uptake (UBU) is an issue
for 68 Ga-PSMA-11 (and even more so for the now more widely used
18F-PSMA-1007). The experience gained in interpreting this new im-
aging method during the course of the PROPER 1 study resulted in fewer
non-specific foci. However, our method with PET-results subordinated
to the PSA response can be valuable for future patients with UBUs on
PSMA-PET. This was demonstrated with the several cases mentioned
above where biopsies confirmed false positive findings.

Another unique factor in our study is the sequential plan-on-plan
VMAT optimisation method that we developed to adapt the SRT ac-
cording to PSA response. When implementing new radiotherapy tech-
niques, it is important to verify their robustness with thorough QA
procedures (as reported previously [14]) and to prospectively study the
clinical feasibility, as described in the present paper. We did not observe
any statistically significant increase in long-term toxicity between re-
sponders and non-responders. Acute bowel toxicity was higher in pa-
tients receiving additional LNI, which does not preclude the use of LNI,
but motivates the selective approach used in this study. The PROPER 1
trial is not powered to rule out the possibility of any significant differ-
ences in long-term tolerability between the groups. However, we feel
confident about the safety profile shown in the LNI arm as it is both in
line with what has been shown in other studies using LNI in the salvage
setting [4], and consistent regarding physician-reported toxicity as well
as patient-reported outcomes and quality of life.

This phase II study has some weaknesses. The sample size was rather
small and the follow-up time short. The single-centre design may also
limit the generalisability of the results. Another weakness is the defini-
tion of PSA response. A cut-off level of 0.15 ng/mL was the strongest
predictor of short-term outcome (PSA < 0.1 ng/mL one-year post-SRT)
according to early data from our previous prospective trial at the time of
initiating the present study, and was therefore used to differentiate re-
sponders from non-responders. This analysis did not take into account
other known predictive factors (e.g., PSA at baseline, Gleason score,
surgical margins, time between surgery and SRT). Therefore, we
developed a multivariable model based on the slope of the PSA curve
during the first weeks of treatment (rather than a fixed PSA value at 5
weeks) and predictive clinical factors, as mentioned above. This updated
model has been implemented in our ongoing phase III trial (see below).

In conclusion, we have evaluated a PSA-guided personalised treat-
ment concept for intensified SRT with LNI. The high FFS rate among
non-responders after the intensified SRT suggests a clinically significant
effect with moderate side effects in a patient group with otherwise poor
prognosis. Furthermore, we showed that the PSA response during SRT
accurately discriminates patients with a very favourable outcome after
local SRT (responders) from those with a high risk of treatment failure
(non-responders). These results of PSA-guided SRT compare favourably
with our earlier findings and motivate further investigations of the
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benefit of LNI for non-responders. In 2021, we launched a prospective
phase III trial for this purpose (NCT04858880).

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We would like to thank Harald Anderson, Department of Clinical
Sciences Lund, Cancer Epidemiology, Lund University, for statistical
advice and Anna Weddig, Ingrid Muchler, Jan Sundberg and Madelaine
Holmgqvist at the Clinical Research Unit at the Department of Hema-
tology, Oncology and Radiation Physics, Skane University Hospital, for
their help with this study.

We acknowledge financial support from the Berta Kamprad Cancer
Foundation , Region Skane FoU-Centrum , the Swedish Cancer Society,
the Swedish Research Council and Vastra Gotalandsregionen ALF
funding.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.ctro0.2022.07.001.

References
[1] Shipley WU, Seiferheld W, Lukka HR, Major PP, Heney NM, Grignon DJ, et al.
Radiation with or without Antiandrogen Therapy in Recurrent Prostate Cancer.
NEJM 2017;376(5):417-28.
Carrie C, Hasbini A, de Laroche G, Richaud P, Guerif S, Latorzeff I, et al. Salvage
radiotherapy with or without short-term hormone therapy for rising prostate-
specific antigen concentration after radical prostatectomy (GETUG-AFU 16): a
randomised, multicentre, open-label phase 3 trial. Lancet Oncol 2016;17(6):
747-56.
Stephenson AJ, Scardino PT, Kattan MW, Pisansky TM, Slawin KM, Klein EA, et al.
Predicting the outcome of salvage radiation therapy for recurrent prostate cancer
after radical prostatectomy. J Clin Oncol 2007;25(15):2035-41.
Pollack A, Karrison TG, Balogh AG, Low D, Bruner DW, Wefel JS, et al. Short Term
Androgen Deprivation Therapy Without or With Pelvic Lymph Node Treatment
Added to Prostate Bed Only Salvage Radiotherapy: The NRG Oncology/RTOG 0534
SPPORT Trial. ASTRO meeting 2018;102(5):1605.
Afshar-Oromieh A, Avtzi E, Giesel FL, Holland-Letz T, Linhart HG, Eder M, et al.
The diagnostic value of PET/CT imaging with the (68)Ga-labelled PSMA ligand
HBED-CC in the diagnosis of recurrent prostate cancer. Eur J Nucl Med Mol
Imaging 2015;42(2):197-209.

[2

—

[3

=

[4

=

[5]

82

(6]

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Clinical and Translational Radiation Oncology 36 (2022) 77-82

Afshar-Oromieh A, Hetzheim H, Kratochwil C, Benesova M, Eder M, Neels OC,

et al. The theranostic PSMA-ligand PSMA-617 in the diagnosis of prostate cancer by
PET/CT: biodistribution in humans, radiation dosimetry and first evaluation of
tumor lesions. J Nucl Med 2015;56(11):1697-705. https://doi.org/10.2967/
jnumed.115.161299.

Afshar-Oromieh A, Malcher A, Eder M, Eisenhut M, Linhart HG, Hadaschik BA,
et al. PET imaging with a [68Ga]gallium-labelled PSMA ligand for the diagnosis of
prostate cancer: biodistribution in humans and first evaluation of tumour lesions.
Eur J Nucl Med Mol Imaging 2013;40(4):486-95.

Afshar-Oromieh A, Zechmann CM, Malcher A, Eder M, Eisenhut M, Linhart HG,
et al. Comparison of PET imaging with a (68)Ga-labelled PSMA ligand and (18)F-
choline-based PET/CT for the diagnosis of recurrent prostate cancer. Eur J Nucl
Med Mol Imaging 2014;41(1):11-20.

King CR. The Timing of Salvage Radiotherapy After Radical Prostatectomy: A
Systematic Review. Int J Radiat Oncol Biol Phys 2011;84(1):104-11. https://doi.
0rg/10.1016/j.ijrobp.2011.10.069.

Stish BJ, Pisansky TM, Harmsen WS, Davis BJ, Tzou KS, Choo R, et al. Improved
Metastasis-Free and Survival Outcomes With Early Salvage Radiotherapy in Men
With Detectable Prostate-Specific Antigen After Prostatectomy for Prostate Cancer.
J Clin Oncol 2016;34(32):3864-71.

Tendulkar RD, Agrawal S, Gao T, Efstathiou JA, Pisansky TM, Michalski JM, et al.
Contemporary Update of a Multi-Institutional Predictive Nomogram for Salvage
Radiotherapy After Radical Prostatectomy. J Clin Oncol 2016;34(30):3648-54.
Perera M, Papa N, Roberts M, Williams M, Udovicich C, Vela 1, et al. Gallium-68
Prostate-specific Membrane Antigen Positron Emission Tomography in Advanced
Prostate Cancer-Updated Diagnostic Utility, Sensitivity, Specificity, and
Distribution of Prostate-specific Membrane Antigen-avid Lesions: A Systematic
Review and Meta-analysis. Eur Urol 2020;77(4):403-17.

Gunnlaugsson A, Kjellen E, Bratt O, Ahlgren G, Johannesson V, Blom R, et al. PSA
decay during salvage radiotherapy for prostate cancer as a predictor of disease
outcome - 5 year follow-up of a prospective observational study. Clin Transl Radiat
Oncol 2020;24:23-8. https://doi.org/10.1016/j.ctro.2020.05.008.

Johannesson V, Wieslander E, Nilsson P, Brun E, Bitzén U, Ahlgren G, et al.
Adaptive sequential plan-on-plan optimization during prostate-specific antigen
response guided radiotherapy of recurrent prostate cancer. Phys Imaging Radiat
Oncol 2021;18:5-10.

Delouya G, Taussky D. Pelvic radiotherapy in prostate cancer: an unresolved
question. Lancet Oncol 2018;19(11):1428-9. https://doi.org/10.1016/51470-
2045(18)30588-6.

Roach M, DeSilvio M, Lawton C, Uhl V, Machtay M, Seider MJ, et al. Phase III trial
comparing whole-pelvic versus prostate-only radiotherapy and neoadjuvant versus
adjuvant combined androgen suppression: Radiation Therapy Oncology Group
9413. J Clin Oncol 2003;21(10):1904-11.

Roach M, Moughan J, Lawton CAF, Dicker AP, Zeitzer KL, Gore EM, et al. Sequence
of hormonal therapy and radiotherapy field size in unfavourable, localised prostate
cancer (NRG/RTOG 9413): long-term results of a randomised, phase 3 trial. Lancet
Oncol 2018;19(11):1504-15.

Lawton CA, DeSilvio M, Roach M, Uhl V, Kirsch R, Seider M, et al. An update of the
phase III trial comparing whole pelvic to prostate only radiotherapy and
neoadjuvant to adjuvant total androgen suppression: updated analysis of RTOG
94-13, with emphasis on unexpected hormone/radiation interactions. Int J Radiat
Oncol Biol Phys 2007;69(3):646-55.

Pommier P, Chabaud S, Lagrange J-L, Richaud P, Le Prise E, Wagner J-P, et al. Is
There a Role for Pelvic Irradiation in Localized Prostate Adenocarcinoma? Update
of the Long-Term Survival Results of the GETUG-01 Randomized Study. Int J
Radiat Oncol Biol Phys 2016;96(4):759-69.


https://doi.org/10.1016/j.ctro.2022.07.001
https://doi.org/10.1016/j.ctro.2022.07.001
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0005
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0005
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0005
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0010
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0010
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0010
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0010
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0010
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0015
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0015
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0015
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0020
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0020
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0020
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0020
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0025
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0025
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0025
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0025
https://doi.org/10.2967/jnumed.115.161299
https://doi.org/10.2967/jnumed.115.161299
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0035
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0035
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0035
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0035
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0040
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0040
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0040
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0040
https://doi.org/10.1016/j.ijrobp.2011.10.069
https://doi.org/10.1016/j.ijrobp.2011.10.069
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0050
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0050
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0050
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0050
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0055
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0055
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0055
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0060
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0060
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0060
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0060
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0060
https://doi.org/10.1016/j.ctro.2020.05.008
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0070
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0070
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0070
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0070
https://doi.org/10.1016/S1470-2045(18)30588-6
https://doi.org/10.1016/S1470-2045(18)30588-6
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0080
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0080
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0080
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0080
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0085
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0085
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0085
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0085
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0090
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0090
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0090
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0090
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0090
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0095
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0095
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0095
http://refhub.elsevier.com/S2405-6308(22)00054-4/h0095

	A prospective phase II study of prostate-specific antigen-guided salvage radiotherapy and 68Ga-PSMA-PET for biochemical rel ...
	Introduction
	Materials and methods
	Trial information
	Eligibility criteria
	PSMA-PET
	Response evaluation and adaptive salvage radiotherapy
	Outcomes
	Statistics

	Results
	Clinical outcomes
	PSMA-PET findings

	Discussion
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


