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Introduction: 68Ga-PSMA PET/CT is associated with unprecedented sensitivity for
localization of biochemically recurrent prostate cancer at low PSA levels prior to
radiotherapy. Aim of the present analysis is to examine whether patients undergoing
postoperative, salvage radiotherapy (sRT) of the prostatic fossa with no known nodal or
distant metastases on conventional imaging (CT and/or MRI) and on positron emission
tomography/computed tomography (68Ga-PSMA PET/CT) will have an improved
biochemical recurrence-free survival (BRFS) compared to patients with no known nodal
or distant metastases on conventional imaging only.

Material and Methods: This retrospective analysis is based on 459 patients (95 with and
364 without 68Ga-PSMA PET/CT). BRFS (PSA < post-sRT Nadir + 0.2 ng/ml) was the
primary study endpoint. This was first analysed by Kaplan-Meier and uni- andmultivariate Cox
regression analysis for the entire cohort and then again after matched-pair analysis using
tumor stage, Gleason score, PSA at time of sRT and radiation dose as matching parameters.

Results: Median follow-up was 77.5 months for patients without and 33 months for
patients with 68Ga-PSMA PET/CT. For the entire cohort, tumor stage (pT2 vs. pT3-4;
p= <0.001), Gleason score (GS ≤ 7 vs. GS8-10; p=0.003), pre-sRT PSA (<0.5 vs. ≥0.5ng/
ml; p<0.001) and sRT dose (<70 vs. ≥70Gy; p<0.001) were the only factors significantly
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associated with improved BRFS. This was not seen for the use of 68Ga-PSMA PET/CT
prior to sRT (p=0.789). Matched-pair analysis consisted of 95 pairs of PCa patients with or
without PET/CT and no significant difference in BRFS based on the use of PET/CT was
evident (p=0.884).

Conclusion: This analysis did not show an improvement in BRFS using 68Ga-PSMA
PET/CT prior to sRT neither for the entire cohort nor after matched-pair analysis after
excluding patients with PET-positive lymph node or distant metastases a priori. As no
improved BRFS resulted with implementation of 68Ga-PSMA PET in sRT planning, sRT
should not be deferred until the best “diagnostic window” for 68Ga-PSMA PET/CT.
Keywords: prostate, cancer, PSMA PET/CT, biochemical recurrence, radiotherapy
INTRODUCTION

More than half of the men with adverse pathologic features of their
prostate cancer will experience biochemical failure, defined by a rise
in serum prostate-specific antigen (PSA) level, after radical
prostatectomy (RP) (1). In all major guidelines on salvage
radiotherapy (sRT) it is advocated that postoperative radiotherapy
should be administered at a low level of PSA recurrence (2, 3).

So far, treatment of patients with biochemically recurrent
prostate cancer after RP has been guided for years by nomograms
to estimate freedom from biochemical failure and distant
metastases following postprostatectomy sRT (4). These
nomograms demonstrated, that low pre-RT PSA, low Gleason
score 6-7, positive surgical margins and high PSA doubling
time >10 months are associated with the highest progression-
free probability with a known superiority of early sRT at lower
PSA levels compared to all other mentioned parameters (4).

Advances in novel positron emission tomography (PET)
radiotracers for prostate cancer, above all 68Gallium-labeled
ligands of the prostate-specific membrane antigen (68Ga-PSMA)
are associated with unprecedented sensitivity for localization of
biochemically recurrent prostate cancer at low PSA levels as shown
by several meta-analyses of retrospective studies (5) and lately by a
prospective multicentre trial including 635 patients (6).
Consequently, 68Ga-PSMA PET/CT has a high impact on the
management of biochemically recurrent prostate cancer as assessed
by several retrospective and prospective analyses leading to changes
in treatment in more than half of patients with biochemical
recurrence (7, 8). Hypothetically, 68Ga-PSMA PET/CT’s high
impact and subsequently individualization of treatment could
possibly translate into improved biochemical recurrence free and
ultimately overall survival. This has been analysed so far by a few
studies mostly without a comparator group of patients treated
without prior 68Ga-PSMA PET/CT (9, 10).

Currently, a Phase III trial (NCT03582774) explicitly
analysing the oncologic benefit of an additional 68Ga-PSMA
PET/CT prior to sRT is underway with the aim to prove that the
incorporation of 68Ga-PSMA PET/CT in sRT planning will
improve 5-year BRFS by 20% (11). With the results of this trial
not to be expected within the next few years, a matched pair
analysis of patients with and without 68Ga-PSMA PET/CT prior
to sRT of the prostate fossa was undertaken. The aim of this
2

matched pair analysis was to examine whether patients
undergoing sRT of the prostate fossa with no known nodal or
distant metastases on conventional imaging (CT and/or MRI)
and on 68Ga-PSMA PET will have an improved biochemical
recurrence-free survival compared to patients with no known
nodal or distant metastases on conventional imaging only.
MATERIAL AND METHODS

Patient Population
From 1998 - 2017, a total of 672 consecutive patients were referred
for sRT after RP due to persistent or rising PSA at the Radiation
Oncology departments of four university hospitals. Patients with
pathologic lymph nodes at time of RP, distant or lymph node
metastases in 68Ga-PSMA PET, androgen deprivation therapy
(ADT) before or simultaneously with sRT, prior history of RT or
incomplete documentation were excluded. All patients received sRT
of the prostatic bed only. Thus, the following analysis is based on
459 patients. Of this cohort, 364/459 (79%) patients were treated
without a 68Ga-PSMA PET and 95/459 (21%) received a 68Ga-
PSMA PET/CT prior to sRT. This retrospective analysis was
performed in compliance with the principles of the Declaration of
Helsinki and its subsequent amendments (12) and was approved by
the local Ethics Committee of the respective medical university
centers. The requirement to obtain informed consent was waived.

Statistical Analysis
Biochemical recurrence-free survival (BRFS), defined as PSA < post-
radiotherapy Nadir + 0.2 ng/ml from the last day of sRT, was the
primary outcome. The effect of 68Ga-PSMA PET/CT and other
important clinical parameters on BRFS was first analysed by means
of Kaplan-Meier analysis using the log-rank test as well as by uni-
and multivariable Cox regression analyses for the entire cohort.
Multivariable Cox-regression analysis was used to identify
predictors of BRFS after sRT. The effect of 68Ga-PSMA PET/CT
on BRFS was then additionally assessed after a propensity score (PS)
matching (1:1 ratio) has been conducted using tumor stage (pT2 vs.
pT3-4), Gleason score (GS ≤ 7 vs.GS8-10), PSA at time of sRT (<0.5
vs. ≥0.5 ng/ml) and radiation dose (<70 vs. ≥70 Gy) as matching
variables. The PS was calculated using a logistic regression model
October 2021 | Volume 11 | Article 723536
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and the final matching was done using the calculated PS as a
measure of distance within an optimal matching approach (13).
Differences in BRFS after the PS-matching were assessed by means
of a Cox proportional hazards model using a robust sandwich
covariance matrix estimator to account for the clustered structure
introduced by the PS-matching. Differences between
subgroups were compared using Mann-Whitney-U, Student’s t-
and Chi-square test with a p-value of <0.05 considered
statistically significant.
RESULTS

Patients’ Characteristics and Outcome for
the Entire Cohort
Patients had primarily pT2 prostate cancer (52% of the pre-
68Ga-PSMA PET patients and 61% of patients with 68Ga-PSMA
PET). Patient cohorts differed significantly regarding Gleason
score and surgical margins with a higher percentage of 68Ga-
PSMA PET patients with a Gleason Score ≥ 7 (93% vs. 64%;
p<0.001) and surgically negative resection margins (69% vs. 47%;
p<0.001). Further, 68Ga-PSMA PET-patients had a significantly
higher median pre-SRT PSA levels (0.33 ng/ml vs. 0.29 ng/ml;
p<0.007) compared to patients of the pre-68Ga-PSMA PET era.
Median follow-up was 77.5 months (range 0-157) for patients
without and 33 months (range 3-63) for patients with 68Ga-
PSMA PET/CT. Thirty-one patients (33%) had evidence of PET-
Frontiers in Oncology | www.frontiersin.org 3
positive local recurrence. Patients’ characteristics are listed
in Table 1.

For the entire cohort, no difference in BRFS (Figure 1)
depending on the use of 68Ga-PSMA PET was observable (2-year
BRFS 84.1% for non-PET-group vs. 85.6% for PET-group and 3-
year BRFS 76.6% vs. 77.8%, p=0.884, respectively). A multivariable
cox regression analysis (Table 2) was conducted to assess whether
there was an association between tumour or treatment specific
variables and BRFS. Overall, tumor stage (pT2 vs. pT3-4; p<0.001),
Gleason score (GS ≤ 7 vs. GS8-10; p=0.003), PSA at time of sRT
(<0.5 vs. ≥0.5ng/ml; p<0.001) and radiation dose (<70 vs. ≥70Gy;
p<0.001) were the only factors significantly associated with BRFS.
No significant association was observed for the use of 68Ga-PSMA
PET/CT prior to sRT (p=0.789), initial PSA (<10 ng/ml vs. ≥ 10 ng/
ml; p=0.508), surgical margins (R0 vs. R1; p=0.055) and post-
prostatectomy PSA (<0.1 ng/ml vs. ≥ 0.1 ng/ml; p=0.192).

Patient Characteristics and Outcome After
Propensity Score Matching
Propensity score matching based on tumor stage (pT2 vs. pT3-4),
Gleason score (GS ≤ 7 vs. GS8-10), PSA at time of sRT (<0.5 vs.
≥0.5 ng/ml) and radiation dose (<70 vs. ≥70 Gy) resulted in 95
patient pairs. Assessment of both the area of common support of
the PS distributions in PET and no PET patient groups as well as
the absolute standardized difference (ASD) after the matching
was done revealed perfectly balanced comparison groups. The
common support area nearly reached 100% overlapping, and
TABLE 1 | Patient characteristics.

Factor no PSMA-PET/CTN=364 PSMA-PET/CTN=95 p-value

Year of RP
Median FU (range)

1989 - 2015
77.5 months (0 - 157)

2000 - 2017
33 months (3 - 63) <0.001*

iPSA ng/ml
Mean (SD)
Median (IQR)

12.2 (10.0)
9.2 (6.2 - 14.3)

12.8 (12.2)
10.2 (6.0 - 14.4)

0.814*

Tumor stage
pT2
pT3-4

190 (52%)
174 (48%)

58 (61%)
37 (39%)

0.123**

Gleason score
GS ≤6
GS 7
GS 8-10

132 (36%)
160 (44%)
72 (20%)

7 (7%)
63 (67%)
25 (26%)

<0.001**

Surgical margins
R0
R1
Rx

172 (47%)
160 (44%)
32 (9%)

65 (69%)
26 (27%)
4 (4%)

<0.001**

Post-RP PSA nadir
<0.1 ng/ml
≥0.1 ng/ml

288 (79%)
76 (21%)

75 (79%)
20 (21%)

0.970**

Time between surgery
and PSA recurrence 12 (0-149) 25 (0-137) <0.001*
Pre-SRT PSA ng/ml
Mean (SD)
Median (IQR)

0.52 (0.84)
0.29 (0.15 - 0.51)

0.54 (0.67)
0.33 (0.23 - 0.51)

0.007 *

SRT dose Gy
Mean (SD)
Median (IQR)

69.3 (2.6)
70.2 (66.6 – 72.0)

69.2 (3.0)
70.2 (66.0 – 72.0)

0.796***
October 2021 | Volume 11 | Articl
*Mann-Whitney-U test; **Chi-square test; ***Student’s t-test.
RP, radical prostatectomy; iPSA, initial PSA; GS, Gleason Score; SRT, salvage radiotherapy; SD, standard deviation; IQR, inter quartile range.
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ASD values for all variables in the PS model were <0.1.
Consequently, there was almost no pair of case and control
patient which differed in any value of all the matching variables.
Overall, no difference in BRFS based on the use of 68Ga-PSMA
PET/CT prior to sRT (3-year BRFS 77.8% vs. 79.4%; p=0.802)
could be found (Figure 2). Equally no difference in BRFS was
evident when comparing patients with PET-positive local
recurrences within the prostatic fossa to patients without PET/
CT prior to sRT or a negative PET/CT (p=0.805) (Figure 3).
Patients with PET-positive local recurrence had significantly
higher median pre-sRT PSA values compared to PET-negative
patients and patients without a PET/CT (0.46ng/ml vs. 0.29 ng/
ml vs. 0.24ng/ml, p= 0.001).
DISCUSSION

The introduction of 68Ga-PSMA PET/CT imaging has
substantially improved the detection and localization of
macroscopic disease in patients with biochemical recurrence
Frontiers in Oncology | www.frontiersin.org 4
after RP. 68Ga-PSMA PET/CT allows for an individualization
of treatment in terms of irradiation volumes, applied overall dose
and concomitant ADT (14–16). This has led to a surge in the use
of 68Ga-PSMA PET/CT particularly across Europe compared to
the United States, where 68Ga-PSMA PET has been approved by
the US Food and Drug Administration for institutional use at the
University of California, Los Angeles (UCLA) and the University
of California, San Francisco (UCSF). Only recently, a phase III
trial corroborated the high detection rates of 68Ga-PSMA PET/
CT at low PSA levels in patients with biochemical recurrence
ranging from 38% for a PSA level <0.5 ng/ml to 57% for 0.5
to <1.0 ng/ml (6). Consequently, the European guidelines on
prostate cancer cautiously recommend to perform a PSMA PET/
CT post-prostatectomy at PSA levels >0.2 ng/ml (3).

To assess the oncologic benefit of 68Ga-PSMA PET/CT in
patients with or without a PET-positive local recurrence within
the prostatic fossa and with prior exclusion of patients with PET-
positive lymph node or distant metastases, a matched pair
analysis of patients treated with sRT of the prostate fossa
without vs. patients with 68Ga-PSMA PET/CT prior to sRT
was undertaken. For the entire cohort, no significant difference in
BRFS between patients with or without 68Ga-PSMA PET/CT
was observed, although the two cohorts differed significantly
with more adverse features in the 68Ga-PSMA PET cohort,
namely higher Gleason score, higher pre-sRT PSA and higher
percentage of patients with R0-resection being present.
Subsequently, not 68Ga-PSMA PET/CT but pre-sRT PSA
(<0.5 vs. ≥0.5 ng/ml), tumor stage (pT2 vs. pT3-4), Gleason
score (GS ≤ 7 vs. GS8-10), and radiation dose (<70 vs. ≥70 Gy)
were the only factors significantly associated with BRFS. Several
retrospective studies have affirmed the prognostic role of the pre-
sRT PSA level with a potential chance of cure in more than 60%
of patients treated before PSA rises >0.5ng/ml (4, 17, 18).
Likewise, the association of dose-escalation in the sRT setting
with relapse-free survival was previously confirmed in multiple
TABLE 2 | Multivariable Cox Regression Analysis on factors associated with
biochemical recurrence free survival after SRT.

Factor HR (95% CI) p

PSMA-PET/CT (no*/yes) 1.07 (0.64 - 1.79) 0.789
iPSA 10 (<10*/≥10 ng/ml) 1.13 (0.79 - 1.60) 0.508
Tumor stage (pT2*/pT3-4) 2.29 (1.60 - 3.27) <0.001
Gleason score (GS ≤ 7*/GS8-10) 1.77 (1.22 - 2.57) 0.003
Surgical margins (R0*/R1) 0.72 (0.52 - 1.01) 0.055
Post-RP PSA nadir (<0.1*/≥0.1 ng/ml) 1.28 (0.88 - 1.87) 0.192
Pre-SRT PSA (<0.5*/≥0.5 ng/ml) 2.00 (1.39 - 2.86) <0.001
SRT dose (<70*/≥70 Gy) 0.54 (0.39 - 0.76) <0.001
*State of reference.
HR, Hazard Ratio; CI, confidence interval; iPSA, initial PSA; GS, Gleason Score; RPE,
radical prostatectomy; SRT, salvage radiotherapy.
FIGURE 1 | Biochemical recurrence-free survival according to the use of PSMA PET/CT for the entire cohort.
October 2021 | Volume 11 | Article 723536
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retrospective analyses with the oncologic results of the SAKK 09/
10, a phase III trial on the potential benefit of dose-escalation still
pending (19, 20).

After matching according to these factors with an overall 95
pairs of patients again no difference in BRFS was evident, nor was a
significant difference in BRFS seen when comparing patients with a
PET-positive local recurrence to patients without 68Ga-PSMA PET.

Once again, this underlines the significant influence of pre-sRT
PSA on BRFS after sRT with higher PSA-levels correlating with
macroscopic local and/or lymph node recurrences and diminished
BRFS rates. Thus, based on these findings in a selective cohort of
Frontiers in Oncology | www.frontiersin.org 5
patients with exclusion of patients with 68Ga-PSMA PET-positive
lymph node or distant metastases a priori, the current analysis
supports the recommendations by several guidelines on prostate
cancer that PSMA PET/CT should be performed in patients with
PSA >0.2 ng/ml and sRT should not be postponed until a PSMA
PET-positive result is observed (3, 21).

This is especially true as in contrast to the pre-PSMA PET era,
when the 3 major studies on adjuvant radiotherapy were initially
published (1, 22, 23) a certain reluctance can nowadays be observed
among urologists but as well radiation oncologists to perform
adjuvant radiotherapy in men with adverse pathologic features.
FIGURE 3 | Biochemical recurrence-free survival of patients with PET-positive local recurrence vs. patients without PET/CT.
FIGURE 2 | Biochemical recurrence-free survival according to the use of PSMA PET/CT after propensity score matching.
October 2021 | Volume 11 | Article 723536
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This tendency most likely stems from an increase in RT-associated
side effects e.g. urinary incontinence or erectile dysfunction when
applying early postoperative RT in comparison to sRT (24). In
addition, no difference in 5-year BRFS and even 8-year metastasis-
free or overall survival was observed in retrospective studies
initiating sRT at low PSA levels (25, 26).

A further increase of sRT will most likely be observed based
on the latest results of the three randomised studies RADICALS-
RT, RAVES and GETUG-AFU 17 all comparing adjuvant
radiotherapy to a policy of early sRT triggered at low PSA
failures of maximum 0.2ng/ml after RP (27). All three only
recently published studies indicate the possibility of an
observation policy with sRT after RP as long as sRT is initiated
at low PSA levels (28–30).

With a known better outcome for patients receiving early sRT
at PSA levels ≤ 0.5 ng/ml (4), the fundamental maxim of sRT
might as such be “the earlier, the better” (4). In particular,
Bartkowiak et al. advocate for very early sRT at PSA levels of
0.2 ng/ml or less (18) with a known risk for further metastases at
a PSA level of 0.4 ng/ml and rising (31). The significance of an
early sRT start at low PSA-levels is further depicted in the work
by Shelan et al. showing that even dose-escalated sRT with short-
course ADT in patients with macroscopic local recurrences after
RP leads to inferior tumor control compared to early sRT (32).

Thus, not surprisingly, the present data reveal that not the
availability of a 68Ga-PSMA PET/CT is decisive for BRFS after
sRT but the initiation of sRT at low PSA-levels with patients treated
without a PSMA PET having significantly lower PSA levels prior to
sRT. This underlines the dilemma of modern imaging with 68Ga-
PSMA PET/CT, which so far has a superior detection of relapses
than any other imaging modality for prostate cancer but is still not
sensitive enough for the low PSA levels associated with the highest
chance of long-term BRFS after sRT. Nevertheless, with growing
body of evidence PSMA PET will maintain its dominant role in
staging patients at initial diagnosis before curative-intent surgery or
radiotherapy, as seen in proPSMA trial, at the time of postoperative
PSA relapse as well as in the treatment setting of metastatic
castration-resistant prostate cancer patients who do receive [(177)
Lu]-PSMA-617 radionuclide treatment (6, 33, 34).

The present study has several limitations mainly due to its
retrospective nature. Based on varying institutional policies, the
treatment protocols and the follow-up procedure were not identical
for all patients. The influence of 68Ga-PSMA PET might therefore
be disguised by the comparably high overall median dose in the sRT
setting of 70.2 Gy in both cohorts. For the cohort of patients without
68Ga-PSMA PET/CT the precise staging method (CT and/or MRI)
was not known for each patient. A further shortcoming of the
present analysis that precludes drawing final conclusions is the
relatively short follow-up of patients with 68Ga-PSMA PET/CT.
Frontiers in Oncology | www.frontiersin.org 6
We tried to overcome these issues by performing a matched-pair
analysis with a reasonably high number of 95 patient pairs for
statistical analyses. To avoid further biases, patients with ADT were
excluded resulting in a BRFS free of the influence of ADT.
CONCLUSION

This multi-institutional analysis did neither confirm an improvement
in BRFS for the entire cohort nor after matched-pair analysis nor for
patients with PET-positive local recurrences using 68Ga-PSMA PET/
CT prior to sRT compared to a pre-PSMA PET cohort after
excluding patients with PET-positive lymph node or distant
metastases a priori. Overall, the significance of a low PSA before
the initiation of sRT was reconfirmed in the present analysis. As no
improved BRFS resulted with implementation of 68Ga-PSMA in sRT
planning, sRT should not be deferred until the best “diagnostic
window” for PSMA PET/CT. Further advances in PSMA PET/CT
like the recent emergence of Fluorine-18 tracers with promising
detection rates of 61.5% for patients with PSA values as low as 0.2 -
0.5 ng/ml might further influence BRFS rates post-sRT (35).
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by approval number of the University of Ulm (391/15),
approval number of the University of Freiburg (519/17),
approval number of the University of Munich (17-765)].
Written informed consent for participation was not required
for this study in accordance with the national legislation and the
institutional requirements.
AUTHOR CONTRIBUTIONS

All authors contributed to the study conception and design.
Material preparation, data collection and analysis were performed
by N-SS-H, CZ, BM, and TW. The first draft of the manuscript was
written by N-SS-H, CZ, BM, and TW. All authors commented on
previous versions of the manuscript. All authors contributed to the
article and approved the submitted version.
REFERENCES
1. Wiegel T, Bartkowiak D, Bottke D, Bronner C, Steiner U, Siegmann A, et al.

Adjuvant Radiotherapy Versus Wait-And-See After Radical Prostatectomy:
10-Year Follow-Up of the ARO 96–02/AUO AP 09/95 Trial. Eur Urology
(2014) 66(2):243–50. doi: 10.1016/j.eururo.2014.03.011
2. Pisansky Thomas M, Thompson Ian M, Valicenti Richard K, D'Amico
Anthony V, Selvarajah S. Adjuvant and Salvage Radiotherapy After
Prostatectomy: ASTRO/AUA Guideline Amendment 2018-2019. J Urol
(2019) 202(3):533–8. doi: 10.1097/JU.0000000000000295

3. Mottet N, Cornford P, van den Bergh RCN. EAU - EANM - ESTRO - ESUR –
SIOG Guidelines on Prostate Cancer. Eur Assoc Urol (2020).
October 2021 | Volume 11 | Article 723536

https://doi.org/10.1016/j.eururo.2014.03.011
https://doi.org/10.1097/JU.0000000000000295
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Schmidt-Hegemann et al. PSMA PET/CT Based Salvage Radiotherapy
4. 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.
doi: 10.1200/JCO.2016.67.9647

5. von Eyben FE, Picchio M, von Eyben R, Rhee H, Bauman G. 68Ga-Labeled
Prostate-Specific Membrane Antigen Ligand Positron Emission Tomography/
Computed Tomography for Prostate Cancer: A Systematic Review and Meta-
Analysis. Eur Urol Focus (2018) 4(5):686–93. doi: 10.1016/j.euf.2016.11.002

6. FendlerWP, Calais J, EiberM, Flavell RR, Mishoe A, Feng FY, et al. Assessment of
68Ga-PSMA-11 PET Accuracy in Localizing Recurrent Prostate Cancer: A
Prospective Single-Arm Clinical Trial. JAMA Oncol (2019) 5(6):856–63.
doi: 10.1001/jamaoncol.2019.0096

7. Han S,Woo S, Kim YJ, Suh CH. Impact of 68Ga-PSMA PET on theManagement
of Patients With Prostate Cancer: A Systematic Review and Meta-Analysis. Eur
Urol (2018) 74(2):179–90. doi: 10.1016/j.eururo.2018.03.030

8. Fendler WP, Ferdinandus J, Czernin J, Eiber M, Flavell RR, Behr SC, et al.
Impact of 68Ga-PSMA-11 PET on the Management of Recurrent Prostate
Cancer in a Prospective Single-Arm Clinical Trial. J Nucl Med (2020). doi:
10.1016/S2666-1683(20)33398-X

9. Schmidt-Hegemann N-S, Stief C, Kim T-H, Eze C, Kirste S, Strouthos I, et al.
Outcome After PSMA PET/CT–Based Salvage Radiotherapy in Patients With
Biochemical Recurrence After Radical Prostatectomy: A 2-Institution
Retrospective Analysis. J Nucl Med (2019) 60(2):227–33. doi: 10.2967/
jnumed.118.212563

10. Zschaeck S, Wust P, Beck M, Wlodarczyk W, Kaul D, Rogasch J, et al.
Intermediate-Term Outcome After PSMA-PET Guided High-Dose
Radiotherapy of Recurrent High-Risk Prostate Cancer Patients. Radiat Oncol
(2017) 12(1):140. doi: 10.1186/s13014-017-0877-x

11. Calais J, Czernin J, Fendler WP, Elashoff D, Nickols NG. Randomized
Prospective Phase III Trial of (68)Ga-PSMA-11 PET/CT Molecular Imaging
for Prostate Cancer Salvage Radiotherapy Planning [PSMA-SRT]. BMC
Cancer (2019) 19(1):18–8. doi: 10.1186/s12885-018-5200-1

12. Association GAotWM. World Medical Association Declaration of Helsinki:
Ethical Principles for Medical Research Involving Human Subjects. J Am Coll
Dent (2014) 81(3):14–8.

13. Mayer B, Tadler S, Rothenbacher D, Seeger J, Wöhrle J. A Hierarchical
Algorithm for Multicentric Matched Cohort Study Designs. Curr Med Res
Opin (2020) 36(11):1889–96. doi: 10.1080/03007995.2020.1808453

14. Afshar-Oromieh A, Holland-Letz T, Giesel FL, Kratochwil C, Mier W,
Haufe S, et al. Diagnostic Performance of (68)Ga-PSMA-11 (HBED-CC)
PET/CT in Patients With Recurrent Prostate Cancer: Evaluation in 1007
Patients. Eur J Nucl Med Mol Imaging (2017) 44(8):1258–68. doi: 10.1007/
s00259-017-3711-7

15. Farolfi A, Ceci F, Castellucci P, Graziani T, Siepe G, Lambertini A, et al. 68Ga-
PSMA-11 PET/CT in Prostate Cancer Patients With Biochemical Recurrence
After Radical Prostatectomy and PSA <0.5 Ng/Ml. Efficacy and Impact on
Treatment Strategy. Eur J Nucl Med Mol Imaging (2019) 46(1):11–9.
doi: 10.1007/s00259-018-4066-4

16. Müller J, Ferraro DA, Muehlematter UJ, Garcia Schüler HI, Kedzia S, Eberli D,
et al. Clinical Impact of 68Ga-PSMA-11 PET on Patient Management and
Outcome, Including All Patients Referred for an Increase in PSA Level During
the First Year After its Clinical Introduction. Eur J Nucl Med Mol Imaging
(2019) 46(4):889–900. doi: 10.1007/s00259-018-4203-0

17. 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.
doi: 10.1200/JCO.2016.68.3425

18. Bartkowiak D, Thamm R, Bottke D, Siegmann A, Böhmer D, Budach V, et al.
Prostate-Specific Antigen After Salvage Radiotherapy for Postprostatectomy
Biochemical Recurrence Predicts Long-Term Outcome Including Overall
Survival . Acta Oncologica (2018) 57(3) :362–7. doi : 10.1080/
0284186X.2017.1364869

19. King CR. The Timing of Salvage Radiotherapy After Radical Prostatectomy: A
Systematic Review. Int J Radiat OncologyBiologyPhysics (2012) 84(1):104–11.
doi: 10.1016/j.ijrobp.2011.10.069

20. Ghadjar P, Hayoz S, Bernhard J, Zwahlen DR, Hölscher T, Gut P, et al. Acute
Toxicity and Quality of Life After Dose-Intensified Salvage Radiation Therapy for
Frontiers in Oncology | www.frontiersin.org 7
Biochemically Recurrent Prostate Cancer After Prostatectomy: First Results of the
Randomized Trial SAKK 09/10. J Clin Oncol (2015) 33(35):4158–66. doi: 10.1200/
JCO.2015.63.3529

21. Wirth M, Berges R, Fröhner M, Miller K, Rübben H, Stöckle M, et al.
Interdisziplinäre Leitlinie Der Qualität S3 Zur Früherkennung, Diagnose
Und Therapie Der Verschiedenen Stadien Des Prostatakarzinoms, Vol. 5.0.
(2018).

22. Thompson IM, Tangen CM, Paradelo J, Lucia MS, Miller G, Troyer D, et al.
Adjuvant Radiotherapy for Pathological T3N0M0 Prostate Cancer
Significantly Reduces Risk of Metastases and Improves Survival: Long-Term
Followup of a Randomized Clinical Trial. J Urol (2009) 181(3):956–62. doi:
10.1016/j.juro.2008.11.032

23. Bolla M, van Poppel H, Tombal B, Vekemans K, Da Pozzo L, de Reijke TM,
et al. Postoperative Radiotherapy After Radical Prostatectomy for High-Risk
Prostate Cancer: Long-Term Results of a Randomised Controlled Trial
(EORTC Trial 22911). Lancet 380(9858):2018–27. doi: 10.1016/S0140-6736
(12)61253-7

24. Zaffuto E, Gandaglia G, Fossati N, Dell'Oglio P, Moschini M, Cucchiara V,
et al. Early Postoperative Radiotherapy is Associated With Worse Functional
Outcomes in Patients With Prostate Cancer. J Urology 2017/03/01 (2017) 197
(3 Part 1):669–75. doi: 10.1016/j.juro.2016.09.079

25. Fossati N, Karnes RJ, Boorjian SA, Moschini M, Morlacco A, Bossi A, et al.
Long-Term Impact of Adjuvant Versus Early Salvage Radiation Therapy in
Pt3n0 Prostate Cancer Patients Treated With Radical Prostatectomy: Results
From a Multi-Institutional Series. Eur Urol (2016). doi: 10.1016/
j.eururo.2016.07.028

26. Briganti A, Wiegel T, Joniau S, Cozzarini C, Bianchi M, SunM, et al. Early Salvage
Radiation Therapy Does Not Compromise Cancer Control in PatientsWith Pt3n0
Prostate Cancer After Radical Prostatectomy: Results of aMatch-ControlledMulti-
Institutional Analysis. Eur Urology (2012) 62(3):472–87. doi: 10.1016/
j.eururo.2012.04.056

27. Vale CL, Fisher D, Kneebone A, Parker C, Pearse M, Richaud P, et al.
Adjuvant or Early Salvage Radiotherapy for the Treatment of Localised and
Locally Advanced Prostate Cancer: A Prospectively Planned Systematic
Review and Meta-Analysis of Aggregate Data. Lancet (2020). doi: 10.1016/
S0140-6736(20)31952-8

28. Kneebone A, Fraser-Browne C, Duchesne GM, Fisher R, Frydenberg M, Herschtal
A, et al. Adjuvant Radiotherapy Versus Early Salvage Radiotherapy Following
Radical Prostatectomy (TROG 08.03/ANZUP RAVES): A Randomised,
Controlled, Phase 3, non-Inferiority Trial. Lancet Oncol (2020) 21(10):1331–40.
doi: 10.1016/S1470-2045(20)30456-3

29. Parker CC, Clarke NW, Cook AD, Kynaston HG, Petersen PM, Catton C,
et al. Timing of Radiotherapy After Radical Prostatectomy (RADICALS-RT):
A Randomised, Controlled Phase 3 Trial. Lancet (2020). doi: 10.1016/S0140-
6736(20)31553-1

30. Sargos P, Chabaud S, Latorzeff I, Magné N, Benyoucef A, Supiot S, et al.
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