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Introduction: The National Comprehensive Cancer Network recommends external beam
radiotherapy (EBRT) combined with androgen deprivation therapy (ADT) as the preferred
treatment option for newly diagnosed node-positive (cN1) prostate cancer (PCa) patients.
However, implementation of positron emission tomography targeting prostate-specific
membrane antigen (PSMA-PET) in the staging of primary PCa patients has a significant
impact on RT treatment concepts. This study aims to evaluate outcomes and their
respective risk factors on patients with PSMA-PET-based cN1 and/or cM1a PCa
receiving primary RT and ADT.

Methods: Forty-eight patients with cN0 and/or cM1a PCa staged by [18F]PSMA-1007-
PET (n = 19) or [68Ga]PSMA-11-PET (n = 29) were retrospectively included. All patients
received EBRT to the pelvis ± boost to positive nodes, followed by boost to the prostate.
The impact of different PET-derived characteristics such as maximum standard uptake
value (SUVmax) and number of PET-positive lymph nodes on biochemical recurrence-free
survival (BRFS) (Phoenix criteria) and metastasis-free survival (MFS) was determined using
Kaplan–Meier and Cox proportional hazard regression analyses.

Results: Median follow-up was 24 months. Median initial serum prostate-specific antigen
was 20.2 ng/ml (IQR 10.2–54.2). Most patients had cT stage ≥ 3 (63%) and ISUP grade ≥ 3
(85%). Median dose to the prostate, elective nodes, and PET-positive nodes was 75 Gy, 45
Gy, and 55 Gy, respectively. Ninety percent of patients received ADT with a median duration
of 9 months (IQR 6–18). In univariate analysis, cM1a stage (p = 0.03), number of >2 pelvic
nodes (p = 0.01), number of >1 abdominal node (p = 0.02), and SUVmax values ≥median (8.1
g/ml for 68Ga-PSMA-11 and 7.9 g/ml for 18F-PSMA-1007) extracted from lymph nodes were
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significantly associated with unfavorable BRFS, but classical clinicopathological features were
not. Number of >2 pelvic nodes (n = 0.03), number of >1 abdominal node (p = 0.03), and
SUVmax values ≥ median extracted from lymph nodes were associated with unfavorable
MFS. In multivariate analysis, number of >2 pelvic lymph nodes was significantly associated
with unfavorable BRFS (HR 5.2, p = 0.01) and SUVmax values ≥ median extracted from
lymph nodes had unfavorable MFS (HR 6.3, p = 0.02).

Conclusion: More than 2 PET-positive pelvic lymph nodes are associated with
unfavorable BRFS, and high SUVmax values are associated with unfavorable MFS.
Thus, the number of PET-positive lymph nodes and the SUVmax value might be
relevant prognosticators to identify patients with favorable outcomes.
Keywords: risk factors, PSMA-PET/CT, prostate cancer, radiotherapy, personalization, lymph node positive
INTRODUCTION

Node-positive prostate cancer represents approximately 12% of
de novo diagnosed prostate cancer (PCa) in the United States
based on convent ional imaging. Current Nat ional
Comprehensive Cancer Network (NCCN v3.2022) guidelines
recommend androgen deprivation therapy (ADT) with
radiotherapy (RT) to the prostate and pelvic lymphatics in case
of de novo pelvic lymph-node positive PCa (cN1 stage). ADT can
be accompanied by abiraterone due to the recently reported
benefit in metastasis-free survival (MFS) in this patient group in
the STAMPEDE platform trial (1). In case of lymph node
metastases above the aortic bifurcation (cM1a stage), current
guidelines (NCCN v3.2022) recommend ADT with next-
generation antiandrogens or doxetacel. In selected patients, RT
to the prostate can be offered in addition to systemic therapy (2).
Current risk-classification systems for these patient groups
consider the localization of lymph node metastases (cN1 vs.
cM1a stage). However, the number of affected lymph nodes and
their biologic characteristics are not considered.

It is important to mention that all latter treatment
recommendations and risk-classification systems are based on
studies using conventional imaging for staging: computed
tomography (CT), magnetic resonance imaging (MRI), and
bone scintigraphy. The proPSMA study compared prostate-
specific membrane antigen positron emission tomography
(PSMA-PET) with conventional imaging for staging in high-
risk PCa patients (3). Twenty-nine percent of patients
undergoing first-line PSMA-PET were detected with pelvic
nodal (20%) or abdominal nodal (9%) metastases (3). The
authors depicted a significantly higher sensitivity and accuracy
for PSMA-PET in the detection of lymph node metastases.
Clinical trials correlating PSMA-PET-positive findings with
histopathology from pelvic lymph node dissection in
intermediate- to high-risk PCa patients showed somewhat
poorer performance on a region level with a sensitivity
between 40% and 66% and a specificity between 95% and 98%
(4, 5). Several studies observed a significant impact of PSMA-
PET imaging on RT treatment concepts in patients with primary
PCa (6, 7). However, reports on the outcome after PSMA-PET-
2

guided RT in PCa patients with de novo metastasized lymph
nodes are sparse. Thus, we initiated this retrospective study in
order to (i) evaluate the biochemical recurrence-free survival and
(ii) its respective risk factors in a cohort of patients with initial
cN1 and/or cM1a PCa receiving primary RT and ADT after
PSMAPET staging.
PATIENTS AND METHODS

Patients
This retrospective, mono-institutional analysis included patients
with histologically proven PCa and cN1 and/or cM1a status in
initial PSMA-PET/CT imaging. All patients received intensity-
modulated RT (IMRT) with or without ADT from July 2015 to
March 2021. The availability of PSMA-PET/CT scans at the
maximum of 6 months prior to IMRT was mandatory. Patients
were excluded from the analysis if not all PET-positive lymph
nodes were included in the RT field or had cM1b/c disease (bone
and/or visceral metastases) in PET. This study was approved by
the institutional review board of the University of Freiburg (No.:
21-1149) and written informed consent was waived due to the
retrospective character.

PSMA-PET/CT Imaging
Radiolabeled tracers targeting the PSMA have been used for
detection and delineation of lymph node metastases. PET/CT
scans were performed 1 or 2 h after injection of the ligand 68Ga-
PSMA-11 (n = 29) or 18F-PSMA-1007 (n = 19), respectively. The
imaging systems used were GEMINI TF TOF 64, GEMINI TF 16
Big Bore, and Vereos (all from Philips, Netherlands). All imaging
systems were cross-calibrated. A detailed description of our
PSMA PET/CT imaging protocol is given in (8, 9).

Treatment Protocol
Planning CT was acquired in supine position. Clinical target
volume (CTV) and planning target volume (PTV) were created
according to NRG and ACROP-ESTRO recommendations
(10, 11). In all patients, the RT field comprised the prostate,
the seminal vesicles, and the pelvic lymph nodes. In case of cN1
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status, the upper border of the CTV was the aortic bifurcation. In
case of cM1a status, the upper border of the CTV was 1 cm above
the last PET-positive lymph node including elective pelvic nodes.
Co-registered PET images were used to identify positive lymph
nodes in the planning CT under consideration of the local
nuclear medicine report and any SUV uptake higher than the
background. PTV margin for boost volumes of PET-positive
nodes was 1 cm. All patients received normo-fractionated IMRT
and image-guided RT (IGRT). In the first step, RT was applied to
the prostate, seminal vesicles, and elective lymphatics including a
boost to PET-positive lymph nodes. In the second step, the
prostate and the seminal vesicles received a sequential boost.

The aimed prescription dose was 76 Gy (EQD2, a/b = 1.6 Gy)
to the entire prostatic gland and one-third of the seminal vesicles.
No RT dose escalation to intraprostatic volumes was performed.
Elective pelvic and abdominal lymphatics received 45–50.4 Gy in
1.8 Gy per fraction. Similar to (12), the aimed prescription dose
for PET-positive lymph nodes was 54 Gy (EQD2, a/b = 1.6 Gy).

Administration of ADT was performed under consideration
of patients’ individual preferences and comorbidities. Long-time
ADT was strongly recommended to all patients concomitantly
and adjuvant to EBRT. Neoadjvuant ADT was recommended if
shrinkage of prostate volume was intended.

During follow-up (FU), patients were seen every 3–6 months
for the first 2 years and every 6–12 months thereafter for physical
examination and PSA measurements. FU examinations were
performed at our institution or from another board-licensed
urologist. Genitourinary (GU) and gastrointestinal (GI) toxicities
were assessed according to common terminology criteria for
adverse events (CTCAE) v5.0. Radiologic evaluation by PSMA-
PET/CT was conducted in case of biochemical recurrence
according to Phoenix criteria (13). In case of oligoprogression,
metastasis-directed therapy (MDT) was offered to patients.

Standardized-Uptake Value Analysis
All PET-positive lymph nodes were contoured by SS, applying
validated contouring techniques (8, 9) under consideration of the
local PET review and the anatomical borders on the
corresponding CT scan in Eclipse planning treatment software
15.0 (Varian, USA). Subsequently, maximum standardized
uptake values (SUVmax) were extracted from the prostate and
lymph nodes.

Statistical Analysis
The primary endpoint biochemical recurrence-free survival
(BRFS) was defined as time from completion of IMRT until
biochemical recurrent PCa according to the Phoenix criteria (13)
or death from any cause. MFS was calculated from completion of
RT until detection of any new metastases outside the RT field on
PSMA-PET or death from any cause. Uni- and multivariate
(forward logistic regression) Cox regression analyses were
performed analyzing the impact of different clinical variables
on BRFS. Therefore, variables were dichotomized: initial serum
prostate-specific antigen (iPSA) ≤ and > 20 ng/ml, International
Society for Urological Pathology (ISUP) grade < and ≥ 3, T-stage <
and ≥ 3, cM1a stage, number of positive pelvic lymph nodes ≤ and >
2, and number of extrapelvic lymph nodes ≤ and > 1. SUVmax
Frontiers in Oncology | www.frontiersin.org 3
values within the prostate and within the PET-positive lymph nodes
were dichotomized according to median values, respectively. To
account for differences in SUVmax between 68Ga-PSMA-11 and
18F-PSMA-1007, the median was calculated for each tracer
separately. For the graphical representation, the respective
variables were analyzed by Kaplan–Meier survival curve
compared by log-rank test. Mann–Whitney test and Wilcoxon
matched-pairs signed rank test was used for t-test of unpaired
and paired data. All tests were considered to be statistically
significant at p < 0.05. Statistical analysis was conducted with
SPSS v28 (IBM, USA). Descriptive statistics were performed with
Excel 2016 (Microsoft Cooperation, USA) and GraphPad Prism
v8.4.2 (GraphPad Software Inc, USA).
RESULTS

Patient and Treatment Characteristics
Forty-eight patients with a median FU of 23 months (IQR 8–38
months) were included. See Table 1 for patient characteristics.
Twenty-nine patients underwent 68Ga-PSMA-11-PET and 19
patients underwent 18F-PSMA-1007-PET. cN1 stage was
significantly different when considering CT scans only (p <
0.0001), whereas cM1a stage was not (p = 0.25). Median dose
to the prostate, PET-positive lymph nodes, and elective nodes
were 75 Gy, 55 Gy, and 45 Gy. Median SUVmax of the prostate
and lymph nodes was 17.8 g/ml (IQR 9.9–28.9) and 8.1 g/ml
(IQR 4.1–23.0) for 68Ga-PSMA-11 and 17.3 g/ml (IQR 9.3–31.9)
and 7.9 g/ml (IQR 4.4–18.3) for 18F-PSMA-1007, respectively.
Only one patient had PSMA-PET positive lymph nodes above
the diaphragm. Cumulative acute grade 1 and 2 GI toxicities
were 33% and 19%, and acute GU toxicities were 60% and 23%.
Cumulative chronic grade 1 and 2 GI toxicities were 13% and 4%,
and chronic GU toxicities were 13% and 6%. There was no
significant difference of acute and chronic GU and GI toxicities
between patients with and without cM1a stage (p > 0.11). No
chronic grade 3 toxicities were observed.

During FU, 17 patients (35%) experienced a biochemical
relapse. Eight patients were diagnosed with metastases in
PSMA-PET/CT due to relapse, of which metastases were
outside the RT field in 7 patients. Two-year and 4-year BRFS
were 69% and 52%, respectively. Two-year and 4-year MFS were
75% and 52%, respectively.

In univariate analysis, presence of cM1a stage (p = 0.03), >2
pelvic lymph nodes (p = 0.01), and >1 abdominal lymph node (p =
0.02) were associated with unfavorable BRFS, whereas the
established clinical and pathological parameters were not (see
Table 2). Additionally, SUVmax values ≥ median extracted from
the prostate were not associated with BRFS (p = 0.89), while
SUVmax values ≥ median extracted from lymph nodes were
associated with unfavorable BRFS (p = 0.046). In multivariate
analysis, only number of pelvic lymph nodes > 2 remained
statistically significant (p = 0.01). In univariate analysis, presence
of >2 pelvic lymph nodes (p = 0.03), >1 abdominal lymph node (p =
0.03), and SUVmax values ≥ median extracted from lymph nodes
were associated with unfavorable MFS, while cM1a stage and
June 2022 | Volume 12 | Article 898774
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clinicopathological parameters were not (see Table 2). In
multivariate analysis, only SUVmax values ≥ median extracted
from lymph nodes remained statistically significant regarding
MFS (p = 0.02). See Table 2 for details and Figure 1 for Kaplan–
Meier curves.
DISCUSSION

To the best of our knowledge, this is one of the first studies to
analyze treatment outcomes after RT in PCa patients with cN1
and/or cM1a status on initial PSMA-PET/CT. Despite prior
clinical implementation of PSMA-PET, de novo lymph node-
positive PCa has been scarcely investigated in clinical trials.
Addition of RT to ADT has been proven to improve outcomes
(14), but the utilization of PSMA-PET in primary staging leads to
subsequent stage migration due to the increased detection rate of
node and bone metastases. This, in addition to modern RT
techniques, bears the potential to adjust and improve the
management of node-positive PCa.

In our cohort, 4-year BRFS was worse than the results of a
retrospective study (15) investigating moderately hypofractionated
RT in node-positive PCa patients. All patients in this study received
long-term ADT, and patients in our cohort had more advanced
disease with >75% having cT3–4 stage, which might account for
these differences. Despite a slightly different definition of BCR
(namely, PSA > 1.5 ng/ml), results of the RTOG 8531 trial are in
a more similar range with a 5-year BCFS of 54% in patients
receiving RT + ADT (14). The recently published data from the
STAMPEDE platform (1) demonstrate that outcomes can be
significantly improved through intensification of systemic
treatments by adding abiraterone to long-term ADT. Despite our
cohort consisting of high-risk PCa patients with mainly cT3b and
node-positive disease, duration of ADT was remarkably lower,
which might be responsible for the poorer BRFS rates. Low rates
of ADT might be attributed to patients’ preferences and
comorbidities. However, improved outcomes through intensive
TABLE 1 | Patient characteristics.

Median age in years (range) 75 (58–86)
Median initial PSA in ng/ml (IQR) 20.2 (10.2–54.2)
ISUP grade n (%)
1 0 (0)
2 5 (10)
3 16 (33)
4 12 (25)
5 13 (27)
n/a 2 (4)

cT stage n (%)
1–2 12 (25)
3a 12 (25)
3b 18 (38)
4 6 (12)

cN1 stage according to PSMA-PET/CT 48 (100)
cN1 stage according to CT 32 (66)
cM1a stage according to PSMA-PET/CT 12 (25)
cM1a stage according to CT 10 (21)
Number of PSMA-PET positive pelvic lymph nodes Median and

IQR = 2
(1–4)
n (%)

1 16 (33)
2 10 (21)
3 9 (19)
4 5 (10)
5 3 (6)
6 5 (10)
Number of PSMA-PET positive abdominal lymph nodes n (%)
0 38 (79)
1 4 (11)
2 2 (4)
3 3 (6)
4 1 (2)
ADT n (%)
Yes 43 (90)
No 5 (10)

Median duration of ADT in months (IQR) 9 (6–18)
Median PSA nadir (IQR) 0.17 (0.1–0.7)
PSA, prostate specific antigen; IQR, interquartile range; ISUP grade, International Society of
Urologic Pathology grade; PSMA-PET, positron emission tomography targeting prostate-
specific membrane antigen; ADT, androgen deprivation therapy.
TABLE 2 | Univariate and multivariate Cox regression. p-values and hazard ratio (HR) with 95% confidence interval (CI) are shown for biochemical recurrence-free
survival (BRFS) and metastasis-free survival (MFS).

Univariate analysis BRFS MFS

p-value HR (95% CI) p-value HR (95%CI)

Initial PSA 0.83 1.1 (0.4–3.2) 0.89 0.9 (0.3–3.0)
ISUP 0.94 1.1 (0.1–8.5) 0.69 0.7 (0.1–5.3)
cT stage 0.53 1.5 (0.4–5.4) 0.37 2.0 (0.4–9.5)
cM1a stage 0.03 3.7 (1.2–11.9) 0.24 2.3 (0.6–9.3)
>2 pelvic lymph nodes 0.01 5.2 (1.4–18.9) 0.03 5.7 (1.2–26.7)
>1 abdominal lymph node 0.02 4.3 (1.3–14.5) 0.03 4.6 (1.1–18.5)
SUVmax ≥ median in prostate 0.89 0.9 (0.3–2.6) 0.29 0.5 (0.1–1.8)
SUVmax ≥ median in lymph nodes 0.046 3.26 (1.02–10.4) 0.02 6.3 (1.4–29.2)
Multivariate analysis
cM1a stage ns
>2 pelvic lymph nodes 0.01 5.2 (1.4–18.9) ns
>1 abdominal lymph node ns ns
SUVmax ≥ median in lymph nodes ns 0.02 6.3 (1.4–29.2)
June 2022 | Volume 12 |
PSA, prostate-specific antigen; ISUP, International Society of Urologic Pathology grade; cT stage, clinical tumor stage; cM1a, presence of extrapelvic lymph nodes; SUVmax, maximum
standard uptake value; ns, non-significant. Statistical significant p-values are shown in bold.
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systemic therapies come at the costs of adverse effects and financial
burden. Consequently, further prognosticators are needed to
identify patients who are at lower risk of relapse and thus would
putatively benefit from intensified local therapies rather than
systemic treatments. In this regard, our results demonstrate that
RT achieves high local control rates, since only patients experienced
in-field nodal recurrence.

In our analysis, established clinical and pathology parameters
were not statically significantly associated with BRFS or MFS. This
observation has also been previously described in studies
investigating patients with PCa recurrence and reflects the
putative clinical relevance of PSMA-PET-positive findings (16).
These results suggest the hypothesis that patients with nodal
spread diagnosed with PSMA-PET are at higher risk irrespective
of the tumor extension and histopathology of the primary tumour.
These established risk factors are particularly validated in localized
PCa, but might be less relevant in patients with metastases. Presence
of cM1a stage was statistically significant in univariate analysis, but
only number of >2 positive pelvic lymph nodes remained significant
in multivariate analysis. These results suggest that in the PSMA-
PET era, the number of PET-positive pelvic lymph nodes might be a
relevant prognosticator in patients with node-positive PCa
undergoing RT + ADT. The prognostic role of the number of
positive lymph nodes has been previously described by Briganti
et al., who demonstrated that after radical prostatectomy and
extended pelvic lymph node dissection, patients with ≤2 positive
nodes experience improved cancer-specific survival compared to
patients with >2 lymph nodes (17). Interestingly, we found the same
cutoff for PSMA-PET-positive lymph nodes. Possibly, the historical
differentiation between patients with pelvic and extrapelvic lymph
node metastases might be less relevant than the tumor burden
detected by PSMA-PET. Larger studies are warranted to confirm
these results and investigate the role of extrapelvic nodal PSMA-
positive spread. Nevertheless, these findings suggest that
quantification of tumor burden is a potential tool to identify
candidates who benefit from local treatments rather than from
intensified systemic treatment. Local RT can be delivered to elective
nodes or as part of an MDT. Elective nodal irradiation has been
Frontiers in Oncology | www.frontiersin.org 5
shown to improve outcomes compared to MDT in nodal
oligorecurrence after surgery at the cost of toxicities (18).
However, late toxicities were low in our cohort of patients who
did not receive any prior treatment. Whether the optimal local
treatment consists of irradiation of elective nodes or MDT in the
setting of extended nodal spread needs to be assessed in
future studies.

In addition to improved metastasis detection, PSMA-PET
comprises biological information as it is using molecular tracers. It
has been demonstrated that expression of PSMA correlates with
worse GS and lymph node involvement in prostatectomy specimens
and is associated with worse outcomes (19, 20). Since SUVmax
correlates with PSMA expression (21), its analysis might enable to
identity prognostic imaging biomarkers. We considered median
SUVmax values for 68Ga-PSMA-11 and 18F-PSMA-1007
separately, since both tracers obtain different PSMA updates. In
our exploratory analysis, SUVmax values ≥ median extracted from
lymph nodes were associated with unfavorable BRFS, potentially
representing patients with biologically more aggressive disease.
Radiomic features (RFs) allow extracting deeper information from
medical images (22), enabling non-invasive tumor characterization
and prediction of lymph node involvement (23). Thus, image
analysis through RF bears the potential to identify additional
prognosticators and should be analyzed in the future. Interestingly,
SUVmax values were the only significant parameter for MFS in
multivariate analysis. These results suggest the hypothesis, that
SUVmax might be a potential predictor to identify patients who
are at higher risk for systemic progress, whereas patients with BRFS
might suffer from in-field and out-of-field recurrence. The relatively
low number of patients should be considered for interpretation of
this statistical analysis. However, these interesting results need to be
evaluated in larger cohorts with longer FU.

There are several limitations to our study. First, due to its
retrospective character, PSMA-PET/CT, RT, and FU protocols
were not consistent within all patients. Most notably,
two different PSMA tracers were used. However, a study by
Kuten et al. showed only small differences between both tracers
by using histopathology as standard of reference (24). Second, no
FIGURE 1 | Kaplan–Meier curves. Left: Curves for biochemical recurrence-free survival in patients with > and ≤ 2 positive lymph nodes in positron emission
tomography (PET). Right: Curves for metastasis-free survival (MFS) in patients with maximal standardized uptake values (SUVmax) ≥ and < median.
June 2022 | Volume 12 | Article 898774
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central review of PET imaging findings was performed. Thus, it is
likely to have an ascertainment bias in the diagnosis of lymph nodes.
Third, 5 patients in our study rejected the admission of ADT, and
the median duration of ADT was only 9 months. Since it is unclear
whether the inclusion of all PET-positive lesion into the RT field
may allow a reduction of ADT, our study cohort had a possible
undertreatment regarding systemic therapies. Finally, the FU time
in our study is relatively short and the patient number is limited.
Nevertheless, we believe that our study provides important results
on RT of PET-positive lymph nodes, and the results should be
evaluated in larger and preferably prospectively collected
patient cohorts.
CONCLUSION

Our results support the need for a more sophisticated differentiation
of patients with de novo node-positive PCa. The number of PET-
positive lymph nodes and the SUVmax value might be relevant
prognosticators to identify patients with favorable outcomes.
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