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Introduction: Although salvage and adjuvant radiotherapy (RT) are effective in prostate
cancer (PC) patients, 30%–40% of men will have disease progression. The objective was
to describe the pattern of recurrence in PC patients with biochemical failure (BF) following
postoperative RT.

Methods: We retrospectively analyzed 935 PC patients treated from 2009 to 2019 with
adjuvant or salvage RT at the Institut de Cancérologie de l’Ouest. Of these, 205 (22%)
developed BF of whom 166 underwent imaging. Patients with identified radiologic failure
prior any specific treatment were included to determine the site of relapse categorized as
local (L)-only, locoregional (LR), or metastatic (M) recurrence. Main disease characteristics
and RT fields were examined in relation to sites of recurrence.

Results: One hundred forty-one patients were identified with 244 sites of failure on
imaging. Of these, 108 patients had received RT to the PB alone and 33 RT to the PB and
pelvic lymph nodes (PB+PLN). Androgen-deprivation therapy was used concomitantly in
50 patients (35%). The median PSA at imaging was 1.6 ng/ml (range, 0–86.7). In all, 74
patients (52%) had M disease (44% in the PB group and 79% in the PB+PLN group), 61
(43%) had LR failure (52% in the PB alone group and 15% in the PB+PLN group), and six
(4%) had L-only failure, at a median of 26.7 months (range, 5–110.3) from RT. Metastases
were in extra-pelvic LN (37 (15%)), bones (66 (27%)), and visceral organs (eight (3%)).
Fifty-three (48%) of the pelvic LN failures in the PB group would have been encompassed
by standard PLN RT volume.

Conclusion: We found that most patients evaluated for BF after postoperative RT
recurred outside the RT field. Isolated pelvic nodal failure was rare in those receiving RT
to the PB+PLN but accounted for half of failures in those receiving PB alone RT. Imaging
directed salvage treatment could be helpful to personalize radiation therapy plan.

Keywords: pattern of recurrence, adjuvant/salvage radiotherapy, prostate cancer, pelvic radiotherapy, prostate
bed radiotherapy
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INTRODUCTION

Approximately 20% to 40% of patients treated with radical
prostatectomy (RP) for prostate cancer (PC) will present
biochemical recurrence (BCR) defined by an increase of the
prostate-specific antigen (PSA) level on two or more consecutive
determinations or a persistently rising PSA greater than 0.2 ng/ml
after RP (1, 2). Prostate bed (PB) radiotherapy (RT) is the standard
postoperative treatment after RP for tumors with high-risk features
or persistent PSA or for salvage treatment in case of BCR (3).
Whether RT should be limited to the PB or should include pelvic
lymph nodes (PLN) is still controversial. The NRG Oncology/
RTOG 0534 SPPORT trial found an improvement in biochemical
control, but there is lackof benefit inprogression-free survival (PFS)
in two trials (RTOG 9413 and GETUG01) (4–6). Despite salvage
treatment, rates of recurrence following postoperative RT remain
high: almost 30%–40% at 5–10 years (7).

Accurate estimation of the relapse site after RP is important to
choose the correct salvage therapy and to ensure sufficient dose and
coverage byRTwhen indicated.Recent evidence suggests improved
metastasis-free survival inmen receiving salvage RTwith PSA level
≤0.5 ng/ml (8, 9). However, the rate of detection ofmetastases from
computed tomography (CT), magnetic resonance imaging (MRI),
and bone scintigraphy is poor in this setting (10). As such, RT is
usually decidedwithout histological or imagingproof of recurrence,
and the defined target volumes are usually drawn in the absence of
visible disease. Some temporal and biological characteristics
(Gleason score, PSA doubling time (PSADT), and time to relapse
after local treatment) are predictive of survival and response to
complementary therapies (11). However, it cannot distinguish
between local, regional, or systemic recurrence; nevertheless, this
information is essential for furthermanagement. Positron emission
tomography (PET)-CT use, with radioactive tracers including
fluorine 18 (18F)-choline, 18F-fluciclovine, and gallium 68 (68Ga)
or 18F-prostate-specific membrane antigen (PSMA), permits
recurrent disease detection, even at low PSA levels. PET-CT can
be useful for restaging PC and guiding treatment delivery (12, 13).
Several imaging studies in men with PSA failure reported sites of
post-RT recurrence disease (14, 15). However, only diagnostic
performance and impact of PET-CT on RT planning were
assessed. Other limitations were observed: inconsistent
descriptions of anatomic relapse patterns and several
inhomogeneous patient groups (wide range of PSA values and
clinical states).

Patterns of failure after postoperative RT are critical to better
understand how to improve patient outcomes. Therefore, the
aim of this study was to describe pattern of failure in patients
who received adjuvant or salvage RT and experienced
biochemical failure (BF). Their relationship to the main
predictive clinical factors and to prior RT fields was also studied.
MATERIALS AND METHODS

Patient’s Selection and Treatment
We retrospectively reviewed medical records of 935 patients with
PC treated from 2009 to 2019 with external beam RT after RP at
Frontiers in Oncology | www.frontiersin.org 2
the Institut de Cancérologie de l’Ouest (ICO, Nantes and Angers,
France). All patients had pathologic confirmation of PC and had
undergone RP, with or without lymphadenectomy. Patients had
localized or locally advanced PC with no evidence of
disseminated disease. Patients having second cancer were
excluded. Of the 935 patients, 205 (22%) developed BF defined
as a rising PSA level of ≥0.2 ng/ml after RT. Many of whom (166
patients) underwent imaging study prior any specific treatment.
Thirty-nine patients with BF did not undergo imaging: 17
received systemic therapies (including ADT), one patient died
of other causes not related to PC and 21 patients had a slow-
rising PSA without having a scan performed to date. Patients
with radiologic failure prior any specific treatment were included
to determine relapse sites; 141 men met the inclusion criteria and
formed the cohort study (Figure 1). Approval for the study
protocol was obtained from the medical research ethics
committee (2019/88) before the study was conducted. Written
informed consent was obtained from all patients.

Postoperative RT was delivered as adjuvant, for men with
adverse pathologic features, or salvage, in the setting of
detectable PSA. The clinical target volumes (CTV) were
contoured as per departmental protocol based on the
international consensus guidelines published (16, 17). The PB
CTV included prostatic fossa and seminal vesicle remnants. PLN
were also irradiated in men with high-risk clinicopathological
features (23%, n = 33), and neoadjuvant or concurrent ADT was
prescribed in 50 patients (35%) at the radiation oncologist’s
discretion. The PLN CTV included obturator, external iliac,
internal iliac, presacral and common iliac nodes, using the
vascular structures, up to a level corresponding to the top of
L5-S1. In this study, no patient had extended nodal RT (to the
aortic bifurcation) treatment volumes. The planning target
volume (PTV) consisted of the CTV plus a uniform 0.5–1.0-
cm expansion. The median dose delivered to the PB PTV was
66 Gy (range, 60–74) delivered in daily 2 Gy fractions. If PLN
were treated, they received a median dose of 46 Gy (range, 44–
59.4). In seven patients with biopsy or imaging proven gross
recurrence, higher doses were delivered to the PB (n = 4) or
selected PLN (n = 3).

Pattern of Failure Analysis
To detect recurrence patterns in the setting of first-time PSA
failure after postoperative RT, several imaging modalities were
available: CT and bone scintigraphy, 18F-choline PET-CT, or
68Ga-PSMA-PET-CT. For patients with identified sites of
recurrence, number and location of lesions were documented.
Failure sites were categorized as local-only (disease within the
prostate fossa only), locoregional (nodal disease within the pelvis ±
PB) or metastatic failure (at least one lesion outside the pelvis ±
locoregional disease). Metastatic failure includes disease within
distant LN (lumbo-aortic, abdominal/retroperitoneal, mediastinal,
and supraclavicular LN stations), bone, visceral, or combination of
these three subgroups (multisite), with or without synchronous
locoregional recurrence. A binary method was used to identify
recurrence site (involved or uninvolved), rather than documenting
the number of involved lesions within each site. Bilateral lesions
were merged to one station. Sites of failure were then analyzed
January 2022 | Volume 11 | Article 787347
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separately in two groups of patients based on the treated RT
volume they received: RT to the PB alone or to the PB+PLN. Dose
distributions from printed plans were used and sites were
characterized as either included (inside the PTV) or not
included (outside the PTV) within these fields. Time to
recurrence (TTR) was defined from the date of RT to the date
of imaging evidence of recurrence. BF after RT was defined as a
rising PSA level of ≥0.2 ng/ml. Follow-up was calculated from
completion of RT for all patients.

Statistical Analysis
Descriptive statistics were used to define failure patterns.
Continuous variables (quantitative data) were summarized
using mean, medians, and interquartile range (IQR): 25th and
75th percentiles and range (minimum and maximum) according
to their distribution. Categorical variables (qualitative data) were
summarized using frequencies and percentages. An exploratory
analysis of recurrence site was performed thanks to RT volume
collection: it allows to describe recurrences relative to these
anatomic distributions. To test the association of recurrence
location with clinical features, data was evaluated by patient
(and by lesion). The censored data were summarized using
survival function according to Kaplan-Meier method. For
exploratory analysis, no correction of the p-values was
performed for multiple tests. Analysis was undertaken by
Biometrics and Statistics unit of the ICO using the R Statistical
software (R Core Team – 2019 ©).
Frontiers in Oncology | www.frontiersin.org 3
RESULTS

Patients’ Characteristics
Clinical features of the cohort are summarized in Table 1.
Median age and median PSA at diagnosis was 66 years and
7.7 ng/ml, respectively. Most patients (132/141; 94%) were
National Comprehensive Cancer Network (NCCN)–defined
high risk, 96% (136/141) had International Society of
Urological Pathology (ISUP) grade ≥2 and 62% (88/141)
had ≥pT3a stage. Among 141 patients, 77% had received RP
with standard LN dissection and 23% had RP alone. Median
number of LN removed was 4 (range, 1–31). Following RP, an
undetectable PSA was achieved in 94 (67%) patients.

In our cohort, postoperative RT was completed between
January 2009 and November 2019 and involved both three-
dimensional (3D) conformal RT (n = 61, 43%) or intensity-
modulated RT (IMRT) (n = 88, 57%) delivered at a median of
19.5 months (range, 3–137.6) following surgery. Sixteen patients
(11%) received adjuvant RT, and 125 patients (89%) received
salvage RT due to a detectable PSA with a median pre-RT PSA
level of 0.3 ng/ml (range, 0–5.4), of whom 58 patients (47%) have
PSADT of ≤10 months. The median follow-up was 5.8 years after
RT (95% CI: 4.9–6.3).

A total of 141 patients had detectable lesions on imaging with
244 sites of failure identified after postoperative RT. From 2012
to 2021, recurrences were detected in 18 patients on conventional
imaging (CT and/or bone scan) versus in 123 patients on PET-
FIGURE 1 | Flow chart of study population. ICO, “Institut de Cancérologie de l’Ouest”; RP, Radical Prostatectomy; RT, radiotherapy.
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CT (18F-choline (n = 99) and 68Ga-PSMA (n = 24)). The time
interval from BCR post-RT (PSA level ≥0.2 ng/ml) to imaging
evidence recurrence was 8.5 months (range, 0.1–86.3). Venn
diagram to illustrate overlap of the failure sites and imaging tools
used to detect recurrence location is shown in Figure 2. Among
the entire cohort, 74/141 patients (52%) had metastatic disease,
61/141 (43%) had locoregional-only recurrence, and six of 141
(4%) had local-only failure, at a median of 26.7 months (range,
5–110.3) from RT.

Patients with metastatic failure had shorter TTR (median,
20.9 vs. 29.7 and 52 months), more seminal vesical invasion
(pT3b stage in 39% vs. 16% and 17%) and positive LN (pN1 in
9% vs. 3% and 0%) than the regional and local ones, respectively.
Distant recurrences were higher in patients with ISUP grade of 3
or more than in those with a ISUP grade of 2 or less (52/74 (70%)
vs. 22/74 (30%)) and in ≥pT3a patients than in pT2 patients (49/
74 (66%) vs. 25/74 (34%)). Only 39/74 patients (53%) had
undetectable PSA level after RP versus 55/67 (82%) for
locoregional ones. In men with a pre-RT PSA of ≥ 0.5 ng/ml,
Frontiers in Oncology | www.frontiersin.org 4
rate of distant failure was 60% (30/50), compared with 48% (44/
91) in those with a pre-RT PSA of <0.5 ng/ml. Patients receiving
adjuvant RT (n = 17) had a higher proportion of positive surgical
margins (R1 in 76.5% vs. 48%), ≥ pT3a stage (88% vs. 58%) and
ISUP grade ≥4 (59% vs. 18%) than patients receiving salvage RT
(n = 124). The rate of positive LN (pN1) after RP did not differ
between adjuvant and salvage RT group. As anticipated, patients
receiving ADT had also significantly higher risk factors than the
other ones. They had a higher proportion of Gleason score ≥8
(34% vs. 15%), PSA before RT >0.5 ng/ml (38% vs. 13%) and
shorter TTR (median, 10.8 vs. 23.3 months).

Pattern of Recurrence Sites
Radiologically failure sites for all patients are detailed in Table 2
with pseudo-anatomical representation in Figure 3. In total, 16
(11%) patients had histologic confirmation of their disease.
Median PSA at detection of recurrence was 1.6 ng/ml (range,
0–86.7). One patient had distant failure without preceding BF
(bone metastases with undetectable PSA level).
TABLE 1 | Baseline characteristics for all patients and subgroups of local-only (L), locoregional (LR) and metastatic (M) sites of recurrences.

Characteristic Total (n=141) L (n=6) LR (n=61) M (n=74)

Median age at diagnosis, y (range) 66 (43-77) 62 (57 – 70) 65 (50 – 76) 66 (43-77)
PSA value at diagnosis, No. (%)
<10 ng/ml 99 (70%) 5 (83%) 45 (74%) 49 (66%)
≥10 to <20 ng/ml 36 (26%) 1 (17%) 15 (25%) 20 (27%)
≥20 ng/ml 5 (4%) 0 1 (2%) 4 (5%)
Unknown 1 (1%) 0 0 1 (1%)

ISUP grade, No. (%)
ISUP 1 5 (4%) 1 (17%) 4 (7%) 0
ISUP 2 50 (35%) 2 (33%) 26 (43%) 22 (30%)
ISUP 3 54 (38%) 3 (50%) 20 (33%) 31 (42%)
ISUP 4 32 (23%) 0 11 (18%) 21 (28%)

Pathologic T-stage, No. (%)
pT2 53 (38%) 4 (67%) 24 (39%) 25 (34%)
pT3a 47 (33%) 1 (17%) 26 (43%) 20 (27%)
pT3b 40 (28%) 1 (17%) 10 (16%) 29 (39%)
pT4 1 (1%) 0 1 (2%) 0

Pathologic N-stage, No. (%)
pN1 9 (6%) 0 2 (3%) 7 (9%)
pNx 32 (23%) 3 (50%) 16 (26%) 13 (18%)

Positive Surgical Margins (R1), No. (%) 72 (51%) 3 (50%) 26 (43%) 43 (58%)
Undetectable PSA post-RP, No (%) 94 (67%) 5 (83%) 50 (82%) 39 (53%)
PSADT before RT, No. (%)
<10 months 62 (44%) 4 (67%) 25 (41%) 33 (45%)
≥10 months 47 (33%) 2 (33%) 23 (38%) 22 (30%)
Unknown 32 (23%) 0 13 (21%) 19 (26%)

PSA level before RT, No. (%)
<0.2 ng/ml 15 (11%) 1 (17%) 9 (15%) 5 (7%)
≥0.2 to <0.5 ng/ml 76 (54%) 3 (50%) 34 (56%) 39 (53%)
≥0.5 to <1 ng/ml 36 (26%) 2 (33%) 14 (23%) 20 (27%)
≥1 ng/ml 14 (10%) 0 4 (7%) 10 (14%)

Salvage/adjuvant RT field, No. (%)
PB only 108 (77%) 4 (4%) 56 (52%) 48 (44%)
PB + PLN 33 (23%) 2 (6%) 5 (15%) 26 (79%)

Concurrent ADT, No (%) 50 (35%) 1 (17%) 18 (30%) 31 (42%)
Adjuvant RT, No (%) 17 (12%) 1 (17%) 10 (16%) 6 (8%)
Median time to RT from RP, mo (range) 19.5 (3 – 138) 11 (8 – 63) 22 (4 – 138) 16 (3 – 123)
Median TTR after RT, mo (range) 27.0 (5 – 110) 52 (25– 110) 29.7 (6 – 101) 20.9 (5 – 100)
January 2022 | Volume 11 |
ADT, Androgen-Deprivation Therapy; BF, Biochemical Failure; ISUP grade, International Society of Urological Pathology grade; L, local-only; LR, locoregional; M, metastatic; mo, month;
PB, Prostate Bed; PLN, Pelvic Lymph Nodes; PSA, Prostate Specific Antigen; PSADT, PSA Doubling Time; RP, Radical Prostatectomy; RT, Radiotherapy; TTR, Time to recurrence;
y, year.
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Most of the recurrence sites were distant metastases with 74 of
the 141 patients (52%) and 111 lesions sites. For these 74
patients, median PSA at the time of imaging was 2.1 ng/ml
(range, 0–86.7). Median time to BCR after surgery was
12.8 months (range, 0.7–106.9), and median TTR after RT was
20.9 months (range, 5.0–99.7). Among them, three patients were
found to have local recurrence, 22 patients had disease within the
pelvis in additional to their distant sites of metastases, and 50 had
Frontiers in Oncology | www.frontiersin.org 5
distant metastases alone. Sites of distant metastases included
lumbo-aortic (n = 27), abdominal/retroperitoneal (n = 6),
mediastinal (n = 3), and supraclavicular (n = 1) LNs, in
addition to bone (n = 66) and lung (n = 8) metastases.
Regarding the number of metastatic sites, 24 patients (33%)
had a solitary site of metastasis, 27 patients (38%) had two to five
sites of disease and 21 patients (29%) had high metastatic burden
with ≥ 6 sites. In total, 61 of the 141 patients (43%) presented
locoregional recurrences with 122 lesions sites identified within
pelvic LN. They were in the external iliac (n = 57), internal iliac/
obturator (n = 31), common iliac (n = 19), presacral (n = 12), and
perirectal (n = 3) areas. Two of these 61 patients were found to
have a local recurrence in addition to their pelvic nodal disease.
Median PSA at the time of imaging was 1.3 ng/ml (range, 0.2–
16.9). Median time to BCR after RP was 19.2 months (range, 1.5–
135.1), and median TTR after RT was 29.7 months (range, 5.5–
100.5). Local failures were rare with 11 lesions in total.
Recurrences were local only in six of 141 patients (4%); the
other five patients had additional sites of recurrence out of the
treated field. Local recurrences occurred at the urethral
anastomosis (n = 5), followed by the retrovesical area (n = 4)
and the seminal vesicle bed (n = 2). Median PSA at the time of
imaging was 1.2 ng/ml (range, 0.4–1.8), and median TTR after
RT was 52 months (range, 24.7–110.3).

Sites of recurrence and their relationship to prior RT planning
fields, both for the PB alone and the PB+PLN groups, are
summarized in Table 3. Of the 108 patients treated to the PB
alone, isolated infield failure occurred in 4 patients (4%) and all
recurred within the radiation isodose 66 Gy (patient’s example 1
FIGURE 2 | Venn diagram of radiologically patterns of failures’ distribution for the 141 patients and imaging tools (conventional imaging vs PET) used to detect
recurrence location. Lesions are categorized as local only (disease within the region of the PB), locoregional (defined as the presence of pelvic LN ± PB) or metastatic
failure (at least one distant lesion outside the pelvis ± locoregional disease). LN, Lymph Nodes; PET, positron-emission tomography.
TABLE 2 | Total distribution of the 244 clinically detectable sites of recurrence.

Site of failure Total, No. (%)

Local – (T) 11 (5%)

Regional – Pelvic nodes (N) 122 (50%)
Common iliac LN 19 (8%)
External iliac LN 57 (23%)
Pre sacral LN 12 (5%)
Internal iliac and obturator LN 31 (13%)
Peri rectal LN 3 (1%)

Metastatic (M) 111 (45%)
Distant LN (M1a) 37 (15%)
Lumbo-aortic LN 27 (11%)
Abdominal/retroperitoneal LN 6 (2%)
Mediastinal LN 3 (1%)
Sus clavicular LN 1 (0.4%)
Bone (M1b) 66 (27%)
Lung (M1c) 8 (3%)
The total distribution of detectable sites of recurrence for the 141 patients is presented and
staged as in the TNM system according to NCCN.
LN, Lymph Nodes; NCCN, National Comprehensive Cancer Network.
January 2022 | Volume 11 | Article 787347
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in Figure 4). In these group, 104 (96%) failed out of the previous
radiation field; half of them (n = 56, 52%) had locoregional
disease and 48 (44%) had metastatic disease. Notably, 53 of the
122 pelvic nodal recurrences (48%) might have been
encompassed by the addition of the standard PLN volume
(PTV to L5-S1 fields). In the PB+PLN group, two of 33
patients (6%) had local-only failure. Five of 33 patients (15%)
had pelvic nodal failure alone: four were located within the PLN
RT field, and one located just outside the RT volumes in the
pararectal area. In these group, 26/33 patients (79%) had
metastatic disease: none of the 33 patients (27%) had distant
LN, 12/33 (40%) had either bony or visceral metastases, and five
of 33 (15%) had multisite failure. Five patients had nodal failure
both within the pelvis and distant LN: four patients had LN
within RT fields and one had presacral LN located just above the
RT volume.

In total, 26 patients (18%) relapsed within 1 year, 41 (29%)
within the second year, 59 (42%) within 3 to 5 years and 15
(11%) over 6 years after RT. In patients irradiated to the PB alone
Frontiers in Oncology | www.frontiersin.org 6
compared with those treated to the PB+PLN, fraction of the
recurrences occurring within 1 and 2 years was approximately
two times higher. The fraction of patients with relapse within 3–
5 years and over 6 years was similar in both patient groups.
Retreatment after postoperative RT was successful in 31% of
relapse patients (44/141) with a median follow-up of 47 months
(95% CI: 40.4–55.2). At analysis, 96 of 141 patients (68%) had
received retreatment for new recurrent disease (82 patients
received systemic therapies and only seven received RT to the
recurrent site) and 6% of the patients had died of PC.
DISCUSSION

The current study provides a perspective on recurrence patterns
after postoperative RT and their correlation to predictive clinical
factors and to prior radiation fields. Pattern failure identification
is challenging because it requires long-term follow-up of large
numbers of patients. Moreover, many centers use early ADT for
FIGURE 3 | Diagram depicting anatomical sites of recurrence for the 244 radiologically sites of failure after postoperative RT in PC patients. LN, Lymph Nodes; PC,
Prostate Cancer; RT, radiotherapy.
TABLE 3 | Summary of type and sites of failure relative to prior RT field.

Pattern of failure All patients No. (%) PB alone group No. (%) PB+PLN group No. (%)

Total 141 (100%) 108 (77%) 33 (23%)
Local-only 6 (4%) 4 (4%) 2 (6%)
Locoregional 61 (43%) 56 (52%) 5 (15%)
Metastatic 74 (52%) 48 (44%) 26 (79%)
Distant LN 27 (19%) 18 (17%) 9 (27%)
Bone 37 (26%) 26 (24%) 11 (33%)
Visceral (lungs) 5 (3.5%) 4 (4%) 1 (3%)
Distant Multisite 5 (3.5%) 0 5 (15%)
January 2022 | Vo
Sites of failure are summarized for all patients and subgroups of patients based on the prior treated RT volume (PB alone or PB+PLN).
PB, Prostate Bed; PB+PLN, Prostate Bed and Pelvic Lymph Nodes.
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PSA failure, which may delay further identification of failure site.
To our knowledge, this study included the largest cohort of PC
patients to assess failure patterns after postoperative RT. Using
conventional or PET-CT imaging techniques, 244 sites of
recurrence were identified in 141 patients. Our data support
previous findings: in patients with BF after postoperative RT,
metastatic disease is the main failure pattern (18–20).

Literature about BF after postoperative RT is limited. Byrne
et al. assessed recurrence patterns after PB only and PB+PLN
(n = 17) postoperative RT in 67 patients who underwent 68Ga-
PSMA-PET (21). There were distinct failure patterns with local
only, nodal only, distant only, and multisite failure of 4%, 66%,
16%, and 14% for the PB alone group compared with 0%, 41%,
41%, and 18% for the PB+PLN group. It should be noticed that
this nodal figure includes patients with PLN plus para-aortic and
distant LN. Our equivalent figures would be nodal only 69% and
42%, distant only 28% and 36%, and multisite 0% and 15% for
the PB and PB+PLN group, respectively, which appear
Frontiers in Oncology | www.frontiersin.org January 2022 | Volume 11 | Article 7873477
concordant. Recently, Rowe et al. identified 32 patients with BF
and 18F-PSMA PET-CT avid lesions after postoperative RT to
the PB alone and to the PB+PLN (n = 6) (22). Seventeen patients
(53%) had metastatic disease, eight of 32 (25%) patients had
locoregional recurrences, and seven of 32 (22%) had local failure.
Jackson et al. have reported among 574 men who received PB
only or PB+PLN (n = 23) salvage RT after RP, 128 cases with
recurrence pattern: distant disease (84%), pelvic nodal (12%),
and local failure (5%) (21). Notably, 64% of recurrences were first
in bone. Elevated pre-RT PSA levels (0.7; range, 0.4–1.4 ng/ml)
in their cohort may have in part contributed to the overall high
rate of metastatic progression. Another explanation for the high
distant failure could be ADT use to only 25% of men. However,
we also find a high rate of metastatic disease in our cohort with
74/141 patients. In addition, bone metastatic disease was found
in 66 patients. We also had only 35% of patient receiving ADT
during RT, but our pre-RT PSA level was lower (median, 0.3 ng/ml).
As shown in recent randomized trials, ADT use should strongly
FIGURE 4 | Two patients’ examples of in-field recurrences (A) which were positive on Choline PET/CT (B). Patient 1. Urethral anastomosis failure within the PB RT
volume. Patient 2. Right iliac extern nodal failure within PLN RT volume. PB, Prostate bed; PET-CT, Positron emission tomography-computed tomography; PLN,
Pelvic lymph nodes; RT, Radiotherapy.
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be considered, especially for men with high presalvage RT PSA
levels (23). Other measures are needed to decrease rates of
distant metastases in addition to ADT and to assess possible
benefits of treatment intensification with chemotherapy, second-
generation antiandrogens, or other innovative therapies in the
context of postoperative RT.

In addition, several imaging studies suggested that the pelvic
nodes are also a common site of failure after RP alone (22, 24–26)
and after RT to the PB alone (27, 28). In our study, 48% of the
sites of pelvic recurrence would be encompassed within standard
PLN RT fields. These findings are consistent with previous series
(21, 29). Moreover, higher proportion of pelvic node failure after
treating the PB alone in our cohort (52%) could justify PLN
irradiation. This is also supported by the early outcomes of the
NRG Oncology/RTOG 0534 SPPORT trial: whole PLN
irradiation after RP and BF improves biochemical control with
a low toxicity (8). According to exploratory subgroup analysis,
the benefit may be limited to men with a PSA >0.34 ng/ml at the
time of salvage treatment. In our study, only 19 patients of 56
patients in the PB alone group with locoregional failure would
have met these criteria. Moreover, Brand et al. described the
same rate of pelvic nodal failure for patients with PSA above or
below 0.34 ng/ml.

Challenge is to better identify patients who may benefit from
RT to the PB+PLN. Nomograms might be useful, but tools such
as Briganti nomogram are yet to be validated in the postoperative
salvage setting (30). Recently, increasing use of new imaging
modalities such as 68Ga or 18F-PSMA PET-CT in PC patients
have improved localization of recurrence at a lower PSA level.
Therefore, imaging can potentially guide therapies. This may
have implications to improve patient selection and volume
delineation. Furthermore, any PET avid nodes could be
simultaneously boosted to a higher dose. This would allow a
more personalized approach, potentially improving RT
outcomes and reducing toxicity. This further supports the
combined high-dose salvage pelvic RT and ADT in the
OLIGOPELVIS GETUG P07 trial that showed improved
tumor control in oligo-recurrent pelvic node relapses with
limited toxicity (31).

Finally, we observed an excellent in field control (93%) with
only 10 patients having in-field recurrence and one having
disease next to PLN RT volume. Similar rates of 88%–96%
were reported in other studies (21, 24, 29, 30). These data
show high efficacy of RT on local disease, and as such, further
dose escalation is unlikely to improve local control. Moreover,
recent data demonstrated that dose escalation (72 Gy) was not
associated with PFS improvement compared with 66 Gy regimen
(32). Ablative treatment of local recurrence in the PB after RP
followed by RT is also an attractive strategy but, may generate
significant toxicity rates and prospective studies are needed to
evaluate its effectiveness (33).

High ISUP grade, seminal vesical invasion (pT3b stage),
positive LN, and a short interval to BCR after RP seems to be
the main factors which have a negative impact on disease
progression, in line with previously published studies following
primary treatment for PC (34). In our cohort, PSADT before RT
Frontiers in Oncology | www.frontiersin.org 8
did not differ between each group. However, the high proportion
of missing PSA data before RT (23%) provides limited
information and can be substantial bias.

Our study has several limitations. First, our present analyses
are limited by their retrospective design and clinical practice
evolution over the last 10 years, particularly with respect to RT
techniques and imaging. PET-CT use, which increases sensitivity
in recurrence detecting, was not systematic. As such, recurrence
rate is also likely underreported, even if only 13 patients had
clinically detected recurrences through CT imaging with a
median PSA level of 2.5 ng/ml. Furthermore, some patients
have a long interval of BCR before imaging (up to 86 months)
which may impact patterns of recurrence. Finally, histological
confirmation of PC relapses was obtained in only 11% of our
cohort. Despite these limitations, we maintain that this study
provides useful data on recurrence patterns following
postoperative RT.
CONCLUSION

Anatomic distribution of recurrence sites is consistent with
previous imaging studies focused on BF after postoperative RT.
While local RT failures are rare, patients remain at risk of
metastatic progression. Pelvic disease is also a common site of
failure, especially in men receiving postoperative RT to the PB
alone. Further studies examining imaging directed salvage
treatment are needed to personalize radiation therapy plan.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by research ethics committee (2019/88). The patients/
participants provided their written informed consent to
participate in this study. Written informed consent was
obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS

AG-M, GC, and VS were responsible for the study design,
analysis, and interpretation. AG-M and TP were responsible
for data acquisition. AG-M drafted the article. All authors
contributed to the article and approved the submitted version.
January 2022 | Volume 11 | Article 787347

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Gonzalez-Moya et al. Recurrence Sites After Postoperative Prostate Radiotherapy
REFERENCES

1. Freedland SJ, Humphreys EB, Mangold LA, Eisenberger M, Dorey FJ, Walsh
PC, et al. Risk of Prostate Cancer-Specific Mortality Following Biochemical
Recurrence After Radical Prostatectomy. JAMA (2005) 294(4):433–39.
doi: 10.1001/jama.294.4.433

2. Stephenson AJ, Scardino PT, Eastham JA, Bianco FJ, Dotan ZA, Fearn PA,
et al. Preoperative Nomogram Predicting the 10-Year Probability of Prostate
Cancer Recurrence After Radical Prostatectomy. JNCI: J Natl Cancer Inst
(2006) 98(10):715–17. doi: 10.1093/jnci/djj190

3. Robin S, Jolicoeur M, Palumbo S, Zilli T, Crehange G, De Hertogh O, et al.
Prostate Bed Delineation Guidelines for Postoperative Radiation Therapy: On
Behalf of the Francophone Group of Urological Radiation Therapy. Int J
Radiat Oncol Biol Phys (2021) 109(5):1243–53. doi: 10.1016/j.ijrobp.
2020.11.010

4. 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. Int J Radiat OncolBiolPhys (2018) 102
(5):1605. doi: 10.1016/j.ijrobp.2018.08.052

5. 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.
doi: 10.1016/S1470-2045(18)30528-X

6. Pommier P, Chabaud S, Lagrange JL, Richaud P, Lesaunier F, Le Prise E, et al.
Is There a Role for Pelvic Irradiation in Localized Prostate Adenocarcinoma?
Preliminary Results of GETUG-01. J Clin Oncol: Off J Am Soc Clin Oncol
(2007) 25(34):5366–73. doi: 10.1200/JCO.2006.10.5171

7. 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

8. 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

9. 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: Off J Am Soc Clin
Oncol (2007) 25(15):2035–41. doi: 10.1200/JCO.2006.08.9607

10. Beresford MJ, Gillatt D, Benson RJ, Ajithkumar T. A Systematic Review of the
Role of Imaging Before Salvage Radiotherapy for Post-Prostatectomy
Biochemical Recurrence. Clin Oncol (2010) 22(1):46–55. doi: 10.1016/
j.clon.2009.10.015

11. Van den Broeck T, van den Bergh RCN, Arfi N, Gross T, Moris L, Briers E,
et al. Prognostic Value of Biochemical Recurrence Following Treatment With
Curative Intent for Prostate Cancer: A Systematic Review. Eur Urol (2019) 75
(6):967–87. doi: 10.1016/j.eururo.2018.10.011

12. De Visschere PJL, Standaert C, Fütterer JJ, Villeirs GM, Panebianco V, Walz J,
et al. A Systematic Review on the Role of Imaging in Early Recurrent Prostate
Cancer. Eur Urol Oncol (2019) 2(1):47–76. doi: 10.1016/j.euo.2018.09.010

13. Evangelista L, Briganti A, Fanti S, Joniau S, Reske S, Schiavina R, et al. New
Clinical Indications for (18)F/(11)C-Choline, New Tracers for Positron
Emission Tomography and a Promising Hybrid Device for Prostate Cancer
Staging: A Systematic Review of the Literature. Eur Urol (2016) 70(1):161–75.
doi: 10.1016/j.eururo.2016.01.029

14. Slevin F, Beasley M, Cross W, Scarsbrook A, Murray L, Henry A. Patterns of
Lymph Node Failure in Patients With Recurrent Prostate Cancer Postradical
Prostatectomy and Implications for Salvage Therapies. Adv Radiat Oncol
(2020) 5(6):1126–40. doi: 10.1016/j.adro.2020.07.009

15. Han S, Woo S, Kim YJ, Suh CH. Impact of 68Ga-PSMA PET on the
Management 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

16. Lawton CAF, Michalski J, El-Naqa I, Buyyounouski MK, Lee WR, Menard C,
et al. RTOG GU Radiation Oncology Specialists Reach Consensus on Pelvic
Frontiers in Oncology | www.frontiersin.org 9
Lymph Node Volumes for High-Risk Prostate Cancer. Int J Radiat
OncolBiolPhys (2009) 74(2):383–87. doi: 10.1016/j.ijrobp.2008.08.002

17. Michalski JM, Lawton C, El Naqa I, Ritter M, O’Meara E, Seider MJ, et al.
Development of RTOG Consensus Guidelines for the Definition of the
Clinical Target Volume for Postoperative Conformal Radiation Therapy for
Prostate Cancer. Int J Radiat OncolBiolPhys (2010) 76(2):361–68.
doi: 10.1016/j.ijrobp.2009.02.006

18. Byrne K, Eade T, Kneebone A, Guo L, Hsiao E, Schembri G, et al. Delineating
Sites of Failure Following Post-Prostatectomy Radiation Treatment Using 68
Ga-PSMA-PET. Radiother Oncol (2018) 126(2):244–48. doi: 10.1016/
j.radonc.2017.10.022

19. De Bari B, Mazzola R, Aiello D, Aloi D, Gatta R, Corradini S, et al. (68Ga)-
PSMA-PET/CT for the Detection of Postoperative Prostate Cancer
Recurrence: Possible Implications on Treatment Volumes for Radiation
Therapy. Cancer/Radiothérapie (2019) 23(3):194–200. doi: 10.1016/
j.canrad.2018.09.003

20. Rowe LS, Harmon S, Horn A, Shankavaram U, Roy S, Ning H, et al. Pattern of
Failure in Prostate Cancer Previously Treated With Radical Prostatectomy
and Post-Operative Radiotherapy: A Secondary Analysis of Two Prospective
Studies Using Novel Molecular Imaging Techniques. Radiat Oncol (2021) 16
(1):32. doi: 10.1186/s13014-020-01733-x

21. Jackson WC, Desai NB, Abugharib AE, Tumati V, Dess RT, Lee JY, et al.
Anatomical Patterns of Recurrence Following Biochemical Relapse After
Post-Prostatectomy Salvage Radiation Therapy: A Multi-Institutional Study.
BJU Int (2017) 120(3):351–57. doi: 10.1111/bju.13792

22. Eiber M, Maurer T, Souvatzoglou M, Beer AJ, Ruffani A, Haller B, et al.
Evaluation of Hybrid 68Ga-PSMA Ligand PET/CT in 248 Patients With
Biochemical Recurrence After Radical Prostatectomy. J Nucl Med (2015) 56
(5):668–74. doi: 10.2967/jnumed.115.154153

23. Dess RT, Sun Y, Jackson WC, Jairath NK, Kishan AU, Wallington DG,
et al. Association of Presalvage Radiotherapy PSA Levels After
Prostatectomy With Outcomes of Long-Term Antiandrogen Therapy in
Men With Prostate Cancer. JAMA Oncol (2020) 6(5):735. doi: 10.1001/
jamaoncol.2020.0109

24. van Leeuwen PJ, Stricker P, Hruby G, Kneebone A, Ting F, Thompson B, et al.
68Ga-PSMA has a High Detection Rate of Prostate Cancer Recurrence Outside
the Prostatic Fossa in Patients Being Considered for Salvage Radiation
Treatment. BJU Int (2016) 117(5):732–39. doi: 10.1111/bju.13397

25. Calais J, Czernin J, Cao M, Kishan AU, Hegde JV, Shaverdian N, et al. 68Ga-
PSMA-11 PET/CTMapping of Prostate Cancer Biochemical Recurrence After
Radical Prostatectomy in 270 Patients With a PSA Level of Less Than 1.0 Ng/
ML: Impact on Salvage Radiotherapy Planning. J Nucl Med (2018) 59(2):230–
37. doi: 10.2967/jnumed.117.201749

26. Rauscher I, Düwel C, Haller B, Rischpler C, Heck MM, Gschwend JE, et al.
Efficacy, Predictive Factors, and Prediction Nomograms for 68 Ga-Labeled
Prostate-Specific Membrane Antigen–Ligand Positron-Emission
Tomography/Computed Tomography in Early Biochemical Recurrent
Prostate Cancer After Radical Prostatectomy. Eur Urol (2018) 73(5):656–61.
doi: 10.1016/j.eururo.2018.01.006

27. Parker WP, Evans JD, Stish BJ, Park SS, Olivier K, Choo R, et al. Patterns
of Recurrence After Postprostatectomy Fossa Radiation Therapy Identified
by C-11 Choline Positron Emission Tomography/Computed Tomography.
Int J Radiat OncolBiolPhys (2017) 97(3):526–35. doi: 10.1016/
j.ijrobp.2016.11.014

28. Brand DH, Parker JI, Dearnaley DP, Eeles R, Huddart R, Khoo V, et al.
Patterns of Recurrence After Prostate Bed Radiotherapy. Radiother Oncol
(2019) 141:174–80. doi: 10.1016/j.radonc.2019.09.007

29. Parker WP, Davis BJ, Park SS, Olivier KR, Choo R, Nathan MA, et al.
Identification of Site-Specific Recurrence Following Primary Radiation
Therapy for Prostate Cancer Using C-11 Choline Positron Emission
Tomography/Computed Tomography: A Nomogram for Predicting
Extrapelvic Disease. Eur Urol (2017) 71(3):340–48. doi: 10.1016/
j.eururo.2016.08.055

30. Briganti A, Larcher A, Abdollah F, Capitanio U, Gallina A, Suardi N, et al.
Updated Nomogram Predicting Lymph Node Invasion in Patients With
Prostate Cancer Undergoing Extended Pelvic Lymph Node Dissection: The
Essential Importance of Percentage of Positive Cores. Eur Urol (2012) 61
(3):480–87. doi: 10.1016/j.eururo.2011.10.044
January 2022 | Volume 11 | Article 787347

https://doi.org/10.1001/jama.294.4.433
https://doi.org/10.1093/jnci/djj190
https://doi.org/10.1016/j.ijrobp.2020.11.010
https://doi.org/10.1016/j.ijrobp.2020.11.010
https://doi.org/10.1016/j.ijrobp.2018.08.052
https://doi.org/10.1016/S1470-2045(18)30528-X
https://doi.org/10.1200/JCO.2006.10.5171
https://doi.org/10.1200/JCO.2016.67.9647
https://doi.org/10.1200/JCO.2016.68.3425
https://doi.org/10.1200/JCO.2006.08.9607
https://doi.org/10.1016/j.clon.2009.10.015
https://doi.org/10.1016/j.clon.2009.10.015
https://doi.org/10.1016/j.eururo.2018.10.011
https://doi.org/10.1016/j.euo.2018.09.010
https://doi.org/10.1016/j.eururo.2016.01.029
https://doi.org/10.1016/j.adro.2020.07.009
https://doi.org/10.1016/j.eururo.2018.03.030
https://doi.org/10.1016/j.eururo.2018.03.030
https://doi.org/10.1016/j.ijrobp.2008.08.002
https://doi.org/10.1016/j.ijrobp.2009.02.006
https://doi.org/10.1016/j.radonc.2017.10.022
https://doi.org/10.1016/j.radonc.2017.10.022
https://doi.org/10.1016/j.canrad.2018.09.003
https://doi.org/10.1016/j.canrad.2018.09.003
https://doi.org/10.1186/s13014-020-01733-x
https://doi.org/10.1111/bju.13792
https://doi.org/10.2967/jnumed.115.154153
https://doi.org/10.1001/jamaoncol.2020.0109
https://doi.org/10.1001/jamaoncol.2020.0109
https://doi.org/10.1111/bju.13397
https://doi.org/10.2967/jnumed.117.201749
https://doi.org/10.1016/j.eururo.2018.01.006
https://doi.org/10.1016/j.ijrobp.2016.11.014
https://doi.org/10.1016/j.ijrobp.2016.11.014
https://doi.org/10.1016/j.radonc.2019.09.007
https://doi.org/10.1016/j.eururo.2016.08.055
https://doi.org/10.1016/j.eururo.2016.08.055
https://doi.org/10.1016/j.eururo.2011.10.044
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Gonzalez-Moya et al. Recurrence Sites After Postoperative Prostate Radiotherapy
31. Supiot S, Vaugier L, Pasquier D, Buthaud X, Magné N, Peiffert D, et al.
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