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Abstract

Background: Most prostate cancer (PCa) patients with a biochemical failure following
primary multimodality treatment (surgery and postoperative radiotherapy) relapse in
the nodes.
Objective: To perform a matched-case analysis in men with lymph node recurrent PCa
comparing standard of care (SOC) with metastasis-directed therapy (MDT).
Design, setting, and participants: PCa patients with a prostate-specific antigen (PSA)
progression following multimodality treatment were included in this retrospective
multi-institutional analysis.
Intervention: The SOC cohort (n = 1816) received immediate or delayed androgen
deprivation therapy administered at PSA progression. The MDT cohort (n = 263) received
either salvage lymph node dissection (n = 166) or stereotactic body radiotherapy (n = 97)
at PSA progression to a positron emission tomography-detected nodal recurrence.
Outcome measurements and statistical analysis: The primary endpoint, cancer-specific
survival (CSS), was analyzed using the Kaplan-Meier method, log-rank test, Cox propor-
tional hazards models, and propensity score-matched analyses.
Results and limitations: At a median follow-up of 70 (interquartile range: 48–98) mo,
MDT was associated with an improved CSS on univariate (p = 0.029) and multivariate
analysis (hazard ratio: 0.33, 95% confidence interval [CI]: 0.17–0.64) adjusted for the year
of radical prostatectomy (RP), age at RP, PSA at RP, time from RP to PSA progression,
Gleason score, surgical margin status, pT- and pN-stage. In total, 659 men were matched
(3:1 ratio). The 5-yr CSS was 98.6% (95% CI: 94.3–99.6) and 95.7% (95% CI: 93.2–97.3) for
MDT and SOC, respectively (p = 0.005, log-rank). The main limitations of our study are its
retrospective design and lack of standardization of systemic treatment in the SOC cohort.
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control and CSS. This biological rationale is supported by
recent observations showing that in some PCa patients,
metastases could form new metastases [21,22]. Ablation
of these metastases with MDT in combination with SOC
could shift the paradigm for metastatic PCa from a palliative
to a potentially curable disease in a subset of patients. For
nodal recurrences, both sLND and SBRT are used inter-
changeably with comparable results [8,9], and the decision
is made based on feasibility, potential complications, phy-
sician experience, and patient preference. To the best of our
knowledge, no studies have compared sLND with SBRT.

The first randomized phase II trial showed promising
results with MDT as compared with surveillance, with MDT
resulting in a longer time-to-palliative ADT [10]. With a
median follow-up of 3 yr, the authors were not able to
assess survival endpoints [10]. Consequently, we wanted to

analyze the potential benefit of MDT on survival as com-
pared with immediate or delayed ADT as SOC. The current
data confirm previous data that patients with biochemically
recurrent PCa might have a durable survival [20]. Neverthe-
less, our reported 5-yr CSS favorably compares with data
from 2 decades ago [23,24], possibly reflecting the improve-
ment in PCa survival observed over time. We could show
that MDT improves CSS for patients with nodal recurrences
as compared to ADT. These data are in line with data for
primary N1 PCa, for which maximizing locoregional control
with RT improves CSS as compared with ADT only [25].

In the current paper, choline PET/CT was used to diag-
nose lymph node recurrences and guide MDT as this has
been the SOC for the past years [3]. With the recent intro-
duction of 68Ga PSMA PET/CT, we believe that both patient
selection for MDT and as such the results of MDT will further
improve [26]. The Advanced Prostate Cancer Consensus
Conference consensus panel agreed, with 78% of the pane-
lists voting for one of the next generation imaging methods
to restage biochemically recurrent PCa (PET/CT and/or

Table 3  – Patient characteristics after propensity score matching
analysis.

Parameter SOC MDT p value

Patients, n (%) 494 (75) 165 (25)
Age at RP, yr
Median (IQR) 64 (58–68) 62 (59–67) 0.41

PSA at RP, ng/ml
Median (IQR) 9.3 (6.1–15.0) 9.8 (6.4–15.0) 0.52

Year of surgery
Median (IQR) 2009 (2006–2011) 2009 (2006–2011) 0.51

Time from RP to PSA progression following RT, mo
Median (IQR) 28.7 (13.2–55.6) 27.1 (12.8–48.1) 0.15

pT-stage, n (%)
pT2 148 (30) 49 (29.7) 0.66
pT3a 157 (31.8) 47 (28.5)
!pT3b 189 (38.3) 69 (41.8)

pN-status, n (%)
N0 382 (77.3) 130 (78.8) 0.7
N+ 112 (22.7) 35 (21.2)

Gleason score, n (%)
6 16 (3.2) 6 (3.6) 0.97
7 375 (75.9) 125 (75.8)
!8 103 (20.9) 34 (20.6)

Surgical margin, n (%)
Negative 313 (63.4) 95 (57.6) 0.19
Positive 181 (36.6) 70 (42.4)

IQR = prostate-specific antigen; MDT = metastasis-directed therapy;
PSA = prostate-specific antigen; RP = radical prostatectomy;
RT = radiotherapy; SOC = standard of care.

Fig. 2 – Cumulative risk of cancer-specific mortality and other cause
mortality after 60  and 120  mo stratified by treatment group. Standard
of care is indicated in red and metastasis-directed therapy in blue.
CSM = cancer-specific mortality; MDT = metastasis-directed therapy;
OCM = other cause mortality; SOC = standard of care.

Table 2 – Cox proportional hazard multivariable analysis for cancer-specific survival.

Parameter HR 95% CI p value Boot strap 95% CI std. error

MDT 0.33 0.17–0.64 0.001 0.13–0.65 0.42
Year of RP 0.91 0.85–0.96 0.001 0.84–0.97 0.04
Age at RP, 1.01 0.98–1.04 0.66 0.97–1.04 0.02
PSA at RP 0.98 0.97–0.99 0.002 0.97–0.99 0.01
Time from RP to PSA progression after RT 0.97 0.97–0.98 <0.001 0.96–0.98 0.005
Gleason score
<8 vs !8 3.88 2.57–5.85 <0.001 2.6–6.62 0.24

pT-stage
pT3a vs. pT2 0.84 0.45–1.56 0.58 0.44–1.62 0.34
!pT3b vs. pT2 2.08 1.2–3.61 0.01 1.26–3.95 0.29

pN-status
N+ vs N0 1.55 1.04–2.31 0.03 1.00–2.49 0.23

Positive surgical margin 1.56 1.08–2.24 0.02 1.10–2.32 0.19

CI = confidence interval; HR = hazard ratio; MDT = metastasis-directed therapy; PSA = prostate-specific antigen; RP = radical prostatectomy; RT = radiotherapy;
std. error = standard error.
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whole body magnetic resonance imaging) and with 76%
preferring PSMA over fluciclovine (10%) or choline (6%) [27].

Our study has some limitations. First, our results were
derived from retrospective, observational data. Although
the included patients were considered high-risk following
RP, adjuvant postoperative RT was less frequently used than
salvage RT. However, these data probably reflect the real-
world use of postoperative RT with a decline in the use of
adjuvant RT despite level 1 evidence favoring this approach
over observation [1,28]. At this time, no prospective ran-
domized studies support the association between MDT and
survival outcomes in these patients. Therefore, our data
should be considered in this context, which may also be
affected by selection biases over the study period. Espe-
cially, the results of the unmatched cohort should be inter-
preted in the light of these biases and as such might explain
the difference between MDT and SOC. For example, as
previously mentioned, the use of ADT or MDT was left to
the clinical judgment of each treating physician. Therefore,
a patient selection bias might have been introduced, espe-
cially since patients selected for MDT were screened with
PET/CT, ruling out other metastases such as bone metasta-
ses. In both cohorts, the timing of ADT was not standardized
and both delayed and immediate ADT were used. Our
database lacks the details on the timing of ADT. However,
we tried to compensate this limitation in several ways. All
patients were initially treated with a multimodalityapproach
followed by a PSA recurrence. These patients had a dominant
lymphotropic relapse pattern [6]. We also used multivariable

Cox proportional hazards models including interaction anal-
yses and propensity score matching analysis accounting for
known prognostic factors. Finally, these results should be
considered hypothesis-generating and might be informative
for future randomized trials.

5. Conclusions

MDT for nodal oligorecurrent PCa improves CSS as com-
pared with SOC without MDT. These data from a multi-
institutional pooled analysis should be considered hypoth-
esis-generating.
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Fig. 3  – Subgroup analysis of hazard ratios for cancer-specific death in the two treatment groups and testing for interactions in proportional hazards
regression.
CI = confidence interval; HR = hazard ratio; MDT = metastasis-directed therapy; PSA = prostate-specific antigen; RP = radical prostatectomy;
RT = radiotherapy; SOC = standard of care.
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for recurrent PCa do not differentiate between location or
number of metastases but consider delayed or immediate
ADT as the standard of care for all patients [3,20]. Recent
evidence suggests good long-term outcomes with MDT as

an alternative to ADT [8,9,11,12,14]. In view of the spectrum
hypothesis of Weichselbaum and Hellman, the aim of MDT
in patients with nodal oligorecurrences would be to maxi-
mize locoregional control, potentially improving distant

Fig. 1  – Kaplan-Meier estimates depicting cancer-specific survival for patients treated with standard of care (red line) or metastasis-directed therapy
(blue line). (A) Whole study cohort and (B) after propensity score matching.
CSS = cancer-specific survival; CSM = cancer-specific mortality; MDT = metastasis-directed therapy; SOC = standard of care.
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control and CSS. This biological rationale is supported by
recent observations showing that in some PCa patients,
metastases could form new metastases [21,22]. Ablation
of these metastases with MDT in combination with SOC
could shift the paradigm for metastatic PCa from a palliative
to a potentially curable disease in a subset of patients. For
nodal recurrences, both sLND and SBRT are used inter-
changeably with comparable results [8,9], and the decision
is made based on feasibility, potential complications, phy-
sician experience, and patient preference. To the best of our
knowledge, no studies have compared sLND with SBRT.

The first randomized phase II trial showed promising
results with MDT as compared with surveillance, with MDT
resulting in a longer time-to-palliative ADT [10]. With a
median follow-up of 3 yr, the authors were not able to
assess survival endpoints [10]. Consequently, we wanted to

analyze the potential benefit of MDT on survival as com-
pared with immediate or delayed ADT as SOC. The current
data confirm previous data that patients with biochemically
recurrent PCa might have a durable survival [20]. Neverthe-
less, our reported 5-yr CSS favorably compares with data
from 2 decades ago [23,24], possibly reflecting the improve-
ment in PCa survival observed over time. We could show
that MDT improves CSS for patients with nodal recurrences
as compared to ADT. These data are in line with data for
primary N1 PCa, for which maximizing locoregional control
with RT improves CSS as compared with ADT only [25].

In the current paper, choline PET/CT was used to diag-
nose lymph node recurrences and guide MDT as this has
been the SOC for the past years [3]. With the recent intro-
duction of 68Ga PSMA PET/CT, we believe that both patient
selection for MDT and as such the results of MDT will further
improve [26]. The Advanced Prostate Cancer Consensus
Conference consensus panel agreed, with 78% of the pane-
lists voting for one of the next generation imaging methods
to restage biochemically recurrent PCa (PET/CT and/or

Table 3  – Patient characteristics after propensity score matching
analysis.

Parameter SOC MDT p value

Patients, n (%) 494 (75) 165 (25)
Age at RP, yr
Median (IQR) 64 (58–68) 62 (59–67) 0.41

PSA at RP, ng/ml
Median (IQR) 9.3 (6.1–15.0) 9.8 (6.4–15.0) 0.52

Year of surgery
Median (IQR) 2009 (2006–2011) 2009 (2006–2011) 0.51

Time from RP to PSA progression following RT, mo
Median (IQR) 28.7 (13.2–55.6) 27.1 (12.8–48.1) 0.15

pT-stage, n (%)
pT2 148 (30) 49 (29.7) 0.66
pT3a 157 (31.8) 47 (28.5)
!pT3b 189 (38.3) 69 (41.8)

pN-status, n (%)
N0 382 (77.3) 130 (78.8) 0.7
N+ 112 (22.7) 35 (21.2)

Gleason score, n (%)
6 16 (3.2) 6 (3.6) 0.97
7 375 (75.9) 125 (75.8)
!8 103 (20.9) 34 (20.6)

Surgical margin, n (%)
Negative 313 (63.4) 95 (57.6) 0.19
Positive 181 (36.6) 70 (42.4)

IQR = prostate-specific antigen; MDT = metastasis-directed therapy;
PSA = prostate-specific antigen; RP = radical prostatectomy;
RT = radiotherapy; SOC = standard of care.

Fig. 2 – Cumulative risk of cancer-specific mortality and other cause
mortality after 60  and 120  mo stratified by treatment group. Standard
of care is indicated in red and metastasis-directed therapy in blue.
CSM = cancer-specific mortality; MDT = metastasis-directed therapy;
OCM = other cause mortality; SOC = standard of care.

Table 2 – Cox proportional hazard multivariable analysis for cancer-specific survival.

Parameter HR 95% CI p value Boot strap 95% CI std. error

MDT 0.33 0.17–0.64 0.001 0.13–0.65 0.42
Year of RP 0.91 0.85–0.96 0.001 0.84–0.97 0.04
Age at RP, 1.01 0.98–1.04 0.66 0.97–1.04 0.02
PSA at RP 0.98 0.97–0.99 0.002 0.97–0.99 0.01
Time from RP to PSA progression after RT 0.97 0.97–0.98 <0.001 0.96–0.98 0.005
Gleason score
<8 vs !8 3.88 2.57–5.85 <0.001 2.6–6.62 0.24

pT-stage
pT3a vs. pT2 0.84 0.45–1.56 0.58 0.44–1.62 0.34
!pT3b vs. pT2 2.08 1.2–3.61 0.01 1.26–3.95 0.29

pN-status
N+ vs N0 1.55 1.04–2.31 0.03 1.00–2.49 0.23

Positive surgical margin 1.56 1.08–2.24 0.02 1.10–2.32 0.19

CI = confidence interval; HR = hazard ratio; MDT = metastasis-directed therapy; PSA = prostate-specific antigen; RP = radical prostatectomy; RT = radiotherapy;
std. error = standard error.
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and 1-year follow-up. All analysis was performed as per intention to treat
(ITT) and per protocol (PP). Tests were performed two sided; P values, .20
were deemed significant. Data were analyzed with R (www.R-project.org).

RESULTS

Between August 1, 2012, and August 31, 2015, 62 patients were
randomly assigned (Fig 1). Patient characteristics are listed in
Table 1. The median follow-up time for the whole cohort was
3 years (interquartile range [IQR], 2.3-3.8 years). The type of MDT
used was SBRT (n = 25), surgery in 6 patients (sPLND in 5 and
lung metastasectomy in 1).

For the ITT analysis, the median ADT-free survival was
13 months (80% CI, 12 to 17 months) for the surveillance group
and 21 months (80% CI, 14 to 29 months) for the MDT group
(HR, 0.60 [80% CI, 0.40 to 0.90], log-rank P = .11; Fig 2A). Table 2
lists the reasons for starting ADT, with polymetastatic progression
being the main reason in both groups. No symptomatic or local
progression was observed in the MDT group, as compared with
three and six occurrences, respectively, in the surveillance group. In
the MDT group, 11 patients were treated with a repeated course of
MDT because of oligometastatic progression at the time of first
radiographic progression, and two patients received two additional
courses of MDT for oligometastatic progression. In the subgroup
analysis (Fig 3A), no significant interaction was observed between
the effect of MDT and PSA doubling time or the location of me-
tastases (P value of interaction, .35 and .31, respectively). Because of
the difference in the number of lesions between the surveillance and
the MDT arm (Table 1), a post hoc analysis was performed, with
stratification on the number of metastases. The corresponding HR
was 0.64 (80%CI, 0.42 to 0.96); log-rank P = .16. This is in line with
the findings stratified on the location of metastases and PSA

doubling time. Eleven patients developed castration-resistant PCa,
six in the surveillance arm and five in the MDT arm. In total, four
patients died, three from other cancers and one from cardiac failure.

For the PP analysis, the median ADT-free survival was
12 months (80% CI, 7 to 17 months) for the surveillance group and
21months (80%CI, 16 to 28months) for theMDT group (HR, 0.55
[80% CI, 0.36 to 0.85]; log-rank P = .08; Fig 2B). In the subgroup
analysis (Fig 3B), no significant interaction was observed between
the effect of MDT and the location of the metastases (P value of
interaction, .95). We did observe a larger magnitude of association
between MDT and improved ADT-free survival in patients with
a PSA doubling time of# 3 months as compared with. 3 months
(P value for interaction, .01).

The PSA change is depicted as a waterfall plot at 3 months
after random assignment and as the largest change in PSA (Figs 4A
and 4B). In total, 74% of patients treated with MDT had a PSA
decline, as compared with 42% in the surveillance arm. The
median time until PSA progression for the ITTwas 6 months (80%
CI, 4 to 7 months) for the surveillance group, as compared with
10months (80%CI, 8 to 13months) for theMDT group (HR, 0.53
[80% CI, 0.37 to 077]; P = .03; Fig 4C). For the PP analysis, the HR
was 0.52 (80% CI, 0.36 to 0.76); P = .02. Seventy-five percent of
patients treated with MDTexperienced a PSA decline, as compared
with 35% in the surveillance arm.

Six (17%) of the 36 patients treated with MDT experienced
grade 1 toxicity. No grade 2 or higher toxicity was observed. The
toxicities observed after SBRTwere temporary looser stools (n = 1)
and temporary muscle soreness (n = 1). One patient who un-
derwent a video-assisted thoracoscopic lung metastasectomy de-
veloped thoracic wall pain requiring nonopioid analgesics for
6 months. After sPLND, toxicities observed included hypoesthesia
of the genitofemoral nerve (n = 1), lymphorrhea (n = 1), and
scrotal and penile edema (n = 1).

HR, 0.60 (95% CI, 0.31 to 1.13); log−rank P = .11
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Fig 2. Kaplan-Meier plot comparing androgen deprivation therapy (ADT)–free survival of surveillance versus metastasis-directed therapy (MDT) for (A) the intention-to-
treat analysis and (B) the per-protocol analysis. HR, hazard ratio; Surv., surveillance.
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Randomized, Multicenter Phase II Trial
Piet Ost, Dries Reynders, Karel Decaestecker, Valérie Fonteyne, Nicolaas Lumen, Aurélie De Bruycker, Bieke
Lambert, Louke Delrue, Renée Bultijnck, TomClaeys, Els Goetghebeur, Geert Villeirs, Kathia DeMan, Filip Ameye,
Ignace Billiet, Steven Joniau, Friedl Vanhaverbeke, and Gert De Meerleer

A B S T R A C T

Purpose
Retrospective studies suggest that metastasis-directed therapy (MDT) for oligorecurrent prostate
cancer (PCa) improves progression-free survival. We aimed to assess the benefit of MDT in a ran-
domized phase II trial.

Patients and Methods
In this multicenter, randomized, phase II study, patients with asymptomatic PCa were eligible if they
had had a biochemical recurrence after primary PCa treatment with curative intent, three or fewer
extracranial metastatic lesions on choline positron emission tomography–computed tomography,
and serum testosterone levels . 50 ng/mL. Patients were randomly assigned (1:1) to either sur-
veillance orMDT of all detected lesions (surgery or stereotactic body radiotherapy). Surveillancewas
performed with prostate-specific antigen (PSA) follow-up every 3 months, with repeated imaging at
PSA progression or clinical suspicion for progression. Random assignment was balanced dy-
namically on the basis of two factors: PSA doubling time (# 3 v . 3 months) and nodal versus non-
nodal metastases. The primary end point was androgen deprivation therapy (ADT)–free survival.
ADT was started at symptomatic progression, progression to more than three metastases, or local
progression of known metastases.

Results
Between August 2012 and August 2015, 62 patients were enrolled. At a median follow-up time of
3 years (interquartile range, 2.3-3.75 years), the median ADT-free survival was 13 months (80% CI,
12 to 17 months) for the surveillance group and 21 months (80% CI, 14 to 29 months) for the MDT
group (hazard ratio, 0.60 [80% CI, 0.40 to 0.90]; log-rank P = .11). Quality of life was similar between
arms at baseline and remained comparable at 3-month and 1-year follow-up. Six patients developed
grade 1 toxicity in the MDT arm. No grade 2 to 5 toxicity was observed.

Conclusion
ADT-free survival was longer with MDT than with surveillance alone for oligorecurrent PCa, sug-
gesting that MDT should be explored further in phase III trials.

J Clin Oncol 36:446-453. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Immediate or delayed androgen deprivation therapy
(ADT) with initial surveillance is the preferred
treatment strategy for biochemically recurrent
prostate cancer (PCa) after radical prostatectomy
and/or radiotherapy.1,2 Analysis of the relapse pat-
terns after primary PCa treatment suggests thatmost
patients relapse with three or fewer metastases,3-5

often termed oligorecurrences. In 1995, Hellman
and Weichselbaum6 hypothesized that eradicating

oligorecurrences with metastasis-directed therapy
(MDT)might prevent additional metastatic spread
and improve survival.7-8 Confirming this hypoth-
esis could shift the paradigm for metastatic PCa
from a palliative to a potentially curable disease in
a subset of patients. Several retrospective, single-
arm studies have supported the notion that MDT
delays additional clinical progression and the
start of subsequent palliative ADT, with minimal
adverse events.9,10 However, such an advantage
has yet to be shown in well-controlled random-
ized studies. To address this, we compared the
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In total, 60 (97%) of 62 patients completed the baseline QLQs,
55 (89%) completed them at 3 months, and 52 (84%) completed
them at 1 year. Figure 5 depicts the global health score for both
arms at the three time points for the ITT group.We did not observe
clinically relevant changes in HRQOL scores between the two study
arms (across all visits; Data Supplement). Overall, HRQOL scores
remained stable for both groups at baseline, 3 months, and 1 year
(Data Supplement).

DISCUSSION

To our knowledge, this is the first randomized trial of MDT to all
lesions versus surveillance alone for patients with oligorecurrent
PCa after primary treatment with curative intent. Patients treated
withMDTexperienced a longer time to start of palliative ADT than
did those who underwent surveillance alone. Time to ADT is
a composite end point chosen because of the effect of the start of
ADTon health care costs and HRQOL.23 Recently the Intermediate
Clinical Endpoints in Cancer of the Prostate working group iden-
tified metastasis-free survival as a surrogate for overall survival.24

Unfortunately, this end point is valid only for localized PCa and, as
such, cannot be extrapolated to patients with metastatic disease.

Many retrospective case series with promising results have
been reported. However, because of the absence of comparative or
randomized trials, the overall low number and heterogeneity of
patients treated, a recent systematic review concluded that MDT
should not be considered the standard of care.9 Nevertheless,
approximately two thirds of experts at the 2017 Advanced Prostate

Table 2. Indications for Starting Androgen Deprivation Therapy

Indication
Surveillance
(n = 31)

Metastasis-Directed Therapy
(n = 31)

Not started yet 6 (19) 12 (39)
Polymetastatic progression 16 (55) 19 (61)
Local progression 6 (23) 0 (0)
Symptomatic progression 3 (10)* 0 (0)

NOTE. Data are presented as No. (%).
*Two patients with symptomatic progression also showed local and poly-
metastatic progression.
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Fig 3. Forest plots of the association be-
tween metastasis-directed therapy and an-
drogen deprivation therapy–free survival by
subgroup for (A) the intention-to-treat analysis
and (B) the per-protocol analysis. Hazard ratio
for all patients was based on a Cox proportional
hazard model containing only main effects. For
the interactions, only those specific interactions
were added. HR, unadjusted hazard ratio as-
sociated with metastasis-directed therapy (sur-
veillance is the reference [HR, 1]); LL, lower limit
of the 80% CI; Loc. Met., location of metasta-
ses; PSA-DT, prostate-specific antigen doubling
time; UL, upper limit of the 80% CI.
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Abstract

Context: Identification of early nodal recurrence after primary prostate cancer (PCa)
treatment by functional imaging may guide metastasis-directed therapy such as salvage
lymph node dissection (SLND).
Objective: The aim of this systematic review was to assess the oncological role and the
safety of SLND in the era of modern imaging in case of exclusive nodal recurrence after
primary PCa treatment with curative intent.
Evidence acquisition: A systematic literature search in the PubMed and Cochrane
databases was performed up to August 2018 according to Preferred Reporting Items
for Systematic Reviews and Meta-analysis guidelines. Overall, 27 SLND series have been
selected for synthesis.
Evidence synthesis: Prostate-specific membrane antigen or choline positron emission
tomography/computed tomography was the reference detection technique. SLND was
performed by open or laparoscopic approach with <10% of grade 3 or more complication
rate. Mean follow-up was 29.4 mo. Complete biochemical response after SLND was
achieved in 13–79.5%of cases (mean 44.3%). The 2- and 5-yr biochemical progression-
free survival rates ranged from 23% to 64% and from 6% to 31%, respectively. Fiver-year
overall survival was approximately 84%. Main drawbacks limiting the interpretation of
the effectiveness of SLND were the retrospective design of single-center series, hetero-
geneity between series in terms of adjuvant treatment, endpoints, definitions of
progression and study population, as well as the absence of long-term follow-up.

* Corresponding author. La Croix du Sud/Saint Jean Languedoc Hospital, IUCT-O, Toulouse,
France. Tel. +33 5 61549045; Fax: +33 5 62471911.
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Abstract

Background: Patients with oligometastatic prostate cancer lymph node recurrence can
be treated with many options including salvage lymph node dissection (sLND).
Objective: Evaluation of outcomes of sLND and identification of clinicopathologic features
in predicting further biochemical and radiological relapse after sLND for prostate cancer.
Design, setting, and participants: Between November 1, 2009 and March 31, 2015,
117 patients with biochemical recurrence (BCR) after radical prostatectomy (RP) un-
derwent sLND by a single surgeon after a standardized 11C-choline positron emission
tomography/computed tomography.
Outcome measurements and statistical analysis: Biochemical response (BR) was defined
as a prostate-specific antigen (PSA) < 0.2ng/ml after sLND, BCR was defined as a PSA
greater than 0.2 ng/ml with an increased trend after sLND, and radiological recurrence
(RAR) was defined as a positive 11C-choline positron emission tomography/computed
tomography imaging study or biopsy proven metastasis after sLND. Kaplan-Meier method
was used to assess time to BCR, RAR, and cancer-specific mortality. Preoperative and
postoperative predictors of BCR and RAR were assessed with Cox regression analyses.
Results and limitations: All patients had confirmed lymph node metastasis on final
sLND pathology. Median follow-up after sLND was 20.2 mo (interquartile range: 11.8–
33.6). All but one patient had a decrease in PSA while 93/117 (79.5%) patients achieved
BR after sLND. In those who achieved BR, a subsequent BCR occurred in 40% of cases
(n = 37/93). The 5-yr BCR, RAR, and cancer-specific mortality-free survival rates were
31%, 51%, and 97% respectively. At multivariate analyses, predictors of both BCR and RAR
were pathological stage of the tumor at original RP and whether the nodes were castrate
resistant prostate cancer. Given the nonrandomized nature, it is not known how these
men would have fared according to survival or quality of life by observation, and/or
other systemic therapy.
Conclusions: An optimal candidate for sLND tends to have pT2 at the original RP and a
castration sensitive disease state. sLND could be considered part of a multimodal
treatment approach in select patients with castrate-resistant prostate cancer in which
delayed/reduced cancer progression could be achieved with a cytoreductive surgery.
Patient summary: We found that by performing a salvage lymph node dissection there
are many men that can experience a biochemical response and eliminate further 11C-
choline positron emission tomography/computed tomography radiographic recurrences.
# 2016 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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median PSA at diagnosis was 6.1 (4.5–11 ng/ml) ng/ml.
Thirteen patients had positive lymph nodes disease (pN1) at
time of RP, and of this population, only four patients had a
GS ! 7, and nine patients had a GS > 7. Before sLND, 82.7% of
patients (n = 91) had undergone some form of post-RP
therapy including hormonal therapy (HT; 5.1%), radiation
therapy (35.9%), chemotherapy (10.0%), immunotherapy
(3.7%), or a combination of HT and radiation therapy
(23.1%). Major complications were reported in a minority.
Overall, a Clavien–Dindo Grade IIIa, IIIb, and IVa occurred
respectively in 3.4% (n = 4), 1.7% (n = 2), and 0.8% (n = 1)
patients (Table 2). Lymph node metastasis were found
within the pelvis in 102/117 (87%) patients and in 15/117
(12.8%) in the retroperitoneal area.

The median number of removed/positive lymph nodes
within the pelvis were 21 (IQR 14–28.2) and three (IQR 1–
4), respectively. The median number of removed/positive
lymph node in the retroperitoneum were 27 (IQR 23–42)
and 10 (IQR 8–14), respectively.

After sLND, the majority received some form of adjuvant
hormonal therapy but typically no longer than 3 mo unless
CRPC and usually only 4–6 wk using bicalutamide at 50 mg/
d. No patients received adjuvant pelvic irradiation.

The first PSA was usually checked between 6–12 wk.
Overall, 79.5% (n = 93) had a BR, while 20.5% (n = 24) had an
immediate BCR, although PSA decreased from preoperative
levels in every patient except for one. Thirty-seven of the
117 patients (31.6%) had BCR after a PSA of less than 0.2 ng/
ml after sLND at a median of 11.2 (IQR 8.85–20.2) mo. In the
BCR group, further metastatic progression was observed in
29.9% (n = 35), while 47.9% (n = 56) remained progression-
free of radiographic recurrence by 11C-choline PET/CT.
During the study period, three patients (2.6%) died from PCa
from the CRPC group. The median follow up time from sLND
to last follow up was 20.2 mo (IQR 11.8–33.6).

3.2. Survival analysis

Five-yr BCR, RAR, and CSM-free survival rates were 31%,
51%, and 97%, respectively (Fig. 1A–C). When patients were
stratified according to pathological stage at RP (pT3-4 vs
pT2), BCR and RAR free survival rates were significantly
different (p < 0.01; Fig. 2A and 2B). When stratified

according to GS (GS ! 7 vs GS > 7) only BCR-free survival
rates were significantly different (p < 0.01; Fig. 2C and 2D).
RAR-free survival rate was significantly different between
patients with and without CRPC (p = 0.041; Fig. 3).

Table 2  –  Complications associated with salvage lymph node dissection

Complication type Clavien–Dindo Grade Overall, No. (%)

Delirium Grade I 1 (0.9)

Scrotal edema Grade I 1 (0.9)

Anemia Grade II 3 (2.7)

Fever Grade I

Grade II

2 (1.8)

2 (1.8)

Wound infection Grade I

Grade II

Grade IIIa

2 (1.8)

1 (0.9)

1 (0.9)

Ileus Grade II

Grade IIIb

4 (3.6)

2 (1.8)

Lymphocele Grade IIIa 2 (1.8)

Acute renal failure Grade IIIa 1 (0.9)

Bilateral pulmonary embolism/deep venous thrombosis Grade IVa 1 (0.9)
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Figure 1 –  Cumulative event-free with 95% CI of Biochemical Recurrence
(BCR, 1A), Radiological Recurrence (RAR, 1B) and Cancer Specific Mortality
(CSM, 1C) following salvage Lymph Node Dissection (sLND) in 117  patients.

E U R O P E A N U R O L O G Y F O C U S X X X ( 2 0 1 6 ) X X X – X X X4

EUF-106; No. of Pages 10

Please cite this article in press as: Zattoni F, et al. Mid-term Outcomes Following Salvage Lymph Node Dissection for Prostate
Cancer Nodal Recurrence Status Post–radical Prostatectomy. Eur Urol Focus (2016), http://dx.doi.org/10.1016/j.euf.2016.01.008

RAR free 5y - 51%

BCR free 5y - 31%

CSS 5y - 97%

47% cBR and of this group 31% failed 



3.3. Univariate and multivariate Cox regression models

predicting BR and RAR

Tables 3 and 4 show univariate and multivariate analysis
for pre- and post-sLND predictors of BCR and RAR for the
entire cohort. Based upon the univariate analyses, pT stage
(hazard ratio [HR], 2.340; 95% CI, 1.272–4.304; p < 0.01),
CRPC (HR, 2.364; 95% CI, 1.332–4.195; p < 0.01), and
pathological GS (HR, 1.424; 95% CI, 1.076–1.884; p = 0.013)
are pre-sLND predictors of BCR. Based upon the results
from multivariate analysis, only pT stage (HR, 3.037; 95%
CI, 1.120–8.235; p = 0.0291) and CRPC (HR, 2.561; 95% CI,
1.206–5.441: p = 0.0144) were independent pre-sLND
predictors of BCR. CRPC (HR, 3.218; 95% CI, 1.225–8.452;

p = 0.0177) and pT stage (HR, 6.855; 95% CI, 1.424–33.013;
p = 0.0164) were also found to be independent pre-sLND
predictors of RAR using multivariate analysis. None of the
explored postoperative variables was found to predict
either BCR or RAR (Tables 3 and 4). Tables 5 and 6 are for
castration sensitive disease only. pT stage (HR 5.462;
95%IC 1.334–36.98; p = 0.016) and pathological GS (HR
3.23; 95% CI 1.047–10.40; p = 0.041) were independent
predictors of BCR. But, only the pT stage remained as an
independent predictor of RAR (HR, 4.265; 95% CI, 1.410–
18.436; p = 0.008). In a subanalysis, the number of positive
LNs was a predictor of BCR (HR 95% 2.221, CI 1.02–4.99
p = 0.043) and RAR (HR 2.511; 95% CI 1.051–6.418;
p = 0.035) but only at univariate analysis. For CRPC only,
none of the study variables were significant predictors of
either BCR or RAR (Tables 7 and 8).

3.4. 11C-choline PET/CT accuracy

As mentioned in the study population section, 11C-
choline PET/CT was found false positive in two patients
then excluded from further analysis. 11C-choline PET/CT
was false negative by radiographic report in 3/117
patients while in the remaining 114 patients it was true
positive. No data are available for assessment of true
negative 11C-choline PET/CT since this was a nonmap-
ping study. On a per-patient analysis, sensitivity of PET
was 97.4% with a true positive predictive value of 98.2%.
The sensitivity and specificity for positive pelvic lymph
nodes were 98.1% and 51.0%, while for positive retroperi-
toneal lymph node the sensitivity and specificity were
83.3% and 99%.

Figure 3  –  Radiologic recurrence-free survival for castrate-and non-
resistant prostate cancer after salvage lymph node dissection (sLND). A
statistically significant difference exists between patients with and
without castrateresistant prostate cancer.

Figure 2 –  Biochemical recurrence (BCR) and radiologic recurrence (RAR)-free survival, respectively, for pathological stage (2A and 2B) and Gleason
Score (2C and 2D). There is a statistically significant difference for pathological stage stage within biochemical recurrence and radiologic recurrence.
Gleason score is significantly different for biochemical recurrence but not for the radiologic recurrence, likely due to the lack of events.

E U R O P E A N U R O L O G Y F O C U S X X X ( 2 0 1 6 ) X X X – X X X 5

EUF-106; No. of Pages 10

Please cite this article in press as: Zattoni F, et al. Mid-term Outcomes Following Salvage Lymph Node Dissection for Prostate
Cancer Nodal Recurrence Status Post–radical Prostatectomy. Eur Urol Focus (2016), http://dx.doi.org/10.1016/j.euf.2016.01.008

Gleason at PR and CRPC were predictors of fail in sLND

3.3. Univariate and multivariate Cox regression models

predicting BR and RAR

Tables 3 and 4 show univariate and multivariate analysis
for pre- and post-sLND predictors of BCR and RAR for the
entire cohort. Based upon the univariate analyses, pT stage
(hazard ratio [HR], 2.340; 95% CI, 1.272–4.304; p < 0.01),
CRPC (HR, 2.364; 95% CI, 1.332–4.195; p < 0.01), and
pathological GS (HR, 1.424; 95% CI, 1.076–1.884; p = 0.013)
are pre-sLND predictors of BCR. Based upon the results
from multivariate analysis, only pT stage (HR, 3.037; 95%
CI, 1.120–8.235; p = 0.0291) and CRPC (HR, 2.561; 95% CI,
1.206–5.441: p = 0.0144) were independent pre-sLND
predictors of BCR. CRPC (HR, 3.218; 95% CI, 1.225–8.452;

p = 0.0177) and pT stage (HR, 6.855; 95% CI, 1.424–33.013;
p = 0.0164) were also found to be independent pre-sLND
predictors of RAR using multivariate analysis. None of the
explored postoperative variables was found to predict
either BCR or RAR (Tables 3 and 4). Tables 5 and 6 are for
castration sensitive disease only. pT stage (HR 5.462;
95%IC 1.334–36.98; p = 0.016) and pathological GS (HR
3.23; 95% CI 1.047–10.40; p = 0.041) were independent
predictors of BCR. But, only the pT stage remained as an
independent predictor of RAR (HR, 4.265; 95% CI, 1.410–
18.436; p = 0.008). In a subanalysis, the number of positive
LNs was a predictor of BCR (HR 95% 2.221, CI 1.02–4.99
p = 0.043) and RAR (HR 2.511; 95% CI 1.051–6.418;
p = 0.035) but only at univariate analysis. For CRPC only,
none of the study variables were significant predictors of
either BCR or RAR (Tables 7 and 8).

3.4. 11C-choline PET/CT accuracy

As mentioned in the study population section, 11C-
choline PET/CT was found false positive in two patients
then excluded from further analysis. 11C-choline PET/CT
was false negative by radiographic report in 3/117
patients while in the remaining 114 patients it was true
positive. No data are available for assessment of true
negative 11C-choline PET/CT since this was a nonmap-
ping study. On a per-patient analysis, sensitivity of PET
was 97.4% with a true positive predictive value of 98.2%.
The sensitivity and specificity for positive pelvic lymph
nodes were 98.1% and 51.0%, while for positive retroperi-
toneal lymph node the sensitivity and specificity were
83.3% and 99%.

Figure 3  –  Radiologic recurrence-free survival for castrate-and non-
resistant prostate cancer after salvage lymph node dissection (sLND). A
statistically significant difference exists between patients with and
without castrateresistant prostate cancer.

Figure 2 –  Biochemical recurrence (BCR) and radiologic recurrence (RAR)-free survival, respectively, for pathological stage (2A and 2B) and Gleason
Score (2C and 2D). There is a statistically significant difference for pathological stage stage within biochemical recurrence and radiologic recurrence.
Gleason score is significantly different for biochemical recurrence but not for the radiologic recurrence, likely due to the lack of events.

E U R O P E A N U R O L O G Y F O C U S X X X ( 2 0 1 6 ) X X X – X X X 5

EUF-106; No. of Pages 10

Please cite this article in press as: Zattoni F, et al. Mid-term Outcomes Following Salvage Lymph Node Dissection for Prostate
Cancer Nodal Recurrence Status Post–radical Prostatectomy. Eur Urol Focus (2016), http://dx.doi.org/10.1016/j.euf.2016.01.008



▪ Retrospective 
▪ 654 Pact BCR e sLND  
▪ Pet PSMA e Colina 
▪ 1EP - eCR (early clinical recurrence) 
▪ 2EP - BCRFS e HTFS  
▪ Median F.up - 30 mo (IR, 16-50)



51% CR at F.up 
eCR (1y) - 25%  
Median time to progression after sLND - 18mo



CSM: 20% eCR x 1.4% no eCR - 3y 
(p < 0.0001)

3y F.up 1/4 of patients free of HT and no BCR 

Recurrence Predictors



contributes to the growing body of literature suggesting
a potential advantage of metastasis- directed therapies to
the lymph nodes over ADT in oligometastatic patients
[21]. However we focused on nmCRPC patients by con-
ventional definition, a particular disease for which there

has not been definitive and strong indications to guide
decision-making in clinical practice [3]. The increasing
shift toward early detection of low-volume metastatic
CaP has contributed to a shift in the treatment paradigm
of these patients; therefore a different scenario might be

Fig. 3. Kaplan-Meier estimates depicting radiological recurrence (RAR)-free survival for patients treated with salvage lymph node dissection (sLND) or
androgen deprivation therapy (ADT).

Fig. 4. Kaplan-Meier estimates depicting second line systemic therapies (SST)-free survival for patients treated with salvage lymph node dissection (sLND)

or androgen deprivation therapy (ADT).
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Abstract

Objective: To evaluate oncologic outcomes of patients with nonmetastatic, castration-resistant prostate cancer treated with salvage
lymph node dissection (sLND) or androgen-deprivation therapy (ADT) for lymph nodes (LN)-only recurrence.

Materials and Methods: Retrospective analysis of 23 (51.1%) patients who underwent sLND and 22 (48.9%) men who received ADT
for LN-only recurrence. Biochemical recurrence (BCR) was defined as prostate-specific antigen (PSA) >0.2 ng/ml with an increased trend
and radiological recurrence (RAR) was defined as a positive imaging study after sLND or ADT. Second line systemic therapies (SST) were
defined as any systemic therapy administered for progression. Predictors of BCR, RAR, and SST were assessed with Cox regression
analyses.

Results: Mean PSA reduction was significantly higher after sLND than ADT (62.8% vs. 17.7%; P = 0.04). Clinical outcomes were not
statistically different between the 2 groups. However, there was a trend toward a longer time to BCR (13.3 vs. 6 months; P = 0.2) and RAR
(21.1 vs. 14.2 months, P = 0.09) in sLND patients than ADT. Median time to SST was longer in the sLND group than ADT (P = 0.04). Uni-
variable Cox regression analyses showed that PSA doubling time and pT stage were associated with RAR and SST (all P < 0.05).

Conclusions: In patients with nonmetastatic, castration-resistant prostate cancer, sLND resulted in greater PSA decrease than ADT. We
noted a nonstatistically significant trend toward longer time to BCR and longer time to RAR for patients treated with sLND than ADT.
Additionally, sLND may increase time to SST as compared to ADT. ! 2019 Elsevier Inc. All rights reserved.

Keywords: Salvage lymph node dissection; Androgen-deprivation therapy; Castration-resistant prostate cancer; Lymph nodes; Survival outcomes

1. Introduction

In recent years, changes in patterns of diagnosis and treat-
ment have dramatically increased the number of men receiv-
ing androgen deprivation therapy (ADT) for nonmetastatic
prostate cancer (CaP) [1]. However, after approximately
2 to 3 years, the disease progresses despite continuous hor-
monal treatment into castrate-resistant prostate cancer
(CRPC) [2]. Nonmetastatic CRPC (nmCRPC) is considered
a relatively indolent disease for which, traditionally, there

has been no high-quality evidence to guide decision-making
in clinical practice [3,4].

According to current Guidelines, patients with CRPC
without evidence of bone or visceral metastases are man-
aged with observation or ADT [5,6]. However, approxi-
mately one-third of patients will develop bone metastases
within 2 years from the diagnosis of CRPC [3]. Recent evi-
dence from 2 large trials showed that the use of novel non-
steroidal antiandrogens resulted in improved survival
outcomes in patients with CRPC who did not have evidence
of metastasis on conventional imaging [7−9]. However,
with the increasing use of new and more accurate imaging
modalities for CaP recurrence, such as positron emission
tomography/computed tomography (PET/CT), the space of
nmCRPC has became narrower because of the shift toward
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a b s t r a c t

Background: Salvage lymph node dissection (sLND) e performed open or minimally-invasive - is a
treatment modality that can be offered to patients with nodal recurrence after radical prostatectomy
(RP), especially in times where modern imaging methods like choline- or PSMA-PET/CT are available. Yet,
there are only very limited data on the safety and oncological effectiveness of robotic sLND.
Methods: We retrospectively identified patients who underwent robotic sLND at our institution between
2013 and 2017 for nodal recurrence after RP, which had been diagnosed either by 18F-choline- or 68Ga-
PSMA-PET/CT. We analyzed perioperative data and early oncological outcomes with a focus on the
comparison of patients with preoperative choline- vs. those with preoperative PSMA-PET/CT.
Results: We identified 36 patients who underwent robotic sLND at a median time of 45.3 months [range
3.1;228.6] after RP, with nodal recurrences detected in 25 patients by PSMA- and in 11 by choline-PET/CT.
Median preoperative PSA, operation time and blood loss were 1.98 ng/ml [range 0.09;35.15], 129.5 min
[range 65;202] and 50 ml [range 0;400], respectively. No high-grade complications occurred. A median
number of 6.5 [range 1;25] lymph nodes were removed with a median of 1 [range 0;9] tumor-occupied
node. None of the patients received any adjuvant treatment. Median postoperative PSA-change was !57%
[range !100; þ58] in the PSMA- and þ10% [range !91; þ95] in the choline-group (p ¼ 0.015). 44% of
patients in the PSMA- and 18% of patients in the choline-group experienced complete biochemical
response (cBCR; PSA <0.2 ng/ml). Median time from sLND to the initiation of further therapy was 12
months [range 2;21.5] in the PSMA-group and 4.7 months [range 2.2;18.9] in the choline-group
(p ¼ 0.001).
Conclusions: This is the hitherto largest series on robotic sLND for nodal recurrence after RP. Robotic
sLND is a feasible therapeutic optionwith low morbidity, which can at least delay the initiation of further
therapy e in some patients up to several years. However, the extend of sLND has to be standardized and
randomized trials are needed to finally define the oncological effectiveness of this approach.

© 2018 Published by Elsevier Ltd.

1. Introduction

Despite advances in patient-selection and surgical techniques,
up to 50% of patients undergoing radical prostatectomy (RP) for
organ-confined prostate cancer (PCa) develop biochemical recur-
rence (BCR) within the first ten years [1,2]. For those, either salvage
radiotherapy (sEBRT) to the prostatic bed ± regional lymph nodes
or androgen deprivation therapy (ADT) is recommended [3]. In
recent years - especially due to the advent of new imaging mo-
dalities with high-sensitivity in the setting of BCR after RP [4,5] -

Abbreviations: ADT, androgen deprivation therapy; BCR, biochemical recur-
rence; cBCR, complete biochemical response; CSS, cancer specific survival; EBRT,
extracorporeal beam radiation therapy; IQR, interquartile range; OS, overall sur-
vival; PCa, prostate cancer; PET/CT, positron emission tomography/ computed to-
mography; PSA, prostate specific antigen; PSMA, prostate specific membrane
antigen; RP, radical prostatectomy; sLND, salvage lymph node dissection.
* Corresponding author. Universit€at des Saarlandes, Klinik für Urologie, Kirr-

berger Straße 100, Geb€aude 6, 66421 Homburg/Saar, Germany.
E-mail addresses: johannes.linxweiler@uks.eu (J. Linxweiler), matthias.saar@

uks.eu (M. Saar), zaid.al-kailani@uks.eu (Z. Al-Kailani), martin.janssen@uks.eu
(M. Janssen), samer.ezziddin@uks.eu (S. Ezziddin), michael.stoeckle@uks.eu
(M. St€ockle), stefan.siemer@uks.eu (S. Siemer), carsten.ohlmann@uks.eu
(C.-H. Ohlmann).

Contents lists available at ScienceDirect

Surgical Oncology

journal homepage: www.elsevier .com/locate/suronc

https://doi.org/10.1016/j.suronc.2018.02.010
0960-7404/© 2018 Published by Elsevier Ltd.

Surgical Oncology 27 (2018) 138e145

Retrospective (2013-2017) 

36 pts BCR after PR 

25 PET-PSMA X 11 PET- Colina 

Oncological and preoperative results 



patients) compared to ours. Accordingly, the median number of
lymph nodes removed in our study is lower (6.5 vs. 16.5) [14]. Be-
sides the fact that almost all patients already had a pelvic lymph
node dissection during RP (Supplementary Table 1), this is largely
due to the fact that we did not use a standard template for sLND.
Instead, the extent of lymph node dissection was defined individ-
ually by the surgeon depending on clinical data and preoperative
imaging results. Yet, in our study the oncological results were not
worse in patients who only underwent targeted sLND as compared
to thosewho underwent extended bilateral or even extend bilateral
plus retroperitoneal sLND. However, these results have to be
handled with caution due to the very small group sizes. Lympho-
celes represented themost prevalent postoperative complication in
published series on open sLND for recurrent PCa. In the largest
series by Suardi et al. [12], 19 (31.5%) patients developed lympho-
celes of which seven (11.2%) required drain placement. In agree-
ment with the study by Montorsi et al. [14], who observed
lymphoceles/lymphedema in two (12.5%) patients, our results
demonstrate a considerably lower rate of lymphoceles compared to
series on open sLND. Here, the robotic approach might be favorable
due to the meticulous dissection with better control of lymphatic
vessels because of higher magnification and in depth tissue visu-
alization. Furthermore, robotic sLND uses a trans-peritoneal
approach that may reduce the risk of developing lymphoceles
compared to the extra-peritoneal approach in open surgery (at
least for the pelvic lymph node dissection). However, robotic sLND
is still an experimental procedure that can be associated with se-
vere intraoperative complications (in particular ureteral/vascular
injuries) and should thus only be performed in high volume
centers.

Besides the initial report on robotic sLND by colleagues from
Milan and Aalst [14], two further retrospective series have been
published recently: In one report, Abreu et al. [15] describe their
technique of robotic-assisted, high-extended salvage retroperito-
neal and pelvic lymphadenectomy (sRPLND þ PLND) for node-only
recurrent prostate cancer. In ten patients, they removed a mean
number of 83 lymph nodes of which 23 were positive using an
anatomical template reaching from the renal vessels cranially down

to Cloquet's node caudally. No major complications were observed.
Themedian PSA levels decreased from 2.78 ng/ml preoperatively to
0.80 ng/ml postoperatively. Of note, none of the patients' post-
operative PSA levels turned zero. No oncological results beyond the
first postoperative PSA levels were reported. Another recent pub-
lication by Siriwardana and colleagues [16] describes a cohort of 35
patients who underwent robotic sLND after PSMA-PET/CT for nodal
PCa recurrences. As in our series, the surgical approach was chosen
individually for each patient and included targeted, unilateral or
bilateral extended pelvic template dissections. A postoperative PSA
decline below 0.2 ng/ml (used as the definition for cBCR in most
published studies) was observed in 15 (43%) patients, a decline
below 0.05 ng/ml in 11 (31%) patients. These results match well
with those observed in our series. After a median follow-up of 12
months, BCR-free survival and clinical recurrence-free survival
were 23% and 66%, respectively. Interestingly, in their univariate
analysis bilateral template dissection was the only significant pre-
dictor of treatment response.

With regard to the accuracy of PET-imaging, our results confirm
those of previous publications showing that the extent metastatic
spread tends to be underestimated. Even though the sensitivity of
PSMA-PET/CT is proved to be superior to choline-PET/CT [8e10],
the results from Montorsi et al. [14] and our series imply that
PSMA-PET/CT still underestimates the extent of lymphonodal
metastatic spread. Thus, the removal of PSMA-positive lymph
nodes should always be complemented by a systematic, i.e.
extended pelvic lymph node dissection. As lymph node metastases
in the retroperitoneumwere observed in a considerable proportion
of patients in published sLND series [6,7,14e16,19,20] some authors
proposed to additionally perform a retroperitoneal LND. However,
the extent of sLND has to be weighed against perioperative
morbidity. The precise extent of sLND remains unclear and has to be
planned individually in each case until the results of prospective
studies become available.

Of note, we could not remove any cancerous lymph node in
eight (22%) patients, six from the choline- and two from the PSMA-
group. This observation could in part be related to the markedly
lower sensitivity and specificity that choline-PET/CT has at low PSA

Table 3
Early oncological outcomes. To test for significant intergroup differences, Mann-Whitney U Test was used for continuous and Chi-square test or Fisher's exact test for cat-
egorical variables. ADT¼androgen deprivation therapy, cBCR¼ complete biochemical response (defined as a postoperative PSA-nadir< 0,2 ng/ml), EBRT¼extracorporeal
beam radiation therapy, IQR¼ interquartile range, PSA¼ prostate-specific antigen, sLND¼ salvage lymph node dissection.

All patients (n¼ 36) PSMA-group (n¼ 25) Choline-group (n¼ 11) Statistics (intergroup difference, PSMA vs. choline)

years of follow up
median [IQR] [range] 1.5 [1;3.3] [0.1;4.4] 1.2 [0.3;1.5] [0.1;3] 4 [3.5;4.3] [2.6;4.4] p< 0.001
cBCR 13/36 (36%) 11/25 (44%) 2/11 (18%) p¼ 0.259
relative PSA-change (%)
median [IQR] [range] p¼ 0,015 (all groups)
all groups #49.5 [-74;-24.5] [-100;95] #57 [-92.5;-34.5] [-100;58] 10 [-59;80] [-91;95]
targeted #28 [-91;80] [-100;95] #60 [-100;-28] [-100;-28] þ58 [-27.5; þ87.5] [-91; þ95]
unilateral extended #57 [-77;-44] [-100;52] #57 [-84.5;-46] [-100;52] #30.5 [-71;10] [-71;10]
bilateral extended #41 [-64;-22] [-99;92] #43 [-93;-27] [-99;58] #29 [-52;80.5] [-59;92]
b.e. þ retroperitoneal #60 [-98;-57] [-98;-57] #60 [-98;-57] [-98;-57] /
further therapy initiated
all groups 19/36 (53%) 8/25 (32%) 11/11 (100%) p< 0,001 (all groups)
targeted 5/7 (71%) 1/3 (33%) 4/4 (100%)
unilateral extended 3/11 (27%) 1/9 (11%) 2/2 (100%)
bilateral extended 10/15 (67%) 5/10 (50%) 5/5 (100%)
b.e. þ retroperitoneal 1/3 (33%) 1/3 (33%) /
time to further therapy (months)
median [IQR] [range] 6.9 [3.6;13.3] [2;21.5] 12 [5.2;16] [2;21.5] 4.7 [3.6;12.4] [2.2;18.9] p¼ 0,322
kind of further therapy
ADT 13 4 9 /
EBRT 3 2 1
ADT þ EBRT 1 1 0
Abiraterone 1 0 1
re-sLND 1 1 0
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Time to ST 12 mo 4,7 mo

values as compared to PSMA-PET/CT, however, false-positive sig-
nals are reported for both modalities [8e10]. Another reason might
be the limited extend of sLND in the choline-group and thus
insufficient sampling (of the eight patients with negative histology,
four had bilateral extended resection, three targeted resection and
one unilateral extended resection). Moreover, matching of preop-
erative imaging results with intraoperative findings is sometimes
difficult and the suspicious lymph node might prove to be surgi-
cally inaccessible during the procedure. Possible approaches to
improve these points are preoperatively wire-localization [21] or to
couple PSMA-ligands with a radioactive tracer allowing intra-
operative detection with gamma probes [22,23].

Regarding early oncological results, we observed cBCR in 44% of

patients e which is comparable to or even slightly better than the
results of other published sLND studies [6,7,14e16]. Again, these
results have to be interpreted bearing in mind that we did not use
any additional therapy like ADT or EBRT as most other sLND studies
did. Strikingly, patients from the PSMA-group performed consid-
erably better than those from the choline-group with higher rates
of cBCR (44% vs. 18%), better postoperative PSA-decline (!57%
vs. þ10%) and longer time to the initiation of further therapy (365
days vs. 143 days). This matches well with the results from Herle-
mann et al. [13] who made similar observations in their cohort of
open sLND patients. It can be anticipated from our results that
patients experiencing cBCR after robotic sLND remain free from
further therapy for at least one year (Fig. 2) though the follow-up

Fig. 1. A Relative PSA-changes after robotic sLND. Relative PSA-changes (post- versus preoperative values) after robotic sLND are plotted in descending order from left to right
with each bar depicting one patient. Bars representing patients from the PSMA-group (n¼ 25) are drawn in blue, those representing patients from the choline-group (n¼ 11) in
green. B Survival curve analysis for time to further therapy. Time to initiation of further therapy from robotic sLND was analyzed for the PSMA-group (n¼ 25) and the choline-
group (n¼ 11). Censored patients are marked by a vertical line. PSA¼ prostate-specific antigen, PSMA¼ prostate-specific membrane antigen, sLND¼ salvage lymph node dissection.
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Personal Experience
PCT Data Age Lado tempo Sang TTO Gleason pre Data PTR Linf PTR Data RT PSA N+ PET Cadeia N Linf. N. Linf Pos 1 PSA pos
1 9-set 66 esq 160 50 PTR + RT 4+4 2006 5 2012 1.4 1 OBE 30 2 0,01
2 2-jun 69 esq 180 100 PTR 4+3 2015 6 —— 1.0 1 OBE 10 1 0,01
3 7-mar 45 bilat 240 50 PTR 3+4 2016 0 ——- 0,4 2 MESORETO 35 1 0,35
4 08/20/2017 68 dir 250 20 PTR + RT 4+5 2014 5 2015 0,8 2 p.sacra 15 1 0,09
5 10-out 73 dir 120 50 PTR 4+5 2015 3 ——— 2,8 2 IED 33 2 1,7
6 12/08/2017 57 bil 140 50 PTR+RT 4+5 2013 2 2014 2,2 5 ICbil+IID 35 6 0,5
7 2-fev 65 dir 150 50 PTR+RT 4+3 2013 5 2015 0,25 1 IID 20 1 0,01
8 2-mai 47 dir 100 20 PTR 4+5 2017 20 —— 0,81 2 ICD+IID 19 4 14,0
9 1-out 70 esq 60 10 PTR + RT 3+3 2006 4 2008 0,6 1 IIE 26 3 0,43
10 11/23/2018 68 esq 70 10 PTR 4+4 2015 0 —— 1,9 2 IIE 20 2 0,7
11 5-dez 73 dir 60 10 PTR 3+3 2012 0 —— 0,8 1 IED 28 1 0,01
12 01/30/2019 75 mesoreto 60 10 PTR+RT 4+3 2014 5 2016 1,6 1 MESORETO 15 1 <0,01
13 25-jun 77 esq 90 10 PTR+RT 4+3 2009 3 2015 1.0 2 IIE+ICE 30 2 0,4
14 18-dez 50 bila 70 20 PTR 4+3 2016 1 —- 0,5 2 IED 30 2 0,7
15 10/02/2019 60 ESQ 60 10 PTR+RT 4+4 2013 4 2013 1,0 1 IED 25 1 <0,09
16 17-mai 62 DIR 80 30 PTR 3+3 2017 8 ——- 0,6 1 IED 26 1 0,01
17 20-jun 50 mesoreto 60 30 PTR 3+4 2016 0 —- 0,5 2 MESORETO 30 1 0.4
18 17-ago 65 ESQ 60 20 PTR 3+4 205 0 —— 0,6 1 IEE 25 1 0,5

MEDIAS 63 112 31 4 2 25 2

All PSMA PET
No > Grade III complications

No ST pre SLND
Mean Age- 63 Y

Median operation time- 112 MIN
EBL - 30 ML

Mean LN RP- 4
Mean N+ PET - 2
Mean N sLND - 25

N+ sLND - 2

cBR- 44%

BCRFS 6 Mo- 30%  (5 cases)













BCRFS cBR Cost Complications > G3 

sLND 31%-45% / 
5y1 30% - 73%2 USD $ 6.7523 < 10%4

Abiraterone USD $ 120.000 / 
1y5 47%6

RT USD $ 27.145 to 
57.7067 < 10%8

ADT USD $ 3.450/1y9 33%10

Docetaxel USD $ 54.816 / 
12 cycles11 29,6%12

Apalutamide USD $  94.392 / 
1y13

45,1% - 
Death 10 Pt14

1- J Urol, 2015 Jan 193(1); Eur Urol 2018 Ploussard et al 
2- Eur Urol 2016 Montorsi et al; J Urol, 2015 Jan 193(1) 
3- Eur Urol 2010 Mar, (57), 453-458. 
4- Eur Urol 2018 Ploussard et al. 
5- JCO, mar 2019, 155-155  
6- N Engl J Med 2017; 377:338-351 
7- Cancer. 2016 Aug 15; 122(16): 2496-2504

8- J Clin Oncol. 2018 Feb 10;36(5):446-453 
9- Urol Oncol. 2019 Oct:37(10):688-695 
10- N Engl J Med 2017; 377:338-351 
11- JCO, mar 2019, 155-155 
12- N engl j med 373;8 August 20, 2015 
13- Smith MR, et al. N Engl J Med. 2018;378(15):1408-1418  
14- N engl j med 378;15 April 12, 2018



sLND 

Who is the ideal patient? 



Best Candidates

Pelvic restricted disease

PSA < 4 ng/ml 

Gleason <=7
BCFS - 30-40% - 5 y

No previous ADT

<= 2 LN+

Among cBR 70% keep 
response 3y

30-50% cBR

PSA DT > 10 mo



I do Salvage Lymph node dissection in selected cases. 

▪ Because the results already presented; 

▪ Produce pathologic data - Pet is not perfect - Early systemic therapy? 

▪ Can prevent metastasis from metastasis ?? 

▪ Is the cheapest local treatment; 

▪ It's feasible even in irradiated patients; 

▪ Procedure with low complications rate; 

▪ It is a procedure that can benefit selected and well-informed patients; 

▪ The goal of sLND in most series is not to cure but to delay systemic therapies. BCRFS is the main 
marker of cancer outcome. 

ADT



rochamed@yahoo.com.br

Thank you!


