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Introduction and Objectives: We report our experience with salvage lymph node
dissection (sLND) in oligorecurrent prostate cancer (PCa) post radical prostatectomy (RP).

Material and Methods: \We retrospectively analyzed data of 24 patients who underwent
sLND for biochemical recurrence (BCR) post RP, from July 2012 to February 2018. sLND
was performed following an extended bilateral template. Clinical and pathological
characteristics of primary RP and sLND were reported. Biochemical response and
initiation of additional therapy post sLND were analyzed. Survival analysis was
performed using KaplanMeier curves.

Results: 24 s ND were performed. RP specimens showed 58.3% of Gleason score 7
and 50% of locally advanced disease. Median time to BCR post RP was 24 months with a
median PSA value of 1.4 ng/ml pre sLND. 75% of patients underwent imaging prior to
SLND. sLND showed oligometastasis on the final pathology report in 54.2% of patients.
Metastatic lymph nodes were mainly identified in the iliac artery territory (61.5%).
Complete biochemical response (PSA < 0.2 ng/ml) was maintained throughout the first
12 months of follow-up in 20.83% of patients and 8.33% of patients at the end of the
study (median follow-up 70 months). Survival rates free of additional therapy (ADT/RT)
were 45.83% at one year and 25% at 5 years.

Conclusions: We observed a biochemical response post sLND in 20.83% of our
patients, lasting throughout the first year of follow up, with survival rates free of ADT
and/or RT of 45.83% at one year and 25% at 5 years.

Keywords: prostate cancer, oligorecurrence, biochemical recurrence, salvage lymph node dissection,
radical prostatectomy
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INTRODUCTION

In 2021, more than 35 000 new cases of prostate cancer (PCa) will
be diagnosed in Spain, and approximately 5 800 patients will die
from this disease (1, 2). Some theories suggest that PCa evolves from
alocalized disease to an oligometastatic spread, before turning into a
disseminated disease leading to death (3, 4). Moreover, we know
that the location of metastasis has prognostic value in PCa. In fact,
lymph node progression portends a better prognosis than bone and
visceral metastasis (5-7). Historically, treatment in the context of
oligoprogression to lymph nodes following radical prostatectomy
(RP) was limited to salvage radiation therapy (RT) and/or androgen
deprivation therapy (ADT). However, we have observed a trend in
recent years toward more invasive treatment such as salvage lymph
node dissection (SLND). To date, SLND has not demonstrated
survival benefit or potential for cure in patients with biochemical
recurrence (BCR) post RP but has led to complete biochemical
responses (PSA < 0.2 ng/ml) in some patients, in addition to
delaying ADT initiation (8-10). In this article, we report results
from our cohort of 24 patients with BCR after RP, in which we
performed sLND.

MATERIALS AND METHODS

In our center, from July 2012 to February 2018, we performed 24
consecutive SLND in patients with BCR following RP. We
included all patients in which this surgery was performed.
Selection criteria were the documentation of BCR in patients
previously treated with RP with or without evidence of lymph
node metastasis on imaging, and a life expectancy of more than
10 years. Exclusion criteria were patients previously treated with
salvage or adjuvant radiotherapy to the whole pelvis, evidence of
distant metastasis, patients under ADT and the presence of a
positive margin in the RP specimen (as it may suggest that the
BCR is secondary to local recurrence on the prostatic fossa).

Patients had to sign a surgical consent for this procedure, after
being informed that SLND is an experimental treatment with an
estimated biochemical complete response rate of about 30- 40%.
The data was collected prospectively in our clinical database after
each case. Imaging was not routinely performed in all patients
prior to SLND. When performed, patients underwent either bone
scan, abdominopelvic CT scan, MRI and/or PET-choline,
depending on the clinician criteria.

The surgical approach for sLND was either open or
laparoscopic. The sLND template included the pre-sacral area,
obturator fossa and external, internal, and common artery
regions. Retroperitoneal lymph nodes were resected only if
imaging revealed the presence of metastasis in this area. In
patients who had undergone primary pelvic lymph node
dissection during initial RP, image suspicion of nodal
recurrence was always present. In these cases sSLND was
limited only to the anatomical area in which suspicious nodes
were identified on imaging.

We recorded clinical and pathological characteristics of the
primary RP, use of therapeutic and imaging modalities prior to

sLND, time to BCR and PSA measurements before surgery. We
also reported the pathology results of SLND.

During follow-up, 30-days complications related to sLND
were reported. Scheduled PSA measurements were recorded at
six weeks and at three, six and twelve months following sLND.
Initiation of additional therapy post sSLND, being either ADT
and/or RT, was observed, and the number of deaths related to
PCa at the end of the study was reported.

The oncological outcomes that we examined were
biochemical response following sLND, timing and need for
additional therapy (RT/ADT) and survival free of additional
therapy. Complete biochemical response after sSLND was defined
as PSA < 0.2 ng/ml 6 weeks post sLND. Partial biochemical
response was defined as a reduction in PSA values of more than
50% after SLND. Biochemical progression was defined as PSA >
0.2 ng/ml after sSLND, confirmed by two PSA measurements
performed at least two weeks apart. Patients who received
concurrent ADT post sSLND or whose testosterone levels were
in the castration range were excluded from the endpoint related
to biochemical response post sSLND. Means and medians were
calculated. Survival analysis was performed with Kaplan-Meier
curves. Data analysis was carried out using R language
programming v. 3.6.3 (The R Foundation for statistical
computing, Vienna, Austria). The study was approved by the
ethics committee of our institution.

RESULTS

From July 2012 to February 2018, 24 sLND were performed in
our center in the context of BCR post RP.

Table 1 shows the clinical characteristics of patients and
pathological features at the time of the initial RP. Pathological
analysis post RP revealed Gleason score 6 in 25.00% of patients,
Gleason score 7 in 58.30% and Gleason scores from 8 to 10 in
16.70% of patients. Locally advanced disease (pT3a/b) was
reported in 12 patients (50.00%). Positive surgical margins
were observed in 9 patients (37.50%). Primary pelvic lymph
node dissection was performed in only 7 patients (29.17%). The
indication for LND at the initial RP was based on nomograms.
Specifically, we use the Briganti nomogram (11) for selecting
candidates to initial LND. Of these seven patients, two had
pathologically confirmed lymph node metastasis (anatomical
area of lymph nodes not specified).

All but one patient (who was pN1) achieved undetectable PSA
post RP. 12 patients (50.00%) underwent adjuvant or salvage
treatment post RP and before sSLND. Eleven patients (45.83%)
underwent adjuvant/salvage radiotherapy (RT) to the prostatic
fossa with or without ADT and one patient was treated with
ADT alone. The median time from RP to BCR was 24 months.

As shown in Table 2, the median PSA value prior to SLND
was 1.4 ng/ml (range 0.2-8.3 ng/ml), and the median PSA
doubling time was 5.4 months. Imaging studies were
performed in 19 patients (79,17%) prior to sSLND and revealed
suspicious lymph nodes in 11 of these patients (45.83%). PET-
choline, either alone or in combination with other imaging

Frontiers in Urology | www.frontiersin.org

February 2022 | Volume 2 | Article 819433


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

Valiquette et al.

Outcomes of sLND After RP

TABLE 1 | Clinical and pathological characteristics of initial radical prostatectomy (RP).

Age (years) Median (range) 56.8 (46-70)
Pathological state pT3a-b n (%) 12 (60%)
Gleason score on RP specimen
6 n (%) 6 (25.00%)
7 n (%) 14 (58.33%)
8-10 n (%) 4 (16.67%)
PSM n (%) 9 (37.50%)
pNx disease n (%) 17 (70.83%)
pNO disease n (%) 5 (20.83%)
pN1 disease n (%) 2 (8.33%)
Time to BCR (months) Median (range) 23.9 (3.9-51.8)
PSM, positive surgical margins; Nx, no pelvic lymphadenectomy performed; BCR, biochemical recurrence; RP, radical prostatectomy.
n=24.
TABLE 2 | Clinical characteristics prior to salvage lymph node dissection (sLND).
Age (years) Median (range) 62 (48.5-76.6)
PSA (ng/mL) Median (range) 1.4 (0.2-8.3)
PSA doubling time (months) Median (range) 5.4 (1.5-33.1)
Patients who underwent sLND without prior imaging n (%) 5 (20.83%)
Imaging modality performed prior to sSLND
Abdominopelvic CT scan n (%) 3 (12.50%)
PET-choline n (%) 10 (41.67%)
Whole body MRI n (%) 2 (8.33%)
Abdominopelvic CT scan and whole body MRI n (%) 1(4.17%)
PET-choline and whole body MRI n (%) 3 (12.50%)
Patients with suspected lymph node metastasis on imaging n (%) 11 (45.83%)

n=24.

techniques, was used for detection of lymph node metastasis in a
total of 13 patients (54.17%).

As demonstrated in Table 3, 75% of sSLND surgeries were
performed laparoscopically in our center. The median number of
lymph nodes removed in each procedure was 20. 13 of the 24
patients (54.17%) who underwent sLND had lymph node
metastasis on final pathological analysis. Concerning imaging
studies prior to sLND in these 13 patients, 7 (53.85%) had
evidence of suspicious lymph nodes, 4 (30.76%) had a negative
radiologic workup and 2 (15.38%) did not undergo any kind of
imaging study. Nodal metastasis in the iliac territory were found
in 61.54% of the 13 cases with pathologically proven lymph
nodes. Similarly, nodes in the obturator fossa were found in
53.85% of cases. Retroperitoneal and presacral positive lymph
nodes were found in 1 and 2 patients respectively.

Intra-operative and 30-day complications post SLND were
reported. One patient underwent a complete ureteral transection
during sLND, which required an intra-operative ureteral
reimplantation. Concerning post-operative follow-up, grade IIIb
complications, according to the Clavien-Dindo classification, were
observed in 2 patients. A ureteral injury was reported, which
required post-operative ureteral stenting. A second patient
required an exploratory laparotomy with blood transfusion, in
the context of post-operative blood loss and hemoperitoneum.
Minor complications (Grade I) were also observed. 3 patients
complained of post-operative paresthesias, related to iatrogenic
trauma of the genitofemoral nerve and 2 patients required
prolonged urethral catheterization, due to post-operative urinary
retention. Table 4 shows the biochemical response of patients,
during their scheduled follow-ups post sLND. 6 weeks post-

surgery, 5 patients (20.83%) demonstrated a complete
biochemical response (PSA < 0.2 ng/ml), which was maintained
during the first year of follow-up. A persistent complete
biochemical response was observed in 3 of these 5 patients
during a follow-up period of 2 years. Patients who experienced a
biochemical failure post SLND were either managed conservatively
or treated with ADT and/or RT. Additional treatment free survival
is shown in Figure 1. At 3 months, 5 patients (20.83%) received
ADT either alone or combined with RT, compared to a total of 15
patients (62.50%) after 2 years of follow-up. At the end of the
study, for a median follow-up of 70 months, 6 patients (25.00%)
remained free of any additional therapy, and a total of 18 patients
(75.00%) were treated with ADT and/or RT. A persistent complete
biochemical response was observed in 2 patients (8.33%) at the
end of the study period. Cancer-specific and overall survival were
95.83%, as only one patient died of PCa during the follow-up
period (see Table 5).

DISCUSSION

In our cohort, we reported a complete biochemical response
(PSA 2ng/mL) post SLND in 20.83% of patients at one year post
surgery and in 8.33% at the end of the study, with a median
follow-up of 70 months. ADT/RT-free survival rates following
SLND were 45.83% at one year and 25.00% at 5 years.

sLND is considered to be an experimental treatment
alternative in patients with biochemical recurrence post RP,
since most recurrences are initially observed in pelvic lymph
nodes (3, 12). Available data shows that biochemical recurrence

Frontiers in Urology | www.frontiersin.org

February 2022 | Volume 2 | Article 819433


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

Valiquette et al.

Outcomes of sLND After RP

TABLE 3 | Characteristics of salvage lymph node dissection (sLND).

Type of surgical procedure

Laparoscopic n (%) 18 (75.00%)
Open n (%) 6 (25.00%)
Patients with positive LN metastasis n (%) 13 (66.17%)
Anatomic sites of LN metastasis (n=13)
Obturator n (%) 3 (23.08%)
Obturator + iliac n (%) 4 (30.77%)
lliac n (%) 3 (23.08%)
lliac + presacral n (%) 1(7.70%)
Presacral n (%) 1(7.70%)
Retroperitoneal n (%) 1(7.70%)
Number of LN removed per sLND Median (range) 20 (4-34)
LN, lymph nodes.
n=24.
TABLE 4 | Biochemical response post sSLND and need for additional therapy.
Time (months) Complete biochemical response Partial response (PSA drop >50%) Initiation of any therapy (ADT and/or RT) ADT RT
n (%) n (%) n (%) n (%) n (%)
1.5 5 (20.83%) 2 (8.33%) 0 (0%) 0 (0%) 0 (0%)
3 5 (20.83%) 2 (8.33%) 5 (20.83%) 5(20.83%) 1 (4.17%)
6 5 (20.83%) 1(4.17%) 11 (45.93%) 10 (41.67%) 3 (12.5%)
12 5 (20.83%) 1(4.17%) 13 (54.17%) 11 (45.83%) 7 (29.17%)
24 3 (12.50%) 3 (12.50%) 15 (62.50%) 11 (45.83%) 9 (37.50%)

SLND, salvage lymph node dissection; ADT, androgen deprivation therapy; RT, radiation therapy.

n=24.

precedes the detection of metastatic lesions through
conventional imaging by approximately 8-9 years (13, 14). The
detection of metastasis depends largely on the sensitivity of
imaging studies, but also on PSA values (absolute PSA and
PSA kinetics) and pathological characteristics of the
primary PCa.

New imaging modalities have emerged for earlier detection of
PCa metastasis in the context of BCR, 68Ga-PSMA PET/CT
being the most widely used. A large prospective study by Caroli
et al. showed a 68Ga-PSMA PET/CT detection rate for
metastasis of 27.3% for PSA 2ng/mL in recurrent PCa (15).
Another recent meta-analysis by Perera et al. showed a detection
rate of 45% for PSA between 0.2-0.5 ng/ml in recurrent PCa (16).
Thus, 68Ga-PSMA PET/CT allows detection of metastasis at
lower PSA measurements than conventional imaging, hence
allowing earlier targeted therapy for oligorecurrence in lymph
nodes. Specifically in this clinical scenario, a meta-analysis
performed by Kimura et al. showed a higher accuracy of 68Ga-
PSMA PET/CT to identify suspicious lymph nodes prior to
sLND in patients with BCR, compared to more conventional
imaging modalities (PET choline, standard abdominopelvic CT
scans) (17). The pooled sensitivity using lesion-based analyses
was 84%, with a positive predictive value ranging from 70-93%,
for mean PSA values of 1.31 to 5.3 ng/mL. As a comparison, a
review by Evangelista et al., examining the accuracy of PET
choline prior to sLND, demonstrated a lesion-based pooled
sensitivity of 56.2%, with a pooled positive predictive value of
81.2% (18). By better identifying the site of recurrence, 68Ga-
PSMA PET/CT helps establish the appropriate management in
BCR post RP, guiding toward either a local targeted therapy or a
more systemic treatment. In fact, the impact of 68Ga-PSMA

PET/CT on management of recurrent PCa has been examined in
various studies (19-21). It was shown that choice of treatment
was modified in up to 62% of cases following 68Ga-PSMA PET/
CT. Sadly, 68Ga-PSMA PET/CT is not available in many centers
in Spain and was not available in our center during our study
period. 75% of our patients still underwent radiological staging
with conventional imaging prior to sSLND.

With sensitivity ranging between 64-85% in recurrent PCa,
68Ga-PSMA PET/CT clearly has a higher diagnostic accuracy
than conventional imaging. However, general consensus still
stipulates that with this reported sensitivity, it is not safe to
perform a sSLND only in the areas where suspicious nodes have
been identified on 68Ga-PSMA PET/CT (22-24). In a study by
Siriwardana et al, complete biochemical response at 6 weeks was
observed in 90% of patients who underwent a bilateral extended
template sLND, while only 21.4% of patients had a complete
response following a targeted sSLND, based on 68Ga-PSMA PET/
CT identified lesions (22). Hence 68Ga-PSMA PET/CT is useful
to guide therapeutic decision making, but for now, bilateral
extended template dissection, alike the template used in our
study, should remain the standard of care in sSLND.One of the
main benefits of performing sLND is to delay metastatic
progression and initiation of additional therapy, either ADT
and/or RT. A prospective, randomized, multicenter study by Ost
et al. showed an increased length of ADT-free survival in patients
undergoing sSLND (21 months) compared to a control group
undergoing surveillance only (13 months) (9). In a systematic
review by Ploussard et al., following sLND, mean complete
biochemical response rates of 44% (ranging from 13.0% to
79.5%) were observed in the first 2 months of follow-up. 64%
of patients were ADT free at one year post SLND compared to
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FIGURE 1 | Kaplan Meier curve, representing survival free of additional therapy throughout the study period. At one year post sSLND, survival rates free of any therapy
(RT and/or ADT) were 45.83% compared to 25.00% at 5 years. sLND, salvage lymph node dissection; RT, Radlio theraphy; ADT, Androgen deprivation theraphy.

TABLE 5 | Oncological outcomes at the end of the study.

Overall survival

Biochemical recurrence

Persistent complete biochemical recurrence
Additional therapy post sLND (ADT/RT)
Follow-up length (months)

n (%) 23 (95.83%)
n (%) 22 (91.67%)
n (%) 2 (8.33%)

n (%) 18 (75.00%)

Median (range) 70.21 (29.91-101.41)

SLND, salvage lymph node dissection; RT, radiation therapy; ADT, androgen deprivation therapy.

n=24.

23% of patients at five years (10). In another recent large study by
Bravi et al,, they reported a 10y-BCR-free survival of 11%. Their
ADT-free survival was 62% and 44% at 1 and 5 years,
respectively (25).

Some retrospective studies have also compared treatment
options for these lymphatic only recurrent patients (26-28).
While it seems clear in all of them that sSLND is a better
option for these patients than just ADT, results from the
SBRT/EBRT cohorts showed no difference between surgery
and RT in this clinical setting (28). With the improved
accuracy obtained with the previously mentioned new imaging
tools, there is a certain security that recurrence is limited to what
we see in the tests. Therefore, it seems logical that the directed
treatment of such recurrence should obtain good outcomes.
Whether the directed treatment should be performed with
sLND or salvage RT remains to be answered.

In our study, we reported complete biochemical response
rates of 20.83% at 3 months. Our ADT-free survivals of 54.17% at
one year post SLND and 25% at 5 years are similar to some of
those reported in Ploussard’s systematic review, for a comparable
number of lymph nodes resected per sSLND (20 vs 19.8 nodes). It
is important to report that some series mentioned in this
systematic review based their biochemical response analysis on
patients who received either adjuvant ADT or RT post sLND,
which could have favorably biased the results and overestimate
the real complete response rate (10). This may be one reason to
explain the discrepancy between their rates and those reported in
our study. Another reason for such differences could be the

positivity rate in final pathology. While in our cohort, pN1 after
SLND patients represented 54.17%, large published series of
sLND report rates that vary around 70%-83.2% (25, 29, 30). It
must be pointed that, in most series, patient selection was based
on PET/CT, which could be why they have a higher positivity
rate than ours.

The backbone of SLND is to select the appropriate candidates
who will benefit from this procedure. As discussed
previously,68Ga-PSMA PET/CT pre sLND plays an important
role in selection, but various other factors have been identified as
predictive variables of oncological and clinical outcomes (29-34).
In a large, multi-institutional study including 654 patients who
underwent sLND for BCR post RP, Fossati et al. established a
predictive model to help identify the optimal candidate that
would benefit from the surgery. They reported various predictors
of clinical recurrence post SLND: Gleason grade group 5, time
from RP to PSA rise, use of salvage ADT pre sLND,
characteristics of PET/CT scan uptake (retroperitoneal uptake
and/or 3 or more positive spots on pre-op staging) and PSA level
at sLND (33). Concerning PSA level at sSLND, a cut-off of <4ng/
mL has been reported in various studies as an indicator of good
response post sSLND (10, 29, 35). Many of the favorable variables
mentioned were identified in our patients, reinforcing the idea
that even if we didn’t benefit form pre-op PSMA, our choice of
sLND candidates was appropriate.

Our study is not devoid of limitations. First, the retrospective
and descriptive nature of our study, and the heterogeneity and
small number of patients included should be considered
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as limitations. It is difficult to accurately evaluate the clinical
benefit of performing SLND in the context of BCR, considering the
heterogeneity of cases to which it applies. There is heterogeneity in
the severity of initial disease, adjuvant therapies received,
concomitant use of ADT, techniques and templates of sLND,
imaging modalities used to detect lesions, etc. Moreover, we used
biochemical response as a clinical endpoint in our study, which is
not a proxy of survival. We think that the use of a control group in
our study could have helped shed better light on the real clinical
benefits of sSLND in BCR post PR. As previously mentioned, we
performed 5 sLND without prior imaging, and we didn’t have
access to 68Ga-PSMA PET/CT prior to sSLND in our study. It is
precisely because of this reason that we performed some of the
sLND without prior imaging or with a negative study. We
considered that waiting for PSA values at which conventional
imaging studies have a better sensitivity, it would lead to treatment
delay. There is no doubt that imaging guided treatment is
preferable. However, other treatment modalities such as
adjuvant or salvage RT have been historically performed without
prior imaging, with good results regarding progression free
survival or metastasis free survival. We still believe that our data
is important, especially considering the fact that 68Ga-PSMA
PET/CT is not available in the majority of centers in Spain. Our
data demonstrates that even without this diagnostic tool, patients
can be selected to undergo sLND, with adequate complete
response and ADT free survival rates.

In our study, we reported a complete biochemical response
rate of 20.83% 6 weeks post SLND, lasting throughout the first
year of follow-up with ADT/RT free survival rates of 25% at the
end of the study, for a median follow-up of 70 months. We
believe that with the use of 68Ga-PSMA PET/CT pre sLND, even
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