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Article info Abstract

Article history: Background: Since the introduction of prostate-specific membrane antigen (PSMA)

Accepted November 10, 2020 positron emission tomography (PET) imaging, isolated local recurrence after radical
prostatectomy (RP) can be delineated accurately.

Associate Editor: Objective: To describe and evaluate surgical technique, biochemical response, and

therapy-free survival (TFS) after salvage surgery in patients with local recurrence in
the seminal vesicle bed.

Design, setting, and participants: We retrospectively assessed 40 patients treated with
Keywords: open salvage surgery in two centres (11/2014-02/2020). All patients presented with
Biochemical recurrence biochemical recurrence (BCR) after RP with a singular local recurrence at PSMA PET
imaging. Thirty-three (82.5%) patients received previous salvage radiation therapy.
Surgical procedure: Open salvage surgery with PSMA radioguidance.

Alexandre Mottrie

Prostate-specific membrane

antigen Measurements: Prostate-specific antigen (PSA) nadir and percentage of patients with
Seminal vesicles complete biochemical response (cBR) without further treatment (PSA < 0.2 ng/ml) after
Prostate cancer 6-16 wk were assessed. BCR-free survival and TFS were calculated using Kaplan-Meier

estimates. Clavien-Dindo complications were evaluated.

Results and limitations: Prior to salvage surgery, median PSA was 0.9 ng/ml (interquar-
tile range [IQR]: 0.5-1.7 ng/ml). Postoperatively, median PSA nadir was 0.1 ng/ml (IQR:
0-0.4ng/ml). In 31 (77.5%) patients, cBR was observed. During the median follow-up of
24.4 months, 22 (55.0%) patients experienced BCR and 12 (30.0%) received further
therapy. At 1yr of follow-up, BCR-free survival rate was 62.2% and TFS rate was 88.3%.
Three (7.5%) Clavien-Dindo grade Il complications were observed. The main limitations
are the retrospective design, short follow-up, and lack of a control group.
Conclusions: Salvage surgery of local recurrence within the seminal vesicle bed is
feasible. It may present an opportunity in selected, locally recurrent patients to prolong
BCR-free survival and increase TFS. Further studies are needed to confirm our findings.
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Patient summary: We looked at the outcomes from prostate cancer patients with locally
recurrent disease after radical prostatectomy and radiotherapy. We found that surgery in
well-selected patients may be an opportunity to prolong treatment-free survival.

© 2020 European Association of Urology. Published by Elsevier B.V. All rights reserved.

1. Introduction

In prostate cancer (PCa), recurrences are observed frequent-
ly even after curatively intended primary treatment such as
radical prostatectomy (RP). Primarily, these recurrences are
detected via biochemical recurrence (BCR) defined as
prostate-specific antigen (PSA) relapse [1]. The diagnostic
yield of conventional imaging techniques to localise the
area of recurrence is very low in asymptomatic patients
since BCR precedes clinical metastases by 7-8 yr on average
[1,2]. Therefore, salvage radiation therapy (RT) to the
prostatic bed represents the standard option in men with
BCR after RP and a suspicion of a local recurrence.
However, since the introduction of prostate-specific
membrane antigen (PSMA) positron emission tomography
(PET) imaging, recurrences may be delineated accurately,
even at very low PSA levels [3]: detection rates of 33%, 45%,
59%, 75%, and 95% have been reported for the respective PSA

ranges of 0-0.19, 0.2-0.49, 0.5-0.99, 1-1.99, and >2 ng/ml
[4]. This noninvasive means to assess recurrences creates
the opportunity to apply local therapies more accurately. As
a consequence, PSMA PET imaging is now recommended
prior to treatment decisions in men with BCR if the results
influence subsequent treatment decisions [1].

Moreover, in some patients, local recurrence may be
observed even after salvage RT after RP. Here, local
treatment options are extremely limited. Recently, the
results of salvage reirradiation (stereotactic body RT) have
been reported [5,6]. However, salvage surgery for local
recurrence has not been described in this setting.

In consequence, we aimed at describing and evaluating
our technique for open salvage surgery in patients with local
recurrence in the area of the former seminal vesicles for the
first time. To facilitate successful surgical removal and
enable targeting of the local recurrence, we made use of the
PSMA overexpression of most PCa tissue by adopting the

Table 1 - Characteristics of 40 consecutive patients treated with salvage surgery between November 2014 and February 2020 in two centres.

Variable

Overall (n=40)

Age at salvage surgery (yr)
Year of RP

PSA prior to RP (ng/ml)
pT at RP, n (%)

pGG at RP, n (%)

pN at RP, n (%)

Removed lymph nodes at RP
Surgical margin status at RP, n (%)

RT after RP, n (%)

Time from RP to salvage surgery (yr)

Time since last therapy to salvage surgery (yr)
PSA prior to salvage surgery (ng/ml)

First PSA after salvage surgery (ng/ml)
Complete biochemical response, n (%)

Median (IQR) 67 (63-74)
Median (IQR) 2009 (2006-2012.2)
Median (IQR) 7.4 (5.3-10.8)
pT2 18 (45.0)
pT3a 15 (37.5)
pT3b 7 (17.5)

1 7 (17.5)

Il 12 (30.0)

il 6 (15.0)

v 7 (17.5)

\Y 7 (17.5)

NA 1(2.5)

pNO 30 (75.0)
pN1 6 (15.0)

PNX 2 (5.0)

NA 2 (5.0)
Median (IQR) 13 (6-19)

RO 27 (67.5)

R1 11 (27.5)

RX 2(5)
Adjuvant RT 12 (30.0)
Salvage RT 21 (52.5)

No RT 7 (17.5)
Median (IQR) 8.5 (6.0-10.2)
Median (IQR) 6.4 (3.4-9.6)
Median (IQR) 0.9 (0.5-1.7)
Median (IQR) 0.1 (0-0.4)
Yes 31 (77.5)

No 9 (22.5)

IQR = interquartile range; NA = not assigned; pGG = pathological Gleason grade group; PSMA = prostate-specific membrane antigen; RP =radical prostatectomy;

RT =radiation therapy.

All patients presented with biochemical recurrence after RP with a singular local recurrence at PSMA positron emission tomography imaging.
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PSA before and after salvage surgery
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Fig. 1 — Spaghetti plot graphically depicting PSA decline within 3 mo after salvage surgery in 37 patients treated with salvage surgery between
November 2014 and February 2020 in two centres. In three patients, the first PSA was determined >3 mo after salvage surgery. Of those, two patients
had PSA below 0.2 ng/ml (complete biochemical response) and one patient had a PSA of 0.3 ng/ml (1.7 ng/ml prior surgery) after 4 mo without further
prostate cancer-specific treatment. Each line represents the PSA values of one patient without further prostate cancer-specific treatment.

PSA = prostate-specific antigen.

PSMA radioguided surgery approach, which until now had
only been described in salvage lymph node surgery [7,8]. We
examined biochemical response, therapy-free survival, as
well as complication rates after this procedure.

2. Patients and methods
2.1. Study population

Overall, 40 consecutive patients treated with salvage surgery in two
centres between November 2014 and February 2020 were included in
this retrospective analysis. All patients presented with BCR after initial
RP, with a singular local recurrence (retrovesical/seminal vesicles bed) at
PSMA PET imaging.

All patients were informed about the experimental nature of salvage
surgery and the additional use of "'In-PSMA-I&T or *°™Tc-PSMA-I&S for
radioguided surgery (PSMA-RGS), as described previously [7,9-11]. All
patients provided their informed consent to the procedure, as well as data
analysis. The retrospective analysis was approved by the institutional

review boards in Hamburg and Munich, Germany. In accordance with
federal and institutional guidelines, all men signed an institutional review
board-approved, protocol-specific informed consent form before study
entry. This permits collection of deidentified patient data at baseline and
follow-up, which were entered into a secure, password-protected
database for subsequent analysis. Questionnaires were used for follow-
up. All data were stored prospectively in an institutional database
(FileMaker Pro 10; FileMaker, Inc., Santa Clara, CA, USA).

2.2. Procedure of salvage surgery using PSMA-RGS

The PSMA-RGS procedure involves several steps, as reported previously
[7,12]. In brief, after the identification of suitable patients, *™Tc-PSMA-
I&S or "In-PSMA-I&T is prepared and injected intravenously the day
prior to surgery [10,11]. Subsequently, single-photon emission computed
tomography/computed tomography imaging is performed prior to
surgery to cross-validate findings of the PSMA PET, document positive
tracer uptake within the lesions, and serve as a quality control for tracer
injection and distribution [10]. The surgical procedure is performed on
the following day.



540 EUROPEAN UROLOGY 79 (2021) 537-544

Biochemical recurrence after salvage surgery
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Fig. 2 - Kaplan-Meier analyses depicting biochemical recurrence-free survival rates in 40 patients treated with salvage surgery between November

2014 and February 2020 in two centres.

Patients are placed in the supine position and a urinary catheter is
inserted. This allows removal of the tracer containing urine from the
bladder as well as facilitates access to the retrovesical space during
surgery. After sterile draping, a midline incision below the umbilicus is
performed. A transperitoneal approach is prepared with adhesiolysis if
necessary. This approach allows immediate access to the vessels, ureters,
as well as pararectal and retrovesical space. The bowel is retracted
cranially; the ductus deferens (landmark) and the ureter (crossing below
the ductus deferens) of the respective side are identified. In this area,
careful preparation with limited use of cautery is necessary to avoid
damage or necrosis leading to subsequent stricture of the ureter. After
careful lateral mobilisation of the bladder, an incision of the peritoneum
ventrally to the rectum is performed. Here, careful preparation is
necessary to avoid damage to the rectum (caveat: preirradiated field). In
some cases, a ventral stitch of the dorsal bladder wall to elevate the
bladder is performed, which facilitates access to the retrovesical space.

Prior to its intraoperative use, the gamma probe (Crystal Probe CXS-
SG603; Crystal Photonics, Berlin, Germany) is sterile draped. It is then
used for in vivo intraoperative measurements of radioactivity caused by
specific accumulation of PSMA tracers to facilitate localisation of the
recurrent lesion. This is particularly helpful as fibrotic alteration of the
tissue is often present after previous surgery and radiation treatments.
Moreover, the distal margin of the lesion may be identified. After
excision, ex vivo gamma measurements are performed to confirm
immediately the successful removal of the metastatic radioactive lesion
or to prompt further search in case of a missing signal [7].

2.3. Outcomes of interest

The rate of complete biochemical response (cBR, defined as PSA
< 0.2ng/ml) without additional treatment was determined at 6-16 wk
following salvage surgery. Furthermore, BCR-free survival (defined as
PSA < 0.2 ng/ml without further treatment) and therapy-free survival (TFS,
defined as survival without further treatment) were evaluated. Postopera-
tive complications were classified according to Clavien-Dindo [13].

24. Statistical analyses

Descriptive statistics included frequencies and proportions for categori-
cal variables. Means, medians, and ranges were reported for continu-
ously coded variables. A spaghetti plot graphically depicted PSA decline
after salvage surgery. Kaplan-Meier plots graphically depicted BCR-free
survival and TFS after salvage surgery.

For all statistical analyses, R software environment for statistical
computing and graphics (version 3.4.3) was used. All tests were two
sided, with a level of significance set at p < 0.05.

3. Results

Overall, 40 consecutive patients were included (Table 1).
The median follow-up was 24.4 mo (interquartile range
[IQR]: 11.8-41.9 mo).
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Therapy-free survival after salvage surgery
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Fig. 3 - Kaplan-Meier analyses depicting therapy-free survival rates in 40 patients treated with salvage surgery between November 2014 and February

2020 in two centres.

Initially, all patients were treated with RP at a median
PSA of 7.4 ng/ml (IQR: 5.3-10.8 ng/ml). Of those, 18 (45.0%)
patients presented with organ-confined tumours (pT2),
while 22 (55.0%) had non-organ-confined tumours (37.5%
pT3a, 17.5% pT3b). In 11 (27.5%) patients, a positive surgical
margin was present. The median time from RP to salvage
surgery was 8.5 yr (6.0-10.2 yr). Previous RT was adminis-
tered in 33 (82.5%) patients. Of these patients, 12 (30%)
received adjuvant RT, while 21 (52.5%) received salvage RT.
The median time from last treatment (RT) to salvage surgery
was 6.4yr (IQR: 3.4-9.6yr).

At salvage surgery, the median age was 67yr (IQR:
63-74yr). Prior to salvage surgery, the median PSA was
0.9ng/ml (IQR: 0.5-1.7ng/ml). No patient received
hormonal therapy within 6 mo prior to salvage surgery.
All removed specimens showed PCa tissue. After
salvage surgery, the median PSA nadir was 0.1 ng/ml
(IQR: 0-0.4ng/ml; Fig. 1). In 31 (77.5%) patients, cBR was
observed. During the median follow-up of 24.4 mo (IQR:
11.8-41.9 mo), 22 (55.0%) patients experienced BCR and 12
(30.0%) received further therapy. Of these patients, six
received hormonal therapy, three received RT, two were
treated with salvage lymphadenectomy, and one received
combined chemohormonal therapy.

In Kaplan-Meier analyses, the median BCR-free survival
was 23.7 mo (95% confidence interval [95% CI]: 9.8-not

reached). At 1yr of follow-up, BCR-free survival rate was
62.2% (95% Cl: 48.3-80.1%; Fig. 2). Median TFS was 46.3 mo
(95% CI: 34.9-not reached). At 1 yr of follow-up, TFS rate was
88.3% (95% Cl: 78.0-99.8%; Fig. 3).

Overall, seven complications (17.5%) were observed. All
these patients were preirradiated. Of these complications,
four (10%) were of Clavien-Dindo grade I (obstipation,
neuropathy, haematoma, and residual urine). Three (7.5%)
Clavien-Dindo grade IIl complications were observed. One
patient needed a suprapubic catheter due to a urethral
stricture (Illa). In one patient, a secondary rectal injury
occurred with subsequent colostomy (IIIb). In one patient, a
ureteral injury occurred with subsequent ureteral implan-
tation (IlIb). No grade IV or V complications were observed.

4. Discussion

In patients with local recurrence after salvage RT following
RP, local treatment options are extremely limited. Several
small series with heterogeneous retrospective cohorts
reported interesting results of salvage reirradiation
[5,6]. However, to the best of our knowledge, salvage
surgery for local recurrence after RP has not been assessed.
In consequence, we evaluated PSMA-directed salvage
surgery and examined oncological outcomes, as well as
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Fig. 4 - (A and B) Patient with BCR presenting with a PSMA PET—-positive LN metastasis on ®®Ga-PSMA-11 PET (blue arrow) without evidence of a local
recurrent tumour in the prostate bed due to urinary excretion of ®®Ga-PSMA-11 and subsequent tracer activity within the bladder. (C and D) A PSMA
PET scan 3 mo later using '®F-PSMA-1007 revealed, in addition to the LN metastasis (blue arrow), a local recurrence that was not obscured due to lack
of urinary excretion of the tracer (red arrow). (A and C) PSMA PET maximum-intensity images and (B and D) axial PSMA PET/CT fusion images are
shown. BCR=biochemical recurrence; LN =lymph node; PET = positron emission tomography; PSMA = prostate-specific membrane antigen.

complication rates after this procedure for the first time.
Our analyses demonstrated several noteworthy observa-
tions.

First, in 77.5% of patients, a cBR was observed. This
translated into a BCR-free survival rate of 62.2% and a TFS
rate of 88.3% at 1yr of follow-up. With a median BCR-free
survival of 23.7 mo and a median TFS of 46.3 mo, our short-
term oncological outcomes show promising results. This is

particularly important, since most patients did not have any
other local treatment option. In this setting, hormonal
treatment with its known side effects will most commonly
be the next step [1]. Nonetheless, even if short-term results
are encouraging, long-term oncological outcomes are
necessary to further evaluate the benefit for patients.
Second, complication rates were acceptable. Overall,
seven complications were observed. Of these, three were
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Clavien-Dindo grade Il complications, namely, one supra-
pubic catheterisation (Illa), one rectal injury (IlIb), and one
ureteral injury (IIIb). No grade IV or V complications were
observed. All these patients were preirradiated.

Exact localisation of the recurrent lesion is important
when considering salvage surgery: only cranial lesions in
the area of the seminal vesicle bed are safely accessible for
surgery. However, lesions at the anastomotic area should
not be approached by surgery, since the risks of rectal or
sphincter injuries are too high and functional outcomes
(especially continence) might be impaired. Additionally,
reliable intraoperative identification of the recurrent tissue
is often challenging. It may be small, morphologically
unrecognisable, or hidden in fibrotic tissue. Here, intraop-
erative guidance with PSMA-RGS is of great value [ 7]. PSMA-
RGS provides further security during the salvage procedure,
as it is used for intraoperative measurements to facilitate
localisation of the recurrent lesion [14]. Moreover, success-
ful removal can be verified immediately after dissection by
ex vivo measurements rendering frozen section dispens-
able. Furthermore, the addition of radioguidance seems to
increase the efficacy of salvage surgery when compared
with a conventional unguided surgical approach in salvage
lymph node dissection [15].

Future prospects are aiming at improved diagnostic
detection of the recurrent lesion using ®F-labelled PSMA
tracers for PSMA PET imaging that are not excreted renally.
These tracers show only limited bladder accumulation, thus
allowing optimal detection of perivesical lesions (Fig. 4)
[16,17]. In a review focussed on PSMA-specific tracers for
image-guided surgery purposes suggested that reduced
renal clearance is also observed for certain hybrid (radioac-
tive and fluorescent) PSMA tracers [18]. When such hybrid
tracers are used, the process of radioguidance may be
complemented using real-time fluorescence imaging, a
feature that may help further refine the surgeon’s approach
of the target [ 19]. The recent availability of DROP-IN gamma
probes now also allows for the implementation of radio-
guidance surgery during robotic-assisted procedures
[20,21]. This may be particularly helpful in lesions with
retrovesical localisations that could easily be accessed by a
robotic approach in a similar fashion to retrovesical
(Retzius-sparing) robotic-assisted RP procedures [22].

Several limitations of our study need to be mentioned.
First and foremost are the limitations inherent to retro-
spective analyses, including a significant risk of bias and the
lack of a control group, as well as the lack of data supporting
an overall survival benefit. Second, our cohort included only
40 patients. Thus, it was impossible to perform a univariable
and a multivariable analysis of potential factors predicting
relapse. However, to the best of our knowledge, we are the
first to describe this procedure in the salvage setting.
Additionally, as radiation planning was historically based on
conventional imaging, outcome improvements in salvage
RT may also be observed when irradiation is planned
according to PSMA PET imaging. Moreover, our follow-up
period was moderate concerning the long natural history of
PCa. Thus, information on the further course, such as
localisation of next recurrence, is unfortunately unavailable

yet. In addition, functional data have not been assessed yet.
Since the cohort represents a highly selected patient
population with single focus of recurrence and low PSA,
there needs to be caution in interpretation of efficacy
results. Thus, further studies with longer follow-up are
needed to confirm our findings, ideally including control
groups with watchful waiting and salvage reirradiation
cohorts.

5. Conclusions

Salvage surgery of PSMA PET-positive local recurrence
within the seminal vesicle bed is feasible. It may present an
opportunity in highly selected patients with local recur-
rence to prolong BCR-free survival and therefore increase
TFS.

Author contributions: Sophie Knipper had full access to all the data in
the study and takes responsibility for the integrity of the data and the
accuracy of the data analysis.

Study concept and design: Maurer, Knipper.

Acquisition of data: Ascalone, Ziegler, Simon.

Analysis and interpretation of data: Knipper, Maurer.

Drafting of the manuscript: Knipper, Maurer.

Critical revision of the manuscript for important intellectual content: All
authors.

Statistical analysis: Knipper.

Obtaining funding: None.

Administrative, technical, or material support: Hohenhorst, Giesel, van
Leeuwen.

Supervision: van der Poel, Graefen, Eiber, Heck, Horn, Maurer.

Other: None.

Financial disclosures: Sophie Knipper certifies that all conflicts of
interest, including specific financial interests and relationships and
affiliations relevant to the subject matter or materials discussed in the
manuscript (eg, employment/affiliation, grants or funding, consultan-
cies, honoraria, stock ownership or options, expert testimony, royalties,
or patents filed, received, or pending), are the following: None.

Funding/Support and role of the sponsor: None.

Acknowledgements: We thank Dr. Jean Maurer for the voice-over
recording of the surgery in motion video.

Appendix A. Supplementary data

Supplementary material related to this article can be
found, in the online version, at doi:https://doi.org/10.1016/].
eururo.2020.11.012.

References

[1] European Association Urology. European Association of Urology
guidelines. 2019 edition. [Internet]. In: European Association of
Urology Guidelines Office, editor. Presented at the EAU Annual
Congress Barcelona 2019. Arnhem, The Netherlands: European
Association of Urology Guidelines Office; 2019. http://uroweb.
org/guidelines/compilations-of-all-guidelines/.

Pound CR, Partin AW, Eisenberger MA, Chan DW, Pearson JD, Walsh
PC. Natural history of progression after PSA elevation following
radical prostatectomy. JAMA 1999;281:1591-7.

[2


https://doi.org/10.1016/j.eururo.2020.11.012
https://doi.org/10.1016/j.eururo.2020.11.012
http://uroweb.org/guidelines/compilations-of-all-guidelines/
http://uroweb.org/guidelines/compilations-of-all-guidelines/
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0005
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0005
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0005

544 EUROPEAN UROLOGY 79 (2021) 537-544

[3] Fendler WP, Calais ], Eiber M, et al. Assessment of 68Ga-PSMA-11
PET accuracy in localizing recurrent prostate cancer: a prospective
single-arm clinical trial. JAMA Oncol 2019;5:856-63.

Perera M, Papa N, Roberts M, et al. Gallium-68 prostate-specific

membrane antigen positron emission tomography in advanced pros-

tate cancer-updated diagnostic utility, sensitivity, specificity, and

distribution of prostate-specific membrane antigen-avid lesions: a

systematic review and meta-analysis. Eur Urol 2020;77:403-17.

Olivier J, Basson L, Puech P, et al. Stereotactic re-irradiation for local

recurrence in the prostatic bed after prostatectomy: preliminary

results. Front Oncol 2019;9:71.

[6] Jereczek-Fossa BA, Rojas DP, et al. Reirradiation for isolated local
recurrence of prostate cancer: mono-institutional series of
64 patients treated with salvage stereotactic body radiotherapy
(SBRT). Br ] Radiol 2019;92:20180494.

[7] Maurer T, Robu S, Schottelius M, et al. 99mTechnetium-based
prostate-specific membrane antigen-radioguided surgery in recur-
rent prostate cancer. Eur Urol 2019;75:659-66.

[8] Maurer T, Eiber M, Schwaiger M, Gschwend JE. Current use of PSMA-
PET in prostate cancer management. Nat Rev Urol 2016;13:226-35.

[9] Maurer T, Weirich G, Schottelius M, et al. Prostate-specific mem-
brane antigen-radioguided surgery for metastatic lymph nodes in
prostate cancer. Eur Urol 2015;68:530-4.

[10] Robu S, Schottelius M, Eiber M, et al. Preclinical evaluation and first
patient application of 99mTc-PSMA-I&S for SPECT imaging and
radioguided surgery in prostate cancer. ] Nucl Med 2017;58:235-42.

[11] Schottelius M, Wirtz M, Eiber M, Maurer T. Wester H-J. [(111)In]
PSMA-I&T: expanding the spectrum of PSMA-I&T applications to-
wards SPECT and radioguided surgery. EJNMMI Res 2015;5:68.

[12] Rauscher I, Diiwel C, Wirtz M, et al. Value of 111 In-prostate-specific
membrane antigen (PSMA)-radioguided surgery for salvage
lymphadenectomy in recurrent prostate cancer: correlation with
histopathology and clinical follow-up. BJU Int 2017;120:40-7.

[13] Clavien PA, Barkun ], de Oliveira ML, et al. The Clavien-Dindo
classification of surgical complications: five-year experience. Ann
Surg 2009;250:187-96.

[4

(5

[14] van Leeuwen FWB, Winter A, van Der Poel HG, et al. Technologies
for image-guided surgery for managing lymphatic metastases in
prostate cancer. Nat Rev Urol 2019;16:159-71.

[15] Knipper S, Tilki D, Mansholt |, et al. Metastases-yield and prostate-
specific antigen kinetics following salvage lymph node dissection
for prostate cancer: a comparison between conventional surgical
approach and prostate-specific membrane antigen-radioguided
surgery. Eur Urol Focus 2019;5:50-3.

[16] Eiber M, Kroenke M, Wurzer A, et al. 18F-rhPSMA-7 PET for the
detection of biochemical recurrence of prostate cancer after radical
prostatectomy. ] Nucl Med 2020;61:696-701.

[17] Giesel FL, Knorr K, Spohn F, et al. Detection efficacy of 18F-PSMA-
1007 PET/CT in 251 patients with biochemical recurrence of
prostate cancer after radical prostatectomy. J Nucl Med
2019;60:362-8.

[18] Hensbergen AW, van Willigen DM, van Beurden F, et al. Image-
guided surgery: are we getting the most out of small-molecule
prostate-specific-membrane-antigen-targeted tracers? Bioconjug
Chem 2020;31:375-95.

[19] Van Oosterom MN, Rietbergen DDD, Welling MM, Van Der Poel HG,
Maurer T, Van Leeuwen FWB. Recent advances in nuclear and hybrid
detection modalities for image-guided surgery. Expert Rev Med
Devices 2019;16:711-34.

[20] van Leeuwen FWB, van Oosterom MN, Meershoek P, et al. Minimal-
invasive robot-assisted image-guided resection of prostate-specific
membrane antigen-positive lymph nodes in recurrent prostate
cancer. Clin Nucl Med 2019;44:580-1.

[21] Meershoek P, van Oosterom MN, Simon H, et al. Robot-assisted
laparoscopic surgery using DROP-IN radioguidance: first-
in-human translation. Eur J] Nucl Med Mol Imaging 2019;46:
49-53.

[22] Galfano A, Di Trapani D, Sozzi F, et al. Beyond the learning curve
of the Retzius-sparing approach for robot-assisted laparoscopic
radical prostatectomy: oncologic and functional results of the
first 200 patients with > 1 year of follow-up. Eur Urol 2013;64:
974-80.


http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0010
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0010
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0010
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0015
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0015
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0015
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0015
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0015
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0020
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0020
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0020
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0025
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0025
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0025
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0025
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0030
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0030
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0030
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0035
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0035
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0040
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0040
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0040
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0045
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0045
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0045
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0050
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0050
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0050
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0055
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0055
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0055
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0055
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0060
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0060
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0060
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0065
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0065
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0065
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0070
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0070
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0070
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0070
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0070
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0075
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0075
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0075
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0080
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0080
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0080
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0080
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0085
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0085
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0085
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0085
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0090
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0090
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0090
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0090
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0095
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0095
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0095
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0095
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0100
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0100
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0100
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0100
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0105
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0105
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0105
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0105
http://refhub.elsevier.com/S0302-2838(20)30876-9/sbref0105

	Salvage Surgery in Patients with Local Recurrence After Radical Prostatectomy
	1 Introduction
	2 Patients and methods
	2.1 Study population
	2.2 Procedure of salvage surgery using PSMA-RGS
	2.3 Outcomes of interest
	2.4 Statistical analyses

	3 Results
	4 Discussion
	5 Conclusions
	Appendix A Supplementary data
	References


