
E U R O P E A N U R O L O G Y O P E N S C I E N C E 3 4 ( 2 0 2 1 ) 5 5 – 5 8
avai lable at www.sciencedirect .com

journal homepage: www.eu-openscience.europeanurology.com
Brief Correspondence

Possible Role of Circulating Tumour Cells for Prediction of Salvage
Lymph Node Dissection Outcome in Patients with Early Prostate
Cancer Recurrence
Sophie Knipper a,1, Sabine Riethdorf b,1, Stefan Werner b,c, Derya Tilki a,d, Markus Graefen a,

Klaus Pantel b,2, Tobias Maurer a,d,2,*
Article info

Article history:
Accepted September 21, 2021

Associate Editor:
Guillaume Ploussard

Keywords:
Circulating tumour cells
Salvage lymph node dissection
Radioguided surgery
Oncological outcomes
Positron emission tomography
imaging
Prostate-specific membrane
antigen
https://doi.org/10.1016/j.euros.2021.09.017
2666-1683/� 2021 The Authors. Published by El
article under the CC BY-NC-ND license (http://crea

1 These authors contributed equally and share firs
2 These authors contributed equally and share sen
Abstract

Promising oncological results have been reported for salvage lymph node dissection
(SLND) with prostate-specific membrane antigen–radioguided surgery (PSMA-RGS) in
patients with prostate cancer (PCa) recurrence. We performed a proof-of-principle study
assessing circulating tumour cells (CTCs) as a prognostic marker in patients undergoing
SLND. Twenty consecutive patients with recurrent PCa treated with PSMA-RGS during
April–July 2019 for PSMA-positive LNs were evaluated. Preoperative CTC counts were
assessed using the US Food and Drug Administration–approved CellSearch system.
Biochemical recurrence (BCR)-free survival (BFS) and therapy-free survival (TFS) were
evaluated using the Kaplan-Meier method. Overall, three patients (15%) were CTC-
positive. Postoperatively, CTC-positive patients had more pathologically positive LNs
(median 8 vs 2) without a difference in overall LN count. During median follow-up of
10.1 mo, 14 patients experienced BCR and five received further therapy. In Kaplan-
Meier analyses, median BFS was 1.4 versus 4.3 mo and median TFS was 10.3 mo versus
not reached for CTC-positive versus CTC-negative patients. The main limitations are the
small number of patients, the retrospective design, and short follow-up. Our pilot study
suggests that CTC-positive patients seem to have worse pathological and short-term
oncological outcomes. Therefore, further validation of this biomarker for treatment
decision-making before local salvage therapy could be of value.
Patient summary: We looked at outcomes for lymph node dissection in patients with
recurrence of prostate cancer. We found that outcomes appear to be worse when circu-
lating tumour cells (CTCs) can be measured in the blood preoperatively. We conclude
that detection of CTCs indicates spread of tumour cells via the blood, which may limit
the benefit of lymph node dissection. Thus, CTCs should be investigated in further stud-
ies as a potential marker to help in selecting patients who could benefit from lymph
node dissection if their prostate cancer recurs.
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In recent years, prostate-specific membrane antigen (PSMA)
positron emission tomography (PET) has become the rou-
tine imaging modality for biochemical recurrence (BCR) of
prostate cancer (PCa) [1]. Even at very low prostate-
specific antigen (PSA) levels at BCR, metastatic sites can
be detected [2,3]. This evolution fuelled the desire for local
targeted treatment approaches such as salvage lymph node
dissection (SLND). In this context, it has been reported that
PSMA-radioguided surgery (PSMA-RGS) can improve intra-
operative detection [4]. Promising oncological outcomes
with this approach have been reported. In the largest series
of 121 patients, a complete biochemical response (postop-
erative PSA <0.2 ng/ml) was observed in 66% of patients.
Not surprisingly, low PSA and a single lesion on PSMA PET
were associated with longer median BCR-free survival
(BFS) without any additional therapy (14 mo) [5]. Although
complication rates are moderate, harms and benefits must
be critically weighed, as SLND is currently considered an
experimental individual treatment approach. Therefore, fur-
ther parameters, such as biomarkers, are necessary to dis-
criminate between potentially successful SLND candidates
with localised metastatic lesions and patients with a high
risk of systemic disease that warrants systemic treatment.
Table 1 – Characteristics of 20 consecutive patients treated with PSMA-R

Variable Overall

Patients, n (%) 20 (100)
Median age at RGS, yr (IQR) 64.5 (60.5–68.2)
Median follow-up, mo (IQR) 10.1 (7.8–16.4)
PTx, n (%)
Radical prostatectomy 19 (95)
Irreversible electroporation 1 (5)

Median year of PTx (IQR) 2016 (2014–2017)
Median PSA before PTx, ng/ml (IQR) 7.6 (4.6–11.1)
pT stage at radical prostatectomy, n (%)
pT2 8 (40)
pT3a 4 (20)
pT3b 7 (35)
Not assigned 1 (5)

pGG at radical prostatectomy, n (%)
I–II 8 (40)
III 6 (30)
IV–V 5 (25)
Not assigned 1 (5)

pN stage at radical prostatectomy, n (%)
pN0 15 (75)
pN1 2 (10)
pNX 2 (10)
Not assigned 1 (5)

Surgical margin at radical prostatectomy, n (%)
R0 14 (70)
R1 5 (25)
Not assigned 1 (5)

Radiotherapy after radical prostatectomy, n (%)
No 8 (40)
Yes 12 (60)

Median time from PTx to PSMA-RGS, mo (IQR) 37.1 (20.8–63.9)
Median PSA before PSMA-RGS, ng/ml (IQR) 0.9 (0.5–1.6)
PSMA-positive lesions, n (%)
1 12 (60)
2 7 (35)
3 1 (5)

Extent of PSMA-RGS, n (%)
Pelvic surgery 15 (75)
Pelvic and retroperitoneal surgery 5 (25)

Median lymph nodes removed, n (IQR) 16 (8.8–19.2)
Median positive lymph nodes, n (IQR) 2.5 (1–8)

PSMA = prostate-specific membrane antigen; RGS = radioguided surgery; CTC = c
pGG = pathological Gleason grade group.
Circulating tumour cells (CTCs) have been described as
biomarkers for prognosis, patient stratification to therapy,
and prediction of treatment response in patients with solid
cancers [6]. CTCs originate from the primary tumour and/or
metastases and can be detected in peripheral blood [7]. CTC
enumeration using the CellSearch system is already an
established independent prognostic marker in metastatic
castration-resistant PCa [8]. We therefore aimed to assess
CTCs in patients undergoing SLND for recurrent PCa.

In total, 20 consecutive patients treated with PSMA-RGS
during April–July 2019 for PSMA-positive lymph node
recurrent (pelvis and retroperitoneum) PCa were evaluated.
CTC counts were assessed using the US Food and Drug
Administration–approved CellSearch system as previously
described [7]. All patients were informed about the experi-
mental nature of salvage surgery and the additional use of
the 99mTc-PSMA-I&S ligand for PSMA-RGS as previously
described [4]. All patients provided informed consent for
the procedure and for data analysis. The retrospective anal-
ysis was approved by the institutional review board. BFS
(defined as PSA < 0.2 ng/ml without further PCa-specific
treatment) and therapy-free survival (TFS, defined as
survival without further PCa-specific treatment) were
GS during April–July 2019

CTC-negative CTC-positive p value

17 (85) 3 (15)
61 (59–68) 67 (67–68) 0.2
9.8 (7.6–15.9) 10.3 (9.1–16.4) 0.7

16 (94.1) 3 (100) 0.8
1 (5.9) 0 (0)
2015 (2013–2017) 2016 (2016–2017) 0.3
7.5 (5–10.7) 10 (7.3–11.2) 0.7

6 (35.3) 2 (66.7) 0.7
4 (23.5) 0 (0)
6 (35.3) 1 (33.3)
1 (5.9) 0 (0)

6 (35.3) 2 (66.7) 0.8
5 (29.4) 1 (33.3)
5 (29.4) 0 (0)
1 (5.9) 0 (0)

14 (82.4) 1 (33.3) 0.2
1 (5.9) 1 (33.3)
1 (5.9) 1 (33.3)
1 (5.9) 0 (0)

13 (76.5) 1 (33.3) 0.2
3 (17.6) 2 (66.7)
1 (5.9) 0 (0)

6 (35.3) 2 (66.7) 0.7
11 (64.7) 1 (33.3)
48.8 (21.3–72.8) 31.5 (20.7–34.3) 0.4
0.9 (0.5–1.2) 1.5 (1.2-2.9) 0.2

10 (58.8) 2 (66.7) 0.9
6 (35.3) 1 (33.3)
1 (5.9) 0 (0)

13 (76.5) 2 (66.7) 0.9
4 (23.5) 1 (33.3)
16 (8–20) 16 (14.5–17) 1
2 (1–7) 8 (4.5–11.5) 0.4

irculating tumour cell; IQR = interquartile range; PTx = primary treatment;



Fig. 1 – Kaplan-Meier plots depicting (A) biochemical recurrence-free survival (prostate-specific antigen <0.2 ng/ml, without additional prostate cancer–
specific therapy) and (B) therapy-free survival by circulating tumour cell (CTC) status among 20 patients treated with prostate-specific membrane antigen
(PSMA)-radioguided surgery (RGS) in a tertiary referral centre between April and July 2019.
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evaluated. Descriptive statistics included the frequencies
and proportions for categorical variables. Means, medians,
and ranges were reported for continuous variables.
Kaplan-Meier plots were used to graphically depict BFS
and TFS after salvage surgery. For all statistical analyses, R
v3.4.3 (R Foundation for Statistical Computing, Vienna, Aus-
tria) was used. All tests were two-sided, with the level of
significance set at p < 0.05.

Overall, 20 consecutive patients were included (Table 1).
Of these, three patients (15%) were CTC-positive
(Supplementary Fig. 1). CTC-positive (2–3 CTCs/7.5 ml)
patients presented with slightly higher PSA before PSMA-
RGS (1.5 vs 0.9 ng/ml in CTC-negative patients) but no dif-
ference in the number of positive lesions on PSMA PET
imaging was observed (median 1 vs 1 in CTC-negative
patients). Postoperatively, CTC-positive patients had more
positive lymph nodes on final pathology assessment (me-
dian 8 vs 2 in CTC-negative patients) while no difference
in overall lymph node count was observed. During median
follow-up of 10.1 mo (interquartile range 7.8–16.4), 14
patients experienced BCR and five received further therapy.
In Kaplan-Meier analyses, median BFS was 1.4 mo for CTC-
positive patients versus 4.3 mo for CTC-negative patients
(p = 0.018). Median TFS was 10.3 mo for CTC-positive
patients versus not reached for CTC-negative patients
(p = 0.2; Fig. 1).

Since CTCs have been described as an independent prog-
nostic marker in metastatic castration-resistant PCa, we
aimed to assess CTCs in patients with early recurrent PCa
receiving SLND. We found worse clinical and pathological
parameters in the CTC-positive group. Moreover, short-
term oncological outcomes were inferior in the CTC-
positive group. To the best of our knowledge, we are the
first to describe these observations.
Since SLND remains an individual approach, thorough
patient counselling is extremely important. Clinical vari-
ables such as PSA levels and the number of PET-positive
lesions may help in guiding treatment decisions [9].
Nonetheless, further tools for decision guidance are eagerly
awaited. In this context, biomarkers may be able to detect
micrometastatic spread not yet visible on novel molecular
imaging. Consequently, they may serve as gate-keepers in
patients otherwise clinically deemed suitable for
metastasis-directed therapy, such as SLND [10]. Thus, in
cases with biomarker positivity, systemic therapy may be
the primary treatment recommendation in the future, with
discussion of a multimodal approach that includes addi-
tional local therapy only for selected cases. The liquid
biopsy approach includes, besides CTCs, various other ana-
lytes such as circulating nucleic acids and extracellular vesi-
cles. However, to the best of our knowledge these
biomarkers have so far not been assessed as prognostic
markers in patients with recurrent PCa before SLND [6].

Several limitations of our study need to be mentioned.
First and foremost, our cohort included only 20 patients
overall and only three patients were CTC-positive. Thus,
univariable and multivariable analyses of further factors
predicting relapse could not be performed. Moreover, we
only report on short-term oncological outcomes. In addi-
tion, the CellSearch system was used for CTC counting,
which may not be as sensitive in capturing CTCs as other
methodologies [11,12].

Nonetheless, we believe that CTCs (and potentially other
liquid biomarkers as well) are a promising tool that
deserves further attention when considering salvage ther-
apy approaches in BCR PCa. The results from this pilot study
motivated us to initiate a prospective clinical trial with the
aim of identifying predictive biomarkers for successful sal-
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vage surgeries for PSMA-positive limited metastatic PCa
recurrences (BioPoP, NCT04324983).

Author contributions: Tobias Maurer had full access to all the data in the

study and takes responsibility for the integrity of the data and the accu-

racy of the data analysis.

Study concept and design: Maurer, Knipper.

Acquisition of data: Maurer, Riethdorf, Werner.

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: Maurer, Riethdorf, Pantel.

Administrative, technical, or material support: All authors.

Supervision: Maurer.

Other: None.

Financial disclosures: Tobias Maurer certifies that all conflicts of interest,

including specific financial interests and relationships and affiliations rel-

evant to the subject matter or materials discussed in the manuscript (eg,

employment/affiliation, grants or funding, consultancies, 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: Financial support for this study

was provided by an Erich und Gertrud Roggenbuck Stiftung ERC advanced

investigator grant (INJURMET, no. 834974) to Klaus Pantel. The sponsor

played no direct role in the study.

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.euros.2021.09.017.

References

[1] Mottet N, Cornford P, van den Bergh RCN, et al. EAU guidelines:
prostate cancer. Arnhem, The Netherlands: European Association of
Urology; 2021. https://uroweb.org/guideline/prostate-cancer/.

[2] Rauscher I, Düwel C, Haller B, et al. Efficacy, predictive factors, and
prediction nomograms for 68Ga-labeled prostate-specific membrane
antigen-ligand positron-emission tomography/computed tomography
in early biochemical recurrent prostate cancer after radical
prostatectomy. Eur Urol 2018;73:656–61.

[3] Perera M, Papa N, Roberts M, et al. Gallium-68 prostate-specific
membrane antigen positron emission tomography in advanced
prostate 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.

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

[5] Horn T, Krönke M, Rauscher I, et al. Single lesion on prostate-
specific membrane antigen-ligand positron emission tomography
and low prostate-specific antigen are prognostic factors for a
favorable biochemical response to prostate-specific membrane
antigen-targeted radioguided surgery in recurrent prostate cancer.
Eur Urol 2019;76:517–23.

[6] Alix-Panabières C, Pantel K. Liquid biopsy: from discovery to clinical
application. Cancer Discov 2021;11:858–73.

[7] Pantel K, Hille C, Scher HI. Circulating tumor cells in prostate
cancer: from discovery to clinical utility. Clin Chem 2019;65:87–99.

[8] de Bono JS, Scher HI, Montgomery RB, et al. Circulating tumor cells
predict survival benefit from treatment in metastatic castration-
resistant prostate cancer. Clin Cancer Res 2008;14:6302–9.

[9] Fossati N, Suardi N, Gandaglia G, et al. Identifying the optimal
candidate for salvage lymph node dissection for nodal recurrence of
prostate cancer: results from a large, multi-institutional analysis.
Eur Urol 2019;75:176–83.

[10] Bravi CA, Fossati N, Gandaglia G, et al. Long-term outcomes of
salvage lymph node dissection for nodal recurrence of prostate
cancer after radical prostatectomy: not as good as previously
thought. Eur Urol 2020;78:661–9.

[11] Kirby BJ, Jodari M, Loftus MS, et al. Functional characterization of
circulating tumor cells with a prostate-cancer-specific microfluidic
device. PLoS One 2012;7:e35976.

[12] Salami SS, Singhal U, Spratt DE, et al. Circulating tumor cells as a
predictor of treatment response in clinically localized prostate
cancer. JCO Precis Oncol 2019;3:PO.18.00352.

aMartini-Klinik Prostate Cancer Center, University Hospital
Hamburg-Eppendorf, Hamburg, Germany

bDepartment of Tumour Biology, University Hospital Hamburg-Eppendorf,
Hamburg, Germany

cMildred Scheel Cancer Career Center Hamburg, University Hospital
Hamburg-Eppendorf, Hamburg, Germany

dDepartment of Urology, University Hospital Hamburg-Eppendorf,
Hamburg, Germany

* Corresponding author at: Martini-Klinik Prostate Cancer Center,
University Hospital Hamburg-Eppendorf, Martinistraße 52, 20246

Hamburg, Germany. Tel.: +49 40 741051300; Fax: +49 40 741051323.
E-mail address: t.maurer@uke.de (T. Maurer).

https://doi.org/10.1016/j.euros.2021.09.017
https://uroweb.org/guideline/prostate-cancer/
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0010
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0010
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0010
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0010
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0010
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0010
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0015
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0015
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0015
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0015
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0015
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0015
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0020
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0020
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0020
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0020
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0025
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0025
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0025
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0025
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0025
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0025
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0030
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0030
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0035
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0035
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0040
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0040
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0040
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0045
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0045
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0045
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0045
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0050
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0050
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0050
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0050
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0055
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0055
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0055
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0060
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0060
http://refhub.elsevier.com/S2666-1683(21)01698-0/h0060
mailto:t.maurer@uke.de

	Possible Role of Circulating Tumour Cells for Prediction of Salvage Lymph Node Dissection Outcome in Patients with Early Prostate Cancer Recurrence
	Appendix A Supplementary material
	References


