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Abstract
Purpose Superparamagnetic nanoparticles of iron oxide (SPION) were shown to be non-inferior to standard radioisotope
tracer in breast cancer and may be used as an alternative to identify sentinel lymph nodes (SLN). The aim of this study
was to assess the feasibility of sentinel lymph node dissection (SLND) using SPION in prostate cancer and to evaluate its
diagnostic accuracy.
Methods Twenty patients with intermediate- and high-risk prostate cancer were prospectively enrolled in 2016. After
intraprostatic injection of SPION, SLND using magnetometer was performed the following day. Extended pelvic lymph
node dissection (ePLND) was added as a reference standard test. The diagnostic performance of the test were evaluated, as
well as the rate of in vivo detected SLN. Surgical times of SLND and ePLND were compared using paired two-sample t test.
Results In total, 97 SLN were detected with median 5 (IQR 3–7) per patient. Non-diagnostic rate of the procedure was 5%.
In total, 19 nodal metastases were found in 5 patients, of which 12 were located in SLN. The sensitivity per patient for the
whole cohort was 80% and per node 56%. If only patients with at least one detected SLN were considered, the sensitivity
per patient and per node reached 100 and 82%, respectively. A median of 20 LNs (IQR 18–22) were removed by subsequent
ePLND. Surgical times of SLND and ePLND differed significantly, with medians of 17 and 39 min, respectively (p < 0.001).
Conclusions SLND with SPION is feasible and safe in prostate cancer and the diagnostic accuracy is comparable to the
published results of radioguided procedures. In open surgery, SPION may be used as an alternative tracer with its main
advantage being the lack of radiation hazard.
Keywords Prostatic neoplasms · Lymph node excision · Sentinel lymph node biopsy · Nanoparticles

Introduction
Pelvic lymph node dissection (PLND) remains the best staging tool to detect lymph node metastases in prostate cancer
[1]. In comparison to PLND, even novel imaging modalities like 18F-choline- and 68Ga-prostate-specific membrane
antigen (PSMA) positron emission tomography (PET)/CT
have rather low sensitivity to detect metastatic nodes [2, 3].
PLND is commonly performed also with curative intention
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as it may be of benefit in patients with minimal nodal burden
[4]. On the other hand, the complication rate of PLND is not
negligible and is related to the extent of the surgical template, with approximately 10% of patients presenting with
symptomatic lymphocoele [4, 5].
The concept of sentinel lymph node dissection (SLND)
was introduced to surgical oncology 25 years ago [6]. It presumes that lymphatic spread of tumor follows an orderly
path with specific lymph nodes (sentinel nodes) draining
the tumor, which have the highest risk of harboring metastases. This concept thereby aims to reduce morbidity, improve
staging accuracy, and individualize the extent of nodal dissection by selective removal of SLN.
Although a well-established method in breast cancer and
melanoma, SLND is still considered experimental in prostate cancer, despite many reports of its high staging accuracy with a sensitivity of 90–95% per patient [7]. SLND has
similar staging efficacy in comparison to PLND and even
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potentially increases nodal yield by dissecting SLNs beyond
the borders of extended PLND. Furthermore, it is possibly
associated with lower morbidity when compared to regional
nodal dissection, similar to breast cancer [4, 8, 9].
The most frequently used tracer in SLND is 99m-technecium (99m-Tc) which has several drawbacks, including radiation exposure to patients and medical staff, and problems
with radiocolloid logistics [7]. To circumvent these drawbacks, the technique of SLND using superparamagnetic iron
oxide nanoparticles (SPION) with intraoperative detection
by a handheld magnetometer was proposed as an alternative
in open surgery [10, 11]. SPION was originally introduced
as an MRI contrast agent, but nowadays presents wide diagnostic and even theranostic opportunities [12]. The diameter of magnetic tracer Sienna+® particles used in SLND is
60 nm, which is comparable to 99m-Tc-nanocolloid and the
functional properties are also similar, as SPION are accumulated in the sinuses and subcapsular spaces of sentinel nodes
[13]. A metaanalysis of five clinical trials in breast cancer
showed non-inferiority of SPION when compared with the
standard technique using 99m-Tc nanocolloid [10]. Also in
prostate cancer, the first study evaluating SPION in SLND
confirmed it is feasible and reliably identifies SLN [11]. In
our study, we evaluated our early experience with SLND
guided by SPION, its feasibility, and diagnostic accuracy.

International Urology and Nephrology (2018) 50:1427–1433

Methods

two fractions per each side, in the peripheral zone of the
upper and lower quadrants of the prostate. Sienna+® is a
dark brown suspension of organically coated SPION with a
size of around 60 nm. Before contrast injection, prophylactic intravenous antibiotics Amoxicillin and Metronidazole
were administered. After approximately 16–18 h, patients
underwent surgery. All regional lymphatic basins were
extraperitoneally explored with handheld magnetometer, the
Sentimag system (Endomagnetics Ltd., Cambridge, UK),
to detect sentinel lymph nodes with accumulated magnetic
tracer in vivo (Fig. 1). During this part of the procedure, only
plastic retractors and instruments were used (Aesculap®
SUSI®; B. Braun Melsungen AG, Melsungen, Germany;
3B instruments, Nové Město na Moravě, Czech republic) to
avoid interference with the magnetometer. The magnetometer was calibrated against the lateral pelvic wall and all
magnetically active nodes were considered SLN.
Subsequently, patients underwent radical prostatectomy
and backup extended PLND (ePLND) comprising external
iliac, obturator, and internal iliac lymph nodes. The borders
of dissection were genitofemoral nerve laterally, Cooper
ligament distally, and bifurcation of common iliac artery
proximally. Surgery included removal of lymphatic tissue
along the internal iliac vessels. All removed fibro-fatty tissue
was examined ex vivo to exclude previously missed SLNs.
We assessed the time needed to detect and excise SLNs per
pelvic side and patient. Also, the time needed for subsequent
extended PLND was evaluated.

Patients

Histologic examination

A total of 20 patients with clinically localized or locally
advanced prostate cancer whose risk of lymph node metastasis was higher than 5% according to Briganti nomogram
were included in the study from April 2016 to April 2017
[14]. The study has been approved by the Ethical committee
of Masaryk Memorial Cancer Institute and informed consent
was obtained from all patients.
Patients with previous pelvic surgery or radiotherapy
were excluded. All patients were in intermediate- or highrisk groups and there was no defined upper level of PSA as
exclusion criterium. Clinical lymphadenopathy was ruled
out by preoperative magnetic resonance (MR) and if not
available, computer tomography (CT) was performed (transverse nodal diameter < 10 mm).

The specimens from individual pelvic regions were sent
separately. The lymph nodes were palpated and fixed with

Procedure
The day before scheduled surgery, 2 ml of SPION magnetic
tracer Sienna+® (Endomagnetics Ltd., Cambridge, UK)
was injected into prostate with a 21G Chiba needle under
transrectal ultrasound guidance. We aimed for homogenous
tracer distribution by injecting the tracer in four aliquots,

13

Fig. 1  Intraoperative detection of sentinel lymph node on the right
pelvic side (external iliac vein marked with an arrow) by handheld
magnetometer (asterisk) and corresponding magnetic activity reading
on Sentimag system. Plastic retractor was used during the detection
of sentinel node
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formalin. Smaller nodes were halved longitudinally and
nodes thicker than 4 mm were sectioned to 2 mm slices
and embedded in paraffin. Standard examination consisted
of three 4 µm sections stained with hematoxylin and eosin
(H&E). In addition, we conducted a special histologic evaluation of SLNs comprising further serial sectioning every
150 µm with H&E staining and immunohistochemical
staining using widespectrum anti-cytokeratin antibody (CK
AE1/AE3, Biogenex) every 300 µm. In all patients, Gleason
score and 2014 International Society of Urological Pathology (ISUP) was reported for both biopsy and prostatectomy
results.

positive predictive value. Discrete variables were presented
as rates or percentages and continuous variables were characterized with median, range, or interquartile range (IQR).
Surgical times of SLND and ePLND were compared using
paired two-sample t test. Results were considered significant
if p value < 0.05 was achieved. Statistical analyses and tests
were performed using SPSS software (version 22).

Results
Patient characteristics are shown in Table 1. Median age was
64 (50–74). Ten patients each (50%) were in intermediate
and high-risk group, respectively. Median PSA was 8.9 ng/
ml (IQR 7–21, range 2.7–93). Post-operatively ISUP grade
groups 1–5 were represented in 2 (10%), 4 (20%), 8 (40%),
4 (20%), and 2 (10%) patients, respectively.

Statistics
Accuracy of the SLN procedure was assessed according
to consensus recommendations [7]. False positives were
defined as “patients with positive SLN outside the extended
PLND template with a negative extended PLND” which
provides a measure of the additional diagnostic value of
SLND over and above PLND. False negatives were defined
as “patients with nodal metastases in extended PLND but
negative SLN”. A 2 × 2 table with SLND as the index test
and ePLND as the reference standard was used to calculate sensitivity, specificity, negative predictive value, and

Intraoperative detection of SLN
Magnetometer-guided SLND led to detection of SLN in 19
patients, with a diagnostic rate of 95%. In total, we detected
97 SLNs with median 5 (IQR 3–7) per patient. SLNs were
located in external iliac (n = 33; 34%), obturator (n = 29;

Table 1  Patient characteristics
Patient

Age

cT

Preop GS

PSA (ng/ml)

pT

pN

Postop GS

SLN (n)

Positive
SLN(n)

Non-SLN (n)

Positive
non-SLN
(n)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

68
63
61
69
70
62
56
56
73
66
63
62
59
60
70
64
73
50
74
67

3a
2b
2b
3a
1c
1c
2c
2b
2c
1c
1c
2b
2b
1c
3a
2a
1c
1c
2b
2c

4+4
3+4
4+3
4+3
4+4
3+3
4+4
4+3
4+3
4+3
5+5
3+4
3+4
3+4
4+5
4+3
4+3
3+3
4+3
4+4

24
8.8
2.7
93
4.8
21
90
8.5
18.7
10
6.9
6.6
8.2
7.6
4.4
22
8.2
70
11.6
9

3a
2c
2c
2c
3a
3b
3b
2c
3b
2c
3a
2c
3a
2c
3a
2c
2c
3b
3a
3a

1
0
0
0
0
1
1
0
1
0
0
0
0
0
0
0
0
1
0
0

4+4
3+4
4+3
4+3
4+3
4+3
4+5
3+3
4+3
3+4
4+5
4+3
4+5
3+3
4+4
4+3
3+4
3+4
3+4
4+4

4
11
2
7
2
2
0
4
9
3
7
5
5
5
5
9
7
4
4
2

2
0
0
0
0
2
0
0
7
0
0
0
0
0
0
0
0
1
0
0

20
16
14
11
17
13
20
16
18
19
11
16
15
16
13
10
25
19
18
14

0
0
0
0
0
0
7
0
1
0
0
0
0
0
0
0
0
1
0
0

PSA prostate-specific antigen, GS Gleason score, SLN sentinel lymph node
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30%), internal iliac (n = 32; 33%), common iliac (n = 1; 1%),
and presacral area (n = 2; 2%) (Fig. 2a).
The non-diagnostic rate of the procedure was 5% as
we could not detect any SLN in one patient. We localized
SLN on both pelvic sides in 16 (80%) patients. Out of 97
SLN, 80 (82%) were found in vivo and the rest ex vivo.
All of the SLNs that harbored metastases were detected
in vivo. The median time needed for detection and removal
of SLNs per pelvic side was 8 min (3–26). Histologic
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examination showed deposits of iron oxide nanoparticles
in SLNs (Fig. 3).

Extended lymph node dissection
Subsequent extended LND yielded 419 nodes in total,
with a median of 20 lymph nodes per patient (IQR 18–22).
Surgical times of SLND and ePLND per patient differed
significantly, with medians 17 and 39 min, respectively
(p < 0.001).

Detection of metastases
In total, 19 nodal metastases were found in 5 patients
(25%), out of which 12 were located in SLN. The anatomic
distribution of nodal metastases reflected that of SLNs, as
most metastases were evenly distributed in the external
iliac, obturator, and internal iliac areas (Fig. 2b).
Out of 5 patients with proven nodal tumor burden,
metastases were found only in SLNs in two cases; in both
SLNs and non-SLNs in two cases.The only patient with
metastases demonstrated only in non-SLNs was the case
without any identified SLN (Table 1).
In two patients, SLND localized three nodal metastases outside of the extended LND template in the presacral area, along the umbilical artery and posteriorly to
the branching of the internal iliac vein. Furthermore, in
two patients four metastases in SLN were diagnosed only
through meticulous examination with serial sectioning
and immunohistochemistry. In total, median size of nodal
metastasis was 3 mm (0.1–10).

Fig. 2  Absolute numbers of detected sentinel lymph nodes (a) and
removed nodal metastases (b) per anatomic region (marked with
Roman numerals). I—External iliac, II—Obturator, III—Internal
iliac, IV—Common iliac, V—Presacral region
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Fig. 3  Image of sentinel lymph node with metastasis (asterisk) and
deposits of iron oxide nanoparticles (arrows) as seen in hematoxylin
and eosin staining (× 200 magnification)
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Accuracy of the SLND procedure
With ePLND as the reference test, the sensitivity of SLND
per patient for the whole cohort was 80% (95% CI 38–96)
and per node 56% (95% CI 30–80) (Table 2). False negativity and false positivity rates per patient were 20 and 0%,
respectively. Per node, the rates were 44 and 4%, respectively. Furthermore, per patient, SLND demonstrated specificity of 100%, positive and negative predictive value of
100% (95% CI 51–100) and 94% (95% CI 72–99), respectively. If only patients with at least one detected SLN were
considered, the sensitivity per patient and per node would
be 100% (95% CI 51–100) and 82% (95% CI 52–95), respectively, and negative predictive value per patient 100% (95%
CI 80–100).

Complications of the procedure
There were no infectious or bleeding complications related
to intraprostatic biopsy of the tracer. Intraoperatively, no
complication occurred in relation to SLND or ePLND. In
two patients (10%), symptomatic lymphocoele was detected
postoperatively requiring percutaneous drainage (Clavien
3a). There was no thromboembolic complication.

Discussion
In nodal staging, SLND represents a step towards precision, limiting the extent of dissection of ePLND and
concentrating on the risk nodes only. It suggests that the
metastatic process via lymphatics follows a hierarchical
path through a nodal chain and in the last 25 years; SLND
has become a standard technique of nodal staging in breast
cancer and melanoma. According to a recent systematic
review, SLND has the same staging accuracy as PLND
in prostate cancer patients [7]. Notably, SLND leads to
higher detection of metastases through the removal of
Table 2  Diagnostic performance of sentinel lymph node dissection

Diagnostic rate
Sensitivity
Specificity
Negative predictive value
Positive predictive value
False negativity
False positivity
Metastases in SLNs only
SLN sentinel lymph node

Per patient
N (%)

Per node (SLN)
N (%)

19/20 (95%)
4/5 (80%)
15/15 (100%)
15/16 (94%)
4/4 (100%)
1/5 (20%)
0%
2/5 (40%)

80/97 (82%) in vivo
9/16 (56%)
74/77 (96%)
74/81 (91%)
9/12 (75%)
7/16 (44%)
3/77 (4%)
12/19 (63%)
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nodes outside the template and meticulous histopathologic
examination of SLNs [15]. The most frequently used tracer
in SLND is radiocolloid, however, recently a magnetic
tracer using SPION has been shown to be non-inferior to
radiocolloid in studies with breast cancer [10].
In our study, we demonstrated that SLND with SPION
has a high detection rate of 95%, high specificity of 100%
but slightly lower sensitivity of 80% due to a false negative case. In one high-risk patient, we could not detect any
SLN and definitive analysis showed nodal metastases in 5
non-SLNs, which influenced mainly the per node sensitivity of our study. It is well known that one of the limitations of SLND in advanced disease may be obliteration of
lymphatics with tumor, leading to either a non-diagnostic
case without any visualized SLN or to a false negative case
[16]. According to recent consensus, it is agreed that in
those cases where no SLN was visualized, PLND should
be performed [17]. Interestingly, in patients with at least
one SLN detected, the sensitivity per patient was 100%
in our cohort. In comparison, a recent systematic review
reported a diagnostic rate of 95.9% and a median cumulative sensitivity of 95.2% for SLND with radiotracer [7].
The pattern of anatomic distribution of SLNs and
metastases in our study was similar to previous mapping
studies [15, 18], confirming that most of metastases are
located in the template of extended PLND (external iliac,
obturator and internal iliac). Interestingly, we detected one
out of 12 (8%) metastatic SLNs in presacral region. This
is in agreement with landmark mapping study by Joniau
et al., which included presacral and common iliac nodes in
the template of PLND; they showed that presacral metastases were quite frequent (8%) in 4 out of 74 examined
patients [18]. As a result, the authors proposed superextended template of PLND, comprising the presacral nodes,
however, any expansion of PLND template must be outweighed by clear clinical benefit, which in this case has
not yet been demonstrated.
The largest experience with SPION comes from studies
in breast cancer. A recent metaanalysis of seven studies with
1118 patients demonstrated similar detection rates (94–98%)
and concordance rates per patient between SPION and the
conventional technique with radiotracer, with a slightly
higher detection rate per node in the SPION group [10]. In
prostate cancer, Winter et al. reported their initial experience
with SPION in 20 patients. They showed a high diagnostic
rate of 90% and sensitivity of 100%, as all nodal metastases
were found only in SLNs [11]. The same group later published an expanded cohort of 104 high-risk patients with
an exceptionally high diagnostic rate of 100%. They also
demonstrated very high sensitivity of 96.6% and specificity
of 95.6%, with low false negative rate of 3.4% [19]. In their
study, the median of 8 detected SLN was higher than the 5
SLN in our cohort. In comparison, the median number of
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detected SLNs in the previously published studies of SLND
as assessed by Wit et al. was four.
Regarding the staging and curative potential of SLND,
it is very important to distinguish between sensitivity per
patient and per node, as the former is usually very high,
around 90–95%, and reflects good performance as a staging
procedure. However, the latter is usually much lower, around
50–70%, which is due to the presence of metastases also
in non-sentinel lymph nodes. Therefore, especially in high
risk patients with more advanced disease and more positive
higher tier nodes, SLND may leave metastases behind if
performed without extended PLND, therefore, it is presently
recommended to combine these two techniques in high-risk
patients [7, 17]. The frozen section of SLN may not be helpful to decide in which patients ePLND should be added, as
intraoperatively the pathologist is not able to examine the
median of 4–7 SLNs thoroughly and without extensive SLN
sectioning the sensitivity of frozen section is only 40% for
the detection of micrometastases [20].
In agreement with the aforementioned, the sensitivity per
node in our study was 56%. Similarly, in the study by Winter
et al. only 56% of patients with positive nodes had metastases detected in SLNs only; in our study the rate was 63%.
This is a problem also with other tracers. Based on a recent
systematic review of SLND with radiotracer, metastases
were found in SLN only with median of 69% [7].
Despite lower per node sensivity, the concept of SLND
should not be dismissed in prostate cancer as there are several arguments for it. First, SLND offers more accurate staging than ePLND, with fewer nodes subjected to meticulous
histological examination that leads to higher detection of
micrometastases [15]. Second, SLND may detect up to 8%
of nodal metastases outside the ePLND template (false positive rate) [7]. Third, SLND as an optimal staging procedure
may serve as a stratification tool for adjuvant treatment [4,
7]. Fourth, the curative potential of ePLND has not been
convincingly proven and we have to wait for results of randomized studies [4]. ePLND without adjuvant treatment leads
to biochemical recurrence free survival in a maximum of
30% of those patients with positive nodes and the best outcomes of PLND are expected if only 1–2 positive nodes are
present. These cases with limited nodal involvement represent the scenario in which SLND may even be curative,
because metastases will probably be limited to SLN [21].
Fifth and finally, the concept of SLND means less trauma
and less morbidity associated with nodal dissection, as
shown for breast cancer, although this remains to be proven
in randomized trials for prostate cancer.
One of the limitations of using SPION as a guiding
tracer for SLND is a lack of preoperative imaging and
anatomic delineation of SLNs. In radioguided surgery for
prostate cancer, single-photon emission computed tomography (SPECT) is available for preoperative planning of the

13

International Urology and Nephrology (2018) 50:1427–1433

dissection. Recently, a feasibility study showed that preoperative MRI can be used to localize SLNs before surgery
in breast and prostate cancer as nodes with uptake of tracer
have decreased signal intensity in T2-weighted images [22].
In 30 patients with prostate cancer, a preoperative MRI was
performed the day after SPION injection and the authors
reported a high detection rate of 100% with an extremely
high median of 14 SLNs detected, probably depicting higher
tier nodes, therefore, more studies are needed to refine the
technique and examination protocol [23].
The near future may bring even more precision regarding
nodal staging, with the focus shifting from sentinel nodes
to metastatic nodes only. Better functional imaging, with
PSMA-based PET/CT as an example, has the potential to
improve preoperative staging and also to intraoperatively
guide the detection of lymph node metastases, with tracer
selectively accumulated in metastatic nodes due to its linkage to tumor cells [24].

Conclusion
SLND with SPION is feasible in prostate cancer and the
diagnostic accuracy is comparable to the published results of
radioguided procedure. Although SLND is a promising procedure, potentially reducing morbidity of lymphadenectomy,
further studies are needed to define its role and added value.
Magnetic tracer is an attractive alternative to radiocolloid as
it poses no radiation hazards and the procedure is completely
in the hands of the urologist. An absence of preoperative
imaging of SLN is a potential drawback; therefore, the role
of MRI in this setting has to be explored.
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