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Surgical removal of the index node marked using magnetic
seed localization to assess response to neoadjuvant
immunotherapy in patients with stage III melanoma
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Introduction

The outcome of patients diagnosed with stage III
melanoma is poor, with a 5-year overall survival (OS)
rate of less than 50 per cent1. Adjuvant checkpoint inhi-
bition therapy significantly improves 5-year relapse-free
survival (RFS) and OS2 rates, as well as median RFS3,4.

There is growing evidence that neoadjuvant check-
point inhibition (NACI) may be an even more favourable
approach. In a previous phase Ib study (OpACIN)5,
neoadjuvant was compared with adjuvant ipilimumab
and nivolumab. The pathological response rate was 78
per cent in the neoadjuvant arm and, after a median
follow-up of 25⋅6 months, none of the responders had
relapsed. In a currently ongoing phase II study, the aim is
to identify the optimal neoadjuvant combination of ipilim-
umab and nivolumab in patients with macroscopic stage
III melanoma (OpACIN-neo; preregistered at https://
clinicaltrials.gov/ct2/show/NCT02977052).

The promising results of NACI raise the question of
whether pathological complete (pCR) or near-complete
(near-pCR) responders after NACI can safely avoid subse-
quent completion lymph node dissection (CLND). A pre-
requisite for such an approach would be a reliable indicator
of pathological response for the entire lymph node basin.

One method could be to localize a single positive lymph
node before the start of NACI, and remove it after NACI
to use to assess the pathological response of the entire
basin. This approach, using radioactive seed localiza-
tion, has been shown to be of value in the treatment of
node-positive breast cancer, where it reduced the propor-
tion of CLNDs after neoadjuvant systemic therapy by 82
per cent6. Unfortunately, the use of radioactive seeds is

associated with operational challenges and risks7, and the
technology has been applied only sparingly for melanoma8.

Recently, a novel magnetic surgical localization method
has been used to overcome the challenges of radioactive
seeds9. This technology was first tested in a feasibility
study in breast cancer10. Subsequently, a second pilot
study was designed to test the feasibility of this tech-
nology for targeted pathological lymph node removal in
melanoma: the Magnetic Seed Localization for Melanoma
(MeMaLoc) study (preregistered at the Dutch Centrale
Commissie Mensgebonden Onderzoek: https://bit.ly/
2SHouy4, NL58293.031.16).

The objective of the present study was to investigate
whether targeted removal of a single pathological (index)
node using magnetic seed localization is feasible, and
whether this index node is a reliable indicator of pathologi-
cal response in the entire lymph node basin in patients with
stage III melanoma treated with NACI. To address these
objectives, the index node was marked with the magnetic
seed, removed surgically, and analysed separately from the
rest of the lymph node basin after 6 weeks of NACI.

Methods

Twelve patients with resectable stage III melanoma and at
least one measurable lymph node metastasis according
to the RECIST 1.1 criteria11 were recruited to both the
OpACIN-neo and the MeMaLoc study. All patients signed
informed consent for both studies separately. Both studies
were approved by the ethics committee of the Netherlands
Cancer Institute (Amsterdam, the Netherlands); additional
approval was obtained to enrol patients in both studies
simultaneously.
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Fig. 1 Overview of the magnetic seed localization procedure

a  Proprietary magnetic seed b  Correct positioning of needle tip before
 implantation

5 mm

c  Magnetic seed detector d  Postoperative specimen X-ray

a Proprietary magnetic seed on finger. b Correct positioning of the needle tip (red arrow) in lymph node (green arrow) before implantation. c Magnetic
detector (Endomag Sentimag®) used during surgery to detect the seed. d Postoperative specimen X-ray with magnetic seed (red arrow) in situ.

In the OpACIN-neo study, patients were assigned
randomly to one of three combination schemes of ipili-
mumab plus nivolumab. Some 2 weeks after enrolment,
generally on the day of the second course of immunother-
apy, patients were scheduled for an appointment in the
radiology department.

Under local anaesthesia, an experienced radiologist
performed ultrasound-guided placement of a single rice
grain-sized magnetic seed (1⋅7× 3⋅5 mm) (Fig. 1a) devel-
oped in-house into the largest involved lymph node using
a 14-G needle (Fig. 1b). The shortest distance between skin
and seed on ultrasound imaging was recorded.

CLND was performed 6 weeks after the start of NACI.
Before and occasionally during surgery, a commercially
available magnetic detection system (Sentimag®;
Endomag, Cambridge, UK) (Fig. 1c) was used to detect
the magnetic seed and guide surgery. The ability to detect
the seed transcutaneously was recorded. The probe was

covered by a sterile sheath during surgery. Surgeons were
instructed to remove the marked lymph node first and
complete the rest of the CLND subsequently.

The Sentimag® is a magnetic proximity sensing sys-
tem that detects the magnetic seed developed in-house
and functions like a γ probe, but without the need for
radioactivity. It is highly sensitive to any conductive mater-
ial near the probe. Therefore, at least during the short
moments of measurement, the use of standard metal surgi-
cal instruments is precluded. During these moments,
surgeons may opt either to remove all instruments
surrounding the probe or to resort to polymer tools
(SUSI ®; B. Braun, Tuttlingen, Germany).

After removal of the index node, the specimen was sent
for X-ray imaging to confirm the presence of the mag-
netic seed in the node (Fig. 1d). Surgeons were asked to
complete the System Usability Scale (Appendix S1, sup-
porting information) to obtain data on satisfaction with
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the novel magnetic technology, and an application-specific
questionnaire to assess the feasibility of the magnetic tech-
nology for targeted node removal (Appendix S2, supporting
information).

Both specimens (index node and rest of basin) were sent
for separate pathological assessment, and revised centrally
according to the International Neoadjuvant Melanoma
Consortium (INCM) scoring system12. The total number
of nodes in the specimen was counted, as well as the number
of nodes that had evidence of viable and/or treated tumour.

The therapeutic response was determined by estimating
the percentage of viable tumour cells (vTCs) relative to the
entire area with signs of viable and/or treated tumour, and
categorized as follows12: pCR, 0 per cent vTCs; near-pCR,
more than 0 to 10 per cent vTCs; pathological partial
response (pPR), more than 10 to 50 per cent vTCs; patho-
logical no response (pNR), more than 50 per cent vTCs.

The index node was determined a representative indica-
tor of therapy response if it was congruent with the thera-
peutic response in the total basin.

Continuous variables are described as median (i.q.r.)
values.

Results

Between February 2017 and May 2018, 12 patients (6
men) were included; their median age was 55 years and the
location of lymph node metastasis was axillary in seven
patients and inguinal in five.

Four different surgeons, experienced with using γ probes
for sentinel lymph node biopsies but with no previous
experience of magnetic localization, performed the 12 pro-
cedures. Seeds were in situ for a median of 23 (i.q.r. 21–27)
days. All 12 magnetic seeds were detected transcutaneously
and removed successfully with the index node. The mag-
netic localization technology was scored with a median
score of 98 of 100 on the System Usability Scale (Table 1).
Surgeons rated that the technology was intuitive to use
(4⋅8 of 5) and that they would like to use the technology
for future procedures (4⋅8 of 5) (Fig. S1, supporting infor-
mation). Although instructed to start surgery with targeted
removal of the index node guided by the detector, in five
patients the surgeon identified the marked node using the
detector before and during the procedure, but removed it
from the rest of the specimen immediately after surgery.

Pathological assessment of the specimens showed that
seven of the 12 patients had a pCR, three had a near-pCR,
one had a pPR and one a pNR (Table S1, supporting
information).

In all cases, the therapeutic response of the index node
was congruent with that in the total basin.

Table 1 Overall results

No. of patients* (n= 12)

Seed in situ (days)† 23 (21–27)

Skin to seed distance on ultrasound
imaging (mm)†

10 (5–15)

Surgery

Transcutaneous detection 12

Retrieval rate 12

System Usability Scale score† 98 (90–100)

Pathology

Total node count per patient† 24 (16–34)

Node count with evidence of viable
or treated tumour†

2 (1–3)

Response

Index node

pCR 7

Near-pCR 3

pPR 1

pNR 1

Total basin

pCR 7

Near-pCR 3

pPR 1

pNR 1

Index node congruent with total
basin

12

*Unless indicated otherwise; †values are median (i.q.r.). pCR, pathological
complete response; pPR, pathological partial response; pNR, pathological
no response.

Discussion

This study shows that it is feasible before surgery to local-
ize, and during surgery to remove, the largest (index)
lymph node using a proprietary in-house developed
magnetic seed and an intraoperative magnetic detector
as guidance9. All magnetic seeds were detected transcu-
taneously. Four independent surgeons rated the magnetic
technology favourably for each procedure and stated they
would like to use the technology for future procedures.

All index node responses were congruent with the total
basin responses. This suggests that the index node can be
considered a reliable indicator of therapeutic response.

If, in future, patients with a (near-)complete response
(pCR or near-pCR) could safely avoid CLND, ten of the 12
patients in this study would have been spared CLND. The
percentage of patients in whom CLND can be omitted is
dependent upon the response rate to NACI. Being aware of
the very small sample size of the pilot study, these results
seem promising but need rigorous scientific assessment,
preferably using an adequately powered prospective trial.
If confirmed, this treatment could improve the care of

© 2019 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: 519–522
on behalf of BJS Society Ltd.



522 B. Schermers, V. Franke, E. A. Rozeman, B. A. van de Wiel, A. Bruining et al.

patients with stage III melanoma after NACI, similar to the
current practice in breast cancer6,13,14.

The present study is limited by its small sample size,
and it was not powered to detect a significant outcome.
In addition, (neo-)adjuvant checkpoint inhibition ther-
apy is currently not standard of care, because the poten-
tial survival benefit and cost-effectiveness still need to be
established.

In five patients, the surgeon localized the node before
and during surgery, but removed it surgically from the rest
of the basin only after surgery. The reason for this was
that the surgical approach for a selective node removal
and CLND is sometimes notably different. This depends
on the location of the index node within the basin. First
removing the index node might have jeopardized the
success of the subsequent CLND in these patients. This
limitation is, of course, no longer present when subsequent
CLND is not necessary.
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Supporting information

Additional supporting information can be found online in the Supporting Information section at the end of the
article.
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