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The standard for sentinel lymph node biopsy (SLNB), the dual technique (radiolabelled
tracer and blue dye), has several drawbacks. A novel magnetic technique without these drawbacks has
been evaluated in a number of clinical trials. It uses a magnetic tracer and a handheld magnetometer to
identify and excise sentinel lymph nodes. A systematic review and meta-analysis was performed to assess
the performance and utility of the magnetic in comparison to the standard technique.

MEDLINE, PubMed, Embase and the Cochrane online literature databases were used to
identify all original articles evaluating the magnetic technique for SLNB published up to April 2016.
Studies were included if they were prospectively conducted clinical trials comparing the magnetic with
the standard technique for SLNB in patients with breast cancer.

Seven studies were included. The magnetic technique was non-inferior to the standard tech-
nique (z = 3-87, P < 0-001), at a 2 per cent non-inferiority margin. The mean identification rates for
the standard and magnetic techniques were 96-8 (range 94-2-99-0) and 97-1 (94-4-98-0) per cent respec-
tively (risk difference (RD) 0-00, 95 per cent c.i. —0-01 to 0-01; P = 0-690). The total lymph node retrieval
was significantly higher with the magnetic compared with the standard technique: 2113 (1-9 per patient)
versus 2000 (1-8 per patient) (RD 0-05, 0-03 to 0-06; P = 0-003). False-negative rates were 10-9 (range
6-22) per cent for the standard technique and 8-4 (2-22) per cent for the magnetic technique (RD 0-03,
0-00 to 0-06; P = 0-551). The mean discordance rate was 3-9 (range 1-7-6-9) per cent.

The magnetic technique for SLNB is non-inferior to the standard technique, with a high
identification rate but with a significantly higher lymph node retrieval rate.
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caused by strict guidelines for the transport, handling and
disposal of the radiolabelled tracers®*. The blue dye can
obscure the surgical field and frequently leaves a blue skin
stain, which can take months to fade, or can be permanent.
There is also an up to 0-9 per cent risk of an adverse
reaction to blue dye’ and, as a result, some centres have
stopped using blue dye routinely. These drawbacks have
limited the uptake of SLNB worldwide. Although the

The standard technique for sentinel lymph node
biopsy (SLNB) is the dual technique, consisting of
subareolar, periareolar or peritumoral injections of
technetium-labelled nanocolloid (radiolabelled tracer)
and blue dye!. The dual technique has a sentinel node
identification rate of 96-4 per cent, with a false-negative

rate of 7-3 per cent’. However, it has several drawbacks.
The radiolabelled tracer (technetium-99 m) and its parent
isotope (molybdenum-99) have relatively short half-lives
of 6 and 66 h respectively, requiring frequent supply from
nuclear medicine centres. There are logistical challenges
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incidence of cancer is rising, the use of SLNB has reached
a plateau, with around 60 per cent of an estimated 500 000
patients with breast cancer in developed countries having
access to it’. This value falls to 5 per cent in China and is

even lower in developing countries®.
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Alternative methods for performing SLNB are there-
fore needed and several techniques are currently being
evaluated’. A novel magnetic technique is most promising,
using a superparamagnetic iron oxide (SPIO) magnetic
tracer injected into the breast and a handheld magnet-
ometer used during the operation. Proof of principle was
demonstrated using a prototype magnetometer® and this
research led to the development of a handheld magnet-
ometer and magnetic tracer that are certified for use
in Europe, Australia and New Zealand (Conformité
Européene (CE)- and Administration Therapeutic Goods
(ATG)-certified). The shelf-life of the magnetic tracer is
several years, but most importantly it is not radioactive
and can be administered by the surgeon. It is brown or
black and can also result in a colour change in the sentinel
node, depending on the timing of injection and dose used.
Non-inferiority compared with the standard technique was
first demonstrated in the SenttMAG Multicentre Trial?, a
first-in-woman trial. Since then, several additional clinical
trials have evaluated this technique. In this systematic
review and meta-analysis, the performance and utility of
the magnetic technique were evaluated and compared with
of the standard technique.

Search strategy and selection criteria

Using MEDLINE, PubMed, Embase and the Cochrane
online literature databases, a literature search was con-
ducted to identify all published evidence, up to April 2016,
on the use of the magnetic technique for SLNB in patients
with breast cancer. The medical subject heading (MeSH)
terms used were [‘breast cancer’ AND ‘sentinel lymph node
biopsy’ AND (‘nanoparticle”” OR ‘magnet” OR ‘mag-
netic®” OR ‘sentimag’)]. Search strategies were adapted to
each database’s search engine and no further search restric-
tions were applied. All articles were reviewed based on
title and abstract, and those meeting the inclusion criteria
were reviewed in full. References of included articles were
searched manually for new articles. The final search was
performed on 30 April 2016.

Studies were included if they fulfilled the following inclu-
sion criteria: prospectively conducted clinical trials using
the magnetic technique; comparing the magnetic tech-
nique with the standard technique (using either radio-
labelled tracer or blue dye alone, or a combination of both)
for SLNB in patients with breast cancer; obtained ethical
approval; and performed an appropriate sample size calcu-
lation. Articles without available full text were excluded, as
were conference proceedings, review articles, case reports,
editorial reports and letters to the editor.
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Data extraction

Each study was evaluated for eligibility by two reviewers,
who extracted study characteristics and outcomes for all
selected studies. A third reviewer verified the accuracy of
the extracted data. The first author of each study was con-
tacted for clarification if this was required. False-negative
rates were calculated for all studies and defined as the ratio
of missed involved nodes relative to the total number of
involved nodes retrieved during SLNB, expressed as a per-
centage. Reported concordance and reverse concordance
were checked for accuracy, and calculated for studies that
did not report them. The term concordance was defined
as the total number of successful SLNB procedures or
nodes identified by both the standard (radioisotope and
blue dye or radioisotope alone) and magnetic techniques,
divided by the total number of successful SLNB procedures
or nodes identified with the standard technique. Reverse
concordance was defined as the total number of successful
SLNB procedures or nodes identified by both the standard
and magnetic techniques, divided by the total number of
successful SLNB procedures or nodes identified with the

magnetic technique!”.

Quality assessment

The quality of studies was assessed using a modified version
of the Consolidated Standards of Reporting Trials (CON-
SORT) for non-inferiority and equivalency trials. Seven
criteria were used to assess the quality of the non-inferiority
trials using a modified CONSORT checklist, as discussed
by Mounsey and colleagues!!. Studies were included if they
covered at least four of seven criteria. Two reviewers per-
formed the assessment independently. In case of disagree-
ment, a consensual decision was reached with the senior
author.

Statistical analysis

All extracted data were tabulated and presented as
means and percentages. Numerators and denomina-
tors were provided to address the outcomes of included
studies. The R package was used for the quantitative
analyses'?. For sentinel lymph node (SLN) identifica-
tion, the Cochran—Mantel-Haenszel method was used
to test for an association between the two techniques. A
similar method was used for lymph node retrieval and
false-negative rate, across all studies. The fixed-effect
model was used to calculate the pooled outcome. The
probability for each variable was computed and the risk
difference (RD) with 95 per cent c.i. was calculated for
binary data variables. For a comparison of the magnetic
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technique against the standard technique for each study,
the %* test was used. A maximum I value of 30 per cent
identified low heterogeneity. Study-result heterogeneity
was shown in forest plots, displaying the RD estimates
of different outcomes. In case of high heterogeneity, a
random-effects model was used!*!14.

Using the pooled identification rate for all patients,
non-inferiority for SLNB rate with the magnetic technique
to the standard technique was calculated at a 2 per cent
non-inferiority margin'>.

Funding and risk of vested interest bias

The declared conflicts of interest, acknowledgements,
sources of funding and potential vested interests were
tabulated for each study. First authors were contacted to
verify this information. Online trial registration databases
were searched for any relevant study information, and trial
registration information was tabulated for each study.

Selection of studies

A total of 610 articles were identified from the literature
search (Fig. I). After reviewing the titles and abstracts, 599
articles were excluded, leaving a total of 11 articles for
full-text review. One study'® was excluded as there was no
documentation of ethics approval. Three more feasibility
studies*!171® were excluded owing to lack of an appropriate
sample size calculation. Seven articles™?~?* matched the
inclusion criteria and were available for meta-analysis.

Quality assessment

The quality of the six non-inferiority trials” 19723 was

assessed using the modified CONSORT checklist.
These six studies described the rationale for using a
non-inferiority design and the non-inferiority margin
used. All six studies formulated the hypothesis and statis-
tical analysis correctly, and performed a sample size cal-
culation. Per-protocol analysis was used for all studies
as all patients included received both treatments. These
six studies satisfied all quality criteria set by the modified
CONSORT checklist. One article?* reported a feasibility
study that was set up in a similar way to the non-inferiority
trials, and was therefore assessed using the CONSORT
checklist. This study scored 6 of 7 (it did not recruit the
115 preset cohort size) and was not considered of high
quality for execution. The mean score for all studies was
6-9 of 7 (Tuble I).

© 2016 BJS Society Ltd
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Fig. 1 PRISMA diagram showing selection of articles for review

Study characteristics

The seven studies included a total of 1118 patients
and 1122 SLNB procedures. All studies were published
between 2014 and 2016, and included 1041 patients (93-1
per cent) with invasive breast cancers. SLNB was per-
formed in combination with breast-conserving surgery in
772 patients (69-1 per cent) (Zable 2), with mastectomy in
175 padents (15-7 per cent), alone in 20 patients (1-8 per
cent) and type of surgery was unknown for 151 patients
(13-5 per cent). A total of 2298 SLNs were excised, giving
a mean lymph node retrieval rate of 2-1 nodes per patient

(Table 3).

Sentinel lymph node biopsy procedure

All studies used 2-0ml of magnetic tracer (Sienna+®;
Endomagnetics, Cambridge, UK) administered as a
subareolar or periareolar, subcutaneous injection during
the procedure, as described in the SentMAG Muld-
centre 'Trial” (Table2). For the standard technique,
three studies®?3?* administered Patent Blue V (Guer-
bet, Villepinte, France) in accordance with each centre’s
protocol, subsequent to the radiolabelled tracer injection,
which was followed by a 5-min massage. One study'® used
methylene blue in accordance with each centre’s protocol

www.bjs.co.uk B7S2016; 103: 14091419
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Table 1 Modified version of the Consolidated Standards of Reporting Trials for non-inferiority or equivalency trials according to

recommendations by Mounsey et 4. i

Douek Thill
etal® et al.?!
Rationale for using a non-inferiority or Yes Yes
equivalence design
Non-inferiority margin based on clinical and Yes Yes
statistical reasoning
Correctly formulated hypothesis and Yes Yes
statistical analysis
Sample size calculation Yes Yes
Non-inferiority trial similar to the trial(s) Yes Yes
comparing standard treatment with placebo
Per-protocol analysis used Yes Yes
High-quality overall design and execution Yes Yes

*Feasibility trial executed in similar way to the other non-inferiority trials.

(manufacturer not specified), and three studies’*~?? did
not administer any additional blue dye and used only
radiolabelled tracer. All studies injected radiolabelled
tracer in accordance with each centre’s standard of care,
with no standardization of technique or dose of radio-
isotope between centres. Specification of the tracer and
method of injection was provided in six studies”?0~%4,
in which technetium-99 was injected either subareolarly
or peritumorally. Three studies”!*?* used the standard
technique only after SLNB had been performed with the
magnetometer and for ex vivo verification. The other four
studies?! 72 used the magnetometer simultaneously with
the standard technique.

Four studies’®~22?* performed lymphoscintigraphy
before SLNB, in two studies™! lymphoscintigraphy was
not reported, and in the remaining study®* lymphoscinti-
graphy was not undertaken routinely. Two studies?***
blinded the surgeons to the lymphoscintigraphy results
until SLNB had been performed with the magnetic
technique.

Identification and node retrieval rate

The mean SLNB identification rate for the pooled data,
using the standard and magnetic techniques combined, was
98-8 (range 98-1-100) per cent (1able 3). The mean SLNB
identification rates for the standard and magnetic tech-
niques alone were 96-8 (94-2-99-0) and 97-1 (94-4-98-0)
per cent respectively. There was no heterogeneity for iden-
tification rates (I = 0 per cent), and the overall fixed-effect
model showed no significant difference between the two
techniques (RD 0-00, 95 per cent c.i. —0-01 to 0-01;
P=0-690) (Fig. 2a). With a non-inferiority margin of 2
per cent, the pooled data showed that the magnetic tech-
nique was non-inferior to the standard technique (z=3-87,
P <0-001).

© 2016 BJS Society Ltd
Published by John Wiley & Sons Ltd

Rubio Pinero-Madrona Ghilli Houpeau Karakatsanis

et al.?® etal.® et al.?? et al.?4* et al.®®
Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
Yes Yes Yes No Yes

The mean lymph node retrieval rate per patient was 2-1
(range 1-8-2-5) nodes with the standard and magnetic
techniques combined, 1-8 (1-:6-2-0) nodes with the stan-
dard technique and 1-9 (1-6-2-2) nodes with the magnetic
technique (7able 3). The studies showed high heterogene-
ity (I =70 per cent); hence a random-effects model was
used. The total number of lymph nodes retrieved was
significantly higher with the magnetic technique (2113
versus 2000 with standard technique) (RD 0-05, 0-03 to
0-06; P=0-003) (Fig. 2b).

Mean concordance and mean reverse concordance rates
were 98-2 (range 96-1-99-3) and 97-9 (95-7-99-4) per cent
respectively. Nodal concordance was 95-5 (90-2—98-5) per
cent and reverse nodal concordance was 90-3 (83-0-94-5)
per cent (Table 3).

Histopathology

A total of 323 patients (28-9 per cent) had involved sentinel
nodes (micrometastasis or macrometastasis), 14 patients
(1-3 per cent) had isolated tumour cells and the histo-
logical status of nodes was unknown!? for two patients
(02 per cent). One study?® reported on the number of
involved nodes, specifying micrometastases, macrometas-
tases and isolated tumour cells. Three studies®?*** pro-
vided information only on patients with micrometastases
and macrometastases, and the other three studies!®?!-22
reported the number of patients with involved nodes with-
out specifying micrometastatic or macrometastatic involve-
ment. The total number of involved nodes in two studies®°
was retrieved from source trial data.

The total number of involved nodes in all studies was 430
(18-7 per cent), of which 36 (1-6 per cent) were missed by
the magnetic technique and 47 (2-0 per cent) by the stan-
dard technique. Mean false-negative rates were 10-9 (range

www.bjs.co.uk B7S2016; 103: 14091419
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Table 2 Study characteristics

Reference Study type

Douek etal.?  Non-inferiority
cohort study

Thill et al.? Non-inferiority

cohort study

Rubio et al.?®  Non-inferiority

cohort study

Pinero- Non-inferiority
Madrona cohort study
etal.’®

Ghilli et al.?? Non-inferiority

cohort study

Houpeau Feasibility
et al.?* cohort study

Karakatsanis
etal.®®

Non-inferiority
cohort study

No. of patients
initially recruited
(SLNB
procedures)

161 (170)

150 (-)

120 (-)

181 (-)

199 (203)

115 (=)

206 (206)

Breast-
conserving
surgery*

92 0f 160 (57-5) 35 of 160 (21-8) 146 of 160 (91-3)

154 (102-6)t

103 (85-8)

130 (71-8)

190 of 193
(98-4)

103 of 108
(95-4)

154 (74-8)

No. of
patients

with axillary
metastasis®

35 (23-3)

36 (30-0)

60 (33-1)

57 of 193
(29-5)

46 of 108
(42-6)

54 (26-2)

No. of
patients

with invasive
cancer”

131 (87-3)

108 (90-0)

180 (99-4)

182 of 193
(94-3)

105 of 108
97-2)

189 (91-7)

Standard technique

1413

Magnetic technique

Patent Blue V (by only  Periareolar—

5 of 7 centres, 1 of 7
used it selectively;
subareolar injection)
Technetium-99 m
tracer (subareolar, 1
centre also used
peritumoral—
subdermal injection)
Technetium-99 m
tracer only
(periareolar or
peritumoral—
subdermal injection)

Technetium-99 m
tracer only
(subareolar injection)

Methylene blue (use
depending on
centre)

Radiolabelled tracer
(type not stated)

Technetium-99 m
tracer only
(periareolar or
peritumoral—
subdermal injection)

Technetium-99 m
tracer (periareolar
injection)

Patent Blue V sodium
salt); one-quarter of
centres used it only
if there was no
sentinel node
detected on
lymphoscintigraphy

Technetium-99 m
tracer (subareolar,
subdermal or
subcutaneous)

Patent Blue V
sodium salt

subcutaneous
injection 2 ml
Sienna+® (diluted
with 3 ml saline),
during surgery a
minimum of 5 min
before SLNB
procedure

Subareolar injection

2ml Sienna+®
(diluted with 3ml
saline), during
surgery a minimum
of 20 min before
SLNB procedure

Subareolar injection

2ml Sienna+®
(diluted with 3ml
saline), during
surgery a minimum
of 20 min before
SLNB procedure

Subareolar injection

2 ml Sienna+®
(diluted with 3 ml
saline), during
surgery a minimum
of 20 min before
SLNB procedure

Subareolar injection

2ml Sienna+®
(diluted with 3 ml
saline, according to
manufacturer’s
instructions), during
surgery a minimum
of 20 min before
SLNB procedure

Periareolar injection

2ml Sienna+®
(diluted with 3ml
saline), during
surgery

Subareolar injection

2ml Sienna+®
(diluted with 3ml
saline), during
surgery a minimum
of 20 min before
SLNB procedure

*Values in parentheses are percentages, based on number of patients actually included in studies. Number of patients having breast-conserving
procedures exceeded number of recruited patients in published report. SLNB, sentinel lymph node biopsy; n.s., not stated.

© 2016 BJS Society Ltd
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Table 3 Study outcomes

No. of SLNB
patients identification rate (%)
(SLNB Discor-

Reference procedures) Total STD MG dance (%)*

Douek 160 98-1 95.0 94.4 6-9 (11
etal® (160) (157 of (152 of (151 of of 160)

160) 160) 160)
Thill et al.2' 150 98.7 973 980 2.0
(150) (148 of (146 of (147 of of 150)

150) 150) 150)

Rubio 120 98-3 94.2 96-7 5-8(7
et al.?0 (120) (118 of (113 of (116 of of 120)

120) 120) 120)

Pinero- 181 98-3 97-8 97-2 173
Madrona (181) (178 of (177 of (176 of of 181)
etal.® 181) 181) 181)

Ghilli 193 100 99.0 98-0 316
et al.?? (197) (197 of (195 of (193 of of 197)

197) 197) 197)

Houpeau 108 98-1 95.4 97.2 374

et al.?* (108) (106 of (103 of (105 of of 108)
108) 108) 108)
Karakatsanis 206 995 971 97-6 4.9 (10
et al.®® (206) (205 of (200 of (201 of of 206)
206) 206) 206)
Overall 1118 98-8 96-8 971 39
(1122) (1109 of (1086 0f (1089 of (44 of
1122) 1122) 1122) 1122)

A. Zada, M. C. L. Peek, M. Ahmed, B. Anninga, R. Baker, M. Kusakabe et al.

Reverse
LNs retrieved False- Concor- concor-
per patient{ negatives (%) dance dance
by patient by patient
Total STD MG STD MG (node) (%) (node) (%)
2-5 19 2.0 22 (15 22 (15 96-1 96-7
of 67) of 67) (90-2) (83-0)
1.9 1.8 19 9 (4 of 4 (2 of 99.3 98-6
1-9 (1-9) 45) 45) (98-5) (92-9)
2:4 1-9% 2-2% 6 (2 of 3(1of 982 95.7
36) 36) (96-1) (83-7)
1-8 16 16 12 (9 of 9 (7 of 98-9 99-4
(1-5) 76) 76) (95-4) (92-2)
19 1.8(1:0) 1-8(1.:0) 6 (5 of 5 (4 of 979 98-9
0-4) (0-9) 77) 77) (95-6) (94-5)
2-1(0-9) 2-01-0) 1-9(1-0) 11 (7 of 2 (1 of 99.0 971
61) 61) 97-4) (90-4)
2.0 1-8 1-8 7 (5 of 9 (6 of 98-0 97-5
68) 68) (95-9) (93-9)
21 1-8 19 109 8-4 982 979
(47 of (36 of (95-5) (90-3)
430) 430)

*Calculated for intraoperative results and per procedure. TLymph nodes (LNs) retrieved during sentinel lymph node biopsy (SLNB). $Median. STD,

standard technique; MG, magnetic technique.

6-22) per cent for the standard technique and 8-4 (2-22)
per cent for the magnetic technique. The weighted mean
discordance was 3-9 (range 1-7-6-9) per cent (Table 3).
There was a trend towards a lower false-negative rate in
favour of the magnetic technique, but this was not statis-
tically significant (RD 0-03, 95 per cent c.i. 0-00 to 0-06;
P=0-551); there was no heterogeneity (I =0 per cent).

Complication rate

SLNB-related in all
studies™?72*. Douek and colleagues’ reported blue
urticaria in two patients, and an adverse event that could
have been related to either the magnetic tracer or blue
dye in one patient. Ghilli etal?’> documented brown
skin staining (71 of 150 patients), which disappeared
over time (15), attenuated (50), enlarged (1) or remained
unchanged (5). Thill and co-workers’! did not report
any dye- or tracer-related adverse events, Rubio and
colleagues® reported grey staining in 20 of 105 patients,
and Pinero-Madrona et 4..' noted transient staining in an
unknown number of patients. Houpeau and colleagues®*
reported postoperative brown dermal pigmentation

adverse events were recorded

© 2016 BJS Society Ltd
Published by John Wiley & Sons Ltd

(22 of 108 patients). Karakatsanis ez #.>* documented
discoloration in 66 (35-5 per cent) of 186 patients during
follow-up between 0 and 3 months, 39 (21-0 per cent) after
12 months and 16 (8-6 per cent) after 15 months, following
which discoloration was noted to be smaller and paler.
None of the studies reported MRI artefacts as an adverse
event. However, one study®’ reported a magnetometer
count in all patients with cutaneous discoloration noted
during follow-up, which is expected to cause MRI artefacts.

Disadvantages of the magnetic technique were dis-
919202224 quch as the relatively
large diameter of the magnetometer’s handheld probe
resulting in larger surgical incisions, the time-consuming
frequent balancing of the magnetic baseline level required
for a correct localization, the requirement for use of
plastic alternatives instead of standard surgical retrac-
tors, and the role of lymphoscintigraphy in successful
SLN localization.

cussed in six studies

Conflicts of interest and vested interest bias

All studies received free magnetic tracer and hand-
held magnetometers on loan from the manufacturer or

www.bjs.co.uk B7S2016; 103: 14091419
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Reference No. of patients RD Weight (%)
Douek et al.? —a—— 160 ~0-01 (~0-02, 0:01) 14-31
Thill et al.2? '—:—D_‘ 150 0-01 (-0-01, 0-02) 13-42
Rubio et al.20 : o 120 003 (~0-01, 0-04) 1073
Pinero-Madrona et al.'® —— 181 ~0-01 (-0-02, 0:01) 1619
Ghilli et al.22 '—D—:‘ 193 —0:01 (-0-02, 0-00) 17-26
Houpeau et al.24 ' : o 108 0-02 (~0-02, 0-05) 9-66
Karakatsanis et al.23 : = 206 0-00 (-0-02, 0-03) 18-43
Overall . —— . . 1118 0-00 (=0-01, 0-01) 100

-0-05 0 0-03 0-06 ¥2 =389, 6d.f., P=0690;2=0%

Favours standard Favours magnetic

a Procedure identification rates
Reference No. of lymph nodes RD Weight (%)
Douek et al.? | o 404 0-06 (0-02, 0-11) 17-58
Thill et al.2! | —— 291 0-06 (0-02, 0-09) 12:66
Rubio et al.20 | —_— 287 012 (007, 0-17) 12:49
Pinero-Madrona et al.1® : o 319 0-03 (-0-01, 0-07) 13-88
Ghilli et al.22 '—}—D—‘ 380 0-01 (-0-02, 0-04) 16-54
Houpeau et al.24 | o 214 0-07 (0-03, 0-11) 9-31
Karakatsanis et al.23 '—l—D—' 403 0-02 (-0-01, 0-05) 17-54
Overall | : D—D—Ii . | 2298 0-05 (0-03, 0-06) 100

-0-05 0 0-05 0-1 0-15 ¥2 =20-26, 6 d.f., P = 0-003; 2 = 70%

Favours standard Favours magnetic

b Lymph node retrieval rate
Reference No. of involved nodes RD Weight (%)
Douek et al.? o 67 0-00 (-0-09, 0-09) 15-85
Thill et al.2! : o 45 0-04 (~0-02, 0-10) 10-46
Rubio et al.20 —o 36 0-03 (-0-07, 0-12) 837
Pinero-Madrona et al.1® : = 76 0-03 (-0-04, 0-09) 17-67
Ghilli et al.22 : 5 77 0-01 (—0-06, 0-09) 17-90
Houpeau et al.24 : = 61 0-10 (0-01, 0-19) 14-19
Karakatsanis et al.23 = : i 68 —0-01 (—0-08, 0-05) 15-81
Overall | —— | | 430 0-03 (0-00, 0-06) 100

-0-1 0 0-05 0-1 0-2 ¥2=494,6d.f., P=0551;2=0%

Favours standard Favours magnetic

C False-negative rate

Fig. 2 a Risk difference (RD) analysis of sentinel lymph node (SLN) biopsy identification rates by magnetic versus standard technique
(fixed-effect model); b RD analysis of total lymph nodes excised using magnetic versus standard technique (random-effects model);
¢ RD analysis of discordant identification of involved nodes (false-negatives) using magnetic versus standard technique (fixed-effect

model). RD values are shown with 95 per cent confidence intervals

distributor. The first-in-woman study, the SeniMAG
Multicentre Trial’, was funded via an unrestricted edu-
cational grant from the manufacturer, but was sponsored
academically with no commercial involvement at any stage
of the trial design, management, analysis or publication.
This study had a Trial Management Committee and an

© 2016 BJS Society Ltd
Published by John Wiley & Sons Ltd

Independent Data Monitoring Committee. It received
purely academic input from the Professor of Physics at
University College London and one of the inventors of the
handheld magnetometer (Q. Pankhurst). In one study?!
the first author received consultant and speaker honoraria.
Involvement of industry in the process of data analysis
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or the actual writing (including revision of the English
language) of the published manuscript occurred in two
studies?!?2. One study’* was supported by Sysmex Europe
(Norderstedt, Germany), which accompanied surgeons
as an observer for the first five patients in each centre.
In a further two reports?>?* the sponsor of the trial was
not noted. The potential conflicts of interest and risk of
vested interest bias are summarized in Table S1 (supporting
information).

The mean sentinel node identification rates were high
with both the standard and magnetic technique, (96-8 and
97-1 per cent respectively) and the magnetic technique
was non-inferior to the standard technique at a 2 per cent
non-inferiority margin. This identification rate is in line
with the high identification rates observed with the stan-
dard dual technique in the AMAROS (After Mapping of
the Axilla: Radiotherapy Or Surgery) Trial (97-3 per cent)®
and in a large systematic review (96-4 per cent)’. However,
in the present analysis lymph node retrieval was signif-
icantly higher with the magnetic technique (2113 nodes
versus 2000 nodes with standard technique; RD 0-05, 95
per cent c.i. 0-03 to 0-06; P =0-003), which is undesirable,
but there is no evidence of any negative impact of this on
morbidity?S. Although not significant, the false-negative
rate for the magnetic technique was lower than that of the
standard technique, which could be explained by the higher
lymph node retrieval. The false-negative rates obtained
with both the magnetic and standard techniques (8-4 and
10-9 per cent respectively) are high but cannot be compared
with the rate of 7-3 per cent for the standard technique
reported in a previous meta-analysis’, as this was analysed
against axillary clearance. If the observed reduction in the
false-negative rate is real, then 22 759 patients (McNemar
test, with 90 per cent power and 5 per cent significance)
would be needed, rather than the 1118 patients recruited in
the seven studies so far, to demonstrate that the magnetic
technique does indeed have a lower false-negative rate.
Complications and adverse reactions were reported in
all studies. Brown and grey skin coloration at the magnetic
tracer injection site was reported by five studies (179 of
549 patients)!??0-22=24 Most studies reported attenuation
of skin coloration, but in one study?’ the staining remained
unchanged or enlarged (6 of 150 patients). This was due
to residual magnetic tracer at the injection site, which
can cause MRI void artefacts; this complication was not
reported by any of the studies and became apparent more
recently?’. In most countries breast MRI is not used rou-
tinely in patients with early breast cancer and the magnetic
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tracer is not visible on conventional imaging (mammo-
graphy or ultrasonography), or on conventional histology.
However, in some countries (such as Germany), breast
MRI is used routinely, although this was not reported
as an issue in the Central European Study’!. Subareolar
injections may have a higher risk of void artefacts than
intratumoral or peritumoral injections of small magnetic
tracer volumes, because the tumour area is excised. All
seven studies used the original 2 ml of magnetic tracer and
dilution described by Douek and colleagues’. However,
it is feasible to perform SLNB using lower doses injected
intratumorally, although this may influence identifica-
tion rates negatively*. With greater use of 3-tesla MRI,
void artefacts may have a negative clinical impact. More
research should clarify the patient cohort eligible for the
magnetic technique and optimize the amount of magnetic
tracer required. Based on current evidence, the magnetic
technique should not be used in patients undergoing
SLNB before primary chemotherapy (if MRI is used to
assess response to treatment), those undergoing breast
MRI surveillance (such as BRCA mutation carriers) or
those with a mammographically occult tumour at diagno-
sis, in whom MRI may be required for further assessment
or follow-up imaging.

Lymphoscintigraphy cannot be undertaken without
radioisotope tracer. Even though the need for lympho-
scintigraphy for successful SLN localization has been
subject to debate, if needed this procedure can be replaced
by preoperative SLN localization on MRI, a technique
for which feasibility was demonstrated recently?®?%.
Lymphoscintigraphy is no longer performed routinely,
as shown here: only five of the included studies?®~2*
reported using it in a proportion or the whole cohort of
patients. Furthermore, in two studies’®?* the surgeons
were blinded to the lymphoscintigraphy results in order
not to bias them.

The diameter of the magnetometer probe used in the
existing studies was relatively large. The manufacturer
has resolved this and reduced the probe size in the cur-
rent version of the magnetometer. However, other disad-
vantages, such as the need for frequent balancing of the
magnetic baseline level and the requirement for use of
plastic retractors during surgery, are difficult to resolve and
unavoidable.

Another concern with the magnetic technique is the max-
imum depth at which the magnetic signal can be detected,
both transcutaneously and after incision. The magnetome-
ter does not reach the same depth as a y probe, which can
have consequences for the identification of deeper nodes,
as demonstrated in the recently published MELAMAG
Trial®?. Patients with melanoma who required SLNB in
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the axillary basin had a lower SLN identification rate than
those who underwent SLNB in the groin basin, seemingly
owing to SLNs being located deeper in the axilla compared
with the groin.

There is strong evidence that studies funded by industry
produce a more favourable outcome for their product’!.
An important bias of all included studies was that they
received equipment support from industry. Two studies?!->*
were supported financially by industry; in one of these
the first author’! received honoraria. One of the stud-
ies supported by industry’' had the highest identifica-
tion rates for the magnetic technique (98-0 per cent) in
150 patients. Only three”?%?* of seven studies included
in this meta-analysis were registered online. Every-Palmer
and Howick?! suggested that trial registration should be
mandatory to improve evidence-based medicine.

The meta-analysis by Kim ez #/.% included 69 studies and
10454 patients. It showed that the use of a radiolabelled
tracer combined with blue dye had higher identification
rates and also led to lower false-negative rates than use
of the radiolabelled tracer alone. Only four studies’!%>324
included in the present systematic review used blue dye
subsequent to the radiolabelled tracer, and at centres where
blue dye was normally used for standard SLNB. Compar-
ison of the magnetic technique with use of radioisotope
alone would be expected to result in a lower rate of dis-
cordance between the two techniques, given that similar
injection sites are used (subareolar, peritumoral or intra-
tumoral), but this approach does not reflect current prac-
tice because the dual technique is regarded as the stan-
dard of care?. Studies that used blue dye, even those with
a protocol-driven requirement to carry out the procedure
initially with the magnetic technique’, suffer from bias as
the operator cannot ignore the presence of blue dye during
SLN identification. Furthermore, the distinct use of both
v probe and magnetometer devices becomes more difficult
when both are available in the operating room. This might
explain why the highest identification rates were obtained
in the studies?! =2* that performed the SLNB procedures
with both the magnetometer and y probes simultaneously.
Difterent ways of administering the magnetic tracer, wait-
ing time, the surgeon’s experience in using the magnetome-
ter, and the surgeon’s learning curve can all have a consider-
able effect on identification rates>'8. Furthermore, the blue
dye, radioisotope and magnetic tracer may be competing
for lymph nodes (depending on which dye is injected first),
and there are differences in injection sites, which also have
a negative impact on discordance.

Owing to the absence of radioisotope and nuclear
medicine dependence, the magnetic technique should in
theory be cheaper than the standard technique. A detailed
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cost-effectiveness analysis is required before clinical imple-
mentation. No cost-effectiveness analysis has yet compared
the magnetic technique with the standard technique.

Teshome et al.3? reviewed some of the published trials
comparing the magnetic technique with the standard tech-
nique, and performed a meta-analysis showing a strong
agreement between both techniques in identifying SLNs
by patient (prevalence-adjusted bias-adjusted k (PABAK)
0-94, 95 per cent c.i. 0-89 to 0-98) and detecting malig-
nant SLNs by patient (PABAK 0-89, 0-84 to 0-95), and
a moderate to substantial agreement for SLN detection
by node (PABAK 0-68, 0-54 to 0-82). The authors stated
that all trials used the same method of identification. The
optimal approach is to use the magnetic technique first
to demonstrate that it works and then use the y probe to
confirm whether any nodes were missed. This approach
was used in only three”!*? of the studies included in the
present meta-analysis. The other four studies?! ~** used
the magnetometer simultaneously with the standard tech-
nique. The statistical analysis used by Teshome et al.3
assumes that the two SLNB techniques are independent
of each other, which is not the case when the techniques
are used synchronously on the same patients. The RD
and fixed-effect model used here provide a more pow-
erful test, which does not make this assumption. With
respect to blue dye, it is not possible to blind the surgeon.
This inability to blind the surgeon was confirmed using
the Cochran—Mantel-Haenszel test for association in this
meta-analysis. Furthermore, Teshome et #/.? did not con-
sider or assess potential vested interest bias in their review.

In addition to their study of 206 patients, Karakatsanis
and colleagues®® performed a meta-analysis of the mag-
netic technique compared with the dual standard tech-
nique including the same articles as analysed here. The
Nordic study meta-analysis found similar SLN identifica-
tion rates (98-0 and 97-3 per cent for the SPIO and standard
technique respectively; fixed odds ratio (OR) 1-10, 95 per
cent c.i. 0-67 to 1-79; P=0-71) and concordance rates per
patient (Z=0-22, P=0-82) for both techniques. Further-
more, a higher nodal detection rate was found for the mag-
netic technique (97-3 versus 91-9 per cent; OR 1-84,1-37 to
2-47; P<0-001). The statistical methods used by Karakat-
sanis et al.”* were appropriate but they did not consider the
importance of potential bias or evaluate complication rates
across the studies.

The aforementioned biases can be resolved with a
non-commercial RCT?, in which the magnetic tech-
nique is compared with the dual technique and specific
requirements are set for participating centres, to ensure
sufficient experience with both techniques before random-
ization. This is a simple approach given the ease of patient
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recruitment observed in all studies and the fact that end-
points are self-evident at the end of the SLNB procedure.
There have been no published studies using the magnetic
technique alone, but a weakness of such a cohort trial
would be lack of comparative data on the standard tech-
nique. It is no longer ethical to require formal axillary
lymph node dissection to assess the false-negative rate of
the magnetic technique. After publication of a RCT, a
phase IV postmarketing registry could provide valuable
additional prospective data on the magnetic technique.
"This approach would also provide feedback to the manu-
facturer in line with their responsibilities. The results of
this meta-analysis suggest the magnetic technique to be
feasible, but its performance should now be evaluated in a
non-commercial RCT before clinical implementation.

A.Z.and M.C.L.P. are joint first authors of this article.
Disclosure: The authors declare no conflict of interest.
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