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Purpose of the assessment report

The purpose of this External Assessment Centre (EAC) report is to review and
critically evaluate the Company’s clinical and economic evidence presented in the
submission to support their case for adoption in the NHS. The report may also
include additional analysis of the submitted evidence or new clinical and/or economic
evidence. NICE has commissioned this work and provided the template for the
report. The report forms part of the papers considered by the Medical Technologies
Advisory Committee when it is making decisions about the guidance.
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Executive summary

In this assessment report, “Company” refers to Endomag. “EAC” refers to the
Newcastle External Assessment Centre, the authors of this assessment report.
“Clinical experts” refers to individuals, approved by NICE, who advised the EAC in

the preparation of this report.

The Magtrace and Sentimag system (Endomag) is a dual tracer system intended to
help locate sentinel lymph nodes (SLNs) during sentinel lymph node biopsy (SLNB)
procedures for cancer staging. Magtrace is a dark brown liquid containing
superparamagnetic iron oxide (SP10) with a carboxydextran coating that can be
identified with the use of a handheld Sentimag magnetic sensing probe. The dark
brown-black colouration of Magtrace also assists visual identification. Currently in the
NHS, a dual tracer comprising a radioisotope (Technetium-99m with a half-life of 6
hours) and blue dye is used with a handheld gamma probe to identify SLNs during
SLNB. The benefits of the Technology claimed by the Company include improved
efficiency in the use of NHS facilities and staff resources due to the lack of reliance
on Nuclear Medicine departments and prolonged injection window associated with

Magtrace (which can occur up to 30 days prior to the SLNB procedure).

The Company identified 31 papers from their literature search; the EAC considered
10 of these out of scope and identified an additional 15 papers from an independent
search. In total, 36 publications (18 non-randomised controlled trials, 16 cohort, 1
paired and 1 validation study), 9 of which were available in abstract form only, were
included. A total 4,202 patients were included across the 36 included studies, with
sample sizes ranging from 10 to 371 patients. Four papers were from the SentiMAG
study based in the UK and the Netherlands. Only one abstract was UK-based. Study
comparators were varied with dual tracer (N=4), radioisotope alone (N=11), and a
combination of dual tracer and radioisotope alone with outcomes not reported
exclusively (N=6). The majority of comparative evidence studies used Magtrace and
the radioisotope technique in the same patients (N=18). Fourteen non-comparative
studies were included for adverse events and patient reported outcomes.

The EAC identified there is evidence supporting the non-inferiority of Magtrace with
Sentimag to the current dual tracer standard of care for detection of SLNs including
those that are malignant. There is a lack of robust comparative evidence to
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determine the impact of the use of Magtrace on the SLNB procedure time. Meta-
analysis performed by the EAC did not identify significant evidence to suggest that
the number of nodes excised differs between methods. The EAC identified no
published evidence that directly compares skin staining outcomes of Magtrace with
blue dye although note that published evidence and opinion from Clinical experts
does not identify skin staining as a significant problem for patients. There are no
significant safety concerns relating to the technology, although the EAC identified six

published studies that reported imaging artefacts associated with the use of SPIO.

The Company developed a cost-minimisation analysis, which estimated that use of
Magtrace would lead to a cost-saving of £105 per procedure (Magtrace £240 versus
dual technique £345); driven by the inclusion of opportunity costs. The EAC
considered that the Company base case analysis was developed from the
perspective of a hospital without on-site Nuclear Medicine only, did not consider risk
of anaphylaxis in the comparator arm, and did not consider the costs associated with
the SLNB procedure. The EAC formulated the Company economic model into a
decision tree structure to permit additional sensitivity analysis. The EAC base case
found Magtrace to be cost-saving by £78.90; with cost-savings representing 3% of
the cost of a SLNB procedure, Magtrace £2,488.83, Dual technique £2,567.73; also
driven by the inclusion of opportunity costs. Univariate threshold analysis conducted
by the EAC highlighted that the economic case is sensitive to changes in
parameters: including the setting of the Magtrace injection, the proportion of
hospitals realising one additional SLNB procedure weekly (opportunity costs). EAC
modelling confirmed that high SLNB volume centres are likely to experience lower
cost-savings (600 procedures annually saving £33 per procedure). Results from
limited PSA, in which only three parameters were varied due to lack of available data
confirmed Magtrace to be cost-saving at £79.51 [95%CI -£119.92 to -£41.02].
However, removal of opportunity costs results in Magtrace being cost-incurring when
compared to dual technique. The EAC considers that opportunity costs associated
with additional procedures may not be realised at all NHS hospitals conducting
breast surgery, and that Nuclear Medicine facilities will continue to be required to
deliver standard of care (dual tracer) to patients contraindicated to Magtrace. Special
considerations may be required for patients where future MRI for routine surveillance

is likely, due to the potential risk of Magtrace masking imaging.
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1 Decision problem

The Company has not proposed any variation to the decision problem specified in
the final scope (NICE MT568 Final Scope, 2021), Table 1.

Table 1: Scope of the decision problem

Decision Scope Proposed variation in
problem Company submission
Population People with high-grade ductal No variation.

carcinoma in-situ or invasive breast
cancer having a sentinel lymph

node biopsy.
Intervention Magtrace and Sentimag. No variation.
Comparator(s) Technetium-99m in combination with No variation.
blue dye.
Outcomes The outcome measures to consider No variation, Company clarified:
include: e Detection rate: the per-
e sentinel lymph node detection rate patient proportion of SLNB

operations in which one or
more sentinel lymph nodes
successfully identified and

e mean number of sentinel
lymph nodes retrieved

perprocedure
resected.
o time taken for SLNB procedure o Number of nodes: the per-
e patient-reported outcome measures patient mean number of
e device-related adverse events. sentinel nodes identified
and resected during SLNB
procedure.

e Procedure time: per-patient
mean time taken to
complete the SLNB
procedure.

Cost analysis Costs will be considered from No variation
an NHS and personal social
services perspective.
The time horizon for the cost
analysis will be long enough to
reflect differences in costs and
consequences between the
technologies being compared.
Sensitivity analysis will be undertaken
to address uncertainties inthe model
parameters.
Subgroups to Not applicable. No variation.

be considered
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Special
considerations,
including those
related to
equality

People with cancer are protected under
the Equalities Act 2010.

People who may experience
anaphylaxis as an adverse reaction to
blue dye would currently be given
Technetium-99m only or a four-node
axillary sample. Magtrace and
Sentimag could offer analternative
treatment option for this group.

Known contraindications include
people with known hypersensitivity to
iron oxide or dextran compounds,
people with iron overload disease and
people with a metal implant in the axilla
or in the chest. This may be
recognised as an equality issue as
some people may be excluded from
treatment with the technology.

Magtrace and Sentimag may improve
access to healthcare services as it
could be used in smaller sites where
there is not access to nuclear
medicine. Currently, healthcare
settings must have systems in place to
handle, store and dispose of
radioactivesubstances.

The broader timing for the injection of
Magtrace, between 1 and 30 days
before surgery, may improve
management of healthcareresources
related to the procedure. Outcomes
relevant to servicedelivery, efficiency
gains and resource use could also be
considered as part of the economic
model.

Technetium-99m is not always
available and is usually preparedand
used on the same day as the
procedure. Where there is a shortage
of Technetium-99m, blue dye is used
alone. The dual technique has been
shown to improve the rate of
identification of SLNs.

No variation.

Special
considerations,
specifically
related to
equality

Are there any people with a No.
protected characteristic for
whom this device has a
particularly disadvantageous
impact or for whom this device
will have a disproportionate
impact on daily living,
compared with people without
that protected characteristic?

No variation.
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Are there any changes that No. | No variation.
need to be considered inthe
scope to eliminate unlawful
discrimination and topromote
equality?

Is there anything specific that No. | No variation.
needs to be done now to
ensure the Medical
Technologies Advisory
Committee will have relevant
information to consider equality
issues when developing
guidance?

No specific equality issues have been No variation.
identified relating to usingthe device.

Any other When injected directly into the No variation.
special bloodstream, the presence of
considerations Magtrace may cause image artefacts
to present during Magnetic
Resonance Imaging (MRI) of the
injection and drainage site.

Abbreviations: MRI, magnetic resonance imaging; SNLB, sentinel lymph node biopsy; SLNs,
sentinel lymph nodes;

The EAC has made the following clarifications on other aspects of the scope:

- Intervention: Evidence relating to previous versions of Magtrace (Sienna+,
Sienna XP) and Sentimag (Sentimag Generation 1) is relevant to the
decision-making within this report. The Magtrace Instructions for Use (IFU)
advises on the use of 1.0 ml or 2.0 ml to be administered pre-operatively
within 30 days of the procedure or 2.0 ml injected intraoperatively followed by
5 minutes of vigorous massage at the injection-site. Any study or subgroup
that included a dosage or administration of Magtrace outside of the
technology IFU (for example, 0.5 ml or 1.5 ml; 1.0 ml intraoperatively) were
considered out of scope and were excluded from this review.
Superparamagnetic iron oxide (SP10)-enhanced MRI is also considered out of

scope if this assessment report.

- Comparator: Technetium-99m (Tc-99m) in combination with blue dye (dual

technique) represents standard of care in the NHS (NICE NG101) and is most

relevant to the decision problem. However, additional evidence comparing to
Tc-99m alone will be summarised as potential subgroup (relevant to patients
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with allergy to blue dye). The EAC note that there is no blue dye currently
licensed for human use in SLNB in the UK and this is considered off-label use
of the technology (MHRA). Patent Blue V, manufactured by Guerbet, is
approved for use in Canada to label lymphatic vessels, arterial territories, and
lymph nodes prior to biopsy in some cancers (DrugBank). Methylthioninium
chloride (formerly called methylene blue) is approved for the management of
drug-induced methaemoglobinaemia in adults; other uses are not covered by
the product license (MHRA). Five manufacturers have Isosulfan Blue products
that are currently approved for use by the FDA. Studies comparing Magtrace
to blue dye alone are considered out of scope for this assessment due to
evidence that the use of blue dye alone as a mapping agent can result in high
false negative rates (Li et al. 2018, EAC Correspondence Log, 2022) and is
inferior to the dual technique (He et al. 2016; Hung et al. 2005). The Clinical
experts also report that very few patients decline the use of radioisotopes
(EAC Correspondence Log, 2022).
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2 Overview of the technology

The system, manufactured by Endomag, comprises tracer (Magtrace) and a
handheld magnetic sensing probe (Sentimag). Both are class lla medical
devices intended to help locate sentinel lymph nodes (SLNs) during sentinel
lymph node biopsy (SLNB) procedures for cancer staging. The system has
valid CE certification provided by a Notified Body until 26 May 2024.

Magtrace is a dark brown liquid containing superparamagnetic iron oxide
(SPIO) with a carboxydextran coating. Magtrace is injected into subareolar or
peritumoural interstitial tissues. The superparamagnetic particles are then
absorbed into lymphatic vessels and become trapped in SLNs. Magtrace
serves as both a magnetic marker and a visual dye due to the dark colour of

the particles.

During surgery, the Sentimag probe detects the tracer trapped in the lymph
nodes and guides the surgeon to remove them for biopsy. Sentimag uses
sounds of different pitches and a visual reading to indicate how close the
surgeon is to the tracer. The nodes often appear dark brown or black in

colour, which also helps identification.

Magtrace can be injected in the operating theatre 20 minutes before an SLNB
or up to 30 days before surgery (Magtrace IFU, EAC Correspondence Log,
2022). Recommended dosage, up to the maximum of 2 ml, depends on the
timing of administration. From the IFU, if using intraoperatively or on the day
of surgery the maximum 2 ml dose should be administered via subcutaneous
injection into either subareolar or peritumoural interstitial tissue followed with a
five minute vigorous massage of the injection-site. For subareolar injection,
surgeons should wait at least 20 minutes from injection before attempting
transcutaneous measurement of the axilla while peritumoural injection may
require a longer wait. If administering pre-operatively, the day before surgery
or earlier, a 1 or 2 ml dose of Magtrace can be injected into subareolar or
peritumoural interstitial tissue without need for massage (Magtrace IFU). Each
Magtrace vial contains 2 ml of Magtrace fluid. Intermediate dosages (for

example, 0.5 or 1.5 ml) are recognised in research only (EAC
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Correspondence Log, 2022). Magtrace may leave a brown bruise-like
colouration around the area of injection in some people, which may fade

(partially or completely) over time.

Previous versions of both the probe and tracer were available; the former
Sentimag (Generation 1) was launched in 2011 prior to the release of
Sentimag (Generation 2) in September 2012. Alterations in the latest version
include a longer probe cable, increased probe sensitivity, probe holder and
smaller probe diameter (Company Clinical Submission). Magtrace had two
previous versions, Sienna+ and Sienna XP, released in 2011 and 2013
respectively. The earliest version of Magtrace was diluted at time of surgery

whereas the later versions were pre-formulated (FDA Summary of Safety and

Effectiveness Data 2018; Sienna+ IFU). The Company state that there is no

difference in the iron nanoparticles in any of the iterations of Magtrace (EAC
Correspondence Log, 2022). The Company did not provide any direct
evidence for diagnostic accuracy equivalence between models additional to

that reported in the literature.

Following the administration of Magtrace, MRI studies of the injection and
drainage sites can be altered and this effect may be long-term (Magtrace IFU;
EAC Correspondence Log, 2022). The Company report that there are no
associated problems or specific considerations for patients receiving
Magtrace using body scanners typically found at airports (EAC
Correspondence Log, 2022).

The Company reports that as Magtrace is regulated as a medical device, it
was not required to undergo pharmacological studies. Magtrace was tested
for safety and biocompatibility (against EN ISO 10993-1 biological evaluation
of medical devices) and the Company claims that there are no associated
cytoxicity, sensitisation, irritation or intracutaneous reactivity, systemic toxicity,
subacute or subchronic toxicity or genotoxicity associated with Magtrace
(EAC Correspondence Log, 2022).
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3 Clinical context

SLNBs help to stage cancer that has spread to the lymph nodes. An SLN is

defined as the first lymph node to which cancer cells are most likely to spread
from a primary cancer. Sometimes there can be more than one SLN. SLNB is
a surgical procedure to remove one or more of the nodes. It is used in people

who have already been diagnosed with cancer.

NICE has published guidance on the use of SLNB for the management of
breast, skin and early oral cavity cancer. Specifically, SLNB is recommended

by NICE for the following groups:

. people with invasive breast cancer who had no evidence of lymph node

involvement on ultrasound or a negative ultrasound-guided needle biopsy

. people with stage 1B to 2C melanoma with a Breslow thickness of

more than 1 mm (considered out of scope for this assessment report)

. people with early oral cavity cancer (T1 to T2, NO), unless cervical
access is needed at the same time (considered out of scope for this

assessment report)

In current practice, a dual technique using both a radioactive isotope (Tc-99m)
and blue dye are commonly used to mark SLNs during SLNB. This aligns to
the NICE guideline on early and locally advanced breast cancer, which
recommends that the dual technique with radioisotope and blue dye should be

used when performing SLNB.

The following publications have been identified as relevant to this care

pathway:

. NICE quideline on early and locally advanced breast cancer: diagnosis

and management

. NICE guideline on melanoma: assessment and management

. NICE quideline on cancer of the upper aerodigestive tract: assessment

and management in people aged 16 and over
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The EAC contacted the Administration of Radioactive Substances Advisory
Committee (ARSAC) who confirmed (on 14/03/2022) that there are 163 NHS
sites with current employer licences under lonising Radiation (Medical
Exposure) Regulations. ARSAC confirmed that this included both Nuclear
Medicine and Brachytherapy services and does not include sites who may still
be operating in accordance with authorisations under the previous Medicines
Administration of Radioactive Substances Regulations (2006). ARSAC were
unable to release the names of these NHS sites, therefore the EAC are
unable to identify the proportion of NHS hospitals conducting breast surgery
who also have on-site access to nuclear medicine (EAC Correspondence Log,
2022). Patients under the care of NHS Trusts without on-site Nuclear
Medicine facilities, are required to travel to centres where Tc-99m is
administered, or Tc-99m is transported to the site where the SLNB procedure
is planned (EAC Correspondence Log, 2022). The Clinical experts note that
few patients decline radioisotopes and current NICE guidance (NG101) does
not identify any specific contraindications to the use of Tc-99m (EAC
Correspondence Log, 2022). Currently, where radioisotopes are not used
patients may undergo SLNB with blue dye alone, or axillary lymph node
dissection (ALND) (EAC Correspondence Log, 2022). The use of blue dye
alone as a mapping agent is considered inferior in terms of detection (He et
al. 2016; Hung et al. 2005) and some patients experience severe anaphylaxis
with blue dye. Compared to SLNB, ALND is less cost-effective (Perrier et al.
2004; Verry et al. 2012) and is associated with higher rates of morbidity
(Schrenk et al. 1999; Schulze et al. 2006; Veronesi et al. 2010) and post-
surgical side effects (Peintinger et al. 2003).

Special considerations, including issues related to equality

According to the Magtrace IFU, the technology is contraindicated in patients
with known hypersensitivity to iron oxide or dextran compounds, or have iron
overload disease. Iron overload disease, also known as Haemochromatosis

(US National Institutes of Health), is an inherited condition where iron levels in

the body slowly build up over many years; this build up of iron (known as iron
overload) can cause damage to other parts of the body such as the liver,

joints, pancreas and heart (NHS, 2022). According to Haemochromatosis UK,
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genetic haemochromatosis is found in 1 in 150 people in England and Wales,
and in 1in 113 people in Scotland and Northern Ireland. The British Liver
Trust reports that genetic haemochromatosis is underdiagnosed with only 1 in

5,000 people being diagnosed. A review by the UK National Screening

Committee in 2021 identified insufficient evidence to support routine national

screening for Haemochromatosis in UK adults. The Clinical experts agreed
that they do not routinely screen for iron overload disease in patients receiving
Magtrace, although have not encountered any issues with the use of

Magtrace in clinical practice (EAC Correspondence Log, 2022).

According to the Sentimag IFU, the technology is contraindicated in patients
with a metal implant in the axilla or in the chest and the Sentimag probe

should not be placed 15 mm in proximity to a working pacemaker.

Breast cancer is rare in men accounting for around 1% of newly diagnosed

invasive cases in the UK each year (Cancer Research UK). The Clinical

experts did not identify any particular barriers or benefits of Magtrace and
Sentimag compared with standard care in male or transgender patients and
three experts had experience in using the technology in male patients (EAC
Correspondence Log, 2022). One Clinical expert noted that if a patient had
previous breast surgery this might lead to a disruption of the lymphatics (EAC
Correspondence Log, 2022); this is a consideration independent of the tracer

type used.

The prevalence of breast carcinoma during pregnancy is rare occurring in
approximately 1 in 3,000 pregnancies (Middleton et al. 2003; Cancer
Research UK). The Company submission and Magtrace IFU do not identify

any studies relating to pregnant women, breastfeeding mothers or paediatric
patients. The Clinical experts identified that the use of Magtrace and
Sentimag could be used in pregnant women although a four-node axillary
sample may be favoured (EAC Correspondence Log, 2022). The use of

Tc-99m is labelled as pregnancy category C (EDA Tc-99m Prescribing

Information, 2011) as there is not enough adequate well-controlled studies in

humans, but potential benefits may warrant use of the drug in pregnant
women despite potential risks. The Clinical experts note that radioisotopes
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can be used in pregnant women, however patients but would require local risk
assessment and senior lead approval (EAC Correspondence Log, 2022).
There was consensus from the Clinical experts that breast surgery is
generally avoided in breastfeeding mothers and that lactation is stopped prior
to any surgery (EAC Correspondence Log, 2022). There was also consensus
from the Clinical experts that blue dye should not be used in pregnant patients
(EAC Correspondence Log, 2022).

Following the administration of Magtrace, MRI studies of the injection and
drainage sites can be altered and this effect may be long-term (Magtrace IFU;
EAC Correspondence Log, 2022). The Clinical experts note that Magtrace
should not be considered in patients who require routine MRI follow-up after
surgery (EAC Correspondence Log, 2022). Patients under the age of 40 years
when diagnosed with breast cancer or those with lobular carcinoma where the
tumour is mammographically occult are more likely to require routine MRI

surveillance (EAC Correspondence Log, 2022).

4 Clinical evidence selection

4.1 Evidence search strategy and study selection
The Company search strategy was critiqued using the Peer Review of

Electronic Search Strategies (PRESS) tool (McGowan et al. 2016), Appendix
A1. The strategy submitted was inadequate; both in terms of the sources
scrutinised and the search terms utilised. Subject (thesaurus) headings were
not included, and proximity operators were not used, although it was
appropriate to do so. The Company search risked excluding relevant articles

due to its composition and execution.

A literature search was developed by the EAC, using the concepts: breast
cancer AND sentinel lymph nodes AND (Magtrace or magnetic tracers). The
search strategy was developed in Medline; MeSH thesaurus headings were
identified in various ways. Terms relating to breast cancer were identified by
the information specialist and cross referenced with terms used in the DG34
(NICE DG34, 2018) search strategy. The review by (Huxley et al. 2015)
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included broader terms relating to lymph nodes as well as terms specific to
sentinel lymph node biopsy, so these were added to this search strategy. The
papers included in the Company submission were used to identify useful
MeSH headings relating to the Magtrace element — a number of MeSH terms

were used for this element.

A previous search strategy on this topic that was conducted by NICE for a
Medtech Innovation Briefing (NICE MIB263, 2021) was also used to identify

relevant thesaurus and free text terms.

The strategy was then translated into other relevant databases (Appendix A2).
The searches were run on 01/02/2022 on Medline (Ovid), Embase (Ovid),
CINAHL (EBSCOhost), Cochrane Database of Systematic Reviews (CDSR)
and CENTRAL (Cochrane Library via Wiley), Scopus, INA HTA,
Clinicaltrials.gov, and NHS Economic Evaluation Database (NHSEED), DARE
and HTA databases (CRD). A total of 804 results were initially retrieved, of

which, 506 remained after deduplication.

The title and abstract of each were sifted according to the population,
intervention, comparator and outcomes (PICO) defined in the final scope
(NICE MT568 Final Scope, 2021), by a single reviewer (KK). Full papers were

retrieved and reviewed by a single reviewer. Comparative studies comparing

against blue dye alone were excluded. Single arm studies were only included
if they reported on adverse events or patient reported outcome measures
(PROMSs). Additional papers were excluded based on study design (reviews,
editorials); however their references were reviewed for completeness.
Included papers were reviewed by a second reviewer (RP). The study

selection process is illustrated as a PRISMA diagram in Appendix A3.

4.2 Included and excluded studies
The Company identified 31 papers; 22 studies and 9 conference abstracts

they considered were relevant and were in scope of the decision problem.
The EAC excluded ten of these (Table 2). Two full papers were excluded as
the volume or administrative timing of SP1O was inconsistent with the

Magtrace IFU and dosage recommended for clinical practice (EAC

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
Date: March 2022 22 of 290


https://www.nice.org.uk/advice/mib263
https://www.nice.org.uk/guidance/gid-mt568/documents/final-scope

Correspondence Log, 2022). One full single-arm paper did not report adverse
events or patient reported outcomes. Seven conference abstracts were
excluded; two did not report on adverse events or patient reported outcomes;
one did not explicitly report breast cancer as inclusion criteria; and one had a
full publication. The remaining three excluded conference abstracts used
interventions or comparators deemed out of scope of this review; one
compared with blue dye alone and two did not report on the volume of SPIO

used.

Six studies were included in NICE MIB263 comprising of one systematic

review and meta-analysis (Zada et al. 2016), three non-inferiority studies
(Alvarado et al. 2019; Ghilli et al. 2017; Anninga et al. 2016) , one non-
randomised study (Shams et al. 2020) , and one prospective cohort study
(Karakatsanis et al. 2017). The study by Anninga et al. (2016) was conducted
exclusively in patients with melanoma and so is considered out of scope for
this review. The primary evidence from Zada et al. (2016) was retrieved and
assessed within this review along with three other papers identified by the
EAC that included a review of the literature (Ahmed et al. 2014a; Mak et al.
2019; Treshome et al. 2016) Appendix A4.

A total of 36 papers are included in this assessment report, Appendix A3. The
EAC identified an additional 15 papers that were relevant to the scope,
comprising 9 additional peer-reviewed publications and 6 additional
conference abstracts relevant to the decision problem, of which 7 single-arm
studies, reported in 5 full papers and 2 conference abstracts, were included
for patient reported outcomes and adverse events. The independent search
by the EAC identified 20 of 21 studies identified by the Company; missing only

1 conference abstract in a German journal (Munawwar et al. 2021).

Of the 36 included studies, 5 compared Magtrace and Sentimag with Tc-99m
and blue dye (dual technique), Table 3a, 11 studies used Tc-99m alone as the
comparator, Table 3b, and 6 studies used the dual technique and radioisotope
tracer alone but did not report these exclusively, Table 3c. Of the remaining
studies, 14 were single-arm and included for patient reported outcomes and
adverse events only, Table 3d.
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Table 2: Studies included by Company and excluded by the EAC (N=10)

Study name and
location

Design and intervention(s)

Participants and setting

Outcomes

EAC comments

Ahmed et al. 2015
UK

MagSNOLL trial
[ISRCTN68689512;

UKCRN 14979]

Feasibility study, prospective
non-randomised controlled trial,
patients received both the
intervention and comparator,
(n=32 patients, 33 procedures
due to 1 patients having bilateral
breast cancer)

Intervention (n=32): Sienna+ (0.5
ml, 24 hours before surgery)
intratumoural injection and
Sentimag, and placement of non-
ferromagnetic coil under
ultrasound guidance and skin
marking directly overlying the
lesion. XIM

Comparator (n=32): radioisotope
(timing of injection not reported)
and Patent Blue V dye and
gamma probe ¥

Inclusion criteria: Patients with
histologically confirmed invasive
breast cancer visible on ultrasound
imaging and suitable for SLNB
(normal, or indeterminate or
abnormal preoperative axillary
ultrasonography and benign fine-
needle aspiration or core biopsy)
recruited between 4 August 2013
and 8 June 2014. Predefined
minimum of 10 of the first recruited
had to be palpable breast cancer,
all patients had to be available for
minimum 12 month follow-up.
Exclusion criteria: patients with
intolerance or hypersensitivity to
iron or dextran compounds, who
could or did not receive
radioisotope for SLNB, suffered
from iron overload disease, had
pacemaker or other implantable
devices in the chest wall were
excluded. M

Setting: multi-centre (N=2)

Primary: successful
localisation of breast cancer
within excised specimens.

Secondary: excised
specimen margin status
(inadequate excision of
invasive cancer of incidental
in situ disease defined by
margins of less than 2 mm
at study outset, changed to
less than 1mm for invasive
and less than 2mm for in
situ disease from March
2014, and same at second
site), volume of excised
specimens, calculated
resection ratio (defined as
total resection
volume/optimal resection
volume), and sentinel lymph
node identification. M

Excluded due to 0.5ml of
Magtrace; against IFU.

Change in definition of
inadequate excision part way
(7 months) into the study.
Addition of non-ferromagnetic
coil placed with ultrasound
guidance.

Hersi et al. 2019
Sweden

Feasibility study, prospective
cohort (n=32).

Intervention: Magtrace (1 to 2ml
injected on dorsal surface of the
tumour or divided in four doses

Inclusion criteria: Consecutive
patients with non-palpable,
screening-detected breast lesion
with a core cut biopsy diagnostic
for breast cancer with planned
breast conserving surgery and

Primary: successful lesion
localisation and excision

(Magseed) and successful
node detection (Magtrace).

Large variation in SPIO
injection time (2-50 minutes),
concomitant to Magseed
lesion localisation procedure,
total procedure time reported
(tumour excision and SLNB),
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Study name and
location

Design and intervention(s)

Participants and setting

Outcomes

EAC comments

at the periphery of the lesion in
cases with microcalcifications,
larger lesions seated in the
breast of lesions with diffuse
growth pattern; timing of injection
0 to 25 days prior to surgery,
median 3 days). Combination of
Magseed with Magtrace (n=32),
with addition of blue dye (n=8,
injected intraoperatively) at
surgeon’s discretion.
Mammography conducted to

confirm successful localisation.
XM

Comparator: N/A

SLNB. Recruitment period not
reported.

Exclusion criteria: hypersensitivity
to dextran compounds or SPIO,
iron overload disease, pregnancy,
unable to give informed consent. M

Setting: multi-centre (N=2)

Secondary: Magseed
migration, median number
of nodes retrieved,
localisation time, excision
time, calculated resection
ratio, physician experience.
XM

blue dye added in 8 patients
but results not reported
exclusively.

Excluded due to single arm
study, PROMs and AEs not
reported. Information included
as reference to implementation
in NHS considerations.

Karakatsanis et al.
2019
Sweden

SentiNot study
[ISRCTN18430240]

Prospective cohort study (n=40)

Intervention: SPIO,
Endomagnetics (2 ml interstitial
injection) on day of initial surgery
with Sentimag probe.

Patients diagnosed with invasive
breast cancer following first
surgery underwent second SLNB
surgery with addition of Tc-99m
and blue dye. XV

Comparator: N/A

Inclusion criteria: Female patients
with preoperative diagnosis of
DCIS where SLND planned;
nuclear grade 3 or nuclear grade 2
and preoperative size large than
20 mm on imaging; mass effect on
imaging or clinical examination;
any DCIS planned for mastectomy.
Recruitment period started on 1
June 2015, end date not reported.
Only patients undergoing SLNB
with anxillary signal were included
in analysis.

Exclusion criteria: suspected or
verified microinvasion on core
biopsy, intolerance or
hypersensitivity to iron or dextran

Primary: reduction in SLND
procedures required by
using intervention at
primary breast operation
and performing SLND in
second session only if
invasive breast cancer
identified from the first
procedure.

Secondary: number of
procedures avoided;
predictive value for invasive
breast cancer of factors
considered to relate to high-
risk DCIS; SLN detection
rate on reoperation; costs;
adverse events. XIVI

Patients without signal
detection were excluded from
study. If invasive breast cancer
was identified at subsequent
specimen pathology, a
secondary SLND was
performed in a separate
operation. If SLND failed, the
protocol stated that axillary
lymph node dissection (ALND)
or axillary lymph node
sampling could be performed
based on the surgeon’s
discretion. May not be easily
generalisable to NHS — aim is
to reduce the number of
secondary SLNB performed.
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Study name and
location

Design and intervention(s)

Participants and setting

Outcomes

EAC comments

compounds; iron overload disease;
and pregnancy or lactation. ¥

Setting: multi-centre (N=5);
university hospitals (N=3), regional
hospitals (N=2)

Excluded due to the subgroup
of patients considered in
scope (undergoing SLNB
injected with Magtrace) were
administered 9-46 days prior
to procedure, outside of IFU
window.

tKarakatsanis et
al. 2020
Sweden

SentiDose ftrial
[ISRCTN11156955]

Non-inferiority, prospective non-
randomised controlled trial
(n=330).

Intervention:

Cohort 1: Magtrace (1.5 ml
periareolar injection on day of
surgery) with Sentimag alongside
radioisotope and blue dye
(n=163).

Cohort 2: Magtrace (1.0 ml
periareolar or peritumoral
injection 1 to 7 days prior to
surgery) with Sentimag alongside
radioisotope and blue dye
(n=159) M

Comparator: (Data from Nordic
trial, Karakatsanis et al. 2016
used) Sienna+ (2 ml) injected on
day of surgery with Tc-99m
injected on day of surgery or the
day before and blue dye (1 to 2
ml) injected on day of surgery

Inclusion criteria: not reported
Exclusion criteria: not reported
Recruitment period: not reported

Setting: multi-centre (N=6) 1

Primary: proportion of
successful SLNB
procedures (per-patient
detection rate).

Secondary: number of

nodes, discoloration rates
]

Results later published in full
paper (Hersi et al. 2021)
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Study name and
location

Design and intervention(s)

Participants and setting

Outcomes

EAC comments

with Sentimag and gamma probe
(n=206) XV

TMullapudi et al.
2020

UK

SMART frial
[NCT02739425

Prospective paired comparison
study, patients received both
intervention and comparator
(n=109)

Intervention: Sienna+ (dosage
and injection timing not specified)
with Sentimag. ¥

Comparator: Tc-99m XM

Patients undergoing SLNB.
Recruitment period not reported.
Inclusion/exclusion criteria not
reported. XV

Setting: NR

Primary: proportion of SLNs
detected by each technique

Secondary: total number of
sentinel nodes removed, LN
retrieval per patient,
concordance between
techniques, detection rate
per patient. ¥

Does not explicitly state use in
breast cancer patients (may
include melanoma patients).
Author affiliations are UK,
stated comparator is standard
of care, however only reports
use of Tc-99m; EAC assumes
blue dye was not used (no
corresponding author details
available to check with
authors). Overlap with
Sukumar et al. (2020) abstract
included by EAC.

TQureshi et al.
2021
UK

Cohort, prospective database
(n=214)

Intervention: Magtrace (volume
not reported, 4 subgroups based
on timing of injection A: <24h
pre-op, B: EAC assumed =24h
pre-op, C: <7 days pre-op, D:
EAC assumed 27 days pre-op).
Use of Sentimag not reported; no
other probe licenced for use with
Magtrace reported by Company
(EAC Correspondence Log,
2022). 4

Patients receiving Magtrace for
sentinel node biopsy, with
subsequent histological or
intraoperative analysis. Database
established in August 2019.

Exclusion criteria: NR M

Setting: NR

Intraoperative node
detection, mean number of
sentinel nodes retrieved,
nodal positivity rate (macro
and micrometastases),
block dissection rate ¥

Excluded due to single arm
study with adverse events &
PROMSs not reported.

Abstract states that Magtrace
is licensed for use up to 7 days
before surgery. EAC confirmed
with the Company that
Magtrace can be used up to
30 days prior to surgery in line
with the Magtrace IFU (EAC
Correspondence Log, 2022).
Poor reporting of number of
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Study name and
location

Design and intervention(s)

Participants and setting

Outcomes

EAC comments

Comparator: N/A

patients, and time interval
within each subgroup.

tRaus and
Faridova, 2020
iCzech Republic

Cohort with retrospective
comparator

Intervention (n=137): Magtrace
(2ml, within 24h prior to surgery)
with Sentimag M

Comparator (n=approximately
600): Sienna+

Patients with biopsy verified
invasive breast cancer or high-
grade DCIS. Lumpectomy or
mastectomy with SLNB were
performed in all patients.
Recruitment between April to
August 2019. Retrospective
comparator group recruited
between September 2017 and
April 2019.

Exclusion criteria: NR M

Setting: single-centre

Detection of SLN, mean
number of SLNs retrieved
per patient

Historical comparator of SPIO
intervention- treat as single-
arm. Adverse events and
patient reported outcomes not
reported.

TRubio et al. 2016

Spain

Non-randomised comparator trial

Intervention (n=92): SPIO
(volume not reported,
intraoperatively) and Tc99 (day
before surgery) X1V

Comparator (n=188): Tc99 alone
(day before surgery) XM

Breast cancer patients T1-3, NO-1
before neoadjuvant chemotherapy,
all patients had clinically or
ultrasound negative axilla before
the SLNB procedure.

Exclusion criteria: NR XIM

Setting: NR

Median number of SLNs,
detection rates, false
negatives poorly reported
(Note: patients who were
NO pre and post-
neoadjuvant therapy did not
undergo an axillary lymph
node dissection (except for
initial validation patients),
while patients who were N1
pre-neoadjuvant
chemotherapy and NO post-
neoadjuvant chemotherapy
underwent SLN and
anxillary node
dissection).XIv

Intervention out of scope.
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Study name and
location

Design and intervention(s)

Participants and setting

Outcomes

EAC comments

1Scally et al. 2020

UK

Retrospective cohort, patients
received the intervention and
comparator (n=45)

Intervention: Sienna and
Magtrace (dosage and timing of
administration not reported) ¥

Comparator: Patent blue dye
XV

Inclusion and exclusion criteria not
reported.
Recruitment period not reported.

Setting: NR

Detection of sentinel nodes,
mean number of nodes

Does not explicitly state use in
breast cancer patients (may
include melanoma patients).
Comparator (blue dye alone)
out of scope.

tSyahkal et al.
2019

UK

Service evaluation: retrospective
case review (n=347 procedures)

Intervention: SLNB with
Sentimag probe (tracer type,
dosage and timing of
administration not reported) with
blue dye (n=134)

Comparator: Axillary node
sampling with blue dye (n=208)
or Sentimag (n=1; tracer type,
administration timing, and
dosage not specified), or no
tracer (n=1) XV

All breast cancer patients
undergoing axillary staging surgery
for one year prior to the
introduction of Sentimag (1st April
2016 to 31st March 2017) and one
year after the introduction of
Sentimag (1st October 2017 to
30th September 2018).

Exclusion criteria not reported.

Setting: single centre

Reasons for not using
Sentimag (previous surgery,
poor renal function);
number of lymph nodes
excised with each
procedure. XV

Comparator and intervention
out of scope.

Key: M aspect of study in scope; Xl aspect of study not in scope; M[Xl aspect of study partially in scope, or elements of this are not in scope;

tConference abstract or poster; t assumed from author affiliations (not explicitly stated in paper).

Abbreviations: DCIS, ductal carcinoma in situ; EAC, External Assessment Centre; ECOG, Eastern Cooperative Oncology Group; NR, not reported; PROMs, patient reported
outcome measures; SLN, sentinel lymph node; SLNB, sentinel lymph node biopsy; SLND, sentinel lymph node dissection; SPIO, superparamagnetic iron oxide; Tc-99m,
Technetium-99m radioisotope;
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Table 3a: Studies selected by the EAC as the evidence base with dual technique comparator (N=5)

Author (year)
and location

2019
USA

SentiMagIC
trial
[NCT0233673

7

Alvarado et al.

Design and intervention(s)

Non-inferiority, prospective non-
randomised controlled trial, patients
received both the intervention and
comparator, (n=146)

Intervention: Sienna XP (2 ml
injected intraoperatively, at least 20
minutes prior to SNLB), and
Sentimag M

Comparator: T¢c-99m radioisotope
(injected on the day of surgery or

the day before) and isosulfan blue
dye (injected following Sienna XP
injection) M

Participants and setting

Inclusion criteria: Patients with a diagnosis of primary
invasive breast cancer or ductal carcinoma in situ
scheduled for surgical intervention with SLNB part of
surgical plan. Participants aged 18 years or older,
with ECOG grade 0-2, clinically node negative (T0-3,
NO, and MO0). Patients recruited between January
2015 and December 2015.

Exclusion criteria: Pregnancy or

lactation; intolerance or hypersensitivity to isosulfan
blue dye, iron, dextran compounds or Magtrace;
previous axillary surgery, reduction mammoplasty or
impaired lymphatic function (surgeon’s judgment);
previous radiation to the affected breast or axilla; a
recent injection of ferumoxytol; iron overload disease;
or implantable device in the chest wall, such as a
pacemaker.

Setting: multi-centre (N=6)

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
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Outcomes

Primary: lymph node
detection rate
(number of lymph
nodes identified by a
specific method as a
proportion of the total
number of nodes
detected), adverse
events

Secondary: number
of nodes excised per
patient, nodal
concordance ¥

EAC comments

Some study
methodology
information
gained from trial
registration. Only
histologically
confirmed nodes
were included in
analysis. Follow
up carried out
between 6 and 22
days post-
procedure.
Reports outcomes
against Tc-
99m-+blue dye,
and Tc-99m
separately.



https://pubmed.ncbi.nlm.nih.gov/31297674/
https://pubmed.ncbi.nlm.nih.gov/31297674/
https://clinicaltrials.gov/ct2/show/NCT02336737
https://clinicaltrials.gov/ct2/show/NCT02336737

Author (year)
and location

Karakatsanis
et al. 2017
Sweden

The MONOS
study
[ISRCTN1409
7881]

Design and intervention(s)

Prospective non-randomised
controlled trial, n=338

Intervention (n=183): Sienna+ (2 ml
injected on the day of surgery, or 1-
4 weeks before surgery) with
Sentimag probe. Patent blue dye
was administered interstitially at the
areolar border (10 minutes before
skin incision) only if the
transcutaneous signal was deemed
inadequate by the operator.

Comparator (n=155): Tc-99m (day
before or morning of surgery) with
gamma probe. Patent blue dye (1-2
ml) injected on the day of or day
before surgery.

Participants and setting

Inclusion criteria: Consecutive patients with early
breast cancer scheduled for primary surgery with
SLNB. Patients with T1-T3 invasive breast cancer or
DCIS without clinical suspicion of metastasis on
axillary ultrasound imaging. Recruitment period
between September 2014 and June 2015.

Exclusion criteria: Pregnant or lactating.
Intervention arm only: pacemaker or implantable
metallic device in chest, allergy or intolerance to
dextran compounds, haemochromatosis.

Setting: multi-centre (N=2; one centre intervention,
one centre comparator) ¥

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
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Outcomes

Primary: node
detection rate with
intervention alone
and in combination
with blue dye and
with comparator,
detection rate per
case.

Secondary: size and
fading of staining
(intervention arm
only), patient survey
on staining (Likert
scale), evaluate
feasibility of
preoperative injection
of intervention;
number of nodes
identified and
retrieved with each
technique; cost-
analysis; malignancy
rate; adverse
events.v

EAC comments

Includes subgroup
analyses; SPIO
with or without
blue dye; timing of
tracer
administration.
Contains some
cost-analysis.
Different patients
in intervention and
comparator arms.

Some study
methodology
information gained
from trial
registration.



https://pubmed.ncbi.nlm.nih.gov/28877348/
https://pubmed.ncbi.nlm.nih.gov/28877348/
https://www.isrctn.com/ISRCTN14097881
https://www.isrctn.com/ISRCTN14097881

Author (year)
and location

Karakatsanis
etal. 2018
Sweden

MagPilot study

Design and intervention(s)

Prospective feasibility study, n=12,
patients received the intervention
and comparator

Intervention: Sienna+ (2 ml injected
during pre-operative outpatient visit
3 to 15 days prior to surgery,
median 8 days) with Sentimag
probe. M

Comparator: Tc-99m and blue dye
with gamma probe. ¥

Participants and setting

Inclusion criteria: Consecutive patients 18 years and
older, diagnosed with invasive breast cancer and
DCIS with negative axilla in clinical examination and
ultrasound. All patients had to be available for post-
operative follow-up. A single adult healthy volunteer
was recruited to assess the magnetic signal over 6
weeks. Recruitment period between September 2014
and October 2014.

Exclusion criteria: hypersensitivity to dextran
compounds, iron, or Sienna+, iron overload disease,
pregnancy, pacemaker or other implantable metallic
devices in the chest wall, inability to provide written
consent. M

Setting: single-centre M

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
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Outcomes

Feasibility of
preoperative SPIO
injection, detection
rate, concordance,
adverse events,
median number of
nodes retrieved,
metastases,
ferromagnetic signal
curve in healthy
volunteer M

EAC comments

A single adult
healthy volunteer
was recruited to
assess magnetic
tracing for 6
weeks.



https://pubmed.ncbi.nlm.nih.gov/29132268/
https://pubmed.ncbi.nlm.nih.gov/29132268/

Author (year) Outcomes EAC comments

and location

Design and intervention(s) Participants and setting

Pouw et al. Feasibility prospective cohort study, | Inclusion criteria: Patients with histologically Primary: Number of Outcomes
2015 UK & the | patients received the intervention confirmed breast cancer who were clinically and SLNs identified by reported for SPIO
Netherlands and comparator (n=11) radiologically node negative scheduled to undergo SPIO on MRI with MRI for
SLNB. Recruitment period between July 2012 and compared with those | localisation of
SentiMAG Intervention: 1.5 T MRI performed March 2013. excised during SLNs (research
study MRI with SENSE Breast-7 coil (n=8) or SLNB; SLNs use) are out of
subprotocol SENSE body coil (n=3) in situ. Exclusion criteria: Known intolerance to iron or resected per patient; | scope but reported
[NTR3283] Sienna+ (2 ml) injected either dextran compounds, iron overload disorder and adverse events. XIM | separately.
before (n=9) or after (n=2) standard MRI exclusion criteria. Patients scheduled Overlap with
radioisotope injection whilst within for 1-day protocol were excluded for logistical Douek 2014

the scanner. The first two patients reasons. ¥ (excluded), is a

did not receive massage to the
injection-site [reason not specified].
Pre- and post-contrast imaging
performed. Sentimag probe and

Setting: Not explicitly reported.

sub-protocol of the
SentiMAG study.
In 9 of 11 patients
the magnetic

MRI. XIV tracer was
administered first,
Comparator: Tc-99m (two 0.5ml in 2 of 11 the

injections administered the day
before surgery), gamma camera (2
hours after injection), and SPECT-
CT imaging. Patent Blue V dye
administered on day of surgery.
Gamma probe. XV

External Assessment Centre report: GID-MT568 Magtrace and Sentimag

Date: March 2022
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radioisotope was
administered first.



https://pubmed.ncbi.nlm.nih.gov/26492466/
https://pubmed.ncbi.nlm.nih.gov/26492466/
https://www.trialregister.nl/trial/3139

Author (year) Design and intervention(s) Participants and setting Outcomes EAC comments
and location

Sreedhar et al. Retrospective non-randomised Inclusion criteria: consecutive patients with breast SLN detection with First 10 patients of
2021 controlled trial (n=116) cancer requiring localisation of impalpable breast each technique Magtrace also had
New Zealand lesion or SLNB. Recruitment period between January = independent and Tc-99

Intervention (n=45): Magtrace (2 ml | 2013 and January 2020. combined,

injected the day before surgery) malignancy, cost-

with Sentimag probe, and blue dye | Exclusion criteria: patients with previous breast or evaluation, adverse

| axillary surgery, patients were eligible for Magtrace events. M

only if Magseed was not required. ¥
Comparator (n=71): Tc-99m with
lymphoscintigram the day before, Setting: single-centre
and blue dye M
Key: M aspect of study in scope; X aspect of study not in scope; MIXl aspect of study partially in scope, or elements of this are not in scope;
tConference abstract/poster; t assumed from author affiliations (not explicitly stated in paper).

Abbreviations: ACR BI-RADS, American Collect of Radiology Breast Imaging-Reporting and Data System; DCIS, ductal carcinoma in situ; EAC, External Assessment
Centre; ECOG, Eastern Cooperative Oncology Group; NR, not reported; PROMs, patient reported outcome measures; SLN, sentinel lymph node; SLNB, sentinel lymph
node biopsy; SLND, sentinel lymph node dissection; SPIO, superparamagnetic iron oxide; Tc-99m, Technetium-99m radioisotope;

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
Date: March 2022 34 of 290



https://pubmed.ncbi.nlm.nih.gov/34309147/
https://pubmed.ncbi.nlm.nih.gov/34309147/

Table 3b: Studies selected by the EAC as the evidence base with Tc-99m alone as comparator (N=11)

Author (year) and
location

TAhmed et al.
2014b

UK & the
Netherlands

SentiMAG trial

[I[SRCTN35827879;

NTR3283

Design and intervention(s)

Validation study, participants received
both the intervention and comparator

(n=347)

Intervention: Sienna+ (2 ml periareolar
subcutaneous injection
intraoperatively) and Sentimag 1

Comparator: radioisotope (timing of
injection administered to local protocols
and documented in medical notes) and

gamma probe. MX]

Participants and setting

Inclusion criteria: Patients with breast cancer
(including DCIS) scheduled for SLNB,
clinically and radiologically node negative
(via normal ultrasound, or indeterminate or
abnormal ultrasound with benign fine-needle
aspiration or core biopsy). Male breast
cancer patients and pregnant women were
suitable as long as they were scheduled to
undergo SLNB with radioisotope. All patients
had to be available for 12 month follow-up.

Exclusion criteria: Known intolerance or
hypersensitivity to iron, dextran compounds,
magnetic tracers, SPIOs, blue dye; patients
who could or did not received radioisotope,
iron overload disease; pacemaker; chest wall
implantable device.

Setting: multi-centre (N=7 high-volume
practices >300 cases of newly diagnosed
breast cancer patients per annum); UK
(N=6), the Netherlands (N=1)

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
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Outcomes

SLN detection for
intervention and
comparator,

distribution counts for

nodes with each
technique, false
negative rates. I

EAC comments

Inclusion and
exclusion criteria
not explicitly
reported, identified
from SentiMAG
trial registration.
Overlap with
Douek et al. 2014
although includes
more patients.
Study does not
report on the use
of blue dye
although Douek et
al. 2014 includes
patients with dual
technique but does
not report these
exclusively. Focus
of abstract is
validation of 10%
rule.



https://www.ejso.com/article/S0748-7983(14)00732-X/fulltext
https://www.ejso.com/article/S0748-7983(14)00732-X/fulltext
https://www.isrctn.com/ISRCTN35827879
https://www.trialregister.nl/trial/3139

Author (year) and
location
TCastillo-Berrio et
al. 2015

iSpain

Ghilli et al. 2017
Italy

Design and intervention(s)

Prospective non-inferiority, non-
randomised controlled trial, patients
received intervention and comparator,
(n=22)

Intervention: Sienna+ (2 ml injected
intraoperatively) with Sentimag probe.
™

Comparator: Tc-99m injection with

lymphoscintigraphy day before surgery.

M

Non-inferiority, prospective non-
randomised controlled trial, patients
received both the intervention and
comparator, n=193 patients (197 SLNs
due to four patients with bilateral
disease)

Intervention: Sienna+ (2 ml not
reported, injected immediately before
procedure) and Sentimag M

Comparator: Tc-99m (day before
surgery) XM

Note: One Step Nucleic Acid
Amplification (OSNA) used
intraoperatively to assess sentinel
nodes.XI

Participants and setting

Patients with breast cancer and axilla
clinically and radiologically negative.
Recruitment period between March and April
2014.

Exclusion criteria: NR

Setting: NR

Inclusion criteria: Female patients who were
candidate for SNB after a clinical and
imaging negative axillary assessment, with
invasive carcinoma (ductal or lobular) or
DCIS at the pre-operative biopsy only if there
was a high probability of invasive component
in the final histology (high grade DCIS, DCIS
in the biopsy associated with palpable lumps
or suspicious invasive tumour at the
ultrasound:; finally, extensive DCIS requiring
a mastectomy). Recruitment between
October 2012 and January 2014.

Exclusion criteria: patients with allergy to iron
or dextran compounds, iron metabolism
disease, pregnancy, pacemaker or other
ferrous devices near the breast. ¥

Setting: multi-centre (N=3; 2 with nuclear
medicine and 1 without)

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
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Outcomes EAC comments
SLN detection with

each technique

independently and

combined, number of

malignant nodes. M

Primary: detection of
sentinel nodes

Secondary: number
of nodes per patient,
adverse events I



https://pubmed.ncbi.nlm.nih.gov/26365441/

Author (year) and
location
Giménez-Climent
et al. 2021

Spain

IMAGINE-II trial
[Research Registry

7050]

tGranados et al.
2015
{Spain

Design and intervention(s)

Non-inferiority, prospective non-
randomised controlled trial, patients
received both the intervention and
comparator (n=89)

Intervention: Sienna+ (2 ml on day of
surgery) and Sentimag M

Comparator: radioisotope tracer only

(day before surgery) and gamma probe
XV

Note: One Step Nucleic Acid
Amplification (OSNA) used
intraoperatively to assess sentinel
nodes. X

Non-inferiority, prospective non-
randomised controlled trial, patients
received both the intervention and
comparator (n=29)

Intervention: Sienna+ (2 ml, periareolar
injection on day of surgery) and
Sentimag ¥

Comparator: radioisotope tracer only
(mainly intra- or peritumoural the day
before surgery) with
lymphoscintigraphy and gamma probe.
XM

Participants and setting

Inclusion criteria: Patients aged 18 years or
older, histologically confirmed diagnosis of

invasive carcinoma, and clinically and
radiologically negative nodes before
neoadjuvant therapy Consecutive

recruitment between June 2016 and October

2018.

Exclusion criteria: Clinically or radiologically

positive nodes after neoadjuvant therapy,

intolerant or hypersensitive to iron or dextran
compounds, administration of a radioisotope

for SLNB contraindicated, disorders
associated with abnormal iron levels

(haemosiderosis, haemochromatosis, iron

deficiency anaemia), pacemaker or other

partial or totally metallic thoracic implant. ¥

Setting: multi-centre (N=5)

Patients with breast cancer scheduled for

SLNB.
Exclusion criteria: NR M

Setting: NR

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
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Outcomes

Detection of sentinel
nodes by procedure
combined and
independent. I

Detection of sentinel
nodes by procedure
combined and
independent, mean
operating time. M

EAC comments

Recruitment period
listed as starting in
June 2016 and
September 2016,
poorly reported.

Abstract states
use of 5 ml
Sienna+, however
EAC assumes
author used 2 ml
and diluted to 5 ml
(including 3 ml of
0.9% sterile saline)
in line with IFU.



https://www.sciencedirect.com/science/article/pii/S2405857221000954
https://www.sciencedirect.com/science/article/pii/S2405857221000954
https://www.researchregistry.com/register-now#home/registrationdetails/61126ea73dee5c0021157860/
https://www.researchregistry.com/register-now#home/registrationdetails/61126ea73dee5c0021157860/

Author (year) and
location
TMunawwar et al.
2021

iGermany

Pelc et al. 2022
tPoland

Design and intervention(s)

Retrospective comparative cohort
(n=55)

Intervention (n=29): Magtrace with
Sentimag (1 ml injected periareolar or
peritumoral, injection timing not
specified) M

Comparator (n=26): Tc-99m
(subcutaneously) XM

Propensity score matched analysis
cohort study, (n=124 after propensity
matching)

Intervention (n=62 propensity
matched): Sienna+ 2 ml injected 18-24
hours pre-operatively (dosage and
administration timing specified from
Kurylcio et al. 2021) with Sentimag
probe) ¥

Comparator (n=62 propensity
matched): Tc-99m only (periareolar
intradermal infection) with gamma
probe. Lymphoscintigraphy performed
2-3 hours prior to surgery. XM

Participants and setting

Patients with early breast cancer aged

between 24 and 80 years undergoing SLNB

with breast conserving surgery (n=42),
mastectomy (n=6), nipple-sparing
mastectomy (n=7).

Recruitment period not reported.
Exclusion criteria not reported.

Study group comprised of 508 patients who

underwent SLNB after neoadjuvant
chemotherapy for non-recurrent, non-

metastatic ycT1-4, NO, MO breast cancer
between 2013 and 2021 in two high volume
centres. 62 patients were included from each

group after propensity score matching

considering age, post neoadjuvant therapy T

and N stage and biological subtype.
Exclusion criteria: NR

Setting: multi-centre (N=2)

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
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Outcomes

SLN detection and
median number of
nodes reported for
each technique (no
statistical
comparison),
surgeon reported

outcomes reported.
XV

SLN detection,
number of nodes
retrieved, nodal
malignancy rates M

EAC comments

Only reports use
of Tc-99m; EAC
assumes blue dye
was not used.
Reports on
surgeon
experience.



https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0041-1730181
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0041-1730181
https://www.mdpi.com/2072-6694/14/3/676

Author (year) and
location

Rubio et al. 2015
Spain

Rubio et al. 2020
Spain

SUNRISE

Design and intervention(s)

Non-inferiority, prospective non-
randomised controlled trial, patients
received both the intervention and
comparator, (n=120)

Intervention: Sienna+ (2ml,
intraoperatively) with Sentimag ¥

Comparator: Tc99 only (20-24 hours
before surgery) X1V

Non-inferiority, prospective randomised
controlled trial (n=135), consecutive
randomisation to 3 groups (1:1:1)
based on dose, all patients also
received radioisotope tracer.

Intervention:

Group 1 (n=45): Sienna XP (1ml
subareolar, intraoperatively) with
Sentimag

Group 2 (n=45): Sienna XP (1.5ml
subareolar, intraoperatively) with
Sentimag

Group 3 (n=45): Sienna XP (2ml
subareolar, intraoperatively) with
Sentimag XIM

Comparator: Tc-99m (day before
surgery) with gamma probe XV

Participants and setting

Patients diagnosed with breast cancer,
clinically node negative axilla, T1-3, NO who
were evaluated for SLN. Axilla evaluated by
clinical examination and axillary ultrasound
in all patients. Recruitment between July
2013 and March 2014.

Exclusion criteria: patients with
hypersensitivity or intolerance to iron oxide
or dextran compounds, iron overload
disease, pacemakers or other implantable
devices in the chest wall, pregnant.

Setting: single-centre

Patients diagnosed with early-stage breast
cancer cT1-3, NO, planned to have
conservative breast surgery plus SLNB.
Recruitment between October 2016 and
August 2018.

Exclusion criteria: female patients with
intolerance or hypersensitivity to iron,
dextran compounds or Sienna+, iron
overload disease, pacemaker or implantable
device in chest wall, pregnant women.
Patients needing mastectomy after breast
conservation for positive margins also
excluded (and new patient randomised) XV

Setting: single-centre

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
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Outcomes

Detection of sentinel
node, concordance
between tracers,
time between
injection to axillary
incision, mean
number of SLNs
excised per patient,
false negatives,
adverse events VI

Detection of SLN,
concordance, time
between injection to
axillary incision,
number of SLN
excised, adverse
events, surgeon
assessment of skin
discolouration,
PROMs (post-op and
6, 12, 24 months) M

EAC comments

Surgeon was
blinded to results
of
lymphoscintigraph
y until detection of
axillary lymph
node by hand held
magnetometer.

Does not report
use of blue dye.
Cohort 1 uses 1
ml of Sienna XP
intraoperatively
(against IFU and
outside scope of
review). Cohort 2
uses 1.5 ml
Sienna XP, also
against IFU and
outside scope of
review.



https://www.ejso.com/article/S0748-7983(14)01205-0/fulltext
https://pubmed.ncbi.nlm.nih.gov/32631710/

Author (year) and
location

Shams et al. 2021
Germany

Design and intervention(s)

Non-randomised controlled trial
(surgeon choice) pilot (n=59)

Intervention (n=30): Magtrace (2 ml,
injected at preoperative visit, 3 days
before surgery (n=5), the day before
surgery (n=23), or intraoperatively
(n=2)) with Sentimag probe (n=30) ¥

Comparator (n=29): Tc-99m (injected
on day of surgery (n=17) or the day
before (n=12)) and gamma probe ¥

Participants and setting

Inclusion criteria: female patients undergoing
breast-conserving surgery or mastectomy
and SLNB for invasive breast cancer (cT1-
T3, cNO, cMO0). Recruitment period between
May 2019 and January 2020.

Exclusion criteria: Patients under the age of
40 years, BRCA 1 or 2 mutation, breast
composition level C or higher according to
ACR BI-RADS 5™ Ed., high likelihood of a
breast MRI required in next 5 years,
hypersensitivity to iron oxide or dextran
compounds, haemochromatosis, metal
implants in the axilla or chest. 1

Setting: single-centre

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
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Outcomes

Primary: SLN
detected, median
number of retrieved
SLN, care pathway
duration; total
duration of SLNB
procedure; operation
time from probe use
until sentinel
extraction.

Secondary: Pain;
treatment costs. ¥

EAC comments

Different patients
in intervention and
comparator arms.
Patients excluded
if likely to need
MRI in next 5
years.



https://pubmed.ncbi.nlm.nih.gov/33263157/

Author (year) and
location

Thill et al. 2014a
iGermany, Poland
& Switzerland

Central-European
SentiMag study

Design and intervention(s)

Non-inferiority, prospective non-
randomised controlled trial. Patients
received the intervention and
comparator (n=150)

Intervention: Sienna+ (2 ml,
intraoperative subareolar injection) with
Sentimag probe. M

Comparator: Tc-99m (following 1 or 2
day protocol). Blue dye not used in any
patients. XV

Participants and setting

Inclusion criteria: Patients with
histopathologically verified breast cancer,
planned for SLNB with clinically and

ultrasonographically node-negative invasive
breast carcinoma or extended DCIS. Axillary

lymph node status was preoperatively

examined by palpation and ultrasonography

with or without lymph node fine needle

aspiration cytology or true cut core biopsy.
Recruitment period between November 2012

and June 2013.

Exclusion criteria: allergy to iron or dextran

compounds, iron overload disease,
pacemaker or ferrous metal-containing
devices in chest wall, pregnancy and
lactation. M

Setting: multi-centre (N=NR)

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
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Outcomes

Primary: proportion
of successful SLNB.

Secondary:
proportion of SLN
detected, mean
number of nodes
excised per patient,
proportion of
pathologically
positive results
(malignancy rate),
concordance
between techniques
used, adverse
events, surgeon
experience. ¥

Key: M aspect of study in scope; X aspect of study not in scope; M[Xl aspect of study partially in scope, or elements of this are not in scope;
tConference abstract or poster; t assumed from author affiliations (not explicitly stated in paper).

EAC comments

Associated
comment
(Barranger and
lhrai 2014) and

response (Thill et
al. 2014b) discuss:
technology
learning curve (3-4
patients), incision
enlargement and
need for
magnometer,
detection of the
probe, non-
magnetic surgical
instruments,
requirement for
regular calibration
during use
lengthening
surgery length.

Abbreviations: ACR BI-RADS, American Collect of Radiology Breast Imaging-Reporting and Data System; DCIS, ductal carcinoma in situ; EAC, External Assessment
Centre; ECOG, Eastern Cooperative Oncology Group; NR, not reported; PROMs, patient reported outcome measures; SLN, sentinel lymph node SLNB, sentinel lymph
node biopsy; SPIO, superparamagnetic iron oxide; Tc-99m, Technetium-99m radioisotope; SLND, sentinel lymph node dissection;



https://pubmed.ncbi.nlm.nih.gov/24484967/
https://pubmed.ncbi.nlm.nih.gov/24721742/
https://pubmed.ncbi.nlm.nih.gov/24721742/
https://pubmed.ncbi.nlm.nih.gov/25067809/
https://pubmed.ncbi.nlm.nih.gov/25067809/

Table 3c: Studies selected by the EAC as the evidence base with dual technique and Tc-99m alone as comparator (N=6)

Author (year) and
location

1Douek et al. 2013
UK & the
Netherlands

SentiMAG trial
[ISRCTN35827879;

NTR3283

Design and intervention(s)

Non-inferiority, prospective non-
randomised controlled trial, patients
received both the intervention and
comparator, (n=347)

Intervention: Sienna+ (2 ml periareolar
subcutaneous injection
intraoperatively) and Sentimag 1

Comparator: radioisotope (timing of
injection administered to local protocols
and documented in medical notes) with
and without Patent Blue V dye (injected
following Sienna+ injection where used;
blue dye not used in all cases) and
gamma probe. XV

Participants and setting

Inclusion criteria: Patients with breast cancer
(including DCIS) scheduled for SLNB,
clinically and radiologically node negative
(via normal ultrasound, or indeterminate or
abnormal ultrasound with benign fine-needle
aspiration or core biopsy). All patients had to
be available for 12 month follow-up.
Recruitment period specific to this abstract
not reported.

Exclusion criteria: Known intolerance or
hypersensitivity to iron, dextran compounds,
magnetic tracers, Sienna+ or blue dye,
patients who cannot or did not receive
radioisotope for SLNB, iron overload
disease; pacemaker; chest wall implantable
device. M

Setting: multi-centre (N=7); UK (N=6), the
Netherlands (N=1)
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Outcomes

Primary: node
detection rate with
each technique;
number of successful
procedures for each
technique (defined
by detection of at
least one node);
mean number of
nodes excised. M

EAC comments

Inclusion and
exclusion criteria
not explicitly
reported in
abstract (extracted
from trial
registration).

Full data set for
Ahmed et al.2014
& Douek et al.
2014.



https://cancerres.aacrjournals.org/content/73/24_Supplement/P1-01-27
https://www.isrctn.com/ISRCTN35827879
https://www.trialregister.nl/trial/3139

Author (year) and Design and intervention(s)

location

Douek et al. 2014 Non-inferiority, prospective non-
UK & the randomised controlled trial, patients
Netherlands received both the intervention and

comparator, (n=160)
SentiMAG trial

[ISRCTN35827879; Intervention: Sienna+ (2 ml periareolar
NTR3283 subcutaneous injection

intraoperatively) and Sentimag 1

Comparator: radioisotope (timing of
injection administered to local protocols
and documented in medical notes) and
Patent Blue V dye (injected following
Sienna+ injection where used; blue dye
not used in all cases) and gamma
probe. MXl

Participants and setting

Inclusion criteria: Patients with breast cancer
(including DCIS) scheduled for SLNB,
clinically and radiologically node negative
(via normal ultrasound or
indeterminate/abnormal ultrasound with
benign fine-needle aspiration or core
biopsy). Male breast cancer patients and
pregnant women were suitable as long as
they were scheduled to undergo SLNB with
radioisotope. All patients had to be available
for 12 month follow-up. Patients recruited
between 29 February 2012 and 3 October
2012.

Exclusion criteria: Known intolerance or
hypersensitivity to iron, dextran compounds,
magnetic tracers, SPIOs, blue dye; patients
who could or did not received radioisotope,
iron overload disease; pacemaker; chest wall
implantable device. ¥

Setting: multi-centre (N=7 high-volume
practices >300 cases of newly diagnosed
breast cancer patients per annum); UK
(N=6), the Netherlands (N=1)
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Outcomes

Primary: node
detection rate with
each technique;
number of successful
procedures for each
technique (defined
by detection of at
least one node);
mean number of
nodes excised.

Secondary:
complication rate and
morbidity from SLNB.
M

EAC comments

Of the 7 centre, 5
used combined
radioisotope and
blue dye, 1 used
radioisotope alone,
and 1 used blue
dye in some
patients. Total of
number of patients
with blue dye used
not reported.
Timing and
administration of
radioisotope may
have varied across
centres. Subset of
Ahmed et al. 2014
and Douek et al.
2013.



https://pubmed.ncbi.nlm.nih.gov/24322530/
https://www.isrctn.com/ISRCTN35827879
https://www.trialregister.nl/trial/3139

Author (year) and
location

Houpeau et al.
2016

France

French Sentimag
study

[NCT01790399

Design and intervention(s)

Feasibility, prospective non-
randomised controlled trial, patients
received both the intervention and
comparator, n=108

Intervention: Sienna+ (2 ml injected
intraoperatively into periareolar area)
and Sentimag. M

Comparator: Tc-99m (injected in the
periareolar area on the day of surgery
or the day), including
lymphoscintigraphy within 2-3 hrs
(blinded from surgeon) and gamma
probe. Blue dye was injected
intraoperatively following Sienna+ in
n=45 patients. M

Participants and setting

Inclusion criteria: Female patients aged 18
years or older, TO-T2 breast cancer proven
by histopathology or cytology, clinically or
radiologically node-negative and scheduled
for SLNB. Participants recruited between
February 2013 and December 2013.

Exclusion criteria: Patients with T3-T4 breast
cancer or with multifocal tumours,
intolerance or hypersensitivity to iron-dextran
compounds or patent blue dye, iron overload
disease, unable to receive radioisotope or
patients with pacemaker or other implantable
device in chest wall. ¥

Setting: multi-centre (N=4)
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Outcomes

Primary: successful
node identification
rate per patient by
intervention and
comparator (success
defined as detection
of at lead one
sentinel node).

Secondary:
concordance of SLN
detected by each
technique (per
patient and per
node), adverse
events. M

EAC comments

Female patients
only. One of the
four centres do not
routinely use
patent blue, but
only inject it in
case of no
scintigraphic
fixation which is
communicated to
the surgeon by the
nuclear medicine
department prior to
the surgery.
Intraoperative SLN
analysis
conducted with
OSNA or
histopathologic
analysis.



https://pubmed.ncbi.nlm.nih.gov/26754343/
https://pubmed.ncbi.nlm.nih.gov/26754343/
https://clinicaltrials.gov/ct2/show/NCT01790399

Author (year) and
location
Karakatsanis et al.
2016

Sweden & Norway

Nordic SentiMag
[no trial ID
reference found]

Pinero-Madrona et
al. 2015
Spain

IMAGINE study

Design and intervention(s)

Prospective non-randomised controlled
trial, patients received both the
intervention and comparator, n=206
patients

Intervention: Sienna+ (2 ml injected
subareolarly on day of surgery shortly
before or after induction of
anaesthesia) with Sentimag probe. ¥

Comparator: Tc-99m (injected
subareolarly, subdermally or
subcutaneously on day of surgery or
the day before) and gamma probe, with
Patent Blue V dye (1 to 2 ml injected
intraoperatively) being used in n=127
patients. M

Non-inferiority, prospective non-
randomised controlled trial, patients
received both the intervention and
comparator, (n=181)

Intervention: Sienna+ (2 ml injected in
the subareolar area, on day of surgery)
and Sentimag probe. M

Comparator: radioisotope tracer and
optional addition of methylene blue dye
(proportion not reported) with gamma
probe. XV

Participants and setting

Inclusion criteria: Patients aged 18 years or
older with invasive breast cancer or DCIS,
clinically and ultrasonographically negative
axilla scheduled for SLNB. All patients had to
be available for post-operative follow-up
(time period undefined). Patients identified
from case presentation in the
multidisciplinary rounds.

Exclusion criteria: Hypersensitivity to dextran
compounds, iron or Sienna+, isotope
intolerance, iron overload disease,
pregnancy, pacemaker or other implantable
metallic device close to axilla, unable to give
informed consent. ¥

Setting: multi-centre (N=7); Sweden (N=5),
Denmark (N=2)

Inclusion criteria: patients aged 18 years and
older scheduled for SLNB, preoperatively
clinically and radiologically node negative.
Patients recruited consecutively between
November 2013 and June 2014.

Exclusion criteria: received neoadjuvant
therapy, intolerant to iron or dextran
compounds, contraindicated to receive
radioisotope, disorders implying high iron
concentration, pacemaker or other metallic
device in chest wall. ¥

Setting: multi-centre (N=9).
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Outcomes

Primary: proportion
of successful SNB
(detection rate per
patient) with either
technique.

Secondary:
proportion of SN
detection (nodal
detection rate) and
malignancy rate per
patient and per node
by either techniques
(combined and
independent),
concordance,
adverse events.V1

Primary: ex-vivo
detection per patient
by both techniques,
independent and
combined.

Secondary: time
between intervention
injection and start of
SLNB procedure;
number of nodes
assessed and
number of positive
nodes per patient;
adverse events.

EAC comments

Lymphoscintigraph
y was not
performed
routinely. All
(frozen section)
nodes examined
with haematoxylin-
eosin staining, and
where no
metastases found
immunohistochemi
stry was used.

Blue dye not used
exclusively in this
cohort. Ex-vivo
analysis by OSNA
or histologically.



https://pubmed.ncbi.nlm.nih.gov/27117158/
https://pubmed.ncbi.nlm.nih.gov/27117158/
https://pubmed.ncbi.nlm.nih.gov/25997792/
https://pubmed.ncbi.nlm.nih.gov/25997792/

Author (year) and Design and intervention(s) Participants and setting Outcomes EAC comments
location

TSukumar et al. Prospective non-randomised controlled | Patients over the age of 18 years with Detection per patient,
2020 trial, patients received both the primary breast cancer T1-T3, NO, MO. M node retrieval per
UK intervention and comparator (n=113) patient,
Exclusion criteria: NR concordance,
SMART trial Intervention: Sienna+ (dosage and malignancy rates. M
[NCT02739425 administration timing NR) with Setting: multi-centre (N=NR)
Sentimag ¥

Comparator: Tc-99m with or without

blue dye (proportion not reported) with

gamma probe. X
Key: M aspect of study in scope; X aspect of study not in scope; MIX aspect of study partially in scope, or elements of this are not in scope;
tConference abstract/poster; t assumed from author affiliations (not explicitly stated in paper).

Abbreviations: ACR BI-RADS, American Collect of Radiology Breast Imaging-Reporting and Data System; DCIS, ductal carcinoma in situ; EAC, External Assessment
Centre; ECOG, Eastern Cooperative Oncology Group; NR, not reported; PROMs, patient reported outcome measures; SLN, sentinel lymph node; SLNB, sentinel lymph
node biopsy; SPIO, superparamagnetic iron oxide; Tc-99m, Technetium-99m radioisotope; SLND, sentinel lymph node dissection;

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
Date: March 2022 46 of 290



https://academic.oup.com/bjs/article/107/Supplement_3/5/6094801
https://academic.oup.com/bjs/article/107/Supplement_3/5/6094801
https://clinicaltrials.gov/ct2/show/NCT02739425

Table 3d: Single-arm studies selected by the EAC as the evidence base for patient reported and adverse events outcomes only

(N=14)

Author (year) and
location

Bazire et al. 2019
tFrance

Chapman et al.
2020

{USA

Design and intervention(s)
Retrospective cohort (n=288)
Intervention: Sienna+ (2 ml periareolar
injection on the day of surgery) with
Sentimag. The first 30 patients also
received Tc-99m, outcomes not
reported. Patients also received
postoperative radiotherapy M

Comparator: N/A

Retrospective cohort (n=16)

Intervention: Sienna+ or Magtrace (2-
5ml, injected intraoperatively) M

Comparator: N/A

Participants and setting

Indicated for SLNB based on negative
axillary lymph node status (physical
examination, ultrasound scan and if
necessary node needle aspiration cytology
or true cut core biopsy). Consecutive
patients with early-stage breast cancer
(cTO-T2, NO) without any neoadjuvant
treatments, who underwent adjuvant
radiotherapy. Recruitment period between
October 2013 and December 2016.

Exclusion criteria: NR M
Setting: single-centre
Patients who had previously undergone

conservative breast cancer surgery
(lumpectomy) with use on an SPIO tracer

between 1st January 2015 and 15t May 2020.

Each patient had a diagnosis of invasive
breast carcinoma or DCIS. MRI reports,
images and relevant oncology and surgical
history were collected.

Exclusion criteria: NR

Setting: single-centre
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Outcomes

Tolerance of
adjuvant
radiotherapy, toxicity
measured by
radiodermatitis and
fibrosis, adverse
events. MX

Impact of SPIO-
related artefact on
MRI interpretation,
adverse events. VX

EAC comments

First 30 patients
also had
radioisotope, then
only magnetic
procedure was
performed. Results
not reported
separately
(therefore
detection of
sentinel lymph
nodes excluded as
outcome
measure).

21 MRIs
conducted in 16
patients (median
10.8, range 3to 18
months).



https://pubmed.ncbi.nlm.nih.gov/30553652/
https://academic.oup.com/jbi/article/2/6/577/5940795?login=true
https://academic.oup.com/jbi/article/2/6/577/5940795?login=true

Author (year) and
location

Gutesa et al. 2016
iCroatia

THannebicque et
al. 2017

France

Subset from
French Sentimag
study
[NCT01790399

Design and intervention(s)
Retrospective cohort (n=128)

Intervention: Sienna+ (2ml
intraoperative injection under nipple
areola) with Sentimag M

Comparator: N/A

Retrospective cohort (n=47)

Intervention: Sienna+ (2 ml injected
intraoperatively) with Sentimag.
Patients also received Tc-99m =+ for
SLN detection. Cohort investigated for
skin staining outcomes relating to
Sienna+ only. MX]

Comparator: N/A

Participants and setting

Patients with early breast cancer (T1-T2)
axillary lymph node negative tumours on
imaging (either ultrasound or MRI) with
primary tumour confirmed by cytology or
core biopsy. Patients with invasive breast
cancer who underwent SLNB with SPIO and
breast conservative surgery
(segmentectomy).

Exclusion criteria: previous breast surgery or
irradiation of breast or axillary region,
hypersensitivity to iron products or dextrate,
iron overload disease. ¥

Setting: NR

Patients who had participated in the
Sentimag study who had undergone breast
conservative surgery. Retrospective note
review between January 2015 and April
2015, 1.5 to 2 years after surgery.

Exclusion criteria: patients who had
undergone mastectomy.

Setting: single-centre
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Outcomes

SLN identification,
mean nodes excised,
malignancy, SLN
retrieval rate,
adverse events. M

Skin discolouration
due to Sienna+ 1.5 to
2 years post-surgery.
VX

EAC comments

Limited
AEs/PROMs
reported in
Discussion section
of paper.

Subset of
Houpeau et al.
2016.



https://hrcak.srce.hr/clanak/261111
https://aacrjournals.org/cancerres/article/77/4_Supplement/P2-01-23/623466/Abstract-P2-01-23-Long-term-follow-up-of
https://aacrjournals.org/cancerres/article/77/4_Supplement/P2-01-23/623466/Abstract-P2-01-23-Long-term-follow-up-of
https://clinicaltrials.gov/ct2/show/NCT01790399

Author (year) and
location

Hersi et al. 2021
Sweden

SentiDose trial
[ISRCTN11156955]

Design and intervention(s)

Non-inferiority, prospective non-
randomised controlled trial (n=534).

Intervention:

Cohort 1 (n=163): Magtrace (1.5 ml
periareolar injection on day of surgery
within 20 minutes of procedure) and
Sentimag, with radioisotope, blue dye
and gamma probe.

Cohort 2 (n=165): Magtrace (1.0 ml
subareolar or peritumoural injection
into the interstitial tissue without
massage 1 to 7 days prior to surgery
and Sentimag, with radioisotope, blue
dye and gamma probe. X1

Comparator: Data from Nordic
Sentimag trial, Karakatsanis et al. 2016
used (n=206); Sienna+ (2 ml, injected
on day of surgery), Tc-99m (injected on
day of surgery or the day before) and
blue dye (1 to 2 ml injected on day of
surgery) with Sentimag and gamma
probe. M

Participants and setting

Inclusion criteria: breast cancers graded

cT0-2, cNO, cMO, ECOG performance status

0 to 2. Consecutive recruitment: cohort 1

between August 2017 and April 2018, and
cohort 2 between May 2018 and September
2019. Comparator data from Karakatsanis et
al. (2016); recruitment period not reported.

Exclusion criteria: previous ipsilateral breast
or axillary surgery, radiation, neoadjuvant

chemotherapy. M

Setting: multi-centre (N=6)
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Outcomes

Primary: proportion
of successful SLNB
procedures (per-
patient detection
rate; successful if
respective tracer if at
least one SLN was
identified and
retrieved).

Secondary: nodal
detection rate with
each technique;
average number of
nodes excised;
malignancy rate;
concordance of
Magtrace and
radioisotope,
adverse events, skin
discolouration up to 6

months post-surgery.
M

EAC comments

All endpoints were
analysed at two
different cut-off
points with regards
to the Sentimag®
signal of the SLN,
>0 and 20.
Overlap with
Karakatisanis et al.
(2016) however
reported explicitly.
Use of
radioisotope not
used as
comparator,
include in adverse
events only.

EXCLUDE cohort
1 (1.5ml Magtrace
against IFU)



https://pubmed.ncbi.nlm.nih.gov/33572114/
https://www.isrctn.com/ISRCTN11156955

Author (year) and
location
Jazrawi et al. 2021
Sweden

MagUS study

Kurylcio et al. 2021

Poland

Design and intervention(s)
Prospective cohort study (n=79)
Intervention: Magtrace (2 ml injected 1
to 14 days prior to MRI protocol).
Axillary ultrasound performed in a
separate session. Sentimag was used
to localise SLNs during SLND. M

Comparator: N/A

Feasibility study: cohort, prospective
database (n=74)

Intervention: Sienna+ (2ml 18-24 hours
prior to surgery) with Sentimag. ™

Comparator: N/A

Participants and setting

Inclusion criteria: adult patients with clinically
and ultrasound node-negative early breast
cancer (cNO) planned for SLND. Diagnostic
breast MRI performed prior to SPIO injection
where required. Recruitment period between
September 2017 and December 2020.

Exclusion criteria: patients with
hypersensitivity to dextran compounds or
SPIO, iron overload disease or planned for
neoadjuvant therapy and monitored with
breast MRI for tumour response. M

Setting: single-centre

Patients operated on with early breast
cancer between February 2013 and
December 2020. Patients received
neoadjuvant chemotherapy. HER2-positive
patients additionally received HER2-targeted
therapy.

Exclusion criteria: not reported

Setting: single-centre
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Outcomes

Primary: MaguUS
detection rate
(imaging protocol).

Secondary:
malignancy,
sensitivity, specificity,
adverse events. V]

Proportion of patients
with surgical margin
achieved, sentinel
node detection, time
to lymph node
retrieval, number of
resected sentinel
nodes, adverse
events M

EAC comments

Of 79 included
patients, 48 had
early breast
cancer and
underwent upfront
surgery, 12
underwent
neoadjuvant
therapy, and 19
had recurrent
breast cancer after
previous breast
and axillary
surgery.

Operation time for
SLNB reported but
excluded from
outcomes due to
lack of
comparative data.
No comparator,
include in adverse
events only.



https://pubmed.ncbi.nlm.nih.gov/34503095/
https://pubmed.ncbi.nlm.nih.gov/34300315/

Author (year) and
location

Lorek et al. 2019
Poland

Design and intervention(s)
Cohort (n=303)

Intervention: Sienna+ (2 ml
administered 1-2 cm under areola of
the mammary gland, administered 1-12

hours prior to surgery) with Sentimag
™

Comparator: N/A

Participants and setting

Patients with primary operative breast
cancer who had received SLNB procedure in
combination with wide local excision or
simple mastectomy, or had autonomous
SLNB prior to induction treatment based on
the Sentimag method between January 2014
and September 2017. Prior to sentinel lymph
node identification all patients had their
regional lymph nodes assessed by
ultrasound. In cases of doubt, a fine-needle
aspiration biopsy of the

lymph node was performed under ultrasound
control. Only cNO (no signs of cancer in the
lymph nodes) were included.

Exclusion criteria: patients not attending
follow-up consultations at outpatient clinic. ¥

Setting: single-centre
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Outcomes

SLN detection rate,
number of dissected
SLN per procedure,
adverse events
including sensory
disturbance
(paresthesias
including
hyperesthesia on the
skin of the arm),
restricted range of
motion in the upper
limb (more than 20
degrees in
comparison with
other limb treated as
significant), presence
of lymphedema
(defined as 10%
difference between
limbs, ranked as
minimal <20%,
moderate 20-40%,
and severe >40%),
discolouration of the
skin of the breast
(diameter in cm, and
colour intensity). 1

EAC comments

Patients followed
for average of 25.5
(range 5-42)
months.



https://pubmed.ncbi.nlm.nih.gov/31032820/

Author (year) and
location

Man et al. 2019
{Hong Kong

TPaepke et al.
2020

iGermany

Design and intervention(s)
Retrospective cohort (n=328)
Intervention: Sienna XP (2ml
subareolar injection the night prior to
surgery) with Sentimag ™
Comparator: radioisotope (subareolar

region) in first 22 patients. No blue dye
used in any patients. X

Retrospective cohort (n=50)
Intervention: Magtrace (2 ml, injected
on the day of surgery peritumoural or
periareolar) with Sentimag probe. ¥

Comparator: N/A

Participants and setting

All adult female patients with clinical and
radiological node-negative breast cancers

were invited between August 2016 and
December 2017. All recruited patients
received triple assessment to establish
diagnosis of breast cancers.

Exclusion criteria: pregnant or lactating

patients, patients with known hypersensitivity
to dextran compounds, patients with an iron-

overload disease, and patients with

pacemaker or other implantable devices on

chest wall.

Setting: NR
Patients undergoing breast conserving
surgery, mastectomy or nipple-sparing

mastectomy. Recruitment period assumed
by EAC between May 2019 and October

2019.
Exclusion criteria: not reported

Setting: single-centre.
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Outcomes

Detection of sentinel
node, number of
sentinel nodes,
median number of
sentinel nodes
removed, adverse
events

Node detection rate,
operation time and
adverse events
reported.

EAC comments

Blue dye not used
in this cohort.
Gamma probe
used only in 2/22
patients, not
reported
exclusively.

Operation time for
SLNB reported but
excluded from
outcomes due to
lack of
comparative data.
Abstract only, no
comparator.



https://pubmed.ncbi.nlm.nih.gov/30888473/
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0040-1714605
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0040-1714605

Author (year) and
location

Pohlodek et al.
2018

Slovakia

1Szynglarewicz et
al. 2019
tPoland

Vural and Yilmaz
2020
Turkey

Turkish SentiMAG

Design and intervention(s)
Pilot cohort study (n=10)

Intervention: Sienna+ (2 ml, injected
subareolarly at least 20 minutes before
SLNB) with Sentimag probe. Magseed
used for tumour localisation with
Sentimag probe. M

Comparator: N/A

Prospective cohort study (n=132)

Intervention: Sienna+ (2 ml injected
pre-operatively timing not reported)
with Sentimag ™

Comparator: N/A
Feasibility, prospective cohort study
(n=104)

Intervention: Sienna+ (2 ml, 20 minutes
before surgery or within four weeks of
surgery; injected into the retro-areolar
area or in the peritumoral area for non-
palpable tumours,) with Sentimag
probe. M

Comparator: N/A

Participants and setting

Inclusion criteria: patients with core biopsy-
proven early cT1 invasive breast cancer or
DCIS, atypical ductal hyperplasia with
clinically and ultrasound negative axilla (cNO)
undergoing SLNB for which breast
conserving surgery was planned.

Exclusion criteria: pacemaker or implantable
device in chest wall, iron or nickel allergy,
Sienna allergy, pregnancy or lactation. ¥

Setting: single-centre.

Consecutive patients with invasive breast
cancer or high-risk DCIS (extensive lesions,
high nuclear grade, comedonecrosis). All
underwent breast conserving surgery with
SLNB. M

Setting: NR

Inclusion criteria: Adult female patients with
clinical TO-T2 early breast cancer proven by
histopathology, clinically or radiologically
node-negative and scheduled for SLNB.
Patients recruited during 2013 to 2017.

Exclusion criteria: Patients with T3-T4 breast
cancer, hypersensitivity to iron or dextran
compounds, pacemakers or metal implants,
neoadjuvant therapy. ¥

Setting: single-centre.
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Outcomes

Mean number of SLN
detected per patient,
proportion of patients
with metastatic
nodes, adverse
events. M

Skin staining at 1, 3,
6 and 12 months
post SLNB
procedure. M

Primary: proportion
of successful
procedures for SLN
detection per patient.

Secondary: number
of nodes retrieved,
malignancy rate,
adverse events. M

EAC comments

Magseed (with
confirmatory
mammography)
used for tumour
localisation. Single
arm.

Study does not
report the
proportion of
patients injected
with Magtrace on
the day of surgery,
or the distribution
of time between
injection and
surgery.



https://pubmed.ncbi.nlm.nih.gov/30431397/
https://pubmed.ncbi.nlm.nih.gov/30431397/
https://www.ejso.com/article/S0748-7983(18)31908-5/fulltext
https://www.ejso.com/article/S0748-7983(18)31908-5/fulltext
https://pubmed.ncbi.nlm.nih.gov/31621053/
https://pubmed.ncbi.nlm.nih.gov/31621053/

Author (year) and
location
Waérnberg et al.
2019

Sweden

Subgroup from the
MONOS study

Design and intervention(s)

Prospective cohort study (n=337; 258
patients included in qualitative outcome

Intervention: Sienna (2 ml injected up
to 4 weeks pre-operatively, retroareolar

[ISRCTN14097881] injection between April 2014 and

October 2016, peritumoral injection
between November 2016 and
November 2017) with Sentimag probe
|

Comparator: N/A

Participants and setting

Female patients undergoing breast
conserving surgery or mastectomy who
underwent SPIO procedure between April
2014 and November 2017. Patients
undergoing mastectomies analysed for
detection rates only (no PROMs).

Exclusion criteria: NR

Setting: single-centre.
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Outcomes

Skin staining after
retroareolar and
peritumoural
injections and
different injection
techniques, intensity
of staining classified
by patient using
Likert scale.

Secondary: SLN
detection, SLN
retrieval. ¥

Key: M aspect of study in scope; [XI aspect of study not in scope; MIX aspect of study partially in scope, or elements of this are not in scope;
tConference abstract/poster; t assumed from author affiliations (not explicitly stated in paper).

EAC comments

Subgroup analysis
by injection type
(retro-areolar,
peritumoral) which
changed over
time. SLN
detection
outcomes not
considered by the
EAC due to lack of
comparative
evidence and
overlap with
Karakatsanis et al.
2017 cohort.

Abbreviations: ACR BI-RADS, American Collect of Radiology Breast Imaging-Reporting and Data System; DCIS, ductal carcinoma in situ; EAC, External Assessment
Centre; ECOG, Eastern Cooperative Oncology Group; NR, not reported; PROMs, patient reported outcome measures; SLN, sentinel lymph node; SLNB, sentinel lymph
node biopsy; SLND, sentinel lymph node dissection; SPIO, superparamagnetic iron oxide; Tc-99m, Technetium-99m radioisotope



https://pubmed.ncbi.nlm.nih.gov/30830536/
https://pubmed.ncbi.nlm.nih.gov/30830536/
https://www.isrctn.com/ISRCTN14097881

Table 4: Papers included by Company and EAC

# Author (year) Included Included by EAC
by
Company

1. | Ahmed et al. 2014 No Yes
2. | TAhmed et al. 2015 Yes No
3. | Alvarado et al. 2019 Yes Yes
4. | Bazire et al. 2019 No *Yes
5. | tCastillo-Berrio et al. 2015 No Yes
6. | Chapman et al. 2020 No *Yes
7. | tDouek et al. 2013 No Yes
8. | Douek et al. 2014 Yes Yes
9. | Ghillietal 2017 Yes Yes
10. | Giménez-Climent et al. 2021 Yes Yes
11. | tGranados et al. 2015 No Yes
12. | Gutesa et al. 2016 No *Yes
13. | THannebicque et al. 2017 No *Yes
14. | Hersi et al. 2019 Yes No
15. | Hersi et al. 2021 Yes *Yes (excl. cohort 1)
16. | Houpeau et al. 2016 Yes Yes
17. | Karakatsanis ef al. 2016 Yes Yes
18. | Karakatsanis et al. 2017 Yes Yes
19. | Karakarsanis et al. 2018 No Yes
20. | Karakatsanis et al. 2019 Yes No
21. | tKarakatsanis et al. 2020 Yes No
22. | Jazrawi et al. 2021 No *Yes
23. | Kurylcio et al. 2021 Yes *Yes
24. | Lorek et al. 2019 Yes *Yes
25. | Man et al. 2019 Yes *Yes
26. | TMullapudi et al. 2020 Yes No
27. | TMunawwar et al. 2021 Yes Yes
28. | tPaepke et al. 2020 Yes *Yes
29. | Pelc et al. 2022 No Yes
30. | Pinero-Madrona et al. 2015 Yes Yes
31. | Pohlodek et al. 2018 Yes *Yes
32. | Pouw et al. 2015 Yes Yes
33. | TQureshi et al. 2021 Yes No
34. | TRaus and Faridova 2020 Yes No
35. | TRubio et al. 2016 Yes No
36. | Rubio et al. 2015 Yes Yes
37. | Rubio et al. 2020 Yes Yes (excl. cohorts 1 & 2)
38. | tScally et al. 2020 Yes No
39. | Shams et al. 2021 Yes Yes
40. | Sreedhar et al. 2021 No Yes
41. | ¥Sukumar et al. 2020 No Yes
42. | tSyahkal et al. 2019 Yes No
43. | tSzynglarewicz et al. 2019 No *Yes
44. | Thill et al. 2014 Yes Yes
45. | Vural and Yilmaz 2020 Yes *Yes
46. | Warnberg et al. 2019 No *Yes

tConference abstract

*Include as single-arm study reporting on adverse events and patient reported

outcome measures only.
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5 Clinical evidence review

5.1 Overview of methodologies of all included studies

The EAC included 36 studies with the following study designs:

e 18 non-randomised controlled trial, (12 non-inferiority; 3 prospective; 1

retrospective; 1 feasibility; 1 pilot)

e 16 cohort (7 retrospective; 6 prospective; 1 feasibility; 1 pilot; 1

propensity-matched)
e 1 prospective, paired comparison
e 1 validation study

The 36 studies including a total 4,202 patients where Magtrace and Sentimag

were used. Nine of the studies were reported in conference abstracts only.

Comparators included the dual technique (radioisotope in combination with
blue dye) and radioisotope alone. Five studies compared the combination
technique with Magtrace and Sentimag exclusively (Alvarado et al. 2019;
Karakatsanis ef al. 2017; Karakatsanis et al. 2018; Pouw ef al. 2015;
Sreedhar et al. 2021) and are considered most relevant to the decision

problem in line with the relevant NICE clinical guideline and Clinical experts

(EAC Correspondence Log, 2022). 11 studies compared Magtrace and
Sentimag with radioisotope alone and 6 studies included both the dual
technique and radioisotope only and did not report outcomes exclusively. The
remaining 14 non-comparative studies were included in the context of patient

reported outcomes and adverse events.

5.2 Critical appraisal of studies and review of Company’s
critical appraisal

The 36 studies included 18 non-randomised controlled trials and 17 cohort

studies. 14 non-comparative studies (study size ranging from 10 to 371

patients) were only included in the EAC review due to their reporting on

patient outcomes or adverse events; 9 of these 14 reported on SLN detection
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rates, however these outcomes have not been tabulated due to the lack of
comparative data. No study reported exclusively on male patients; two studies

reported patient gender characteristics and seven studies excluded men.

Non-randomised controlled trials where the intervention and comparator arms
included different patients were appraised using the Transparent Reporting of
Evaluations with Nonrandomized Designs (TREND) checklist, Appendix B1.
Studies where the intervention and comparator were conducted in the same
patients, and detection concordance reported were appraised using the
STAndards for the Reporting of Diagnostic accuracy studies (STARD)
checklist, Appendix B2. Single-arm studies included for adverse events and
patient reported outcomes were appraised using the NIH National Heart, Lung
and Blood Institute Cohort tool, Appendix B3. Nine of the included studies
were reported in conference abstracts only and therefore were not critically
appraised by the EAC.

Only one study was conducted exclusively in a UK or NHS setting (Sukumar
et al. 2020). The SentiMAG study was based in the UK and the Netherlands
and four associated papers have been included in this review (Ahmed et al.
2014b; Douek et al. 2013; Douek et al. 2014; Pouw et al. 2015). Four studies
were set outside of Europe; Alvarado et al. (2019) and Chapman et al. (2020)
in USA; Man et al. (2019) in Hong Kong; Sreedhar et al. (2021) in New
Zealand. The remaining 27 studies were set in European locations

comprising:

e six in Spain (Castillo-Berrio et al. 2015; Granados et al. 2015; Pinero-
Madrona at al. 2015; Rubio et al. 2015; Rubio et al. 2020; Gimenez-
Climent et al. 2021),

o five in Sweden (Karakatsanis et al. 2017; Karakatsanis et al. 2018;
Warnberg et al. 2019; Hersi et al. 2021; Jazrawi et al. 2021),

e fourin Poland (Lorek et al. 2019; Kurvicio et al. 2021; Szynglarewicz et
al. 2019; Pelc et al. 2022),
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e three in France (Houpeau et al. 2016; Hannebicque et al. 2017; Bazire
et al. 2019),

e three in Germany (Paepke et al. 2020; Munawwar et al. 2021; Shams
et al. 2021),

e one in ltaly (Ghilli et al. 2017),

e one in Slovakia (Pohlodek et al. 2018),

e onein Turkey (Vural and Yilmaz 2020),

e one in Sweden and Norway (Karakatsanis et al. 2016),

e one in Germany, Poland and Switzerland (Thill et al. 2014),

one in Croatia (Gutesa et al. 2016).

Only four studies were conducted exclusively in patients with invasive breast
cancer (Shams et al. 2021; Houpeau et al. 2016; Giménez-Climent et al.
2021; Pelc et al. 2022). The majority of studies included patients with ductal
carcinoma in-situ and invasive breast cancer; none reported outcomes
separately by subgroup. Studies included patients with a range of tumour
grades, tumour sizes, oestrogen, progesterone, Ki67 receptor and HER2
status, previous surgery status, undergoing conservative breast surgery or

mastectomy; none reported outcomes separately by subgroup.

Ten studies included lymphoscintigraphy imaging with the radioisotope
comparator (Castillo-Berrio et al. 2015; Thill et al. 2014; Pouw et al. 2015;
Rubio et al. 2015; Houpeau et al. 2016, Karakatsanis et al. 2018; Ghilli et al.
2017; Shams et al. 2021; Pelc et al. 2022; Granados et al. 2015). The Clinical
experts report that the use of lymphoscintigraphy in the UK is varied and
many centres do not routinely use this in patients with breast cancer (EAC

Correspondence Log, 2022).
The majority of studies reported the administration of Magtrace

intraoperatively with only five studies (two comparative) including patients
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injected with Magtrace prior to surgery (Karakatsanis et al. 2017;
Karakatsanis et al. 2018; Hersi et al. 2021; Jazrawi et al. 2021; Warnberg et
al. 2019). The Clinical experts report that Magtrace is injected in a routine
clinical visit within 30 days of surgery and not injected intraoperatively due to
an improved visual and magnetic signal during surgery from earlier
administration of Magtrace (EAC Correspondence Log, 2022). The Clinical
experts note that intraoperative Magtrace injection is performed during the
learning curve with the technology to allow the refinement of technique to
reduce pain and skin staining outcomes (EAC Correspondence Log, 2022).
Karakatsanis et al. (2017) excluded three patients from analysis owing to a
lack of Magtrace during one week of the study period. No study reported

exclusion of patients due to the lack of radioisotope availability.

Studies reporting SLN detection outcomes in patients receiving both Magtrace
and the radioisotope comparators were considered of higher quality than an
RCT comparing SLN detection comparing different tracer methods in different
patients. SLNB procedure timing, when reported in patients receiving
Magtrace compared with different patients receiving a radioisotope

comparator, was considered of higher quality.

Metastatic status of excised nodes was identified using a range of techniques,
including: OSNA, histopathology, frozen section. The Clinical experts report
that histopathology assessment is standard of care in the UK (EAC

Correspondence Log, 2022).

5.3 Results from the evidence base
The EAC cross-tabulated the 36 included studies against the outcomes listed

in the final scope (NICE MT568 Final Scope, 2021), Table 5.
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Table 5: Cross-tabulation of included studies against outcomes (N=36).

Patient Group Outcomes
. 5 o g = »
¢ 3 |65 |55%d 53 |2 32
Volume of © = £ 2g23 =98 | 8 59
Comparator Trial name Author (year) Study design (n=total no. of patients) Magtrace _ % ¢ o = % g =3 g ¢ o 3 g g
used (ml) 85 |28 [2° S2,9 S5 |EEZ g0
S52| =29 9 c=29q 2= 20 @ SO
A8% E5 |08% 258d £ |&85¢2 83
nell  =>Zn0cg En o ofE|l O®
SentiMagIC Alvarado et al. 2019 Non-inferiority, NnRCT (n=146) 2.0 v 4 v 4 v
Tc-99m aI"d blue MONOS Karakatsanis et al. 2017 nRCT (n=338) 2.0 v v v v v
oioae) MagPilot Karakatsanis et al. 2018 nRCT (n=12) 2.0 v v v v v
(N=5) SentiMAG (MRI subprotocol) Pouw et al. 2015 pCohort (n=11) 2.0 v v 4 v v
Sreedhar et al. 2021 nRCT (n=116) 2.0 v v v v
SentiMAG tAhmed et al. 2015 1 nRCT (n=347) 2.0 4 v v
tCastillo-Berrio ef al. 2015 Non-inferiority, nRCT (n=22) 2.0 v v v
Ghilli et al. 2017 Non-inferiority, nRCT (n=193) NR v v v v 4
IMAGINE-II Giménez-Climent et al. 2021 Non-inferiority, nRCT (n=89) 2.0 v v
Tc-99m alone tGranados et al. 2015 Non-inferiority, nRCT (n=29) 2.0 v v v
(N=11) TMunawwar et al. 2021 rCohort (n=55) 1.0 NR NR v
Pelc et al. 2022 Propensity matched cohort (n=124) 2.0 4 v v
Rubio et al. 2015 Non-inferiority, NnRCT (n=120) 2.0 v 4 v v v
SUNRISE Rubio et al. 2020 Non-inferiority, RCT (n=45%) 2.0 v v 4 v 4 4
Shams et al. 2021 nRCT pilot (n=59) 2.0 v v v v v v v
Central-European SentiMag Thill et al. 2014 Non-inferiority, nRCT (n=150) 2.0 v v v 4 4
_ tDouek et al. 2013 Non-inferiority, NRCT (n=347) 2.0 v 4 v v
: SentiMAG Douek et al. 20141 Non-inferiority, nRCT (n=160) 2.0 v v v v v
Mixture of dual :
technique and Tc- French Sentimag Houpeau et al. 2016 nRCT (n=108) 2.0 v v v
99m alone Nordic SentiMag Karakatsanis et al. 2016 nRCT (n=206) 2.0 v v v v
(N=6) IMAGINE Pinero-Madrona et al. 2015 Non-inferiority, nRCT (n=181) 2.0 v v v v v
UK SentiMag (SMART) tSukumar et al. 2020 nRCT (n=113) NR v v 4
Bazire et al. 2019 rCohort (n=288) 2.0 v v v
Chapman et al. 2020 rCohort (n=16) 2.0 4 v v
Gutesa et al. 2016 rCohort (n=128) 2.0 v v v v
French Sentimag tHannebicque et al. 2017* rCohort (n=47) 2.0 v v
SentiDose Hersi et al. 2021 Non-inferiority, NRCT(n=371%) 1.0 v v v v v
Single-arm studies Jazrawi et al. 2021 pCohort (n=79) 2.0 4 v v
included for AEs or Kurylcio et al. 2021 Cohort feasibility (n=74) 2.0 NR NR v 4 v v
PROMS only (N=14) Lorek et al. 2019 rCohort (n=303) 2.0 v v v v v
Man et al. 2019 rCohort (n=328) 2.0 4 v v v v
tPaepke et al. 2020 rCohort (n=50) 2.0 NR NR v v v
Pohledek et al. 2018 Cohort pilot (n=10) 2.0 v v v v
+Szynglarewicz et al. 2019 pCohort (n=132) 2.0 v v v
Turkish SentiMAG Vural and Yilmaz 2020 pCohort (n=104) 2.0 v v v v v
MONOS Warnberg et al. 2019 pCohort (n=258) 2.0 v v v

Abbreviation: NR, not reported; nRCT, non-randomised controlled trial; rCohort, retrospective cohort; pCohort, prospective cohort; AEs, adverse events; PROMs, patient reported outcome measures; Tc-99m, Technetium-
99m; SLNB, sentinel lymph node biopsy
TConference abstract; {EAC has removed patients where the dose or administration timing of Magtrace was outwith IFU (0.5ml, 1.5ml); 1 Overlap with Douek et al. (2013); *Subset of Houpeau et al. (2016)
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Sentinel lymph node detection rate
The majority of studies compared SLN detection with the different tracers in

the same patient (N=18). Four comparative studies compared SLN detection
rates with Magtrace and radioisotope-based tracers in different patient groups.
Studies reporting SLN detection outcomes in patients receiving both the
intervention and comparator were considered of higher quality than an RCT
comparing SLN detection comparing different methods in different patients. It
is noted that there may be bias as to the extent to which the accuracy of each
device was affected by the other during the concurrent use of both Sentimag
and the standard gamma technique during surgery and lack of blinding. 11 of

these 18 studies were designed as non-inferiority trials.

Per patient detection rate

Per patient SLN detection rate comparing Magtrace and Tc-99m with and
without blue dye in the same patient was reported in 18 studies with Alvarado
et al. (2019) reporting detection rates with both dual technique and the
radioisotope tracer alone. The detection of SLNs with Magtrace ranged from
89.7% to 100.0% per patient with four studies reporting 100.0% detection
rates (Table 6a). The detection of SLNs with Tc-99m with blue dye ranged
from to 83.3% to 100.0%, with five papers reporting 100.0% detection rates
(Table 6a). Only four studies (three non-randomised controlled trials, one
propensity matched cohort) statistically compared detection between
techniques; no study reported a significant difference in per patient detection
rates between techniques. Per patient concordance between Magtrace and
Tc-99m with and without blue dye ranged from 89.7% to 100.0% with seven

studies reporting 100.0% concordance.

Per node detection rate

Nodal detection rate comparing Magtrace and Tc-99m with and without blue
dye in the same patient was reported in 15 studies (Table 6b). Nodal detection
with Magtrace ranged from 77.5% to 100.0% (Castillo-Berrio et al. 2015;
Pouw et al. 2015). Nodal detection with Tc-99m with and without blue dye
ranged from 67.2% to 98.0% (Castillo-Berrio et al. 2015; Sukumar et al.
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2020). Three studies reported p values for per node detection rates between
Magtrace and standard technique. Two studies reported no statistically
significant difference in per node detection rates; Karakatsanis et al. (2018)
(p=1.0) and Karakatsanis et al. (2016) (p=0.34). Houpeau et al. (2016)
reported a significant difference with Magtrace identifying additional nodes
(p=0.0041) (Table 6b). Per node concordance between Magtrace and Tc-99m
with and without blue dye ranged from 88.7% to 100.0% (Pinero-Madrona et
al. 2015; Karakatsanis et al. 2018; Pouw et al. 2015).

Further comparative evidence detection rates

Two comparative studies reported the detection rate in patients receiving
Magtrace compared to a different group of patients receiving Tc-99m with blue
dye (Karakatsanis et al. 2017; Sreedhar et al. 2021). Karakatsanis et al.
(2017) compared patients receiving Sienna+ (n=183) with patients receiving
Tc-99m with blue dye (n=155) reporting per patient detection rate as 93.5%
(95% CI 89.5 t0 96.1%) and 90.3% (95% CI 86.3 to 93.3%) and per node
detection rate as 95.6% and 96.9% respectively, although the total number of
nodes retrieved were not reported. Sreedhar et al. (2021) reported the
detection rate was higher in those receiving Magtrace (n=45) with 91.1% and
71.8% for patients receiving the standard dual technique (n=71). Shams et al.
(2021) reported detection rate per patient using Magtrace in 30 patients as
90.0% and Tc-99m alone in a different group of 29 patients as 89.6%, per

node detection rates were not reported.
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Table 6a: Summary of comparative studies (N=18) reporting number of sentinel lymph nodes identified by Magtrace and either
dual technique (Tc-99m and blue dye), Tc-99m only or a combination, per patient, including concordance where reported.

Per patient
c glfo' e Hee  Her (e | eSSl DEREien [EeE | ) Concordance, %
omparator | Author (year) patie | % % % % Intervention, % Comparator, value [95% CI]
nts [95%CI] % [95%Cl]

Dual Tc-99m | Alvarado et al. (2019) 146 | 0.7 98.6 0.0 0.7 99.3[98.0-100.0] | 98.6 [96.7-100.0] | - 100.0
and blue dye | Karakatsanis et al. (2018) 12 16.7t 83.3 0.0 0.0 100.0 83.3 0.5 100.0
(exclusively) | Pouw et al. (2015) 11 0.0f  100.0f 0.0f 0.0t | 100.0f 100.07 - 100.0f

*Douek et al. (2013) 347 | - - - - 91.9 96.3 - 90.5f
Dual Tc-99m | Douek et al. (2014)* 160 3.1 91.3 3.8 1.9 94.4 95.0 - 93.11
and blue dye Houpeau et al.(2016) 108 | 2.8 944 0.9 1.9 97.2 [92.1-99.4] 95.4 [89.5-98.5] 0.6250 | 99.0 [94.7-100.0]
(not Karakatsanis et al. (2016) 206 |24t 951t 1.9t 057 | 97.6[94.1-99.1] 97.1 [93.5-98.8] 0.76 98.0 [94.6-99.3]
exclusively) | Pinero-Madrona et al. (2015) 181 | 0.6t 967t 1.1t 17t | 972 97.8 - 98.3

*Sukumar et al. (2020) 113 | - - - - 97.2 97.2 - -

Douek et al. (2014)* 160 | - - - - - 90.6 - -

Alvarado et al. (2019) 146 34 95.9 0.0 0.7 99.3[98.0-100.0] | 95.9 - 100t

*Castillo-Berrio et al. (2015) 22 4.5 95.4 0.0 0.0 95.4 100.0 - -

Ghilli et al. (2017) 193 1.0t 96.9t 21t 0.0 97.9 [95.9-99.9] 99.0 [97.5-100.0] | - 97.9 [95.9-99.9]

Gimenez-Climent et al. (2021) 89 0.0 97.8F 0.0 22t 9738 97.8 - 100.0
Tc-99m tGranados et al. (2015) 29 0.0 897t 103t 0.0 |89.7t 100.0t - 89.7t
(exclusively) | svunawwar et al. (2021) 55 |- - - - 96.61 85.21 ; -

Pelc et al. (2022) 124 | - - - 100.0 100.0 - 100.0

Rubio et al. (2015) 120 4.2t 94,11 1.7t 0.0 98.3 95.7 0.35 98.2

Rubio et al. (2020) (Cohort 3) 45 - - - - 100.0 100.0 - 100.0

Thill et al. (2014) 150 1.3 96.7 0.7 1.3 98.0 [94.8-99.4] 97.3[93.9-99.1] - 99.3 [96.8-99.9]

TCalculated by the EAC; *Detection rates were taken ex vivo, additional nodes analysed; TEAC assumption per patient reporting, detection rate given per number of patients.

Abbreviations: NR, not reported; Tc-99m, Technetium-99m radioisotope; 1+/C+, intervention and comparator positive or negative comparison
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Table 6b: Summary of comparative studies (N=15) reporting number of sentinel lymph nodes identified by Magtrace and either
dual technique (Tc-99m and blue dye), Tc-99m only or a combination, per node, including concordance where reported.

Per node
No. : . : .
& |l Es HEs e | RESSIEnEEE | DRSS Es b- Concordance, %
Comparator | Author (year) node | % o o o Intervention, % Comparator, value | [95% CI]
s ° ° ° ° [95%Cl] % [95%CI] °
Dual Tc-99m | Alvarado et al. (2019) 369 |60 883 51 05 |943[91.9-96.7] | 93.5[91.0-96.0] - 94.5 [92.1-96.9]
and blue dye | Karakatsanis et al. (2018) 16 |00 813 00 188f |81.25 81.25 1.0 100.0
(exclusively) | Pouw et al. (2015) 22 13.6t 86.4t 0.0t 0.0t | 100.0t 86.41 - 100.0t
*Douek et al. (2013) 825 | - - - - NR 76.0 - -
Douek et al. (2014)* 404 | 136t 6631 7.2t 129 |79.9f 74.0 - 90.2
Dual Tc-99m | 5 peau et al.(2016) 214 |93t 879t 23t 05t |97.2t 90.2t 0.004 | 97.4 [94.1-99.2]
and blue dye 1
(”Otl el Karakatsanis et al. (2016) 403 |57t 87.6t 3.7t 30" |93.3[90.3-95.5] | 91.3[88.0-93.8] 0.34 | 95.9[93.2-97.6]
exclusively) | pinero-Madrona et al. (2015) 319 | 7.2t 853t 41t 34t |925 89.3 - 88.7
*Sukumar et al. (2020) NR - - - - 98.0 98.0 - -
Alvarado et al. (2019) 369 |79 864 51 05 |943[91.9-96.7] | 91.6[88.8-94.4] 9437
tAhmed et al. (2014) 855 | - - - - 87.41 92.9t - -
tCastillo-Berrio et al. (2015) 58 |- - - 18.9 | 775 67.2 - -
Tc-99m Ghilli et al. (2017) 380 |53t 905t 42f 00 |958[93.8-97.8] | 94.7 [92.5-97.0] - 95.6 [93.4-97.7]
(exclusively) | Gimenez-Climent et al. (2021) | 129 |62t 930t 08 00 |992 93.8 - 93.0
Rubio et al. (2015) 287 | - - - - 92.0t 80.11 - -
Thill et al. (2014) 291 |69 904 14 14 |97.3[94.9-98.7] | 91.8[88.2-94.5] - 98.5 [96.5-99.5]

fCalculated by the EAC

*Detection rates were taken ex vivo, additional nodes analysed
TEAC assumption per patient reporting, detection rate given per number of patients.

Abbreviations: NR, not reported; Tc-99m, Technetium-99m radioisotope; 1+/C4, intervention and comparator positive or negative comparison

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
Date: March 2022

64 of 290




Detection rates in malignant nodes

The proportion of patients with malignant nodes ranged from 15.1% to 42.6%
(Alvarado et al. 2019; Houpeau et al. 2016). It is anticipated that 20% to 30%
of SLNs excised from SLNB will contain metastases depending on patient

population and tumour size (British Nuclear Medicine Society, BNMS 2009).

Per patient detection rate

Per patient malignant node detection rate comparing Magtrace and Tc-99m
with and without blue dye in the same patient was reported in nine studies
(Table 7a). The per patient detection rate for malignant lymph nodes with
Magtrace ranged from 91.7% to 100.0% (Pinero-Madrona et al. 2015;
Gimenez-Climent et al. 2021). The per patient detection rate for malignant
lymph nodes with Tc-99m with and without blue dye ranged from 88.3% to
98.3% (Pinero-Madrona et al. 2015; Ghilli et al. 2017). Only one study
statistically compared the per patient detection rates between techniques
(Houpeau et al. 2016) and reported no difference between techniques. Per
patient concordance between Magtrace and Tc-99m with and without blue dye
ranged from 90.5% to 100.0% with three studies reporting 100.0%

concordance.

Per node detection rate

Per malignant node detection rate comparing Magtrace and Tc-99m with and
without blue dye in the same patient was reported in nine studies (Table 7b).
The per node detection rate for malignant lymph nodes with Magtrace ranged
from 90.8% to 100.0% (Pinero-Madrona et al. 2015; Gimenez-Climent et al.
2021). The detection rate for malignant lymph nodes with Tc-99m with and
without blue dye ranged from 88.2% to 96.0% (Pinero-Madrona et al. 2015;
Alvarado et al. 2019). Only one study statistically compared the per node
detection rates between techniques (Houpeau et al. 2016) and reported no
difference between techniques. Per malignant node concordance between
Magtrace and Tc-99m with and without blue dye ranged from 91.3% to
100.0% (Rubio et al. 2020; Thill et al. 2014) with four studies reporting 100%

concordance.
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The lowest per patient and per node detection rates across the included
studies were reported by Pinero-Madrona et al. 2015 (91.7% for Magtrace,
88.3% for Tc-99m with and without blue dye); however, authors only reported

the ex-vivo detection rates for malignant nodes retrieved.
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Table 7a: Summary of comparative studies (N=9) reporting number of malignant sentinel lymph nodes identified by Magtrace and
either dual technique (Tc-99m and blue dye), Tc-99m only or a combination, per patient, including concordance where reported.

Per patient

No. of patients
with positive

|+/C-

I+/C+

I-/C+

I-/C-

Detection rate:

Detection rate:

Concordance,

Comparator | Author (year) nodes (n/% of | % o % % Igti;vglntion, % oComp(:clra’ior, value | % [95% CI]
total patients) el el=steCll
Dual Tc-99m | Alvarado et al. 22 (15.1%) 0.0 955 0.0 4.5 95.5[86.8-100.0] | 95.5[86.8-100.0] | - 100.0
and blue dye | (2019)
(exclusively)
Houpeau et 46 (42.6%) 43t 935t 22t 0.0 97.8 [88.4-99.9] 95.7 [85.2-99.5] | 1.000 | 97.7 [88.9-99.9]
al.(2016)
Dual Tc-99m | Karakatsanis et al. | 54 (26.2%) 0.0 96.3F 1.9 1.9t | 96.3[86.2-99.4] 98.1[88.8-99.9] | - 98.1 [88.8-99.9]
and blue dye | (2016)
(not Pinero-Madrona et | 60 (33.1%) 5.0t 86.7f 1.7t 6.7 |91.7 88.3 - 98.11
exclusively) al. (2015)*
*Sukumar et al. NR - - - - NR NR - 100.0
(2020)
Ghilli et al. (2017) 57 (29.5%) 1.8F 947t 35t 0.0 96.5[91.7-100.0] | 98.3 [94.8-100.0] | - 96.41
Gimenez-Climent 21 (23.6%) 9.5t  90.5t 0.0 0.0 100.0 90.5 - 90.5
Tc-99m et al. (2021)
(exclusively) | Rubio et al. (2015) | 36 (30.5%) 5.6t 88.9f 2.8 28t | 944t 91.7% - 97.0t
Thill et al. (2014) 34 (22.7%) 5.9 91.2 0.0 29 97.1 [87.1-99.7] 91.2[78.3-97.5] | - 100.0

fCalculated by the EAC
*Detection rates were taken ex vivo, additional nodes analysed

*Abstract only

Abbreviations: Cl, confidence interval; NR, not reported; Tc-99m, Technetium-99m radioisotope; 1+/C4, intervention and comparator positive or negative comparison
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Table 7b: Summary of comparative studies (N=9) reporting number of malignant sentinel lymph nodes identified by Magtrace and
either dual technique (Tc-99m and blue dye), Tc-99m only or a combination, per node, including concordance where reported.

Per node

No. of Detection rate, Detection rate, Concordance. %
Comparator Author (year) positive | 1+/C- [+/C+ |-/C+ |-/C- | Intervention % [95%  Comparator % p-value o ’
0 [95% CI]
nodes Cl] [95% CI]

Dual Tc-99m and | Alvarado et al. 25 0.0 96.0 0.0 4.0 96.0 [88.3-100.0] 96.0 [88.3- - 100.0
blue dye (2019) 100.0]
(exclusively)

Houpeau et 61 11.51 86.9t 1.6t 0.0 98.4t 88.5t 0.0703 98.1 [90.1-100.0]

al.(2016)

Karakatsanis et al. | 68 2.9t  88.2f 44t 44t | 91.2[81.1-96.4] 92.6 [83.0-97.3] | - 95.2 [85.6-98.8]
Dual Tc-99m and (2016)
chﬁu‘i{fef;‘)ot Pinero-Madrona et | 76 53t 855" 26t 671 |90.8 88.2 - 97.0t

al. (2015)*

*Sukumar et al. NR - - - - NR NR - 100.0

(2020)

Ghilli et al. (2017) | 77 6.57 88.3 5.2f 0.0 94.8 [89.9-99.8] 93.5[88.8-99.0] | - 94 .41

Gimenez-Climent 23 8.7t 913t 0.0 0.0 100.0 91.3 - 91.3
Tc-99m et al. (2021)
(exclusively) Rubio et al. (2020) | NR - - - - NR NR - 100.0

(Cohort 3)

Thill et al. (2014) 45 4.4 91.1 0.0 4.4 95.6 [86.5-99.1] 91.1[80.2-96.9] | - 100.0

tCalculated by the EAC
*Detection rates were taken ex vivo, additional nodes analysed

Abbreviations: Cl, confidence interval; NR, not reported; Tc-99m, Technetium-99m radioisotope; 1+/C4, intervention and comparator positive or negative comparison
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Mean number of sentinel lymph nodes retrieved per procedure
The mean or median number of sentinel lymph nodes retrieved per SLNB

procedure was reported in ten comparative studies. Of these, eight studies
reported the number of lymph nodes retrieved that were identified as
Magtrace or Tc-99m with and without blue dye in the same patient (Table 8).
Studies that did not report the mean or median number of lymph nodes
retrieved by intervention type were not tabulated. Pouw et al. (2015) reported
the removal of all magnetic SLNs, compared to seven studies that did not
remove SLNs with less than 10% of the maximum count number. Sukumar et

al. (2020) (conference abstract) did not report the method used.

Three studies compared the number of SLN retrieved in patients receiving
Magtrace to patients receiving Tc-99m with and without blue dye
(Karakatsanis et al. 2017; Pelc et al. 2022; Shams et al. 2021).

Shams et al. (2021) and Pelc et al. (2022) compared and statistically analysed
two non-randomised cohorts of patients receiving Magtrace or Tc-99m alone.
Pelc et al. (2022) identified a higher number of SLNs retrieved in patients
receiving Magtrace with 3.0 SLNs compared with 2.0 SLNs in patients
receiving the Tc-99m comparator (p<0.0001). Shams et al. (2021) reported
the median number of SLNs retrieved as 1.0 in each arm; however, multiple
lymph nodes were excised in 9 of 30 patients receiving Magtrace whereas a
single lymph node was removed in all 29 control patients receiving Tc-99m
alone. The range of SLNs retrieved in patients receiving Magtrace was one to
seven nodes resulting in a statistical difference between SLN retrieval across
arms (p<0.0001). In this study, the lymph node with the highest tracer signal
was removed and additional extraction continued if a tracer signal at least
10% higher than the signal of the initially retrieved lymph node was detected

in the axilla. Reasons for this were not explicitly discussed.

Karakatsanis et al. (2017) compared the number of SLNs excised in patients
receiving Magtrace (n=183) compared to those receiving Tc-99m and blue
dye (n=155). A higher number of SLNs were retrieved in patients receiving
Magtrace compared to the dual technique with a mean of 1.35 (95% CI 1.24
to 1.46) and 1.26 (95% CI 1.15 to 1.37) SLNs respectively. The authors also
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reported on subgroups by intervention administration timing; patients
receiving Magtrace on the day of surgery (n=76) had a mean 1.43 (95% ClI
1.28 to 1.58) SLNs retrieved compared with 1.03 (95% CI 0.89-1.17) nodes
excised when Magtrace was administered 16 days (range 2 to 27 days) prior
to surgery (n=107). No other study reported on this outcome by administrative
timing and the timing methods used were in line with Magtrace IFU. Statistical

analysis was not performed.

The mean number of SLNs in retrieved patients receiving both the Magtrace
and Tc-99m with and without blue dye ranged from 1.0 to 2.4 in both arms
(Karakatsanis et al. 2018; Alvarado et al. 2019). Rubio et al. (2015) was the
only study to statistically compare the number of SLNs retrieved in patients
receiving both Magtrace and Tc-99m and reported the use of Magtrace
yielded a higher number of SLNs for excision with 2.2 and 1.9 nodes

respectively (p=0.001).
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Table 8: Summary of comparative studies (N=11) reporting number of sentinel lymph nodes retrieved per procedure, reported as

mean (SD), median [IQR], or median {range}.

Comparator Author (year) Study design (n) :r;::r:::;wn, TR ES gg;za::ttrci):ve d p-value
Tc-99m and blue dye | Alvarado et al. (2019) nRCT (n=146) 2.4 (1.19) 2.4 (1.34) NR
(dual technique) Karakatsanis et al. (2018) nRCT (n=12) 1[1-2] 1[1-3] NR
(exclusively) (N=3) Pouw et al. (2015) pCohort (n=11) 2.007 (NR) 1.737(NR) NR
Tc-99m and blue dye | Karakatsanis et al. (2018) nRCT (n=12) 1[1-2] 1[1-2] NR
and Tc-99m alone TDouek et al. (2013) nRCT (n=347) 1.83 (NR) 1.80 (NR) NR
(not exclusively) Douek et al. (2014)* nRCT (n=160) 2.02 (NR) 1.86 (NR) NR
(N=4) Sukumar et al. (2020) Paired comparison (n=113) 1.75 1.79 NR
Tc-99m alone Pelc et al. (2022) Cohort-propensity matched (n=124) | 3 [2-4] 2 [2-2] <0.0001
(exclusively) (N=4) Rubio et al. (2015) nRCT (n=120) 2.20 [NR] 1.90 [NR] 0.001
Shams et al. (2021) nRCT (n=59) 1[1-7] 1[1-1] <0.0001
Thill et al. (2014) nRCT (n=150) 1.9 {1-9} 1.8 {1-9} NR

TAbstract only

*Subset from Douek et al. (2013)

*Number of patients receiving dual technique (Tc-99m and blue dye) not reported exclusively.
TCalculated by the EAC, only study to report removal of all magnetic SLNs; all other studies did not remove nodes with less than 10% of the maximum SLN count number.

Abbreviations: NR, not reported; Tc-99m, Technetium-99m radioisotope
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Time taken for SLNB procedure
One study reported SLNB procedure duration in patients receiving Magtrace

(n=30) compared with a different group of patients receiving Tc-99m alone
(n=29) (Shams et al. 2021). One study reported SLNB procedure duration in

patients receiving both Magtrace and Tc-99m only (Granados et al. 2015).

The non-randomised comparative trial by Shams et al. (2021) reported that
there was no significant difference in the duration of the SLNB procedure
between patients receiving Magtrace (n=30) and those receiving Tc-99m
alone (n=29) with a median [IQR] duration of 9 [4 to 15] minutes and 10 [IQR
7 to 15] minutes respectively (p=0.412), Table 9.

Shams et al. (2021) also considered the mean (SD) time taken in the full pre-
operative care pathway identifying a significant difference favouring the
intervention arm with 5.4 (1.3) minutes compared with 82 (20.0) minutes with
radioisotope only. One of the reasons for the longer pathway in the
comparator arm was the need for patients injected with Tc-99m to undergo
lymphoscintigraphy as per standard care protocols. The Clinical experts have
advised that lymphoscintigraphy following radioisotope injection is not
standard practice within the NHS (EAC Correspondence Log, 2022). With
lymphoscintigraphy procedure time removed, the pathway length reported by
Shams et al. (2021) reduced to 54.4 (SD 13.6) minutes, however remained
significantly longer than the Magtrace arm. Additional time in the comparator
arm was associated with patients requiring attendance in a different clinic for
administration of Tc-99m injection and included the time between leaving and
returning to the department. Furthermore, as Magtrace was injected within the
same clinic, only the injection time was considered. Magtrace (2 ml) was
injected the day before surgery in 23 patients, 3 days before surgery in 5
patients and intraoperatively in 2 cases. In the comparator arm, 17 patients
received Tc-99m injection on the day of surgery and 12 patients received
Tc-99m the day before. The two compared patient groups also had a different
procedures (breast conserving surgery, mastectomy and SLNB only); whilst
the proportions were not significantly different between groups, this may have

influence the range of total procedure times.
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The remaining comparative study by Granados et al. (2015) reported the

mean operating time for Magtrace as longer than that for radioisotope tracer

alone with 44 and 38 minutes respectively (no statistical analysis was

reported), however this is likely influenced by Magtrace detecting a higher

number of sentinel lymph nodes. As all patients in this study received both the

intervention and comparator, it is not clear to the EAC how procedural

duration was measured for the intervention and comparator separately.

Two non-comparative cohort studies reported SLNB procedure time for

patients receiving Magtrace (Paepke et al. 2020; Kurylcio et al. 2021). The

single-arm study by Kurylcio et al. (2021), which included 74 patients,

reported the median [IQR] duration of lymph node resection as 20 [18.7 to

25.0] minutes, when excising a median [IQR] of 4 [3 to 5] sentinel lymph

nodes. The abstract by Paepke et al. (2020), which included 50 patients,

reported the median SLNB time of 8 minutes (range 3 to 28) minutes,

however the number of sentinel lymph nodes excised was not reported.

Table 9: Summary of studies (N=1) reporting procedure duration in minutes,
reported as either median [IQR]

Author Study Intervention Duration, Comparator Duration, p-
(year) design (n) minutes minutes value
Shams Pilot, nRCT | Magtrace 9 [4-15] Tc-99monly 10 [7-15] 0.412
et al. (n=59) (n=30) (n=29)

(2021)

*Time from the first and definite use of the probe until removal of the last marked lymph node

Abbreviations: nRCT, non-randomised controlled trial; Tc-99m, Technetium 99m radioisotope

The Clinical experts identified the preferred administration timing of Magtrace,

after overcoming the technology learning curve, as during a routine outpatient

clinic visit within 30 days of surgery (EAC Correspondence Log, 2022).

However, none of the included studies reporting use of Magtrace before the

day of surgery reported procedure duration as an outcome. There is a lack of

robust comparative evidence to determine the difference in SLNB procedure

time between Magtrace and standard care (dual technique). Additionally, the

evidence reported only on the SLNB duration between the first use of the
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detection probe (Sentimag or gamma) and the last retrieved SLN and did not
consider the intraoperative time taken for the administration of Magtrace,
including injection time, 5 minute massage and 20 minute period for lymphatic

drainage.

Patient-reported outcome measures
Quality of Life

No study reported quality of life (QoL) measures in patients receiving
Magtrace compared with a different cohort of patients receiving radioisotope
with and without blue dye. Rubio et al. (2020) reported patient outcomes with
patients completing the EORTC-QoL and breast specific questionnaires
postoperatively at 6, 12 and 24 months. Patients received different dosages of
Magtrace (1.0, 1.5 and 2.0 ml) and the Tc-99m radioisotope tracer
comparator. In breast-specific outcomes, significantly different future
perspectives were seen at one month post-surgery between groups with
higher scores in the 1 ml arm (p=0.004) although these were not sustained;
no differences were reported at six months post-surgery across all breast
outcomes. Significant difference in cognitive function was reported at one
month after surgery (p=0.004), however it was unclear whether this was
across all three groups or the direction of the effect although this difference

was not seen at six months post-surgery.
Pain

Shams et al. (2021) compared patient pain scores in patients receiving
Magtrace and patients receiving Tc-99m only using the Quality Improvement
in Post Operative Pain Management (QUIPS) pain questionnaire. The median
pain level in the radioisotope arm was 0 [IQR 0-1] and all patients in the
Magtrace arm reported no pain, however a significant difference was
identified in the number of respondents across each treatment arm with 28
(96.5%) and 22 (73.3%) patients respectively (p=0.026).

Alvarado et al. (2019) reported that 5 of 146 patients (3.4%) experienced pain,
however authors did not report how this was measured and study patients

received both Magtrace and dual technique.
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Karakatsanis et al. (2017) injected 2 ml Sienna+ mixed with 3 ml of local
anaesthetic rather than sterile saline, however did not report pain outcomes.
This was the only study to use this method and reasons for this were not

explicitly reported.

The Company and identified clinical evidence report on the incidence of
lymphoedema and reduced upper limb mobility following SLNB. The EAC
consider these adverse events an associated risk from the procedure rather
than associated with the use of a tracer to identify the lymph nodes in line with

published and information provided by Cancer Research UK and the US

National Cancer Institute. The published evidence highlight a number of

factors associated with the risk of developing lymphoedema or reduced
shoulder mobility including the number and type of breast surgeries, the
number of SLNs removed, BMI, concomitant therapy and medication, and
prior injuries to the area (Isik et al. 2021; Golshan et al. 2003; Norman et al.

2010; Breast Cancer Org). No study reported on these outcomes comparing

different patients receiving Magtrace with those receiving dual technique

(radioisotope and blue dye).

Skin staining
No study compared skin staining between Magtrace and blue dye.

Karakatsanis et al. (2017) and Warnberg et al. (2019) reported skin staining
outcomes using the Likert scale in patients enrolled on the MONQOS trial.
Warnberg et al. (2019) assessed patient reported skin staining outcomes
using the Likert scale up to 36 months postoperatively. Patients who
underwent breast-conserving surgeries were invited to classify the cosmetic
outcome of the staining according to a scale of zero to five, ranging from not a
problem to an important problem, based on a pictographic scale given to each
participant. Size of skin staining was recorded three weeks post-surgery and
reviewed by telephone every three months. Patients were reported by those
receiving retroareolar (n=110) and peritumoural (n=148) injections with
significant differences in skin staining reported between groups in both size

and long-term cosmetic outcomes. Patients who underwent retroareolar
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Magtrace injection were more likely to experience skin staining compared with
those who underwent peritumoural Magtrace injection with 67.3% and 37.8%
incidence reported at 3 weeks respectively (p<0.001). The mean size of the
skin staining at 3 weeks between those receiving retroareolar and
peritumoural injections was 24.2 cm? and 17.9 cm? respectively (p=0.02). Skin
staining at 36 months was seen in 46.2% of patients following retroareolar
injection compared with 9.4% of patients receiving peritumoural injection
(p<0.001). Self-reported cosmetic outcomes were better in patients who
underwent a peritumoural injection at 12 (p<0.001) and 24 (p=0.02) months
post-operatively; although this difference was not sustained at 36 months
(p=0.49) or when only comparing patients with residual skin staining at each
time point. Authors also note that age and injection-site were statistically

significantly related to staining in uni- and multivariate analysis.

Rubio et al. (2020) also investigated the size and intensity of skin staining
outcomes with Likert scale questionnaires completed by the patient and
surgeon. Size was measured from 0, less than 3 cm, and greater than 3 cm.
Intensity was evaluated through a scale from 1 (mild) to 7 (very intense). At
one month postoperatively 83 of 118 (70.3%) patient respondents reported
skin staining; group 3 experienced a higher prevalence (p=0.042) and size
(p=0.047) of skin staining out of the three cohorts 3 weeks postoperatively. In
group 3, 73.2% of patients did not report the skin staining being a problem

postoperatively; 4.9% of patients reported it as an important problem.

Adverse events
Skin staining:

Skin staining was identified as a higher risk in patients undergoing breast
conserving surgery compared with those undergoing mastectomy surgery.
Karakatsanis et al. (2018) and Karakatsanis et al. (2016) reported that 97%
(p<0.001) and 95.6% (p=0.001) of patients presented with skin staining
having undergone breast conserving surgery respectively. Lorek et al. (2019)
also noted discolouration was predominantly seen in patients after wide local
excision compared with those undergoing mastectomy surgery, however did

not report the proportions or perform statistical analysis. Six papers did not
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report skin staining outcomes in patients receiving mastectomy surgery
(Rubio et al. 2020; Chapman et al. 2020; Hannebicque et al. 2017; Hersi et al.
2021; Szynglarewicz et al. 2019; Warnberg et al. 2019). Seven papers
included patients who had undergone mastectomy or breast conserving
surgery but did not report the incidence of skin staining by surgery type (Rubio
et al. 2015; Houpeau et al. 2016; Bazire et al. 2019; Kurylcio et al. 2021,
Paepke et al. 2020; Vural and Yilmaz 2020).

The post-operative follow-up period for studies reporting skin staining
outcomes ranged from 22 days to 30 months. Injection-site and methods were
varied across studies; patients received retroareolar or peritumoural injections
between 30 days prior to surgery and intraoperatively, with results not
reported exclusively. Although depth of injection was not reported, some
authors noted the use of a deeper injection to reduce skin staining outcomes,
which is also in line with opinion from Clinical experts (Kurylcio et al. 2021;
Paepke et al. 2020; EAC Correspondence Log, 2022). No study reported the

skin staining outcomes from the use of blue dye.

Skin staining in patients receiving Magtrace and dual technique

One comparative study reported skin staining in patients receiving Magtrace
compared with patients receiving Tc-99m with blue dye; Karakatsanis et al.
(2017) identified skin staining in 73 of 184 patients receiving Magtrace
reducing to 66 patients at 15 months post-operatively, however do not identify

how staining was attributed to Magtrace rather than the blue dye.

Skin staining in patients receiving Magtrace and Tc-99m only

Three comparative studies reported on skin staining in patients receiving
Magtrace and Tc-99m tracers without blue dye (Rubio et al. 2015; Rubio et al.
2020; Ghilli et al. 2017).

Rubio et al. (2020) compared the size and intensity of skin staining using
patient and surgeon reported measures including questionnaires post-
operatively across three groups of patients receiving different Magtrace doses

(1.0, 1.5 and 2.0 ml). On univariate analysis magnetic tracer dose, age,
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menopause status and mammographic density were statistically significant for
skin staining. In multivariate analysis there were no differences between 1 and
1.5 ml doses and only the dose of 2 ml was statistically significant for skin
staining. Surgeon reported skin staining was noted in 102 of 135 patients
(75.6%) with 38 of 45 (84.4) patients in group 3, 3 weeks postoperatively. At
six months postoperatively, no significance decrease in skin staining was
seen with 35 of 45 (83.3%) of patients presenting with skin staining. Patient

reported outcomes are reported in the previous section.

Ghilli et al. (2017) reported brown-coloured skin pigmentation at the injection-
site in 71 of 193 patients (47.3%). Skin pigmentation was reassessed at 5.9
month follow up in 150 patients with a complete resolution in 21.1%, reduction
in 70.4%, unchanged in 7.1%, and enlargement of the pigmentation area in
1.4%.

Rubio et al. (2015) reported 20 patients (19%) who developed a ‘grayish
breast tattoo’ following injection of Magtrace and Tc-99m tracers, which began

to fade after 6 months.

Skin staining in patients receiving Magtrace and dual technique or Tc-99m

Three comparative studies reported the incidence of skin staining and breast
discolouration following Magtrace and Tc-99m with and without blue dye. It is
not clear how authors attributed skin discolouration to Magtrace or blue dye
(where used) (Alvarado et al. 2019; Karakatsanis et al. 2016; Houpeau et al.
2016).

Alvarado et al. (2019) report discolouration and hyperpigmentation occurrence
in 23 of 146 patients (16.3%) although patients were only followed up until 22
days post-surgery. Participants received both Magtrace and dual technique
tracers with only one patient having discolouration and hyperpigmentation

associated with the use of blue dye.

Karakatsanis et al. (2016) reported an incidence of skin discolouration in
35.5% of patients between 0 to 3 months following surgery reducing to 21% of

patients at 12 months and 8.6% at 15 months.

External Assessment Centre report: GID-MT568 Magtrace and Sentimag
Date: March 2022 78 of 290



Houpeau et al. (2016) noted brown dermopigmentation among 22 of 108
patients (20.4%) at post-operative follow-up within 30 days of SLNB
procedure only. The authors did not report long-term follow up or whether

these patients also received blue dye.

Skin staining in patients receiving Magtrace only

Ten single-arm studies evaluated skin staining as an outcome including
Warnberg et al. (2019) that has been described earlier due to the use of

patient reported outcome measures.

Chapman et al. (2020) report a single case of 21 patients who experienced
skin discolouration associated with Magtrace. The impact, severity and

duration of this was not reported.

Hannebicque et al. (2017) evaluated dermopigmentation outcomes after 20.2
(range 14.4 to 25.9) months post-operatively in 47 patients who underwent
breast conservative surgery. Of 47 patients, 17 presented with skin
discolouration ranging from grade 1 (light yellowing) to grade 3 (dark
browning). 14 patients presented with grade 1 to 2 and 3 patients presented
with grade 3. Authors note that no patients reported that the persistent
staining was a cosmetic or psychological problem; however it is not clear how
this was evaluated. Some patients within the study cohort also received blue
dye (number not specified) and skin staining relating to blue dye was not

reported.

Hersi et al. (2021) reported on the incidence and size of skin staining in 141
patients at 6 months following breast conserving surgery. Skin staining was

observed in 26 (18.4%) patients with mean size of 11.2 cm?.

Paepke et al. (2020) injected Magtrace peritumoural or periareolar in about 15
mm depth under the skin and reported no incidence of skin staining in all 50

patients as a result of using this technique.
Lorek et al. (2019) evaluated the incidence and progression of skin

discolouration following administration of Sienna+ in 303 patients.
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Disolourations were observed in 47 (15.5%) patients between surgical
intervention and at 4 months post-operatively. Discolouration resolved in 36
patients at the end of the 30 month follow-up schedule and a gradual
decrease in diameter and intensity of the discolouration was observed during

consecutive follow-up examinations in those presenting with skin staining.

Szynglarewicz et al. (2019) reported the incidence and duration of skin
staining following Sienna+ injection in 132 patients. Dark-brown staining at the
injection-site developed in 83% of patients with complete resolution in all
patients after 12 post-operative months. The median (range) size of the skin
staining was 60 (30 to 90) mm. The depth of SPIO injection at retroareolar

tissue site was not reported.

Bazire et al. (2019) reported the incidence of skin staining in patients
receiving Magtrace and adjuvant radiotherapy (n=288). Only 27.8% of cases
(n=80) had skin staining resolution outcomes reported and residual
pigmentation disappeared between six and nine months post-surgery. The

total number of patients experiencing skin pigmentation was not reported.

Kurylcio et al. (2021) reported the use of a deeper subareolar interstitial tissue
injection at least 18 to 24 hours prior to SLNB procedure in order to avoid skin

staining, however did not report occurrence or skin staining outcomes.

Vural and Yilmaz (2020) reported brown dermopigmentation outcomes
however, the figures were poorly reported and equated to more than the
number of participants and less than the number of procedures, so it is
unclear to the EAC how to interpret the skin staining outcomes reported by

this study.
Complication rates

Sreedhar et al. (2021) compared the number of Clavien-Dindo Grade Il
complications in patients receiving Magtrace (n=45) and patients receiving
Tc-99m with blue dye (n=71). The complication rate was similar with four
cases in the Magtrace group (8.4%) and six patients in the comparator group

(8.2%) (p=0.957), however, the nature of the complications identified were not
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explicitly reported. Alvarado et al. (2019) report the occurrence and type of
adverse events, however patients received both Magtrace and standard of
care (dual technique) and so complications cannot be attributed per

technique.

Douek et al. (2014) reported 3 adverse events in 160 patients relating to the
use of blue dye only; 2 patients presented with a blue rash without systemic
reaction, 1 patient presented with a transient drop in blood pressure during
surgery and a rash. No adverse events associated with Magtrace were

reported.

Houpeau et al. (2016) reported no serious adverse events with patent blue
dye or Magtrace. Post-operative complications were recorded at a follow-up
visit within 30 days of the SLNB procedure with results not shown or reported

in the paper.

Lorek et al. (2019) reported complication incidence in patients who underwent
SLNB with concomitant mastectomy or wide local incision. Lymphedema,
paresthesias, and restricted upper limb range of movement incidence were
reported in these patients; however, the authors attributed these outcomes to
the full surgical procedures (SLNB with mastectomy compared to SLNB with

wide local excision).

An additional ten studies, including a total of 1,325 patients, reported no
allergic, irritations, complications, or adverse events relating to the injection of
Magtrace (Ghilli et al. 2017; Thill et al. 2014; Chapman et al. 2020; Hersi et al.
2021; Jazrawi et al. 2021; Kurylcio et al. 2021; Man et al. 2019; Pohlodek et
al. 2018; Vural and Yilmaz 2020).

Surgical and technical complications

Ghilli et al. (2017) reported that non-ferrous surgical tools (retractor, forceps
and grips) were necessary during SNB with Sentimag probe to avoid
interference. The Company note that some clinicians use metallic instruments
during SLNB with Magtrace, however move them away when using Sentimag

to reduce signal interference (EAC Correspondence Log, 2022). The
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Company also note that titanium instruments are metallic but non-ferrous so
cause less interference with the Sentimag probe and the option of lightweight
carbon fibre instruments is being explored in the USA but not currently
available in the NHS. The Company and Clinical experts note that polymer
instruments can also be used for SLNB procedure with Magtrace and
Sentimag and are supplied free of charge by the distributor (EAC
Correspondence Log, 2022).

Karakatsanis et al. (2017) and Chapman et al. (2020) both excluded one
patient each from analysis due to technical problems with the probe; one
probe malfunction and one reporting ‘technical reasons’. Gutesa et al. (2016)
reported inconsistent probe readings in patients with high BMI, vascular
diseases, smokers, diabetics, and elderly patients. No study reported
outcomes by comorbitity subgroup and no specific subgroups were identified
within the NICE MT568 Final Scope, 2021.

Pinero-Madrona et al. (2015) reported technical complications in 11 patients
relating to the failure of one or both gamma and Sentimag probe
transcutaneous detection attempts or a discrepancy of probe identification
results. Six technical complications were related to Sentimag only, two

complications related to gamma probe only and three related to both devices.

Chapman et al. (2020) report one occasion where SLNs were not removed

due to a lack of axillary magnetic signal detection due to technical reasons.

Magtrace and adjuvant radiotherapy toxicity

Bazire et al. (2019) considered toxicity of postoperative radiotherapy following
Magtrace through the evaluation of radiodermatitis and post-therapeutic
fibrosis occurrence. Patients who received Magtrace and adjuvant
radiotherapy (n=288) were followed-up for 16 months (range of 1 to 42
months). Grade 0 to 2 radiodermatitis was identified in 95.8% of patients
grade 3 was identified in 1% of patients; no patients presented with grade 4 or
higher. 19.4% of patients developed grade 1 to 2 post-therapeutic fibrosis; no

patients presented with grade 3 or higher. No increase in toxicity was
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observed. This study is non-comparative and authors acknowledge that no

other study has assessed the tolerance of radiotherapy in this context.

6 Adverse events

The Company identified no adverse events associated with their technology
from regulatory databases. The EAC searched the MAUDE (FDA) database
on 20/01/2022 using the search terms ‘Magtrace’; ‘Sentimag’; ‘Sienna’;
‘Endomag’ and identified no adverse event reports between 01/01/2011 (from
the introduction of the technology) and 31/12/2021. The Medicines and
Healthcare Products Regulatory Agency (MHRA) records were also searched
with the same four search teams with no alerts, recalls and safety information
identified.

The Company acknowledged within their conducted meta-analysis the
adverse event of skin staining or discolouration. Studies reporting on this

outcome have been summarised in Section 5.

Magtrace is not intended for intravenous injection (Magtrace IFU);
occurrences of intravenous administration were not reported within the
identified literature and two Clinical experts with experience of using Magtrace

did not report any incidents of this (EAC Correspondence Log, 2022).

7 Evidence synthesis and meta-analysis

The Company conducted meta-analyses for a number of outcome measures,
Table 10, using the meta package in R (version 3.5.3). Page 41 of Company’s
Clinical submission states identification rate, number of nodes and
complication rates from the dual technique, however it is unclear to the EAC
where these values have been derived from as the literature search strategy
for identifying evidence on the comparator was not presented in the Economic

Submission, and therefore is subject to uncertainty.
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Table 10: Tabulation of results from the Company’s meta-analysis

Magtrace Dual technique Relative risk EAC comment
Outcome Studies | Random effects | 2 Studies | Random effects | Studies | Random I
(total (total (total effects
patients) patients) patients)

Staining N=3 0.33[0.08 to 98% | N=5 0.49[0.20 to 96% | - - - Comparison of different studies,

complication | (542) 0.73] (669) 0.78] overlap of confidence intervals.

Identification | N=21 0.97 [0.96 to 51% | - - - - - - Proportion represents weighted

rate (2969) 0.98] average across 21 studies (EAC
excluded 1 study and 2 subgroups
from clinical evidence base).

Number of N=17 2.04 [1.67 to 98% | - - - - - - Meta-analysis represents the

nodes (2793) 2.48] number of nodes per patient.
Relevance of single arm analysis
unclear.

Complication | N=5 0.03[0.01 to 0% |- - - - - - 4/5 studies had 0 complication

rate (577) 0.04] rate.
Relevance of single arm analysis
unclear.

Nodal - - - - - - N=9 0.04 [0.02 to 58% | Comparator varied across studies,

retrieval rate (2798) 0.07] only 1 compared Magtrace to dual
technique exclusively (Tc-99m and
blue dye).

Nodal - - - - - - N=8 0.96 [0.94 to 73% | Comparator varied across studies,

concordance (2228) 0.97] only 1 compared Magtrace to dual

technique exclusively (Tc-99m and
blue dye).

* Taking a conservative approach, the use of random effect analysis is most appropriate (Nikolakopoulou et al. 2014).
T 12 value is a measure of inter-study heterogeneity. It can be interpreted as follows: 0% to 40%, might not be important; 30% to 60%, may represent moderate heterogeneity;
50% to 90%, may represent substantial heterogeneity; 75% to 100%: considerable heterogeneity (Higgins et al. 2019).
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7.1 Staining complication rate (SCR)

The Company defined the Staining Complications Rate (SCR) as the
probability that a patient will present with post-operative dermatological
staining following the SLNB procedure. Due to the difficulty of separating the
effects of staining due to blue dye from staining due to Magtrace, this meta-
analysis should include cohorts where either blue dye or Magtrace, but not

both, were administered to each patient.

The Company provided a meta-analysis of SCR for three studies that used
Magtrace and five that used blue dye. They found considerable heterogeneity
in the studies. The EAC repeated the meta-analysis in R (version 4.1.2) (R

Core Team, 2022) using the meta package (version 5.2-0) (Balduzzi et al.

2019) for staining due to Magtrace only, using included studies. Within the
meta package, the ‘metaprop’ function was used for pooling one proportion
from a number of studies, and the ‘metabin’ function used for pooling paired
proportions from a number of studies. There were no comparative studies,
conducted in different groups of patients that reported on staining of Magtrace
and blue dye separately. One paper, Karakatsanis et al. (2017) reported skin
staining outcomes, however all patients received Magtrace and blue dye and
it is not clear how skin staining outcomes were attributed to the intervention.
Due to this, the EAC included studies that report subgroups of patients that
only had Magtrace or Magtrace with radioisotope (that is, did not use blue
dye) and that reported staining outcomes. Ten studies met these criteria and
the meta-analysis is shown in Figure 1. By Egger’s test, there was some

evidence of publication bias (p=0.05), Figure 2.
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Figure 1: EAC meta-analysis for skin staining (Magtrace arm only)
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Figure 2: Funnel plot for publication bias
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The results agree with the Company in that there is significant heterogeneity
in SCR. The EAC cannot replicate an equivalent meta-analysis for SCR due
to blue dye, because studies only involving standard care were out of scope

of the literature search.

The EAC notes that in the included studies, the type of breast surgery
(mastectomy or breast conserving), follow-up time points, injection techniques

and injection depths varied across studies and were not always reported. The
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number of patients at each follow-up time point were also poorly reported. For
its meta-analysis, the EAC has used the first reported time point, although

notes that this ranged from 0.75 to 25 months.

The EAC considers that meta-analysis of SCR for Magtrace adds little to the
evidence base, due to the heterogeneity of the included studies arising mainly
from differences in assessing and classifying the staining, and because there

are no eligible comparative studies to provide a pooled comparison of effect.

7.2 Identification rate (IR)
The Company defined Identification Rate (IR) as the per-patient proportion of
surgical SLNB operations performed in which one or more sentinel lymph

nodes are successfully identified and resected.

The principal difficulty with the application of meta-analysis to IR arises from
its definition and, in particular, the absence of a diagnostic reference standard
(“gold standard”) for identifying sentinel lymph nodes. That is, both Magtrace
with Sentimag and standard care (dual technique) are imperfect diagnostic

methods, and are known to be discordant in some patients.

IR, as defined here, is subject to incorporation bias. In comparative diagnostic
studies (in which each patient receives both Magtrace with Sentimag and
standard care), the IR for Magtrace and Sentimag is the number of patients
with at least one SLN detected by Magtrace and Sentimag divided by the
number with at least one SLN detected by either method. A corresponding
definition applies to IR for standard care. This form of incorporation bias, in
which an index test is included in a composite outcome, is known to bias the

estimate of the sensitivity of the index test.

The absence of a diagnostic reference standard also rules out the possibility
of applying meta-analysis to diagnostic test studies (for example with R
package mada) to compare the pooled diagnostic test performance of
Magtrace and Sentimag with a reference standard, and an equivalent

approach is similarly ruled out for standard care.
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In their meta-analysis of IR (p39), the Company has pooled information from
21 studies. Some included studies were excluded by the EAC and vice-versa.
The comparator test varied between studies (that is, some use radioisotope
and blue dye, some use radioisotope only and some use a mixture). For these
reasons, and due to the fundamental problem of incorporation bias, the EAC
considers that a meta-analysis of IR does not contribute meaningful new
information to the assessment, at worst may be misleading, and should not be

considered further by Committee.

7.3 Number of nodes (NN)

The Company defined Number of Nodes (NN) as the per-patient mean
number of sentinel nodes identified and resected during the SLNB surgical
procedure using Magtrace and Sentimag. The denominator includes all

patients in a study, even those from whom no nodes were retrieved.

The Company included 17 studies in their meta-analysis. Some included
studies were excluded by the EAC and vice-versa. Some included studies
were comparative studies in which patients received both methods. In these
cases, the Company have used information on the number of nodes identified
by Magtrace (for example in Alvarado et al. (2019), Magtrace with Sentimag
identified 348 nodes in 146 SLNB procedures, from a total of 369 nodes
identified by both methods).

The Company used the R meta package function ‘metarate’ to estimate the
node retrieval rate (nodes identified and excised per procedure) for the
Magtrace and Sentimag arms of studies, and used the number of procedures
as a proxy for person time at risk. Although this leads to a numerical estimate
of the mean number per procedure (such as a weighted mean), it may be
misleading because meta treats the value as an incidence rate, and takes no

account of the variation in the number of nodes excised per person.

The EAC considers that making a pooled estimate of nodes identified per
procedure is reasonable but it is not comparative, and the EAC is unable to
conduct a similar calculation for standard care alone, because studies only

involving standard care were out of scope of the literature search. Further, the
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meta-analysis is limited by the ability of surgeons to ascertain which, or both,

methods identified each excised node.

The EAC replicated the meta-analysis for NN using included comparative
studies only to assess, subject to methodological limitations, whether there
was a difference in the number of nodes identified and excised between the
techniques. The EAC estimated the pooled rate for nodes identified by both
methods separately, via function ‘metamean’, which requires the standard
deviation of the number of nodes (or range, inter-quartile range) as well as the
mean. Figure 3 shows the results for Magtrace with Sentimag, for those
studies reporting results in sufficient detail, and the pooled rate for the
comparator is shown in Figure 4. The comparator included studies that used
the dual technique, radioisotope only, and a mixture. Both meta-analyses
showed the presence of significant heterogeneity between studies; the
estimate of the NN rate for Magtrace and Sentimag was 2.03 and that of the

comparator was 1.83.

Figure 3: EAC meta-analysis for number of nodes; Magtrace and Sentimag

Weight  Weight
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|
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Pouw et al. {2015} 11 200 0.8540 —:—i— 200 [14T; 2.53] 1%L 15
Pelc et al. (2027) 62 300 15182 | ——— 100 [2EZ 133 TR 1B5%
| '
Shams et al. (2021) W17 14588 ————F——— 171 [1.1%; 2.24] 0% 157%
Thill et al. {2014) 150 190 15158 — 1.90 [1.868; 2.14] 186%  1IT5%
o
|
I
Common effect model 411 < 187 [1.76;1.97]  100.0% -
Random effects model e 2.03 [1.5% 2.53] ~  100.0%
4 I T T 1
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Figure 4: EAC meta-analysis for number of nodes; comparator
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study similarities; that is, the identification and retrieval rates for each method

in the two arms of the same study (including when both techniques were used

in the same patients) are likely to be correlated. The EAC repeated the meta-

analysis using function ‘metacont’, which pools the ratios of means between

arms, across studies. The EAC notes that this assumes the participants in the

arms of each study are independent, which is not the case in practice. Despite

this limitation, the paired method accounts for between-study variation (as

evident from Figures 3 and 4). The results are shown in Figure 5. There is

little evidence to suggest that NN differs between methods.

Figure 5: EAC meta-analysis for number of nodes; paired
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7.4 Sentimag-versus-Gamma nodal retrieval rate (NRR)

The Company defined this as the per-node proportion of surgically retrieved
nodes that are successfully identified by Sentimag and Magtrace compared to
the corresponding (that is the same study) per-node proportion of surgically
retrieved nodes that are successfully identified by gamma probe and

radiotracer.

As with IR, the nodal retrieval rate (NRR) is subject to incorporation bias
because the denominator (number of nodes identified and excised) depends

on the index test (such as some excised nodes were identified by Magtrace

only).

The Company included nine comparative studies which included different
variants of the comparator (some included blue dye and some did not, for
example). For this reason, and due to the fundamental problem of
incorporation bias, the EAC considers that a meta-analysis of NRR does not
contribute meaningful new information to the assessment, at worst may be

misleading, and should not be considered further by committee.

Incidentally, the EAC notes that the Company appears to have swapped the
labels of “gamma” and “Sentimag” in their results on page 40. By their

definition, radioisotope should have a lower “risk” as it identifies fewer nodes.

7.5 Sentimag to Gamma nodal concordance rate (NCR)

The Company defined the Sentimag-to-Gamma Nodal Concordance Rate
(NCR) as the per-node proportion of gamma probe and radiotracer detected
nodes that are also detected (such as in the same study) by Sentimag and
Magtrace. The EAC notes that the other form of concordance (such as the
per-node proportion of nodes identified by Sentimag and Magtrace that are

also identified by radioisotope) may also be important.

The EAC replicated the meta-analyses for both types of concordance using
the included comparative studies that reported sufficient details to calculate
the proportions. Pooled concordances of each type were calculated with
separate meta-analyses. The EAC notes that the studies included

comparators that were standard care, radioisotope only, and a mixture.
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Studies not including blue dye as a comparator are likely to have a lower

detection rate than those with.

Sentimag with Magtrace to radioisotope
The EAC estimated the pooled proportion of nodes that were detected by

radioisotope (including dual technique, radioisotope alone or combination)
that were also detected by Magtrace and Sentimag as 0.96 [95%CI 0.95 to
0.98], 12=0.75, from 11 studies, Figure 6, using the R meta package function
metaprop. This replicates the Company’s analysis using included studies, with
similar results. The EAC notes that only three of these studies (Alvarado et al.
2019, Karakatsanis et al. 2018; Pouw et al. 2015) reported dual technique
(radioisotope and blue dye) exclusively, four reported radioisotope only, and
four reported a combination, therefore the generalisability of this analysis to
the NHS is unclear. Alvarado et al. (2019) included nodal detection rates for

both the dual technique and radioisotope alone.

Incidentally, the EAC notes that the Company has included the ex-vivo
detection from the Pinero-Madrona et al. (2015) study. The EAC has selected
the intraoperative detection reported in the study to align with the approach

taken across the remaining studies.

Figure 6: EAC meta-analysis of the proportion of nodes that were detected by

radioisotope that were also detected by Magtrace and Sentimag (N=11)
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Radioisotope to Sentimag with Magtrace
The EAC estimated the pooled proportion of nodes that were detected by

Magtrace and Sentimag that were also detected by radioisotope (including
dual technique, radioisotope alone, or combination) as 0.92 [95% CI 0.9 to
0.94], 1°=0.67, from the same 11 studies, Figure 7, using the R meta package

function metaprop.

Figure 7: EAC meta-analysis of the proportion of nodes that were detected by
Magtrace and Sentimag that were also detected by comparator (including

dual technique, radioisotope alone and combination) (N=11)
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7.6 Paired nodal concordance

The EAC also made a paired pooled estimate, in which the nodal
concordance proportions for each arm of the 11 included studies were
compared pair-wise. The EAC notes that this approach is based on the
assumption that in each study, the two concordances are independent. This is
not the case, and the results should be treated with caution. However, the
approach does account for within-study similarities. It is reported as a risk

ratio, that is, the ratio of the two concordances.

Noting the limitations, the results suggest that Magtrace and Sentimag may
identify around 4% more nodes than standard care, Figure 8. However, the
EAC notes that only three of these studies (Alvarado et al. 2019, Karakatsanis
et al. 2018, Pouw et al. 2015) reported dual technique (radioisotope and blue
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dye) exclusively, four reported radioisotope only, and four reported a

combination, therefore the generalisability of this analysis to the NHS is

unclear. Alvarado et al. (2019) included nodal detection rates for both the dual

technique and radioisotope alone.

Finally, the EAC repeated the meta-analysis, limiting the studies to those in

which the comparator was standard care (Figure 9). There was no evidence

for a difference in detection rates between the methods.

Figure 8: EAC meta-analysis of the paired nodal concordance between

experimental (Magtrace and Sentimag) and control (comparator including dual

technique, radioisotope alone and combination) across N=11 studies
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8 Interpretation of the clinical evidence

The EAC considered a total of 36 studies as relevant to the decision problem,
including 22 comparative studies (9 of which were conference abstracts). Of
these, 5 studies compared Magtrace with the standard care (dual technique)
exclusively; 11 studies used Tc-99m radioisotope only as a comparator, and 6
studies included dual technique and Tc-99m alone as comparators but did not
report outcomes exclusively. Studies comparing Magtrace to blue dye alone
are considered out of scope for this assessment due to high false negative
rates (Li et al. 2018, EAC Correspondence Log, 2022) and known inferiority
when compared to the dual technique (He et al. 2016; Hung et al. 2005).

Of the 22 comparative studies, only 4 studies compared Magtrace with
Tc-99m with and without blue dye in different cohorts of patients. Fourteen
non-comparative studies were included for patient reported outcomes and
adverse events only. Only one study, reported in a conference abstract, was
conducted exclusively in a UK NHS setting (Sukumar et al. 2020) and the
SentiMAG study, with four associated included publications, was based in the
UK and the Netherlands.

Of the 36 included studies, 18 administered Magtrace intraoperatively or on
the day of surgery; 6 did not report injection timing and only 5 included
patients injected prior to 3 days before surgery. Clinical experts advised that
Magtrace injected during a prior routine clinic visit provides visual colouration
of nodes with clinical benefit when compared to intraoperative injection (EAC
Correspondence Log, 2022). From the available published literature, there is
no evidence to support earlier Magtrace administration affects the detection

rate.

The published evidence for the detection rates of Magtrace with Sentimag to
standard care with the dual technique is based on non-inferiority trials. Twelve
studies were statistically powered to show non-inferiority; only one of which
reported the dual technique outcomes exclusively (Karakatsanis et al. 2018).
The evidence supports the non-inferiority of Magtrace with Sentimag to

standard care with the dual technique for detection of sentinel lymph nodes
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including for malignant lymph nodes. The per patient and per node detection
rates for Magtrace ranged from 89.7% to 100.0% and 77.5% to 100.0%
respectively, compared to detection rates with Tc-99m with and without blue
dye with 83.3% to 100.0% and 67.2% to 98.0% respectively. Per patient
detection rates for malignant lymph nodes for Magtrace and Tc-99m with and
without blue dye were also comparable with ranges of 91.7% to 100% and
90.8 to 100.0% respectively. Per node detection rates for malignant lymph
nodes for Magtrace and Tc-99m with and without blue dye were 88.3% to
98.3% and 88.2% to 96.0% respectively.

There is a lack of robust comparative evidence to determine the impact of the
use of Magtrace rather than standard of care (dual technique) on procedure

duration.

There are no significant concerns relating to the safety of the technology,
although 6 studies have noted future imaging (6 MRI, 1 mammography — see
Integration into the NHS section) being impacted by artefacts up to 5 years
after Magtrace administration. There is currently no longitudinal evidence to
determine the impact of this on future diagnoses or treatment. Alternative
tests are available for diagnostic assessment where MRI, or possibly
mammography, interpretation is not feasible, however these may not be
readily available across all services and may have higher associated costs.
There is consensus from Clinical experts that Magtrace would not be advised
for patients who are anticipated to require MRI within three months of SLNB

procedure (EAC Correspondence Log, 2022).

The main safety concern relating to the use of Magtrace is the incidence of
skin staining although the literature and opinions from Clinical experts suggest
that deeper injections reduces this occurrence. There is no comparative
evidence reporting the difference in skin staining associated with Magtrace
compared to blue dye. A small number of studies investigating patient
reported outcomes do not identify skin staining as a significant problem to

patients.
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8.1 Integration into the NHS
Summary of Training Requirements

There was consensus from the Clinical experts and the Company that there is
a learning period associated with the technology with peer support. The
Company suggest a minimum of five cases to ensure competency with the
technology. The length of the learning curve was varied across the Clinical
experts suggesting a range of 10 to 50 cases is required for a surgeon to
become familiarised with Magtrace and Sentimag and the learning curve can
take around a year (EAC Correspondence Log, 2022). Three of the surgical
Clinical experts reported the use of blue dye with Magtrace to assist with SLN

detection during the learning period (EAC Correspondence Log, 2022).

Thill et al. (2014) highlighted the difference in probe size compared with a
gamma probe used with the current standard of care; “the diameter of the
SentiMag probe is slightly larger (6 mm) than that of the gamma probe,
however larger incisions were not required and SLNB could be performed via
the same incision the breast tumour was resected from, if desired”. A
response from Barranger and lhrai (2014) noted that there is a minimum
learning curve for surgeons and that larger incisions are required to enable
insertion of the Sentimag probe to identify the magnetic SLN. The
respondents also note that the regular calibration during usage lengthens
surgery duration. Barranger and lhrai (2014) did not report the requirements

relating to the learning curve, additional incision length or surgery duration.

Future Imaging Considerations
Following the administration of Magtrace, MRI studies of the injection and

drainage sites can be altered and this effect may be long-term (Magtrace IFU;
EAC Correspondence Log, 2022).

One included study reported MRI outcomes in 16 patients following Magtrace
injection (Chapman et al. 2020). Across the patient cohort, 21 MRI
examinations were performed with 13 patients undergoing single MRI; 2
patients undergoing 2 MRIs, and 1 patient undergoing 4 MRIs. MRI

examinations were undertaken between 3 and 18 months (mean 10.8
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months) after Magtrace administration, with 85.7% of the imaging being
performed at 3 T strength and the remainder at 1.5 T. MRI quality was
impaired in all 21 studies with the presence of SPIO residue and associated
artefacts. Five patients had non-diagnostic MRI results with one patient
undergoing follow-up MRI four months later (ten months post-operatively) that
was deemed limited. Timing of imaging deemed non-diagnostic or limited due
to the extent of artefact with a mean (range) time ranged from 5 to 16 and 3 to
63 months postoperatively respectively. In one patient, despite the presence
of artefact limiting interpretation of a portion of the breast, several enhancing
masses were seen and invasive ductal carcinoma was diagnosed following
further biopsy. Authors did not report on other patient specific outcomes or
interventions that were impacted from the limited interpretation of the MRI

studies.

Houpeau et al. (2016) noted that potential ionising effects of an external
radiation due to temporary occurrence of intra-tissue nanoparticles are not

known and may require consideration.

The EAC identified an additional three papers and two conference abstracts
that were considered out of scope for the assessment report, which reported
on MRI outcomes following Magtrace injection (Forte et al. 2019; Krischer et
al. 2017; Aribal et al. 2021; Huizing et al. 2015; Shrotria et al. 2020).

A study by Krischer et al. (2017) evaluated MRI performed 42 (range 40.6 to
46.5) months following Magtrace injection in a sample of 25 patients. Imaging
interpretation was not restricted in 12 cases (48%), impaired in 10 cases

(40%), and not possible in 3 cases (12%) due to Magtrace residues.

A paper by Forte et al. (2019) reports a case study with MRI following the use
of Sienna+. Authors note that artefacts were severe and predominant when
using higher magnetic imaging strength in the early post-operative period,
within 6 months of surgery, however decreased at 12 and 18 months post-

operatively. Images were impaired at all visits although still readable.

Aribal et al. (2021) reported MRI in 36 patients who received Magtrace for
SLNB. Susceptibility artefact in the patient MR images due to iron-oxide
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particles was classified with a 4-scale evaluation; 0: no artefact (n=11,
30.6%); 1: focal area of signal void artefact (less than 5 mm) (n=14, 38.9%);
2: segmental area of signal void artefact (n=3, 8.3%); 3: regional signal void
artefact (n=8, 22.2%). The mean time between Magtrace administration and
MRI examination was 20 months. Three patients underwent a second MRI at
36, 38 and 41 months post-surgery; two patients showed no change in
artefact and one patient showing a relatively smaller artefact compared with
the first MRI 14 months prior. Authors also reported on mammography
outcomes in 69 patients. Three patients (4.4%) presented with artefacts due
to the iron oxide particle accumulation that presented as dense irregular and

ill-defined lesions, mimicking malignant features on mammograms.

Huizing et al. (2015) reported postoperative breast MRIs for ten imaging
reports in six patients recruited to the SentiMAG study at two UK sites.
Patients received a 2 ml Magtrace periareolar injection. All MRI studies
showed void artefacts with a mean (SD) size of 60.3 (14) by 37.8 (13) mm in
the axial plane in the breast. Artefacts were seen at 25 months, and another
study showed no decrease in size when comparing 3 consecutive studies
spanning a period of 10 months. None of the artefacts were reported as

incidents or as having impacted clinical management.

Another UK-based abstract from Shrotria et al. (2020) evaluated the extent of
the requirement for postoperative MRI in patients with breast cancer during
follow-up. This study included 221 patients undergoing surgery for breast
cancer (including 160 wide local excision, 61 mastectomy), of which 14
patients required MRI within 3 years. The study reports that of these 14
patients, 3 would have been affected by the use of Sienna+, although it was
not clear how this was evaluated. The EAC contacted the corresponding
author for clarification on 07/03/2022 with no response received by
14/03/2022.

The Clinical experts report few patients require post-surgery MRI, however
one expert noted an increasing number of surveillance MRI beyond one year
postoperatively. Two Clinical experts report the combined use of MRI and
mammography in patients undergoing subsequent imaging. An additional
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Clinical expert advised on the routine surveillance using mammography; MRI
is used only in patients under the age of 40 years when diagnosed with breast
cancer or in rare cases of lobular carcinoma where the tumour is
mammographically occult (EAC Correspondence Log). Shams et al. (2021)
excluded patients under the age of 40 years or likely to require MRI in the 5

years following SLNB.

The Company and three Clinical experts agree that Contrast Enhanced Digital
Mammography or gadolinium-enhanced MRI could be used in addition to or
as alternative imaging techniques in these patients, however are associated
with higher radiation and higher costs and may not be readily available across
NHS hospitals.

A Swedish multicentre trial is currently underway (POSTMAG MRI
ISRCTN85167182) to understand the impact of SPIO particle injection on

postoperative MRI up to five years following SLNB, with publication

anticipated in January 2024.

Magtrace Administration Timing
The majority of included studies administered Magtrace intraoperatively and

only five included studies reported patients where Magtrace was administered
more than three days prior to surgery (Hersi et al. 2021, Karakatsanis et al.
2017; Karakatsanis et al. 2018; Warnberg et al. 2019; Jazrawi et al. 2021).
The Clinical experts note that injecting Magtrace at least seven days prior to
surgery results in better tracer visualisation (EAC Correspondence Log,
2022). Karakatsanis et al. (2017) note a higher tracer-specific SLN detection
rate with preoperative administration of Magtrace compared with perioperative
administration, with 95.3% and 86.0% respectively (p=0.031). The Clinical
experts note that earlier administration of Magtrace does not result in higher
number of SLNs being retrieved or tracer spreading to secondary lymph
nodes (EAC Correspondence Log, 2022).

A later paper by Karakatsanis et al. (2018) reported the transcutaneous
axillary ferromagnetic signal curve in a healthy volunteer injected with

Magtrace over a period of 42 days. The ferromagnetic signal increased from
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injection and was greatest at 21 days post administration before reducing until

no signal was detected by Sentimag at 42 days.

Hersi et al. (2019) reported the axillary magnetic signal detection in all 32

patients receiving Magtrace injected between 0 and 25 days.

Magtrace with Concomitant Magseed Use
Two of the included studies reported the use of Magtrace alongside Magseed

for tumour localisation (Pohlodek et al. 2018; Sreedhar et al. 2021). Both are
located using the Sentimag probe. The Clinical experts advised that 30% of
breast surgery with SLNB would use a Magseed and that caution should be
exercised where Magseed placement is within the same quadrant of the
breast as Magtrace and local practice is to ensure Magseed placement is at
least 3 cm away from the SLNs (EAC Correspondence Log, 2022). The
Company broadly estimated 50% of breast cancer cases would involve the
use of Magtrace and Magseed and around 20% of patients would undergo

mastectomy surgery and therefore would require Magtrace only.

Pohlodek et al. (2018) reported on ten patients who underwent Magtrace for
SLN localisation and Magseed for localisation of non-palpable breast lesions.
In all cases, there was no interferences in magnetic probe measurements due
to the presence of both markers in the same breast. Authors did not report the

location of Magseed in relation to the SLNs in any of these cases.

Sreedhar et al. (2021) reported a single case where Magseed and Magtrace
were used in the same patient where the seed placement was masked by the
magnetic tracer leading to the first wide excision biopsy to be done in the

incorrect location and a second wide excision biopsy was required.

An additional study included by the Company, but excluded by the EAC,
reported on 32 patients who underwent SLNB and breast conserving surgery
with Magtrace and Magseed (Hersi et al. 2019). A survey on the physicians’
views on the techniques were collected with all participants would recommend
the combined technique to others. The authors note that the operation theatre

coordinators experienced that the combined method was an improvement,
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allowing for more flexibility in the mammography unit and theatre list

schedules.
Histopathological sampling considerations

A conference abstract reporting a single UK-based case study by Davies et al.
(2020) noted an abundance of pigment-laden macrophages within the sinuses
and a prominence of eosinophils within the excised nodes on
histopathological evaluation. The authors note an importance for
histopathologists to be aware of the nodal changes associated with Magtrace

if it is used more frequently during clinical practice.

Hersi et al. (2019) reported that the use of Magtrace did not affect specimen

pathology.

8.2 Ongoing studies
The NICE MIB263 highlighted three ongoing studies; two now have published

results (Karakatsanis et al. 2019; Hersi et al. 2021) and one is still ongoing

(Appendix C2). The Company identified four ongoing studies (Appendix C2).

The EAC identified an additional two ongoing studies (Appendix C2) from their

independent searches. None of the seven ongoing studies are conducted in a
UK setting.

The EAC also identified two completed studies with no publication of results

(Appendix C1), and one discontinued study (MAGnetic versus STAndard

technique for sentinel node biopsy in breast cancer compared in a
Randomised controlled trial (MAGSTAR); EudraCT 2015-000549-21) which

was cancelled before going active with no results or data available.

A Swedish multicentre trial is currently underway (POSTMAG MRI
ISRCTN85167182) to understand the impact of SPIO particle injection on

postoperative MRI up to five years following SLNB, with publication

anticipated in January 2024.
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9 Economic evidence

9.1 Published economic evidence

Search strategy and selection

The Company did not conduct a separate literature search, but instead
identified three published studies reporting costs, which were included in the
Company Economic Submission. The EAC considered two relevant to the
decision problem (Karakatsanis et al. 2017; Shams et al. 2021); the remaining
study only reported a single sentence regarding costs in the Discussion
section (Man et al. 2019) and was excluded by the EAC.

The EAC would have identified all economic evidence within the EAC’s
clinical evidence search (Appendix A2), and therefore did not conduct a
separate economic search. The EAC identified an additional one study that

was relevant to the decision problem (Sreedhar et al. 2021).

Published economic evidence review

A summary of the three studies reporting on costs associated with Magtrace
and Sentimag are summarised in Table 11. The focus of all three was clinical
comparison of tracer identification techniques; all were included in clinical
evidence and were critically appraised during the assessment of clinical
evidence (the EAC did not reappraise these papers for the context of
reporting additional cost information). None included formal economic
modelling, none included the complete SLNB procedure, all device, procedure
or adverse event costs, and none looked at post-operative outcomes. One
reported on purchase costs only, one reported on reimbursement costs to
hospital using routine data, one reported on purchase costs and speculated
on hotel and travel costs for the patient. The Company did not use any

parameters from the included economic studies to inform their de novo model.
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Table 11: Summary of results from published studies reporting on costs.

Study reference

Methods and
perspective

Population

Intervention(s)

Clinical and cost
parameters

Summary results

EAC comments

Karakatsanis et

al. (2017)
Sweden (N=2)

Prospective non-
randomised
controlled trial
(n=338)

One centre
delivered
Technetium
(injected on the day
of the surgery or the
day before).

Patients with
early breast
cancer (T1t0 T3
or DCIS)
undergoing
SLNB.

MagTrace injected
before surgery during
pre-op outpatient
clinic (1-4 weeks
before surgery) or
immediately before
surgery (n=183).
Magtrace mixed with
3ml Xylocaine at
least 20 mins before
removal of sentinel

Cost of tracer,
preoperative visit
and administration

of injection delivery.

Cost parameters
based on Swedish
crowns and
converted to Euros
based on the
exchange rate on

Cost of tracer and
injection: €225 for
MagTrace, €252 for
Technetium;
resulting in
Magtrace being
cost-saving by €27.

Preoperative
injection of SPIO
saved an additional

Total cost per SLNB
not reported,
adverse events not
included.

Cost savings driven
by removal of preop
nuclear medicine
visit. Discussion
reports pre-
operative injection of

Second centre node. Blue dye was 20/12/2016. minimum 20 min of SPIO reduced need
delivered Magtrace also used if the operating theatre for blue dye.
in an outpatient signal recognised by time (for SPIO to Additional benefit
clinic before the SentiMag was migrate to axilla), that SPIO resides in
surgery. poor (blue dye used saving €352 when tissue means that
in 92 procedures). compared to cancellation or
Swedish healthcare perioperative rescheduling of the
perspective. Technetium injected injection of SPIO. operation does not
on the day of the require another
surgery or the day injection (as is the
before in Nuclear case with isotope).
Medicine (n=155).
Blue dye was
injected routinely in
the isotope arm.
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Study reference

Methods and
perspective

Population

Intervention(s)

Clinical and cost
parameters

Summary results

EAC comments

Shams et al.

(2021)

Germany

Non-randomised
controlled trial pilot
(n=59)

Group allocation to
Magtrace or
radioisotope was by
the surgeon’s
choice. Breast
conserving surgery
was performed by
five different
surgeons. Additional
lymph nodes were
extracted if a
positive signal was
demonstrated.

Perspective of
German diagnosis-
related group 2019
system.

Females who
underwent
breast cancer
surgery and
lymph node
biopsy. One
patient had a
sentinel lymph
node biopsy
only.

Tc-99m was
administered either
on the day of the
surgery or the day
before (n=29).

MagTrace (2 ml) was
administered
intraoperatively or up
to 3 days before the
operation (n=30).

All patients (both
groups) received
their breast cancer
surgery during an
inpatient visit with
an overnight
hospital admission.
Final diagnosis-
related group (used
for hospital
reimbursement
purposes, using
German grouping
2019 system) were
compared between
arms.

Use of Magtrace did
not affect diagnosis-
related group
outcome, and
reimbursement
remained the same
independent of the
tracer method.

Authors
acknowledge that
the use of
reimbursement
costs based on
diagnostic and
operation codes
does not account for
variation in patient
complexity (flat rate
applied). ltis
unclear if cost of
Magtrace solution
and probe were
included in the
established German
Diagnostic-related
group system.
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New Zealand rural
hospital perspective
(including purchase
and reimbursement
costs).

Tc-99m with
lymphoscintigram the
day before, and blue
dye

illustrate estimations
of costs of detection
modality and no
formal analysis has
been undertaken.

Magtrace $557.70.
Magtrace cost-
saving by $860.30
per procedure.

Study reference | Methods and Population Intervention(s) Clinical and cost Summary results EAC comments
perspective parameters

Sreedhar et al. Retrospective non- Consecutive Intervention (n=45): Financial data Cost of SLNB with Authors

(2021) randomised patients Magtrace (2 ml collected from radioisotope colloid | acknowledge that

New Zealand controlled trial undergoing injected the day administrative staff $1418.00 the upfront cost of
(n=116). Data from SLNB or before surgery) with | via receipts and (breakdown: $600 Sentimag probe and
patient notes, digital | localisation of an | Sentimag probe, and | invoices of injection, $588 CT- gamma probes were
and paper. impalpable blue dye purchases to the SPECT, $130 excluded from

tumour. hospital. Conjecture | transport, $100 calculations.
Comparator (n=71): was taken to hotel). Cost with Appendix of paper

shows that costs in
Magtrace arm did
not include staff time
for injection. Costs
were driven by
transport and
accommodation
associated with 7
hour round trip by
road to receive
radioisotope
injection.

Abbreviations: CT, computed tomography; DCIS, ductal carcinoma in situ; SLNB, sentinel lymph node biopsy, SPECT, single-photon emission computed tomography,
SPIO, super paramagnetic iron oxide, Tc-99m, Technetium-99m radioisotope.
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Results from the economic evidence

None of the three included studies reporting on costs associated with
Magtrace and Sentimag were explicitly, or assumed to be, from the
perspective of the UK NHS. Karakatsanis et al. (2017), conducted in Sweden,
reported use of Magtrace to be cost-saving by €27 per person (including cost
of tracer and injection time only), and reported larger savings of €352 per
person if Magtrace was injected in a prior clinic (saving 20 minutes of theatre
time). Shams et al. (2021), conducted in Germany, reported that
reimbursement was unaffected by choice of localisation method, however it is
unclear if the cost of Magtrace solution and probe were included in the
diagnosis-related group tariffs. Sreedhar et al. (2021), conducted in New
Zealand, reported Magtrace to be cost-saving by $860.30 per procedure when
including patient car travel and hotel expenses, but acknowledged that costs

of Sentimag and gamma probes were not included in the calculation.

9.2 Company de novo cost-analysis
Economic model structure
In the absence of published studies, which directly addressed the decision

problem defined by the final scope, the Company developed a de novo cost-
minimisation analysis from an NHS and PSS perspective in an executable
Excel spreadsheet, described across three worksheets. The EAC critically
appraised the de novo model and its narrative description in the Company’s
Economic Submission using the Drummond checklist (Drummond et al.
1996), Appendix D1. The model included 17 parameters and 7 costs, and
compared the use of Magtrace and Sentimag against the use of dual

technique (radioisotope and blue dye).

Population
The Company defined the population, in line with the scope, as patients

undergoing sentinel lymph node biopsy with breast cancer. The Clinical
experts advised that all breast cancer patients would be assessed by
ultrasound, indeterminate or suspicious nodes would undergo core biopsy,
and that patients with no abnormalities detected on ultrasound would proceed
to SLNB (EAC Correspondence Log, 2022). The Clinical experts estimated

that between 60-80% of breast cancer patients are lymph node negative and
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routed for SLNB. The Clinical experts advised that SLNB is rarely indicated in
patients with ductal carcinoma in-situ (DCIS) undergoing breast conserving
surgery. The Clinical experts also stated that all patients with invasive
carcinoma and a subgroup of patients with DCIS undergoing mastectomy,
would undergo breast surgery and SLNB within the same theatre session
(EAC Correspondence Log, 2022).

Intervention and Comparator
The Company defined the intervention and comparator with no deviation from

the published scope: Magtrace and Sentimag compared with dual technique
(radioisotope Tc-99m and blue dye) for the localisation of the sentinel lymph
nodes during SLNB surgery. However, the timing and hospital setting of each

tracer injection was not explicitly stated within the model.

The Company have confirmed that polymer tools are provided by the
distributor alongside the Sentimag system free of charge, including retractors
and grasping (Debakey forceps, Allis and Babcok) instruments (EAC
Correspondence Log, 2022). Two Clinical experts advised that with
experience plastic instruments are not required; metal instruments can be
used and simply removed from when using the probe to locate Magtrace
(EAC Correspondence Log, 2022). The Sentimag IFU notes that for best
results during baseline set up, the probe head should be at least 0.5 metre
away from any metallic or magnetic objects and care should be taken when
using the probe in the proximity of any extraneous metallic or magnetic

objects including surgical tools.

The model does not include any costs for local anaesthesia (in Magtrace or
dual technique arms), which may be used if the tracer was injected at a clinic
appointment prior to the SLNB procedure. The model does not account for
patients contraindicated to Magtrace (hypersensitivity to iron oxide, dextran
compounds, iron overload disease, metal implant close to the expected
sentinel lymph node location) requiring standard of care. The Clinical experts
advised that routine screening would not be carried out in patients undergoing
Magtrace injection, however estimated that the total proportion of patients with

any contraindication would be rare; less than 1% (EAC Correspondence Log,
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2022). The Clinical experts discussed that radioisotope tracer did not have
these contraindications; and that Tc-99m would still be considered in pregnant
patients but would require local risk assessment and senior lead approval
(EAC Correspondence Log, 2022).

Outcomes
The cost-minimisation analysis includes the cost of the vial for each of the

tracers (Magtrace, radioisotope and blue dye), delivery costs (radioisotope
only) and staff time for injection (Magtrace: 1 nurse 20 minutes, dual
technique: 2 staff 40 minutes), and theatre time lost (dual technique arm only).
The model does not include device costs for the Sentimag probe for detecting
Magtrace. The Company justifies this as “hospitals who have adopted
Magseed will already have the probe, and for most other hospitals the probe
will be provided as part of an annual contract at no extra costs”. The EAC
queried the length and volume of contract with the Company who advised that
NHS Trusts who enter a consumable commitment (100 to 120 consumable
units per annum) receive the system free of charge; the Sentimag probe is
£24,900 to purchase outside of this contract with a minimum expected device
lifetime of 5 years (EAC Correspondence Log, 2022). The EAC notes that the
model does not include device costs of the gamma probe for detecting the
radioisotope. This may be due to an assumption that detection with a gamma
probe is included within the SLNB Health Resource Group (HRG) code, or
may be due to gamma probes being used for a range of procedures in a
hospital and therefore the per-procedure use may be regarded as negligible.
However, the reason for excluding the gamma probe costs from the model
has not been reported explicitly as an assumption by the Company in their
submission. As dual technique represents the standard of care, and includes
blue dye which is injected after induction of anaesthesia (due to risk of
anaphylaxis), the EAC would assume that the costs associated with blue dye
injection (material and staff time) are included within the bundled HRG code

associated with SLNB procedure.

The cost-minimisation analysis does not include costs associated with patient
travel or patient satisfaction. However, the Company has included two
separate opportunity costs in the comparator arm to account for theatre time
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lost due to supply disruption or shortage of Nuclear Medicine staff and theatre
time lost due to time required for Tc-99m injection on the day of surgery. The
EAC notes that the values for these opportunity costs only came from only
one NHS hospital that does not have an embedded Nuclear Medicine
department. The Clinical experts also advised the EAC that delays due to
radioisotope were unlikely; that delays would be mitigated by changes to
theatre scheduling, and that the SLNB procedure could proceed with blue dye
alone, or with four-node random sampling (EAC Correspondence Log, 2022).
A number of published studies included in the clinical evidence reported
injection of radioisotope the day prior to surgery. Additionally, the majority of
published evidence reported injection of Magtrace intraoperatively, where
subareolar injection requires a 20 minute wait before attempting
transcutaneous measurement of the axilla (in line with the Magtrace IFU). The
IFU for Magtrace also states that “peritumoural injection may require a longer
wait”; however this is not quantified. Therefore, the EAC considers that the
opportunity costs included in the Company cost-minimisation analysis may not
be realised by all NHS hospitals in practice (particularly those with on-site
access to Nuclear Medicine, or those injecting Magtrace intraoperatively), and
should be subjected to sensitivity analysis. One Clinical expert advised that
Magtrace was injected intraoperatively when initially implementing the
superparamagnetic tracer in their hospital. However, two Clinical experts
advised that earlier injection of Magtrace (for example, at prior clinic) also
leads to better visualisation (via brown-black colouration of the tracer)
alongside magnetic detection with the Sentimag probe. Different scenario
analyses should be conducted to address the different settings of Magtrace
injection.

Time horizon
The Company states in Table 4 of Economic Submission that the time horizon

of the model is “from the time the patient attends the hospital for SLNB to the
end of the procedure”. The justification the Company provides for this is that
the choice of tracer has no long-term implications for patient outcomes or
costs. Due to the short-term nature of the study no discounting was applied.

However, the cost-analysis provided by the Company only formally considers
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the duration of injection. Pathway costs prior to the SLNB (for example,
Magtrace injections at previous clinic, radioisotope injection at different
hospital), duration of SLNB procedure, the cost of the SLNB procedure itself
and adverse events following the tracer injection or SLNB procedure are not
included in the model. Whilst the majority of evidence in the Clinical Evidence
Submission demonstrated non-inferiority of SLN detection, the EAC would
consider that the intervention and comparator may be different in terms of
safety. The rare but serious adverse events associated with blue dye are well
documented. A recent systematic review and meta-analysis reported 61
episodes of anaphylaxis in 40,268 SLNB procedures, with an (adjusted)
anaphylaxis risk of 0.083% in breast cancer patients (Perenyei et al. 2021).
This is broadly in line with results from the NEW START and ALMANAC study
group where grade Ill reactions (severe hypotension requiring vasopressor
support, change or abandoning planned procedure or HDU or ITU admission)
were noted in 5 out of 7,917 patients (0.063%) undergoing SLNB in breast
cancer (Barthelmes et al. 2009). Additionally the EAC has identified a number
of published studies which have documented the long-term impact of
Magtrace in producing artefacts on future MRI up to 5 years after injection
(see Section 8), which may alter the modes of imaging as part of the patient’s
routine surveillance. However, there is a lack of comparative long-term data to
determine the clinical impact of this. The EAC would recommend modelling

long-term implications of MRI masking with Magtrace in scenario analysis.

Assumptions
The Company summarised the assumptions made in their de novo model, in

Table 3 of the Company Economic Submission, summarised by the EAC in
Table 12.

Table 12: Assumptions made by the Company to support the de novo model

Assumption
(from Company
submission)

Company
justification

Company source

EAC comment

The costing Estimating Source reported The EAC did not identify any UK
relates to a annual costs in economic Excel | national audit data related to
hospital carrying | requires an worksheet. Lower | SLNB.

out 250 SLNB assumption end estimate of EAC consulted with Clinical
procedures about volumes. data provided by experts; 4 responded who stated
annually: The relative cost- the number of SLNB procedures
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Assumption
(from Company
submission)

Company
justification

Company source

EAC comment

approximately 5
procedures in a
single surgery
list weekly for 50
weeks.

effectiveness of
a tracer does not
depend on the
annual volume of
procedures

2 NHS trusts in
England.

in a year ranging between 200
and 600 (EAC Correspondence
Log, 2022).

The hospital
receives one
delivery weekly
of two vials of
Tc-99m.

The radioactive
isotope requires
specialist
delivery with
associated costs.
The number of
weekly deliveries
depends on the
number of
planned
procedures.

One vial of Tc-
99m is typically
used for 2-3
procedures,
hence 2 vials is
assumed for 5
procedures.
Unused material
cannot be stored.

Source obtained
from Excel
worksheet. Lower
end estimate of
data from 3 NHS
trusts in England.

One Clinical expert advised that
the number of patients treated
from a vial will vary depending
on order and decay of the
product (EAC Correspondence
Log, 2022).

Magtrace and
blue dye can be
ordered in bulk
and stored until
required. The
shelf-life of
Magtrace is
approximately 2
years. No special
delivery or
storage
arrangements
are necessary.
One vial of each
is required per
SLNB procedure.

Not reported

Not reported

Storage, replacement, waste
costs not applied to any arm.
Delivery charge of £25 applied to
each radioisotope delivery (no
delivery charge applied to
Magtrace or blue dye). EAC
assumes that the cost for
radioisotope delivery would be
included within HRG for
radioisotope injection.

The opportunity
cost of theatre
time lost through
delays to surgery
is measured by
the number of
SLNB
procedures
forgone, valued
at the HRG tariff.

An alternative
approach would
be to value
theatre time at a
cost per hour
(£1200).7 This
approach is less
likely to
represent the
true opportunity
cost.

Source obtained
from Excel
worksheet. NHS
Tariff JA43B
(which aligns to
Unilateral
intermediate
breast procedures
with CC score 0-
2).

The EAC considers that delay to
surgery may not occur across all
hospitals. Clinical experts from
hospitals with on-site nuclear
medicine confirmed that
shortage of radioisotope would
not result in delay of SLNB as
patients would be given priority.
Four Clinical experts advise that
between 20-50% of patients are
injected with radioisotope the
day before SLNB. Clinical
experts also advised that delays
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Assumption
(from Company
submission)

Company
justification

Company source

EAC comment

to surgery due to lack of
radioisotope are rare. If isotope
was unavailable the surgical
team may proceed with blue dye
alone, or random four-node
sample (unlikely that surgery
would be cancelled) (EAC
Correspondence Log, 2022).The
EAC notes that the Company
has not considered within their
economic model that
intraoperative injections of
Magtrace would add 20 minutes
to total theatre time.

The EAC considers that there
may be an opportunity of
additional surgeries as a
consequence of lack of Nuclear
Medicine and the short half-life
of Tc-99m not permitting
morning surgery on some days
(for example Nuclear Medicine is
not open at weekends and bank
holidays which may impact
surgeries the next day).
However, the EAC would
consider this a planned impact
on scheduling (for example, if
SLNB are not scheduled for
mornings immediately after
weekends or bank holidays, then
the theatre is likely to be used for
another procedure). With
efficient theatre scheduling and
radioisotope inject the day prior,
the EAC would consider that
opportunity for additional
surgeries are unlikely for the
majority of weekdays. Therefore,
the EAC will consider realisation
of this opportunity cost within
sensitivity analysis, as additional
procedures may not be realised
in all centres.

OPCS code
T87.3 relates to
SLNB performed
as a surgical
procedure. T87.3
maps to HRG
JA43 “unilateral
intermediate
breast
procedures”

A note on
coding. OPCS
code T91.1
“biopsy of
sentinel lymph
node” relates to
a radiological
procedure which
maps to HRG
code YJO4.
Since 2020, the
coding has been

Company shared
link to the 2020
update from the
ABS Clinical
Practice &
Standards
Committee.

The Clinical experts have
advised that SLNB would rarely
be conducted in isolation, and
would like be included with
breast surgery (EAC
Correspondence Log, 2022).

Clinical Coding has advised that
a number of HRG codes include
SLNB procedures (OPCS: T87.3
Excision or biopsy of axillary
lymph node + 014.2 Sentinel
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Assumption
(from Company
submission)

Company
justification

Company source

EAC comment

refined to
differentiate a
surgical sentinel
lymph node
biopsy, which is
coded as T87.3
“excision or
biopsy of axillary
lymph node”.
T87.3 maps to
HRG JA43
“unilateral
intermediate
breast
procedures”.

lymph node) and would depend

on the concomitant procedures

conducted during the same
admission.

- HRG: “JA20F Unilateral
major breast procedures with
CC score 0-2”, would include
SLNB and mastectomy,
SLNB and lumpectomy (NHS
Reference Costs 2019/20;
£2782, activity: 27,996
procedures)

- HRG: JA43B Unilateral
intermediate breast
procedures with CC score 0-
2, would include SLNB and
breast biopsy, SLNB with no
breast procedure (NHS
Reference Costs 2019/20;
£1113, activity: 16,371).

Weighted average of these two

HRG codes, based on annual

activity of 2019/20, is £2193.02

The cost of the SLNB procedure
should be applied to all patients
(Magtrace and dual technique) to
represent the patient pathway
cost; this is not the case in the
Company model. The EAC notes
that costs associated with these
core bundled HRG codes will
also include blue dye injection,
costs associated with
anaphylaxis care, and gamma
probe detection.

A SLNB
procedure takes
30-45 minutes.®
The opportunity
cost of forgone
procedures
assumes only
50% of potential
additional
procedures could
be realised

There will be
constraints other
than theatre time
on the potential
number of
procedures
which can be
performed

Clinical experts advised that lack
of radioisotope would rarely
result in cancelling of SLNB
procedure. No robust clinical
evidence reported on duration of
procedure with Sentimag and
dual technique. Use of Magtrace
intraoperatively may add 20
minutes (as the tracer needs
time to drain to the axilla).

The EAC considers that
opportunity costs may not be
realised in all hospitals (those
with and without on-site nuclear
medicine, and may depend on
centre volume of SLNB
procedures). The percentage of
hospitals receiving this
opportunity cost should be varied
in sensitivity analysis.
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Assumption
(from Company
submission)

Company
justification

Company source

EAC comment

Magtrace is
appropriate in
100% of patients

Not expliticlty
listed in
assumptions, but
implied in model.

N/A

Magtrace is contraindicated in
patients with hypersensitivity to
iron oxide or dextran
compounds, patients with iron
overload disease, and patients
with a metal implant close to the
expected sentienel lymph node
location. The Clinical experts
stated that patients with these
characteristics were rare. The
experts advised that they would
not routinely screen for iron
overload disease or iron oxide or
dextran hypersensitivity,
however that they had not
encountered any cases so far.
The Clinical experts have also
advised that these
contraindications do not occur
with radioisotope (EAC
Correspondence Log, 2022).
Therefore, the EAC would
recommend that provision of
standard of care (dual technique)
in patients with a
contraindication to Magtrace is
considered in scenario analysis.

node biopsy

Abbreviations: EAC, external assessment centre;; HRG, healthcare resource group; OPCS, Office of
Population Censuses and Surveys classification of Interventions and Procedures; SLNB, sentinel lymph

Validation of the economic model
The Company did not include any conceptual or technical validation of the

economic model within their Economic Submission. Data was provided by

three NHS Trusts (the maijority provided by two NHS Trusts), none of which

have on-site access to Nuclear Medicine and therefore may not be

representative of care across the NHS.

Economic model parameters
Clinical parameters and variables

No clinical outcomes were included in the Company cost-minimisation

analysis.

Resource identification, measurement and valuation

The Company reported the values for the clinical parameters and variables

used in the model in Table 4 of the Company Economic Submission, as
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summarised in Table 13. Some of the parameters were sourced from up to

three NHS hospitals, none of which have an on-site Nuclear Medicine

department.

Table 13: Clinical parameters used in the Company’s model and any changes
made by the EAC

Variable

Company value

Source

EAC comment

Tc-99m

£100 per vial

£25 per delivery
(assuming two vials
per delivery)

Total cost per
procedure
(including
delivery time)
provided by 3
NHS Trusts.

Two Clinical experts stated that this
cost was appropriate. Two Clinical
experts advised that each vial costs
approximately £60. One Clinical
expert stated that 5 patients can be
injected from the same vial if in the
same session, however is
dependent on patient mix. Another
Clinical expert advised that the
number of patients treated from a
vial will vary depending on the
order, and decay of the product
(EAC Correspondence Log, 2022).

One Clinical expert advised that
hospitals with on-site Nuclear
Medicine may pay substantially
more (up to £160 per delivery) due
to delivery of larger quantities,
however that £25 may be
representative of hospitals without
on-site nuclear medicine. This cost
would likely be shared with delivery
of other radiopharmaceuticals for
other procedures and other patient
groups. An additional Clinical
expert felt that the delivery charge
may not be applicable to all
hospitals (for example, hospitals
with in-house radiopharmacy),
however that some hospitals
receive vials from external sites for
which a delivery charge was
applicable. This expert felt that
delivery cost of £25 was
reasonable.

The cost of an additional clinic
appointment for radioisotope
injection is represented by the
Health Resource Group (HRG)
code: RN19Z “Sentinel Lymph
Node Scan” £239 (NHS Reference
Costs 2019/20). This HRG includes
lymphoscintigraphy, and will not be
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Variable

Company value

Source

EAC comment

specific to a breast cancer
population, but using an HRG
enables a consistent approach
across all NHS hospitals. However,
one Clinical Expert stated that this
HRG likely represents an
underestimate (EAC
Correspondence Log, 2022). The
EAC confirms that this HRG code is
an unbundled, and that additional
costs such as staff time for
documentation, waste
management, may not be included.

Nuclear
Medicine time to
prepare and
administer Tc-
99m

Two Band 6 staff,
40 mins each to
prepare and
administer injection
to a patient,
complete
documentation and
handle radioactive
waste

Time provided
by 2 NHS
Trusts.

The EAC assumes that staff time to
deliver the radioisotope injection is
incorporated within the unbundled
HRG code above.

Nurse time to
administer
Magtrace
injection

1 Band 5 nurse, 20
minute routine
appointment

Time provided
by 2 NHS
Trusts.

Assumes that Magtrace is
delivered at a prior routine
appointment (within 30 days of the
SLNB procedure), therefore no
additional appointment costs. For
the base case will assume 20
minutes (total time including
consent, preparation and injection)
of Band 5 nurse in line with the
company estimatation.

In line with Magtrace IFU, for
perioperative subareolar injections,
surgeons should wait 20 minutes
before attempting transcutaneous
measurement of the axilla. The
EAC would assume that a
consultant surgeon would conduct
the injection perioperatively. As an
upper estimate, an additional 20
minutes could be added to theatre
time (which would include room
and staff costs) in enable drainage
to axilla. However, as SLNB are
usually conducted with concomitant
procedures (mastectomy, breast
conserving surgery), the wait time
will be varied in sensitivity analysis.

Blue dye

£25 per vial

Cost range
provided by 2
NHS Trusts.

One Clinical expert confirmed that
the cost of £25 per blue dye
injection was approapriate; four
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Variable

Company value

Source

EAC comment

were unable to comment (EAC
Correspondence Log, 2022).

Dual technique (radioisotope and
blue due) are considered standard
of care. However, due to the risk of
anaphylaxis, blue dye is routinely
injected after induction of
anaesthesia. Therefore, the EAC
would assume that blue dye
injection is incorporated within the
HRG code for the SLNB procedure.

Magtrace

£226 per vial

Company

The Company has not included the
cost of the Sentimag probe that is
required to detect the Magtrace.
The EAC has queried this with the
Company who advised that NHS
Trusts who enter a consumable
commitment (100 to 120
consumable units per annum)
receive the system free of charge;
the Sentimag probe is £24,900 to
purchase outside of this contract
(EAC Correspondence Log, 2022).

Company also confirmed that there
is a delivery charge associated with
Magtrace £10.65 per delivery (EAC
Correspondence Log, 2022).
However as Magtrace has a long
shelf life, hospitals could buy a
larger number of vials within a
single delivery. The EAC assumes
that the inclusion of delivery of
Magtrace to “per-procedure” costs
would be negligible and therefore
can be omitted from the economic
model.

Cost, Band 6
hospital
scientific and
technical staff

£55 per hour

PSSRU 2021

The Company model assumes that
2 Band 6 staff are involved in the
injection of the radioisotope. Four
Clinical experts have advised that a
band 6 or 7 staff nurse, nuclear
medicine technologist, or
radiographer would conduct the
injection.

The EAC notes that PSSRU
2020/21 Hospital based scientific
and professional (Band 6) assumed
equivalent to radiographer are £54
per hour. However, the HRG code
associated with radioisotope
injection at previous clinic (RN192)
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hospital nurse

Variable Company value Source EAC comment
will include cost of radioisotope and
staff time for the injection.

Cost, Band 5 £41 per hour PSSRU 2021 The EAC confirmed this cost was in

line with that published in PSSRU
2020/21 (Band 5 hospital nurse
includes staff nurse, theatre nurse).

ordinary elective
spell. NHS Tariff
Payment

System 2021/22

Operating 45 minutes The Company One clinical expert stated that 45
theatre time per states the minutes was representative of a
SLNB procedure source is NHS SLNB procedure (EAC
Trust Correspondence Log, 2022).
experience,
however the
EAC was unable
to verify this (not
included in the
economic model
spreadsheet).
SLNB HRG tariff | £1208 HRG JA43B Using NHS Reference Costs
combined day- 2019/20 and a weighted average of
case and HRG codes JA43B and JA20F:

- HRG: “JA20F Unilateral major
breast procedures with CC
score 0-2”, would include SLNB
and mastectomy, SLNB and
lumpectomy (NHS Reference
Costs 2019/20; £2782, activity:
29,996 procedures)

- HRG: JA43B Unilateral
intermediate breast procedures
with CC score 0-2, would
include SLNB and breast
biopsy, SLNB with no breast
procedure (NHS Reference
Costs 2019/20; £1113, activity:
16,371).

Weighted average of these two
HRG codes, based on annual
activity of 2019/20, is £2193.02

However, the EAC notes that a
proportion of this HRG code will
include blue dye injection, gamma
probe detection of radioisotope
associated with SLNB and
treatment of adverse events
associated with anaphylaxis.

Theatre time
lost to supply
disruption
and/or shortage
of Nuclear
Medicine staff

20% of procedures
delayed by average
of 30 minutes

This was only
declared by a
single NHS
hospital in the
economic model
spreadsheet.

The Company has incorporated
this into the cost analysis as 20%
of 250 annual procedures (per
hospital) are delayed by 30
minutes. The total length of time
(i.e. 25 hours) is equivalent to 33
SLNB procedures (assuming 45
minutes per procedure). The
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Variable

Company value

Source

EAC comment

Company has assumed that this
will be realised in 50% of cases
(i.e. opportunity cost of 16 SLNB
procedures is added to the per-
procedure cost in the dual
technique arm).

The EAC considers that delay to
theatre may not occur across all
hospitals. Clinical experts from
Nuclear Medicine have confirmed
that national supply chain issues
have been rare, and have not
resulted in delay of SLNB as
patients would be given priority.
Clinical experts also advised that
20-50% of patients would have
radioisotope injection the day
before SLNB procedure, which
would include patients on the
morning surgery list, and therefore
would not incur delay (EAC
Correspondence Log, 2022).
Clinical experts also advised that
delays to surgery due to lack of
radioisotope are rare. If isotope
was unavailable the surgical team
may proceed with blue dye alone,
or random 4 node sample (unlikely
that surgery would be cancelled)
(EAC Correspondence Log, 2022).
The EAC notes that this is not
standard of care.

The EAC notes that the Company
has not considered that
intraoperative subareolar injection
of Magtrace may add 20 minutes to
total theatre time (in line with
device IFU to give the tracer time to
drain to the axilla, IFU also states
that peritumoural injection may
require a longer wait).

The EAC would recommend
removing this opportunity cost.

Theatre time
lost because of
time required for
Tc-99m injection
on the day of
surgery

1 additional
procedure each
week (realised in
50% of cases)

The Company
confirmed that
this value was
derived from
communication
with 3 NHS
hospitals,
assuming
theatre lists for
SLNB unable to
start until

Delay to theatre due to
radioisotope may differ between
NHS Hospitals with and without
access to on-site Nuclear Medicine.

Additionally the EAC notes that
from the Clinical evidence that
many SLNB procedures can be
combined with mastectomy and
breast conserving surgeries in
breast cancer patients. Therefore, it
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Variable Company value Source EAC comment
10:30am, with is unlikely that time associated with
injection of radioisotope injection could result

radioisotope
occurring at
9:00am.
Resulting in 1.5
hours per
session,
however if 50%
was realised
then 45 minutes
(equivalent to 1
extra SLNB)
could be added
each week
(assuming one
theatre session
each week).

in additional theatre slots (as this
will depend on the patient and
surgery type mix).

Two experts (both from hospitals
with on-site Nuclear Medicine)
stated their access to radioisotope
was not a rate limit factor. One
expert stated that use of Magtrace
could provide flexibility in theatre
scheduling, however that the
number of patients per theatre
session was determined by theatre
availability and the other
concomitant breast surgery
procedures undertaken alongside
SLNB. One Clinical expert was
unsure if Magtrace would facilitate
more SLNB procedures (EAC
Correspondence Log, 2022).

The EAC considers that an
opportunity cost is possible with
Magtrace with regards to an
additional surgery possible on a
morning SLNB theatre list. Clincial
experts have advised that Nuclear
Medicine departments do not inject
radioisotope at weekends, which
may cause delays on a Monday; or
following a bank holiday. Use of
Magtrace (for example, injected the
Friday before) would enable
sufficient drainage to the axilla, and
may also give enough time to
promote brown staining to assist
with visual detection. However, the
EAC would consider this
opportunity cost may not be
realised in all hospitals; as with
effective theatre scheduling the
morning theatre list may include
other procedures. However,
realisation of this opportunity cost
could be considered in sensitivity
analysis.

Abbreviations: EAC, external assessment centre; HRG, healthcare resource groups; NHS, National Health
Service; SLNB, sentinel lymph node biopsy; Tc-99m, Technetium 99-m radioisotope;;
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Sensitivity analysis

The Company described univariate sensitivity analysis within the Economic

Submission across a number of parameters:

decreasing the number of vials of radioisotope used per theatre list;
e radioisotope vial cost greater or less than 50%;
e reducing the number of staff required to inject radioisotope;

e Nuclear Medicine staff time to inject radioisotope greater or less than

20 minutes;
e nurse time to inject Magtrace greater or less than 10 minutes;
e value of theatre time cost at £1,200 per hour;
e proportion of lost time realised 30%, 60%;

earlier start time realised in 30%.

The Company states that the individual parameters were varied within a
realistic range, however the range does not reflect the range of responses
gained by the three NHS hospitals they consulted (listed in the Excel
spreadsheet of their cost-minimisation analysis). The EAC considers that the
sensitivity analysis applied in the Company analysis were not applied
consistently across the intervention and comparator arms, and did not
address the main areas of uncertainty (for example, variation in patient
pathway, differences between hospitals with and without on-site Nuclear

Medicine department, adverse events).

9.3 Results from the economic modelling
Base case results

In the Company’s base case, the use of Magtrace and Sentimag was £240
per procedure, compared with £345 per procedure using dual technique
(radioisotope and blue dye), resulting in an overall cost-saving per procedure

of £105, Table 14. Cost savings were driven by opportunity costs, particularly
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those associated with the ability to conduct additional surgeries in the

Magtrace arm.

Table 14: Summary of base case results

Company estimate, per procedure*®
Magtrace and Dual technique Incremental cost
Sentimag (Tc-9m and blue (Magtrace and
dye) Sentimag minus
dual technique) t
Tracer acquisition £996 £70 £156
costs
Tracer administration £14 £73 £59
costs
Theatre time lost due
to supply or staff £0 £81 -£81
shortage
Theatre time lost due
to Tc-99m injection on £0 £121 -£121
day of surgery
Total (per patient) £240 £345 -£105
* Taken from Table 5 of Company’s Economic Submission.
T Negative values (shaded green) indicate a cost saving.

Sensitivity analysis results

In the Company’s univariate deterministic sensitivity analysis, all showed

Magtrace and Sentimag to be cost-saving when compared with dual

technique, Table 15.

Table 15: Results of Company’s univariate deterministic sensitivity analysis

Cost per procedure*

Incremental
Value used VEa(Ees Dual cost
= in technique (Magtrace
arameter Basecase s and :
sensitivity Sentima (Tc-9m and | and Sentimag
analysis 9 blue dye) minus dual
technique) t
Basecase - - £240 £345 -£105
No. of radioisotope 2 1 £240 £325 -£85
vials per week
Cost per radioisotope £225 £113 £240 £322 -£82
vial £338 £240 £367 -£127
No. of nuclear medicine | 2 1 £240 £308 -£68
staff required per
injection
40 60 £240 £381 -£142
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Nuclear medicine staff 20 £240 £308 -£68
time per radioisotope
injection, min
Nurse time per 20 30 £247 £345 -£98
Magtrace injection, min 10 £233 £345 £112
Value of theatre time £1,208 £1,200 per | £240 £324 -£84
per SLNB | hour
procedure
Lost time realised 50% 30% £240 £312 -£73
60% £240 £361 -£121
Earlier start time 50% 30% £240 £296 -£57
realised

*Taken from Table 6 of Company’s Economic Submission
1 Negative values (shaded green) indicate a cost saving.

Additional analysis

The EAC was able to replicate the Company’s base case. The EAC

conducted a number of univariate changes to the Company economic

analysis to determine the impact on procedure costs, Table 16.

Table 16: EAC univariate changes to the Company economic analysis

Cost per procedure*

Parameter

Basecase

Value used
in
sensitivity
analysis

Magtrace
and
Sentimag

Dual
technique
(Tc-9m and
blue dye)

Incremental
cost
(Magtrace
and Sentimag
minus dual
technique) T

Basecase

£240

£345

-£105

Removing opportunity
cost associated with
theatre time lost due to
supply or staff shortage
[SA calculations!M8=0]

£80.53

£0.00

£240

£264

-£24.47

Removing opportunity
cost associated with
theatre time lost due to
Tc-99m injection on
day of surgery [SA
calculations!M21=0]

£120.80

£0.00

£240

£224

+£16

Adding 20 minutes
theatre time to
SentiMag arm when
injected intraoperatively
(based on direct theatre
cost per hour from
Public Health Scotland
2019/20 for General
surgery RX142X:

£0.00

£357.33

£597

£345

+£252
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£1,072 which would
include staff time)

T Negative values (shaded green) indicate a cost saving.

EAC base case

The EAC reformulated the Company’s base case into a decision tree to define
its own base case, Figure 10. The decision tree embodies the decision
problem in a conventional form, and incorporates the Company’s base case
for a particular set of values of the model variables. The decision tree

structure also enables probabilisitic sensitivity analysis.
Model structure

Intervention (Magtrace and Sentimag) and comparator (dual tracer technique)
remain in line with final scope. However, to represent the current care
pathway across the NHS, the EAC considers three arms in the decision to

represent the different timing and setting of the tracer injections:

o Magtrace injected intraoperatively (20 minutes before SLNB

following administration of anaesthesia);

o Magtrace injected at a separate clinic (up to 30 days before
SLNB);

o radioisotope injected at separate clinic (up to 1 day before
SLNB, or 1 hour before). Note that due to anaphylaxis risk, blue
dye is usually injected after induction of anaesthesia for SLNB
procedure and therefore would be included within the Health

Resource Grouping (HRG) cost for the procedure.

All patients in the comparator arm incur separate Nuclear Medicine clinic
appointment for Tc-99m injection. Note that the timing of injection (including
day before, at a different hospital or a few hours prior to the SLNB procedure)
all incur same cost based on the unbundled HRG code (RN192Z). Two Clinical
experts confirmed that patients would not have Tc-99m injected during the
SLNB theatre session (EAC Correspondence Log, 2022).
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All patients in the intervention arm (Magtrace and Sentimag) arm incur £226
per injection as sourced from the Company, with additional costs associated
with staff time depending on the location of the injection. Patients injected at a
routine prior appointment only incur cost of staff time (20 minutes of a Band 5
nurse) which will include time for an informed consent process and delivering
the injection. Patients injected intraoperatively incur the theatre costs (which
includes staff time) plus an additional 20 minutes of general surgery theatre
time. A minimum of 20 minutes is required following Magtrace administration
to allow lymphatic drainage before attempting transcutaneous measurement
of the axilla (in line with the Magtrace IFU), with the published evidence
confirming the SLNB did not start until at least 20 minutes had elapsed
following Magtrace administration when used intraoperatively (Karakatsanis et
al. 2016; Alvarado et al. 2019; Ghilli et al. 2017; Thill et al. 2014). The EAC
assumes that the 20 additional minutes will include 5 minutes of breast
massage to promote drainage to the axilla. The EAC assumes that
intraoperative injection of blue dye (which occurs after induction of
anaesthesia) also requires five minutes of breast massage to promote
drainage to the axilla prior to SLNB procedure. The EAC assumes no delay to
surgery for drainage to axilla related to the radioisotope as it is injected the
day prior or at an appointment several hours before the SLNB theatre
session. The cost of the Sentimag probe and reusable tools are not included,
as confirmed by the Company that these would be provided free of charge to
centres committing to a minimum annual contract of 100 to 120 vials of

Magtrace tracer.

All patients across all arms incur cost associated with the SLNB procedure,
represented by an HRG code. The cost associated with this HRG will include
blue dye injection (which occurs after anaesthesia induction), gamma probe
detection and costs associated with anaphylaxis. The EAC micro-costed blue
dye injection and costs of anaphylaxis care, and removed these costs from
the HRG at the appropriate branches of the decision tree (see Figure 10).
This approach enabled the EAC to more accurately cost the complete patient
pathway for SLNB. The EAC assumed that costs associated with gamma

probe detection of the radioisotope during surgery are negligible, due to use
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of the device across a number of procedures and patient groups (not specific

to SLNB or breast cancer).

The EAC did not identify any published events of anaphylaxis associated with
Magtrace. Therefore, the model will assume that anaphylaxis only occurs in
the comparator arm (associated with blue dye). The proportion of patients
experiencing severe anaphylaxis was derived from meta-analysis (Perenyei et
al. 2021) including papers conducted exclusively in patients with breast
cancer undergoing SLNB. The EAC assumed that severe anaphylaxis will
result in a critical care admission, which is supported by opinion from Clinical

experts (EAC Correspondence Log, 2022).

The EAC assumed that injection of blue dye is included in the total HRG cost
for the SLNB procedure. Therefore, blue dye costs were removed from the
SLNB cost in the Magtrace and Sentimag arms. The EAC has included only
the technology costs associated with blue dye, at £25 per injection, in line with
Company submission. The EAC also assumes that blue dye incurs 5 minutes
staff time to conduct the injection and conduct breast massage before the

SLNB procedure can begin.

The EAC has not included opportunity costs associated with lack of
availability of radioisotope. Clinical experts from hospitals with on-site Nuclear
Medicine have advised that this was not an issue as SLNB patients would be
given priority (EAC Correspondence Log, 2022). Clinical experts from
hospitals without on-site Nuclear Medicine have advised that SLNB
procedures would still go ahead using blue dye only or four-node axillary
sampling, although a small proportion may have their procedure rescheduled
(EAC Correspondence Log, 2022).

Clinical experts report delays to surgery due to lack of radioisotope are rare,
and if unavailable the surgical team may proceed with blue dye alone or
random four node sample. In addition to this, Clinical experts noted that 20 to
50% of patients receive radioisotope injection the day before SLNB
procedure, which would include patients on the morning surgery list and
would not incur delay (EAC Correspondence Log, 2022). The EAC has
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included opportunity costs associated with one additional SLNB procedure
being added to a morning theatre list, when using Magtrace. This is a direct
consequence of lack of Nuclear Medicine availability at weekends and bank
holidays, and the radioisotope can only be injected on the day of surgery due
to half life of Tc-99m. The base case will consider one additional SLNB
procedure each week, assuming 400 procedures conducted annually at each
hospital; which represents the mid-point of annual estimates from the Clinical
experts; 200 to 600 (EAC Correspondence Log, 2022). The EAC considers
that additional SLNB surgeries may not be possible across all hospitals, and
therefore has assumed that opportunity costs are achieved in 50% of
hospitals, in line with the assumption made by the Company. However, the
EAC will include the number of additional procedures and the proportion of
hospitals realising this opportunity cost within sensitivity analysis due to the

large uncertainty in both.

The EAC acknowledges that patient costs (associated with travel, waiting
time) may be different between hospitals with and without on-site Nuclear
Medicine facilities. The EAC contacted the Administration of Radioactive
Substances Advisory Committee (ARSAC) to determine the proportion of
NHS hospitals with access to on-site Nuclear Medicine. ARSAC advised that
there are currently 163 licenced NHS sites in England, however as ARSAC
were unable to share the names of these sites, the EAC is unable to
determine the proportion of NHS hospitals conducting breast surgery who
also have on-site Nuclear Medicine facilities. However, the cost of the
radioisotope injection is incorporated in the economic model as an HRG code,
and the cost associated is unaffected if injected the day prior to or few hours
before the SLNB procedure. Therefore, the EAC considers that the costs to
the NHS will not be different between hospitals with and without on-site
Nuclear Medicine facilities. The EAC does acknowledge that patient travel
and wait times may differ between hospitals with and without on-site Nuclear
Medicine facilities, however these are not incorporated into the economic

model.
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Figure 10: EAC base-case represented by a decision tree
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Model parameters (clinical and cost)

All model parameters used in the EAC base case are listed in Table 17.

Table 17: EAC base case model parameters

Parameter Value Source

Cost per SLNB procedure £2,193.02 Using NHS Reference Costs 2019/20 and a
weighted average of HRG codes JA43B and
JA20F, which includes SLNB procedures
conducted alone, or alongside mastectomy,
lumpectomy, breast biopsy.

Cost of Tc-99m injection £239.00 HRG: RN19Z Sentinel Lymph Node Scan
(NHS Reference Costs 2019/20, activity:
16,686), as advised by two Clinical experts.

Cost of blue dye (per vial) £25.00 Same value as used by Company, verified by
one clinical expert. The EAC assumed that
blue dye contributes £25 to the total HRG
cost for each SLNB procedure. This cost will
be deducted from Magtrace branches.

Cost of Magtrace (per vial) £226.00 Company. Assume one vial per patient.

Blue dye (time): drainage 5 minutes Assumed by EAC to incorporate breast

time to axilla (delay to massage duration only.

surgery when injected in

theatre)

Magtrace (time): drainage 20 minutes Magtrace Instructions for Use recommend

time to axilla (delay to that for subareolar injections that surgeons

surgery when injected in wait at least 20 minutes before attempting

theatre) measurement of axilla. IFU state that longer
may be required for peritumoural injection.

Magtrace (time): duration of | 20 minutes Same assumption as made in Company

staff time for informed model, confirmed as appropriate by the

consent and injection in Clinical experts.

outpatient clinic setting

Magtrace: cost staff per hour | £41.00 Band 5 hospital-based nurse (PSSRU
2019/20).
Assume that Magtrace injected at prior
routine clinic (irrespective of whether the day
before or 30 days before) only adds
additional staff time to an existing
appointment.

Percentage of patients 0.083% Meta-analysis by Perenyei et al. (2021) which

experiencing anaphylaxis included 59 studies of patients exclusively

due to blue dye PSA: Beta with breast cancers (61 events in 40,268

(a=61, patients). This is applied to the comparator
B=40,207) arm only (associated with blue dye only).
Cost per critical care stay £1,634.90 NHS Reference Costs 2019/20: HRG code

for surgical adult patients (unspecified
specialty) CX05Z “Adult Critical Care, 2
Organ Supported”.

The EAC assumes that anaphylaxis
contributes £1.36 to the total HRG cost for
each SLNB procedure (such as 0.083%
incurring £1,634.90). This cost will be
removed from approximate branches
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(Magtrace and dual technique where no
anaphylaxis is experienced).

Theatre costs per hour £1,072.00 Public Health Scotland 2019/20 for General
surgery RX142X (this includes staff time).

For intraoperative Magtrace injection and in
line with Magtrace IFU, waiting for 20 minutes
after Magtrace injection before conducting
SLNB procedure (to enable time for tracer to
drain to axilla) would result in additional
theatre costs of £357.33.

Percentage of patients 0% EAC has excluded this opportunity cost.
experiencing delay due to
unavailability of radioisotope

Percentage of patients 50% Assume patients injected at prior routine
receiving Magtrace injection appointment only incur cost of staff time to
at prior routine appointment | PSA: Beta inject the tracer.
(a=200, Patients injected intraoperatively incur
=200) additional theatre costs (per minute costs,

which include room and staff time) for the
same duration, 20 minutes.

The majority of published clinical evidence
uses intraoperative injection, however lack of
generalisability to NHS. Two Clinical experts
advised they started with intraoperative
injection, but now inject at prior clinic having
passed the learning curve.

Opportunity cost associated | 1 per week One additional procedure each week,

with additional surgeries assuming surgery is conducted across 50
weeks of the year. Assume each hospital
conducts 400 SLNB procedures each year
(midpoint of estimates from Clinical experts,
200-600; EAC Correspondence Log, 2022).
The opportunity cost will be attributed to the
standard of care arm.

Percentage of hospitals 50% Same percentage applied in Company model.
realising opportunity costs EAC has applied PSA analysis on this

PSA: Beta variable.

(a=50, B=350)

Abbreviations: EAC, external assessment centre; HRG, Healthcare Resource Group; IFU, instructions
for use; NHS, National Health Service; PSA, probabilistic sensitivity analysis; SLNB, sentinel lymph
node biopsy; Tc-99m, Technetium-99m radioisotope;
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Results

The EAC model was used replicate the Company base case model, with the
same results; Magtrace: £239.67, Dual: £344.67, with associated cost savings

of £105 per procedure.

Results from the EAC base case are presented in Table 18, showing
Magtrace and Sentmag costing £2,488.83 per procedure, dual technique
costing £2,567.73, resulting in Magtrace and Sentimag being cost-saving of
£78.90 per patient (cost-savings representing 3% of the total cost of the
SLNB procedure).

Table 18: EAC base case

Intervention Comparator Cost difference
(Magtrace & (dual technique) | (Intervention-
Sentimag) Comparator)

Cost of tracer (incl. £411.50 £239.00 +£172.50

staff time for

injection)

Cost associated with | £2077.33 £2191.66 -£114.33

SLNB

Opportunity cost £0 £137.06 -£137.06

(associated with

being able to

conduct one

additional SLNB

procedure per week)

Total £2488.83 £2567.73 -£78.90

Sensitivity analysis

Due to lack of national audit data (with numerator and denominator) the EAC
conducted various univariate sensitivity across parameters and scenario

analysis, informed from the feedback of Clinical experts.

The EAC conducted univariate analysis to determine the impact of the
proportion of Magtrace injections conducted at a prior appointment on total
costs, Figure 11. The higher the proportion conducted at a prior appointment
the larger the cost-saving associated with Magtrace; the threshold at which

Magtrace becomes cost-saving is 0.27 (base case was 0.50). The EAC notes
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that the Clinical experts advised that Magtrace injections were initially all
injected intraoperatively (in theatre, immediately before SLNB), however after
getting over the learning curve (correct depth to reduce skin staining, ability to
do without local anaesthesia) that injections occur at a prior routine clinical
appointment (EAC Correspondence Log, 2022). The Clinical experts also
noted that a longer interval between Magtrace injection and detection with the
Sentimag probe may be beneficial as the Magtrace is brown in colouration
and gives the surgeon a visual, as well as magnetic indicator, from earlier
injection to the procedure; therefore injection at prior appointment has clinical
benefit (EAC Correspondence Log, 2022). The EAC notes that from the IFU
the indicated use of Magtrace suggest prior injection can occur up to 30 days

before procedure.

Figure 11: Univariate analysis on EAC base case: change in proportion of

Magtrace injections conducted at prior routine appointment.

100
|
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Cost diffence (Magtrace-Dual) £
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The model was sensitive to changes in total theatre time in the Magtrace arm
(due to delay associated with intraoperative subareolar injection of Magtrace
to permit drainage to axilla in line with device IFU). A reduction in additional
theatre time resulting in an increased cost saving for Magtrace, Figure 12.
From threshold analysis, the additional theatre time waiting for drainage to
axilla using Magtrace would need to exceed 29 minutes before it was

considered cost-incurring (base case: 20 minutes).

Figure 12: Univariate analysis on EAC base case: Additional theatre time

associated with periopereative injection of Magtrace

e S e -
Threshold: 28.33
o =
= 97
iy}
-
o
i
o g |
E —
— 1
o
W
=
o D
LE W
[ ] -—
[ 1
i
=
=
e ]
W [
o [
U 1
[
o
™

I I I I I I I
0 5 10 15 20 25 30

Additional theatre time associated with perioperative injection, mins

The model was also sensitive to changes in the number of additional SLNB
procedures conducted each week, for example a procedure that could be
added to a morning theatre list (as a result of lack of Nuclear Medicine
facilities at weekends and bank holidays) as an opportunity cost. The

threshold at which Magtrace became cost-incurring was 0.42 additional
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procedures per week (base case: 1 procedure), Figure 13. The EAC notes
that if a hospital was unable to realise any additional procedures in a week
(thus removing this opportunity cost) that Magtrace would be cost-incurring by

£58.17 per procedure.

Figure 13: Univariate analysis on EAC base case: Additional SLNB
procedures added to theatre list each week, added as opportunity cost in

comparator (dual technique) arm only.
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An alternative approach is to vary the proportion of centres that will realise the
opportunity costs associated with ability to conduct one additional SLNB
procedure each week. In the base case (50% of hospitals achieving 1
additional SLNB procedure with Magtrace) was cost-saving by £78.90 per
procedure. This represents a 6.25% non-attendance rate (50 additional
procedures a year, realised in 50% of centres conducting 400 SLNB
procedures each year). However, the model is sensitive to changes in the

proportion realising this opportunity cost, Figure 14. The threshold at which
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Magtrace become cost-incurring is if 21% of hospitals can conduct 1
additional SLNB additional procedure. The EAC notes that if no centre was
able to realise the opportunity cost associated with one additional SLNB
procedure per week, that Magtrace would become cost-incurring by £58.17

per procedure.

Figure 14: Univariate analysis on EAC base case: Proportion of hospitals
realising opportunity costs associated with one additional SLNB procedure

each week
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The model is also sensitive to the hospital volume of SLNB procedures
conducted annually, Figure 15. Whilst the base case included the mid-point
estimate from the Clinical experts (400 SLNB annually), lower volume centres
may achieve larger cost-savings with Magtrace (200 SLNB per year: cost
saving £215.96 per patient), whereas higher volume centres may achieve
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smaller cost-savings with Magtrace (600 SLNB per year: cost-saving £33.21

per patient), assuming 1 session per week is wasted in each case.
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Figure 15: Univariate analysis on EAC base case: annual SLNB centre
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The EAC illustrated the multiple univariate sensitivity analysis of three
parameters (probability of centres realising opportunity costs associated with
gaining one additional SLNB per week, proportion of SLNB procedures where
Magtrace was injected at a prior clinic, and probability of anaphylaxis due to
blue dye) in tornado diagram is shown in Figure 16. Each parameter was
varied over their corresponding 95% confidence interval, with the rest of the

variables set to their point estimates due to a lack of robust published data.
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Figure 16: Tornado diagram
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Mean cost saving

The mean cost difference from probabilistic sensitivity analysis (varying three
parameters as above) between Magtrace and dual technique was -£79.41
(95% CI -£117.88 to -£43.89) per patient, with 100% simulations being cost-

saving.

Scenario analysis:
A range of scenario analysis was conducted, Table 19.

Due to the sensitivity of the model to additional minutes of theatre time, the
EAC modelled a scenario where Magtrace was instead injected at a prior non-
routine outpatient clinical oncology appointment (thus incurring an additional

appointment cost of NHS Reference costs 2019/20, consultant-led: £151,

without occurring 20 minute delay in theatre associated with awaiting drainage
to axilla). In this scenario, cost savings associated with Magtrace increased to
£182.07 per procedure: Magtrace: £2,385.66, Dual: £2,567.73.
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Additional scenarios were modelled to account for patients contraindicated to
Magtrace that would require standard of care (dual tracer). When assuming
0.5% contraindicated (Clinical experts stated that this is a rare event),
Magtrace remains cost-saving by £78.50 per procedure. The EAC notes that if
the proportion of patients contraindicated to Magtrace increased (from 0.5% to
1.0%) then Magtrace remains cost-saving at £78.11 per procedure; low

impact due to rarity of contraindication.

Published clinical evidence (Chapman et al. 2020; Forte et al. 2019; Krischer
et al. 2017; Aribal et al. 2021; Huizing et al. 2015; Shrotria et al. 2020) and
Magtrace IFU suggest that patients injected with Magtrace can present with
artefacts in future MRI. Timing of MRI following Magtrace injection varied from
3 to 63 months across the literature with some patients undergoing multiple
MRIs. The Clinical experts advise that a small proportion of breast cancer
patients require MRI after breast surgery as part of their routine surveillance
conducted alongside mammography. Two Clinical experts advised that this
would include patients aged less than 30 to 40 years, and those with
mammography occult cancers (EAC Correspondence Log, 2022). Two
Clinical experts stated that the need for post-surgery MRI should be
considered prior to injecting Magtrace and another expert noted the

increasing number of MRI for surveillance from one year post-operatively.

The Company have confirmed that the amount of Magtrace residue will
depend on a number of factors including physiology of the patients (age,
BMI), quality of post-injection massage, time lapsed before SLNB is
commenenced, number of nodes removed, and extent of surgical tumour
removal (EAC Correspondence Log, 2022). Due to this, the EAC had
developed an additional scenario analysis, which will assume a proportion of
all patients require additional diagnostic imaging during routine follow-up,
across intervention and comparator arms, as advised by Clinical experts (EAC
Correspondence Log, 2022). In the standard of care arm we assume that this
proportion of patients all undergo standard MRI (unbundled HRG outpatients:
RDO1A “Magnetic Resonance Imaging Scan of One Area, without Contrast,
19 years and over”, £143.72). In the intervention arm would assume that the
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same proportion of patients undergo standard MRI, but that a small proportion
are uninterpretable and thus will require an additional Gadolinium enhanced
MRI instead (unbundled HRG outpatients: RD02A “Magnetic Resonance
Imaging Scan of One Area, with post-contrast only, 19 years and over”,
£144.29). The Company also advised that patients undergoing Magtrace
injection may require further imaging with contrast-enhanced spectral
mammography (CESM). Four Clinical experts stated that CESM imaging
would be appropriate in this patient group, however as this is a relatively new
diagnostic imaging technique it does not have an associated HRG code and

therefore is omitted from the EAC scenario analysis.

It is not possible to establish the proportion of uninterpretable MRI due to
Magtrace from the existing published literature, due to the lack of
denominator, variability in follow-up duration and inconsistent reporting of the
diagnostic impact of Magtrace artefact on MRI. However, the additional
contrast enhanced MRI in the Magtrace arm has little impact on total costs
due to this being applicable to a small proportion (5% uninterpretable of 1%
requiring future MRI). However, this analysis does not take into account
clinical outcomes associated with potential missed diagnoses of cancer

recurrence due to masking on MRI.

Table 19: Summary of scenario analysis conducted on EAC base case.

Scenario Magtrace & Radioisotope | Cost difference (%)
SentiMag & Blue dye

Base case £2488.83 £2567.73 -£78.90 (3.1%)

Magtrace not injected in theatre, injected at £2385.66 £2567.73 -£182.07 (7.1%)

additional outpatient appointment

0.5% patients contraindicated to Magtrace £2489.22 £2567.73 -£78.50 (3.1%)

and require dual technique

1.0% patients contraindicated to Magtrace £2489.62 £2567.73 -£78.11 (3.0%)

and require dual technique

Assume 1% of patients in both arms require | £2490.34 £2569.16 -£78.82 (3.1%)

future MRI, and that 5% of those in Magtrace

arm are uninterpretable and require contrast

enhanced MRI

Abbreviations: MRI, magnetic resonance imaging
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Limitations of EAC economic model

The EAC acknowledges a number of limitations in the economic modelling:

e The lack of available data has limited the variables subject to

deterministic and probabilistic sensitivity analysis.

e Removal of opportunity costs (associated with the ability to conduct
additional SLNB procedures when using Magtrace) results in Magtrace
becoming cost-incurring in both the Company and EAC basecase

models.

e The costs associated with radioisotope injection at a prior clinic
appointment, represented by the unbundled HRG code RN19Z, do not
include Nuclear Medicine infrastructure costs associated with quality
checks, documentation, waste management or training. However, in
hospitals with Nuclear Medicine facilities it is difficult to attribute these
costs solely to SLNB procedures. However, the EAC acknowledges
that due to the exclusion of costs for these additional activities
associated with radioisotope management that the cost savings with
Magtrace reported in the EAC basecase may represent a lower

estimate.

e The number of SLNB procedures including random four node sampling
(due to lack of availablility of tracer, or lack of detection), was not
incorporated into the model as no published comparative evidence

(comparing Magtrace with dual technique) reported on this outcome.

e The EAC did not include comparison of Magtrace with blue dye alone
as this does not represent standard of care in the NHS, and is known

to have inferior detection when compared with radioisotope alone.

e Injection of Magtrace at a prior appointment may require cost of local
anaesthesia. However, this was not incorporated into the model as
there was no data to inform the proportion of Magtrace injections where

this was necessary. Additionally, there was uncertainty whether local
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anaesthesia would be required in all cases if centres had established
an injection technique (likely after the learning curve) which reduced

staining and pain.
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94 The EAC'’s interpretation of the economic evidence
Three clinical studies incorporated reporting of costs within their publications;

none were conducted in a UK NHS setting. One conducted in New Zealand
reported Magtrace to be cost-saving (by $860 per procedure) when
incorporating patient car travel and hotel exepsnses, one conducted in
Sweden reported Magtrace to be cost-saving (€27 per person), one reported
no difference in German hospital reimbursement between Magtrace and

standard care.

The Company’s cost minimisation model, estimated that use of Magtrace
would lead to a cost-saving of £105 per patient (£240 with Magtrace, £345
with dual tracer technique). The Company model was applicable to the
decision problem, however it did not include adverse event costs associated
with the comparator (anaphylaxis with blue dye). The EAC considered that
two important assumptions in the Company’s model were subject to
uncertainty. Firstly, the Company assumed that the comparator included a
cost associated with delays to radioisotope availability due to supply issues or
staff shortages (calculated as a cost of £81 per procedure). Secondly, that the
comparator included a cost due to delays to surgery associated with patients
having a radioisotope injection on the day of the procedure (£121 per
procedure). The Company calculated these values by assuming the time
wasted using radioisotopes woud be translated into additional SLNB
procedures if Magtrace was used instead. The EAC considers it uncertain
whether these opportunity cost savings would be realised in practice in the
NHS. The EAC base case found Magtrace to be cost-saving by £78.90 per
patient, which represents 3% of the cost of the procedure (Dual: £2,568),
however the model was sensitive to changes in additional theatre time,
location of Magtrace injection, the proportion of hospitals realising opportunity
costs, and the number of additional SLNB that may be realised on a weekly
basis when implementing Magtrace over standard of care. Use of Magtrace
was more cost-saving if injected at a prior routine clinic, or prior additional
clinic appointment, than if injected in theatre. The Clinical experts confirmed
additional clinical benefit of earlier Magtrace injection was the brown-black

visual indicator alongside magnetic detection. However, the EAC notes from
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the Clinical expert with experience of using Magtrace, that NHS hospitals may
only move to Magtrace injection at a prior clinic when passing the learning
curve (to determine depth and location of injection to reduce skin staining and
pain). The EAC identified that high volume centres may achieve lower cost
savings, when implementing Magtrace, than lower volume centres (with lower
volume centres being highly influenced by the proportionate increase in
opportuntity costs associated with one extra procedure per week). Neither the
Company nor the EAC model accounted for costs associated with patient
travel, waiting times, or theatre rescheduling. The cost implication associated
with a small proportion of patients requiring contrast enhanced imaging, due
to potential of Magtrace to mask MRI or mammography during routine
surveillance, is minimal. However, due to lack of long-term data, the clinical
consequences of Magtrace producing artefact on, or precluding, future

imaging are unclear.
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10 Conclusions

10.1 Conclusions from the clinical evidence
The Company identified 31 papers, of which the EAC considered 10 out of

scope. An independent search by the EAC identified an additional 15 papers.
A total of 27 peer-reviewed publications and 9 available in abstract form only
were included in the EAC assessment. Within the included evidence, 14 non-
comparative studies were included for adverse events and patient reported
outcomes only. The majority of evidence was set outside of the UK and NHS
limiting generalisability to this setting. The EAC identified a high level of
heterogeneity across the published evidence with differences in the
population included (patients with invasive breast cancer and ductal
carcinoma in situ, tumour grade and hormone receptor status, with a range of
co-morbidities and different proportion of patients undergoing mastectomy or
breast conserving surgery). The administration of Magtrace and radioisotope
tracer also differed across studies with variations in injection-site, depth,
timing, dosage, and imaging protocols used. The included evidence also
represented variations in comparators with 5 papers comparing Magtrace with
the dual technique, 11 using radioisoptope only and 6 using the dual

technique and radioisotope alone without reporting outcomes exclusively.

The EAC identified evidence supporting the non-inferiority of Magtrace with
Sentimag to the current dual tracer standard of care for detection of SLNs,
including those that are malignant. There is a lack of robust comparative
evidence to determine the impact of the use of Magtrace compared with the
standard of care dual tracer on the SLNB procedure time. Meta-analysis
performed by the EAC did not identify significant evidence to suggest that the
number of nodes excised differs between methods. The EAC identified no
published evidence that directly compares skin staining outcomes of Magtrace

with blue dye.

There are no significant safety concerns relating to the technology. However,
the EAC identified six published papers which reported artefacts on
surveillance imaging in breast cancer patients following Magtrace injection for

SLNB. The proportion of patients that this affects, and the impact of this on
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patient and clinical care is not fully understood. Standard of care may be more
appropriate for patients who are required or anticipated to undergo routine
MRI following SLNB.

The risks associated with axillary lymph node dissection as well as the
inferiority and safety risks of using blue dye as an independent tracer are well
known. The EAC notes that particular consideration should be given to
patients unsuitable for Magtrace and are under services no longer providing
isotope-based tracer options; standard of care should continue to be provided

where Magtrace is not appropriate or used.

10.2 Conclusions from the economic evidence
The Company developed a cost-minimisation analysis, which estimated that

use of Magtrace would lead to a saving of £105 per procedure (Magtrace
£240 versus dual technique £345). The EAC considered that the Company
analysis was developed from the perspective of a hospital without on-site
access to Nuclear Medicine only, did not consider adverse events in the
comparator arm, and did not consider the costs associated with the procedure
itself therefore did not cost the complete patient pathway. The EAC
reformulated the Company economic model into a decision tree structure to
permit additional sensitivity analysis. The EAC base case found Magtrace to
be cost-saving by £78.90 per procedure; Magtrace £2,488.83, Dual technique
£2,567.73; driven by the inclusion of opportunity costs associated with time
delays associated with the comparator. Univariate threshold analysis
conducted by the EAC highlighted that the economic case is sensitive to
changes in parameters. If the proportion of SLNB procedures involving an
injection of Magtrace at a prior clinic appointment is below 0.27 then Magtrace
would be considered cost-incurring. Similarly, in centres conducting SLNB
procedures, if the proportion realising the opportunity cost associated with
gaining one extra procedure a week drops below 0.21, Magtrace would be
considered cost-incurring. EAC modelling confirmed that high SLNB volume
centres are likely to experience lower cost savings than low volume centres.
Results from limited PSA, in which only three parameters were varied
(probability of anaphylaxis, probability having Magtrace injection at prior

appointment and probability of centres realising opportunity costs) confirmed
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the cost saving at £79.51 [95%CI -£119.92 to -£41.02]. However, removal of
opportunity costs (for example, in centres with efficient theatre scheduling)

may result in Magtrace being cost-incurring when compared with standard of
care.
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11 Summary of the combined clinical and

economic sections

The EAC has identified evidence to support the non-inferiority of Magtrace
and Sentimag to the standard of care dual technique in the detection of SLNs
including malignant nodes. The EAC identified a lack of robust comparative
evidence to determine the impact of the use of Magtrace on the SLNB
procedure time and patient quality of life, pain and staining outcomes
compared to the dual technique. Meta-analysis conducted by the EAC found
no evidence to suggest that the number of nodes excised differs between
Magtrace and the dual technique. The EAC have not identified any immediate
or short-term safety concerns relating to the use of Magtrace and Sentimag,
although note that the long-term impact of the associated MRI artefact on
clinical and patient care are currently not known. Economic modelling
suggests that Magtrace could be cost-saving when considering the SLNB
costs, however is sensitive to hospital setting, location of Magtrace injection
and the ability of centres to realise opportunity costs associated with extra
procedures each week. Magtrace and Sentimag may offer an alternative non-
inferior tracer option in SLNB procedures, which may alleviate some logistical
difficulties faced by healthcare providers and patients who cannot easily
access Nuclear Medicine facilities. However, for centres with established
Nuclear Medicine facilities or effective theatre scheduling, where opportunity
costs associated with additional SLNB procedure may not be realised,
implementing the new technology may not be cost-saving. Particular
consideration should be given for patients who are contraindicated to
Magtrace and those under the care of hospitals without access to
radioisotope-based tracer options. Standard of care options should remain
available due to the inferiority of blue dye as an independent tracer and

associated safety risks.
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12 Implications for research

Dual technique is currently considered standard of care in line with NICE

Guidance NG101, however there is limited evidence exclusively reporting the

use of Magtrace when compared with dual technique as a comparator,
particularly in a UK NHS setting, limiting the generalisability of the results.
There is a lack of comparative evidence evaluating the incidence and severity
of skin staining (between Magtrace and blue dye), total SLNB procedure times
and number of wasted SLNB theatre slots (between Magtrace and dual
technique). These outcomes could be obtained from audit data, preferably in
UK NHS setting.

There is a lack of longitudinal data investigating the impact of the
administration of Magtrace on future imaging and diagnostics. The POSTMAG
MRI study is currently underway at two Swedish sites investigating MRI
outcomes up to five years following SLNB with Magtrace. The target sample
size is relatively small (n=93) with no UK based sites. The impact of Magtrace
on the quality of MR imaging in terms of the possible requirement for
additional imaging in both clinical and economic outcomes is currently

unknown.
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14 Appendices

Appendix A: Clinical literature search

Appendix A1: PRESS checklist for search strategy peer review

Question

Y/N |

Notes

Translation of the research question

strategies explained?

Does the search strategy match Query | The search terms used could be

the research question/PICO? more precise for the population
group.
There may be additional terms for
the technology also.

Are the search concepts clear? Yes

Are there too many or too few Okay

PICO elements included?

Are the search concepts too Query It would be better to search for

narrow or too broad? sentinel node biopsy separately to
breast cancer and then combine
them

Does the search retrieve too Query | The search was not reported line by

many or too few records? line.

(Please show number of hits In the PRISMA diagram 264 results

per line.) are retrieved altogether. 134 were
excluded before screening due to
duplication, being non-peer
reviewed and non-English language
which should leave 130 results. 133
were reported as being screened.

Are unconventional or complex N/A The search was very simple

Boolean and proximity operators (thes

e vary based on search service)

using proximity operators (eg,

Are Boolean or proximity Query | They are not used incorrectly, but

operators used correctly? adjacency operators or phrase
searching would be more
appropriate for the population
terms.

Is the use of nesting with N/A

brackets appropriate and

effective for the search?

If NOT is used, is this likely to N/A

result in any unintended

exclusions?

Could precision be improved by Yes Yes, adjacency or phrase searching

should be used for “sentinel node
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adjacent, near, within) or
phrase searching instead of
AND?

biopsy” or sentinel adj3 biopsy — it
can be described as sentinel node
biopsy, or sentinel lymph node
biopsy.

Is the width of proximity
operators suitable (eg, might
adj5 pick up more variants than
adj2)?

N/A

Subject headings (database specific)

Are the subject headings
relevant?

N/A

Subject headings are not used, but
should be

Are any relevant subject
headings missing; for example,
previous index terms?

Yes

Yes, all subject headings are missing

Are any subject headings too
broad or too narrow?

N/A

Are subject headings exploded
where necessary and vice
versa?

N/A

Are major headings (“starring”
or restrict to focus) used? If so,
is there adequate justification?

N/A

Are subheadings missing?

N/A

Are subheadings attached to
subject headings? (Floating
subheadings may be preferred.)

N/A

Are floating subheadings
relevant and used
appropriately?

N/A

Are both subject headings and
terms in free text (see the
following) used for each
concept?

No

Only free text is used

Text word searching (free text)

Does the search include all
spelling variants in free text (eg,
UK vs. US spelling)?

Query

Check for US alternatives for
superparamagnetic iron oxide

Does the search include all
synonyms or antonyms (eg,
opposites)?

Query

The terms for SLNB and breast
cancer could be broadened, also
ductal carcinoma in situ (DCIS)
should be added.

Additional terms for the Magtrace
device may be available.

Does the search capture

relevant truncation (ie, is
truncation at the correct
place)?

No

No truncation is used
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Is the truncation too broad or
too narrow?

N/A

limits or filters missing? Are the
limits or filters too broad or too

Are acronyms or abbreviations Yes The acronym SPIO is appropriate

used appropriately? Do they and is an acronym for

capture irrelevant material? superparamagnetic iron oxide

Are the full terms also

included?

Are the keywords specific Query | The use of the AND operator rather

enough or too broad? Are too than proximity or phrase searching

many or too few keywords makes the population keywords too

used? Are stop words used? broad.

Have the appropriate fields Query | The field TS is used, this is the topic

been searched; for example, is field in Web of Science, no fields are

the choice of the text word shown for the PubMed search

fields (.tw.) or all fields (.af.)

appropriate? Are there any

other fields to be included or

excluded (database specific)?

Should any long strings be Yes Breast cancer should be searched

broken into several shorter separately to SLNB

search statements?

Spelling, syntax, and line numbers

Are there any spelling errors? No

Are there any errors in system No

syntax; for example, the use of

a truncation symbol from a

different search interface?

Are there incorrect line No

combinations or orphan lines

(ie, lines that are not referred

to in the final summation that

could indicate an error in an

AND or OR statement)?

Limits and filters

Are all limits and filters used Query No limits were used in the search,

appropriately and are they but exclusions were made before

relevant given the research screening based on language and

guestion? peer review status which may have
been filters applied to search
results.

Are all limits and filters used Query | The limits used as above are not

appropriately and are they specified for each database

relevant for the database?

Are any potentially helpful No No publication type filter is used,

but the results are few, so it would
not be necessary to use one
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narrow? Can any limits or filters
be added or taken away?

Are sources cited for the filters N/A
used?

Further comments:

This search is inadequate, both in terms of sources searched (PubMed and Web of
Science only) and the search terms used. The search structure | would recommend
is (sentinel lymph node biopsy) AND (breast cancer or DCIS) AND (MagTrace OR
magnetic tracers). Adding proximity or phrase searching to the sentinel lymph
node element may reduce the number of results, but is more appropriate.

Searching a range of databases, e.g. Medline, Embase, Cochrane library (CENTRAL
and CDSR), Cinahl, HTAi and Scopus would be more appropriate.
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Appendix A2: Literature search conducted by EAC

Database and years covered by [Dates of coverage Date of search [Number of
the search (where applicable) Results
Ovid MEDLINE® and Epub Ahead 1946 to January 31, 2022 15t February 241
of Print, In-Process & Other Non- 2022
Indexed Citations, Daily and
Versions®
Embase (via Ovid) 1974 to January 31, 2022 1%t February  [263
2022
CINAHL (via EBSCO) 1981 to January 2022 1% February 26
2022
DARE/NHS EED/HTA (via CRD From inception (for all) and, for [1%* February 6
Database website) NHS EED and DARE up to and 2022
including 31 December 2014,
and for HTA up to 31 March
2018, when active updating of
these databases ended.
Cochrane Library (via Wiley) - From inception to Issue 12, 15t February
Cochrane Database of Systematic | December 2021 2022
Reviews
Cochrane Library (via Wiley) - From inception to January 31, [1%* February B2
CENTRAL 2022 2022
INAHTA 1989 to present 15t February 8
2022
Scopus 1970 to present 1°t February 206
2022
Clinicaltrials.gov From inception to present 15t February 22
2022
Total number of records retrieved from all sources 304
Total number of records after de-duplication 506

Source: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-
Review & Other Non-Indexed Citations and Daily <1946 to January 31, 2022.

Interface/URL: OvidSP

Database coverage dates: 1946 to present
Search date: 01/02/2022

Retrieved records: 241
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# | Searches Results
1 |exp Breast Neoplasms/ 319645
2 | exp breast/ and exp neoplasms/ 30652
((breast* or mammar¥*) adj5 (neoplasm* or cancer* or tumo?r* or
3 |carcinoma®* or adenocarcinoma* or sarcoma* or dcis or ductal or infiltrat* |393594
or intraductal* or lobular or medullary)).ti,ab,kw.
4 | exp "Neoplasms, Ductal, Lobular, and Medullary"/ 43459
5 | Carcinoma, Ductal, Breast/ 16569
6 | ("ductal carcinoma in situ" or DCIS).ti,ab,kw. 8581
7 |or/1-6 473045
8 |exp Lymph Nodes/ 94937
9 | (lymph* adj3 node*).ti,ab,kw. 225794
10 | Sentinel Lymph Node Biopsy/ 12293
11 | (sentinel adj4 (biopsy or identification or dissection or detection)).ti,ab,kw. |11199
12 | (sentinel adj3 node*).ti,ab,kw. 16283
13 | (snb or sInb or sInd).ti,ab,kw. 4641
14 | (sn adj3 detect™*).ti,ab,kw. 534
15| or/8-14 266300
16 |7 and 15 34534
17 | exp Magnetic Iron Oxide Nanoparticles/ 9757
18 | exp Ferric Compounds/ 40961
19 | exp Magnetics/ 25881
20 | exp Iron Compounds/ 67765
21 | exp Magnetic Phenomena/ 494670
22 | exp Metal Nanoparticles/ 51692
23 | exp Magnets/ 2760
24 | exp Magnetometry/ or magnetometry.ti,ab,kw. 11398
25 | (Magtrace* or Sienna* or Endomag®* or Sentimag*).ti,ab,kw. 108
26 | "magnetic tracer*".ti,ab,kw. 95
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27 | ("superparamagnetic iron oxide" or SP10).ti,ab,kw. 4540
((Magnet* or liquid*) adj4 (device* or system* or probe* or tech* or trace*
28 . . 64231
or nanoparticle*)).ti,ab,kw.
59 ("Ami 25*" or "Aim25" or Eudorem™ or Feridex* or Ferridex* or Ferixan* or 461
Ferrixan* or Ferumoxide* or "win39996" or "win39996").tw.
30 |or/17-29 678092
31|16and 30 388
32 | exp animals/ not exp humans/ 4951717
33|31 not 32 362
34 | limit 33 to (english language and yr="2011 -Current") 241
Source: Ovid Embase 1974 to January 31 2022.
Interface/URL: OvidSP
Database coverage dates: 1996 to present
Search date: 01/02/2022
Retrieved records: 263
# |Searches Results
1 |exp breast tumor/ 588401
2 |exp breast/ and exp neoplasm/ 79762
((breast* or mammar#*) adj5 (neoplasm* or cancer* or tumo?r* or
3 | carcinoma* or adenocarcinoma* or sarcoma* or dcis or ductal or infiltrat* | 550848
or intraductal* or lobular or medullary)).ti,ab,kw.
4 | exp breast adenocarcinoma/ 15143
5 | ("ductal carcinoma in situ" or DCIS).ti,ab,kw. 14626
6 |or/1-5 690450
7 | exp lymph node/ 188551
8 | (lymph* adj3 node*).ti,ab,kw. 326245
9 | exp sentinel lymph node biopsy/ 18777
10 | (sentinel adj4 (biopsy or identification or dissection or detection)).ti,ab,kw. | 18146
11 | (sentinel adj3 node*).ti,ab,kw. 26384
12 | (snb or sInb or sind).ti,ab,kw. 7880
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13 | (sn adj3 detect*).ti,ab,kw. 817
14| or/7-13 379472
15|6and 14 56413
16 magnetic iron oxide nanoparticle/ or exp iron oxide nanoparticle/ or exp 19475
magnetic nanoparticle/
17 | exp ferric ion/ 19973
18 | exp ferric oxide/ 8198
19 | ferromagnetic material/ 2356
20 | exp superparamagnetic iron oxide nanoparticle/ 4052
21 | exp metal nanoparticle/ 95016
22 | magnetometer/ or exp magnetometry/ 4064
23 | exp magnetism/ 81601
24 | iron derivative/ 4317
25 | (Magtrace* or Sienna* or Endomag* or Sentimag*).ti,ab,kw. 235
26 | "magnetic tracer*".ti,ab,kw. 147
27 | ("superparamagnetic iron oxide" or SPI10).ti,ab,kw. 5727
)8 ((Magnet* o.r quuid’-") adj4 (device* or system* or probe* or tech* or trace* 21348
or nanoparticle*)).ti,ab,kw.
29 ("Ami 25*" or "Aim25" or Eudorem* or Feridex* or Ferridex* or Ferixan* or 929
Ferrixan* or Ferumoxide* or "win39996" or "win39996").tw.
30| or/16-29 256450
31|15and 30 347
32 | exp animals/ not exp humans/ 4894742
33|31 not 32 308
34 | limit 33 to (english language and yr="2011 -Current") 263
Source: CINAHL®
Interface/URL: EBSCOhost Web
Database coverage dates: 1981 to present
Search date: 01/02/2022
Retrieved records: 26
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# Query Results
S33 $29 NOT S30 limited to 2011 onwards 26
S32 $29 NOT S30 limited to English language only 27
S31 $29 NOT S30 27
S30 (MH "Animals+") NOT (MH "Humans+") 98,966
S29 S16 AND S28 28
S$17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR
S28 S$26 OR S27 15,466
TI( ("Ami 25*" or "Aim25" or Eudorem* or Feridex* or Ferridex* or
Ferixan* or Ferrixan* or Ferumoxide* or "win39996" or "win39996") )
OR AB ( ("Ami 25*" or "Aim25" or Eudorem* or Feridex* or Ferridex* or
S27 Ferixan* or Ferrixan* or Ferumoxide* or "win39996" or "win39996") ) 24
Tl ( ((Magnet* or liquid*) N4 (device* or system™* or probe* or tech* or
trace* or nanoparticle*)) ) OR AB ( ((Magnet* or liquid*) N4 (device* or
S26 system* or probe* or tech* or trace* or nanoparticle*)) ) 5,223
Tl ( ("superparamagnetic iron oxide" or SPIO) ) OR AB (
S25 ("superparamagnetic iron oxide" or SPI0) ) 335
S24 Tl "magnetic tracer*" OR AB "magnetic tracer*" 15
Tl ( (Magtrace* or Sienna* or Endomag™* or Sentimag*) ) OR AB (
S23 (Magtrace* or Sienna* or Endomag™* or Sentimag*) ) 31
S22 Tl magnetometry OR AB magnetometry 37
S21 (MH "Magnets") 512
S20 (MH "lron Compounds+") 5,347
S19 (MH "Magnetics+") 4,845
518 (MH "Ferric Compounds+") 2,054
S17 (MH "lron Oxide Nanoparticles") 15
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S16

S15

S14

513

512

S11

S10

S9

S8

S7

S6

S5

sS4

S3

S2

S1

S7 AND S15

S8 ORS9 OR S10 OR S11 OR S12 OR S13 OR S14

Tl (sn N3 detect*) OR AB (sn N3 detect*)

Tl ( (snb or sinb or sInd) ) OR AB ( (snb or sInb or sind) )

Tl (sentinel N3 node*) OR AB (sentinel N3 node*)

Tl ( (sentinel N4 (biopsy or identification or dissection or detection)) )
OR AB ( (sentinel N4 (biopsy or identification or dissection or detection))

)

(MH "Sentinel Lymph Node Biopsy")

Tl (lymph* N3 node*) OR AB (lymph* N3 node*)

(MH "Lymph Nodes+")

S1 OR S2 OR S3 OR S4 OR S5 OR S6

Tl ( ("ductal carcinoma in situ" or DCIS) ) OR AB ( ("ductal carcinoma in
situ" or DCIS) )

(MH "Carcinoma, Ductal, Breast")

(MH "Neoplasms, Ductal, Lobular, and Medullary+")

Tl ( ((breast* or mammar*) N5 (neoplasm* or cancer* or tumo#r* or
carcinoma* or adenocarcinoma®* or sarcoma* or dcis or ductal or
infiltrat* or intraductal* or lobular or medullary)) ) OR AB ( ((breast* or
mammar*) N5 (neoplasm* or cancer* or tumo#r* or carcinoma* or
adenocarcinoma* or sarcoma®* or dcis or ductal or infiltrat* or
intraductal* or lobular or medullary)) )

(MH "breast+") AND (MH "neoplasms+")

(MH "Breast Neoplasms+")

6,348

30,573

58

820

3,421

2,459

2,856

26,246

9,608

117,965

2,364

2,979

5,901

91,567

4,998

91,542

Source: Cochrane Database of Systematic Reviews (CDSR) and Cochrane Central Register of
Controlled Trials (CENTRAL)
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Interface/URL: Cochrane Library, Wiley
Database coverage dates: 1995 to present
Search date: 01/02/2022

Retrieved records:

CDSR: 0

CENTRAL: 32

ID Search Hits

#1 MeSH descriptor: [Breast] explode all trees 813

#2 MeSH descriptor: [Neoplasms] explode all trees 85789

#3 #1 and #2 385

#H4 MeSH descriptor: [Breast Neoplasms] explode all trees 14135

#5 (((breast* or mammar*) NEAR/5 (neoplasm* or cancer* or tumo?r* or carcinoma*
or adenocarcinoma* or sarcoma* or dcis or ductal or infiltrat* or intraductal* or lobular or
medullary))):ti,ab,kw 40822

#6 MeSH descriptor: [Neoplasms, Ductal, Lobular, and Medullary] explode all trees 660
#7 MeSH descriptor: [Carcinoma, Ductal, Breast] explode all trees 371

#8 (("ductal carcinoma in situ" or DCIS)):ti,ab,kw 739

#9 (National Institute for Health and Care Excellence, -#8) 41031

#10 MeSH descriptor: [Lymph Nodes] explode all trees 861

#11 ((lymph* NEAR/3 node*)):ti,ab,kw 12307

#12 MeSH descriptor: [Sentinel Lymph Node Biopsy] explode all trees 295

#13 ((sentinel NEAR/4 (biopsy or identification or dissection or detection))):ti,ab,kw
1229

#14 ((sentinel NEAR/3 node*)):ti,ab,kw 1540

#15 ((snb or slnb or sInd)):ti,ab,kw 534

#16 ((sn NEAR/3 detect*)):ti,ab,kw 23

#17 {OR #10-#16} 12648

#18  #9and #17 3615

#19 MeSH descriptor: [Magnetic Iron Oxide Nanoparticles] explode all trees 39
#20 MeSH descriptor: [Ferric Compounds] explode all trees 1362

#21 MeSH descriptor: [Magnetics] explode all trees 301

#22 MeSH descriptor: [Iron Compounds] explode all trees 2474

#23 MeSH descriptor: [Magnetic Phenomena] explode all trees 3901

#24 MeSH descriptor: [Metal Nanoparticles] explode all trees 58
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#25 MeSH descriptor: [Magnetometry] explode all trees 195

#26 (magnetometry):ti,ab,kw 10

#27 ((Magtrace* or Sienna* or Endomag* or Sentimag*)):ti,ab,kw 31
#28 ("magnetic tracer*"):ti,ab,kw 15

#29 (("superparamagnetic iron oxide" or SP10)):ti,ab,kw 82

#30 (((Magnet* or liquid*) NEAR/4 (device* or system* or probe* or tech* or trace* or
nanoparticle*))):ti,ab,kw 1746

#31 (("Ami 25*" or "Aim25" or Eudorem* or Feridex* or Ferridex* or Ferixan* or
Ferrixan* or Ferumoxide* or "win39996" or "win39996")) 10

#32 {OR #19-#31} 8524
#33 #18 and #32 with Publication Year from 2011 to 2022 32
Source: Scopus

Interface/URL: Elsevier

Database coverage dates: 1966 to present
Search date: 01/02/2022

Retrieved records: 206

( ( TITLE-ABS-KEY ( ( ( breast* OR mammar*) W/5 (neoplasm* OR cancer* OR tumor*
OR tumour* OR carcinoma* OR adenocarcinoma* OR sarcoma* OR dcis OR ductal OR
infiltrat* OR intraductal* OR lobular OR medullary)) OR ( "ductal carcinoma in situ" OR
dcis))) AND ( TITLE-ABS-KEY ( ( lymph* W/3 node* ) OR (sentinel W/4 ( biopsy OR
identification OR dissection OR detection)) OR (sentinel W/3 node* ) OR (snb OR
sinb OR sInd) OR (sn W/3 detect*)))) AND (( TITLE-ABS-KEY ( magnetometry OR
magtrace* OR sienna* OR endomag* OR sentimag* OR "magnetic tracer*" OR
"superparamagnetic iron oxide" OR spio)) OR ( TITLE-ABS-KEY ( ( magnet* OR liquid*)
W/4 (device* OR system* OR probe* OR tech* OR trace* OR nanoparticle*))) OR (
TITLE-ABS-KEY ( ( "Ami 25*" OR "Aim25" OR eudorem* OR feridex* OR ferridex* OR
ferixan* OR ferrixan* OR ferumoxide* OR "win39996" OR "win39996")))) AND (
LIMIT-TO ( LANGUAGE, "English")) AND ( LIMIT-TO ( PUBYEAR, 2022 ) OR LIMIT-TO (
PUBYEAR, 2021 ) OR LIMIT-TO ( PUBYEAR, 2020) OR LIMIT-TO ( PUBYEAR, 2019) OR
LIMIT-TO ( PUBYEAR, 2018) OR LIMIT-TO ( PUBYEAR, 2017 ) OR LIMIT-TO ( PUBYEAR,
2016) OR LIMIT-TO ( PUBYEAR, 2015) OR LIMIT-TO ( PUBYEAR, 2014 ) OR LIMIT-TO (
PUBYEAR, 2013 ) OR LIMIT-TO ( PUBYEAR, 2012 ) OR LIMIT-TO ( PUBYEAR, 2011))

Source: ClinicalTrials.gov

Interface/URL: https://clinicaltrials.gov/ct2/home
Database coverage dates: From inception to present
Search date: 01/02/2022

Retrieved records: 22
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https://clinicaltrials.gov/ct2/home

Search No of results

Breast cancer and sentinel and magnetic 17
Breast cancer and sentimag 10
Breast cancer and magtrace 3
Breast cancer and sienna 7
Breast cancer and spio 3

Breast cancer and superparamagnetic iron 6
oxide

Total found 46

Remaining after pre 2011 results removed 45

Remaining after duplicates removed 22

Source: INAHTA

Interface/URL: INAHTA

Database coverage dates: 1989 to present
Search date: 01/02/2022

Retrieved records: 8

((("Ami 25*" or "Aim25" or Eudorem* or Feridex* or Ferridex* or Ferixan* or Ferrixan* or
Ferumoxide* or "win39996" or "win39996")) OR (((Magnet* or liquid*) and (device* or
system* or probe* or tech* or trace* or nanoparticle*))) OR (("superparamagnetic iron oxide"
or SP10)) OR ("magnetic tracer*") OR ((Magtrace* or Sienna* or Endomag* or Sentimag*)) OR
(magnetometry) OR ("Magnetometry"[mhe]) OR ("Magnets"[mhe]) OR ("Metal
Nanoparticles"[mhe]) OR ("Magnetic Phenomena"[mhe]) OR ("Iron Compounds"[mhe]) OR
("Magnetics"[mhe]) OR ("Ferric Compounds"[mhe]) OR ("Magnetic Iron Oxide
Nanoparticles"[mhe])) AND ((((sn and detect*)) OR ((snb or sInb or sInd)) OR ((sentinel and
node*)) OR ((sentinel and (biopsy or identification or dissection or detection))) OR ("Sentinel
Lymph Node Biopsy"[mhe]) OR ((lymph* and node*)) OR ("Lymph nodes"[mhe])) AND
((("ductal carcinoma in situ" or DCIS)) OR ("Carcinoma, Ductal, Breast"[mhe]) OR ("Neoplasms,
Ductal, Lobular, and Medullary"[mhe]) OR ((((breast* or mammar*) AND (neoplasm* or
cancer* or tumo?r* or carcinoma* or adenocarcinoma* or sarcoma* or dcis or ductal or
infiltrat* or intraductal* or lobular or medullary)))) OR ("Breast Neoplasms"[mhe]) OR
(("Neoplasms"[mhe]) AND ("Breast"[mhe]))))

Source: NHS EED/DARE/HTA via the CRD website

Interface/URL: https://www.crd.york.ac.uk/CRDWeb/
Search date: 01/02/2022
Database coverage dates: From 2014 to present
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https://www.crd.york.ac.uk/CRDWeb/

Retrieved records: 6

Search strategy:

Line

1

2

3

4

5

Search Hits

MeSH DESCRIPTOR Breast EXPLODE ALL TREES 97

MeSH DESCRIPTOR Neoplasms EXPLODE ALL TREES 12016

#1 AND #2 65

MeSH DESCRIPTOR Breast Neoplasms EXPLODE ALL TREES 1798

(((breast* or mammar*) adj5 (neoplasm™* or cancer* or tumo?r* or carcinoma* or

adenocarcinoma* or sarcoma* or dcis or ductal or infiltrat* or intraductal* or lobular or
medullary))) 2413

6

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

MeSH DESCRIPTOR Neoplasms, Ductal, Lobular, and Medullary EXPLODE ALL TREES
65

MeSH DESCRIPTOR Carcinoma, Ductal, Breast EXPLODE ALL TREES 26
(("ductal carcinoma in situ" or DCIS)) 45

#3 OR #4 OR #5 OR #6 OR #7 OR #8 2436

MeSH DESCRIPTOR Lymph Nodes EXPLODE ALL TREES 152

((lymph* adj3 node*)) 702

MeSH DESCRIPTOR Sentinel Lymph Node Biopsy EXPLODE ALL TREES 119
((sentinel adj4 (biopsy or identification or dissection or detection))) 141
((sentinel adj3 node*)) 149

((snb orslnb orsind)) 20

((sn adj3 detect*)) 1

#10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 712

#9 AND #17 210

MeSH DESCRIPTOR Magnetic Iron Oxide Nanoparticles EXPLODE ALL TREES 6
MeSH DESCRIPTOR Ferric Compounds EXPLODE ALL TREES 33

MeSH DESCRIPTOR Magnetics EXPLODE ALL TREES 23

MeSH DESCRIPTOR Iron Compounds EXPLODE ALL TREES 66

MeSH DESCRIPTOR Magnetic Phenomena EXPLODE ALL TREES 217

MeSH DESCRIPTOR Metal Nanoparticles EXPLODE ALL TREES 8

MeSH DESCRIPTOR Magnets EXPLODE ALL TREES 3

MeSH DESCRIPTOR Magnetometry EXPLODE ALL TREES 11
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27

28

29

30

31

(magnetometry) 0

((Magtrace* or Sienna* or Endomag* or Sentimag*)) 2
("magnetic tracer*") 0

(("superparamagnetic iron oxide" or SP10)) 6

(((Magnet* or liquid*) adj4 (device* or system* or probe* or tech* or trace* or

nanoparticle*)))78

32

(("Ami 25*" or "Aim25" or Eudorem* or Feridex* or Ferridex* or Ferixan* or Ferrixan*

or Ferumoxide* or "win39996" or "win39996")) 1

33

#19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR

#30 OR #31 OR #32 392

34

35

#18 AND#33 7

#34 AND 2011- 6
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Identification

Screening

Eligibility

Appendix A3: PRISMA diagram illustrating EAC literature search
[From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS

Med 6(7): e1000097. doi:10.1371/journal.pmed1000097]

Records identified through
database searching
(N=804)

Records after duplicates removed;
title and abstract screened
(N=506)

v

Records (title/abstract) excluded
(N=367)

Records included after initial screening;
full text retrieved
(N=139)

!

Full-text articles

assessed for eligibility
(N=139)

Additional study
from Company
submission (N=1)

Included

T

Studies included in
qualitative synthesis
(N=36)

Full-text articles excluded
(multiple reasons may apply)
(N=104)

7 incorrect population
22 incorrect intervention
4 incorrect comparator
15 outcomes not listed in final scope
34 incorrect study design
(systematic reviews, letters to
editor)
32 duplicates (incl. conference
abstracts later published in full)
1 non-English language
1 withdrawn by authors
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Appendix A4: Summary of identified systematic reviews (N=5)

MIB263 Ahmed et al. | Mok et al. Teshome et al. | Zada et al.
(2021); (2014a); (2019); (2016); (2016);
Author (journal, year) N=5 N=2 N=8 N=5 N=7
Anninga et al. (Ann Surg Oncol, 2016) v
Alvarado et al. (Ann Surg Oncol,2019) v
Douek et al. (Ann Surg Oncol, 2014) 4 4 4 4
Ghilli et al. (Eur J Cancer Care, 2017) 4 4 4 4
Houpeau et al. (J Surg Oncol, 2016) 4 4
Karakatsanis et al. (Br Cancer Res Treat, 2016) 4 4
Karakatsanis et al. (Br J Surg, 2017) 4
Pinero-Madrona et al. (Eur J Surg Oncol, 2015) 4 v v
Rubio et al. (Eur J Surg Oncol, 2015) 4 4 4
Shams et al. (Ann Surg Oncol, 2021) 4
*Shiozawa et al. (Breast Cancer, 2013) 4 4
Thill et al. (Breast, 2014) 4 v v

*incorrect interventions, includes competitor product (Risovist) not Magtrace/Sienna
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https://pubmed.ncbi.nlm.nih.gov/27611729/
https://pubmed.ncbi.nlm.nih.gov/26895751/
https://pubmed.ncbi.nlm.nih.gov/31297674/
https://pubmed.ncbi.nlm.nih.gov/24322530/
https://pubmed.ncbi.nlm.nih.gov/26365441/
https://pubmed.ncbi.nlm.nih.gov/26754343/
https://pubmed.ncbi.nlm.nih.gov/27117158/
https://pubmed.ncbi.nlm.nih.gov/28877348/
https://pubmed.ncbi.nlm.nih.gov/25997792/
https://pubmed.ncbi.nlm.nih.gov/25466980/
https://pubmed.ncbi.nlm.nih.gov/33263157/
https://pubmed.ncbi.nlm.nih.gov/22240965/
https://pubmed.ncbi.nlm.nih.gov/24484967/

Appendix B: Critical appraisal of clinical evidence
Appendix B1: Non-randomised controlled trials (TREND)

Karakatsanis et al. 2017 (n=338, prospective non-randomised controlled trial)
First reviewer: RP Second reviewer: KK

levels inrecruitment/sampling plan (e.g., cities, clinics,
subjects)

Paper Item Descriptor Reported?
Section/ No
Topic s/ Pg #
Title and Abstract
Title and 1 ¢ Information on how unit were allocated to interventions v Abstract- one centre recruiting to
Abstract intervention arm, one to
comparator.
s Structured abstract recommended v Abstract- background, methods,
results and conclusion.
* Information on target population or study sample v Title- patients with breast cancer
undergoing SLNB.
Introduction
Background 2 » Scientific background and explanation of rationale v Introduction, paragraphs 1-4;
availability and legislation of Tc-
99m, non-inferiority of Magtrace
previously published
e Theories used in designing behavioral interventions N/A
Methods
Participants 3 » Eligibility criteria for participants, including criteria at different v Inclusion and exclusion criteria in

Methods paragraph 6: “All
consecutive patients with early breast
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cancer scheduled for primary surgery
with SNB were included between
September 2014 and June 2015 at the
two trial sites in Sweden.”

Method of recruitment (e.g., referral, self-selection), including Partly | Methods paragraph 5-6,
thesampling method if a systematic sampling plan was consecutive patients from
implemented outpatient clinics and

multidisciplinary rounds from two
centres (recruitment from one
centre to intervention arm, one
centre to comparator arm).
Number of patients
invited/declining participation not
reported, no figure illustrating data

flow.

Recruitment setting v Methods paragraph 5; two
Swedish hospitals.

Settings and locations where the data were collected 4 Methods paragraph 5; two
Swedish hospitals.

Interventions 4 ¢ Details of the interventions intended for each study condition v Tracer_ Injection_and Operative
and howand when they were actually administered, Technique sections:
specifically including:
o Content: what was given? v Sienna+ 2 ml mixed with 3ml of

local anaesthetic (intervention) or
Tc-99m with blue dye (comparator)

o Delivery method: how was the content given? v Within 4 weeks of surgery
(intervention: interstitially) or the day
before/the day of surgery
(comparator: interstitially)

o Unit of delivery: how were the subjects grouped during delivery? v Intervention arm in one hospital,
comparator arm in another hospital.
o Deliverer: who delivered the intervention? Partly Injections peri- or intra-operatively.

Injection of Tc-99m within nuclear
medicine department.
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o Setting: where was the intervention delivered?

Injections performed
perioperaatively (outpatient clinic 1-
4 weeks before surgery) or 1 hour
(or at least 20 minutes) before
operation. Injection of Tc-99m within
nuclear medicine department on
day of surgery or day before.

o Exposure quantity and duration: how many sessions or episodes or
events were intended to be delivered? How long were they intended to
last?

One-time intervention and
comparator for SLNB procedure.
)Adverse events reported up to
median [IQR] 398 [356-440] days
post-operatively.

o Time span: how long was it intended to take to deliver the
intervention to each unit?

Partly

One-time intervention and
comparator for SLNB procedure,
length of time for each injection not
reported, intervention injection was
followed by 5 minute massage to
injection-site.

o Activities to increase compliance or adherence (e.g., x None reported
incentives)

Objectives » Specific objectives and hypotheses v Abstract Background; use of SPIO
as sole tracer and efficacy of tracer
in pre-operative setting.

Outcomes * Clearly defined primary and secondary outcome measures v Primary and secondary aims
reported in Introduction paragraph
5.

* Methods used to collect data and any methods used to v Operative Technique and Tracer
enhance thequality of measurements Injection sections document
outcomes relating to primary
objective. Additional outcomes
reported in Follow-up, Cost-Analysis
v

¢ |nformation on validated instruments such as psychometric and
biometricproperties

Detection rate considered against
existing evidence and reference
standard. Likert scale used in
absence of relevant validated
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patient questionnaire for skin
staining.

Sample Size 7 How sample size was determined and, when applicable, Statistical Analysis; sample size
explanation of anyinterim analyses and stopping rules calculation and justification
provided; non-inferiority.
Assignment 8 Unit of assignment (the unit being assigned to study One centre recruiting to intervention
Method condition, e.g.,individual, group, community) arm, one centre recruitingto
comparator arm, inclusion/exclusion
criteria applied to both groups.
Method used to assign units to study conditions, including Lack of randomisation, but
details of anyrestriction (e.g., blocking, stratification, pragmatic approach.
minimization)
Inclusion of aspects employed to help minimize potential bias Methods section; same
induced dueto non-randomization (e.g., matching) geographical region with _
populations of similar demographics
and clinical characteristics and
levels of procedural experience.
Methodology evaluated with
PRECIS-2 tool.
Blinding 9 Whether or not participants, those administering the No blinding used. Assumed not
(masking) interventions, and those assessing the outcomes were blinded to possible to blind surgeon from
study condition assignment;if so, statement regarding how the intervention and outcomes due to
blinding was accomplished and how it was assessed. equipment used, handling of
radioactive substances protocols
and removal of SLNs.
Unit of Analysis 10 Description of the smallest unit that is being analyzed Per SLN detection rates (per patient

to assessintervention effects (e.g., individual, group,
or community)

and per patient node).

If the unit of analysis differs from the unit of assignment, the
analytical method used to account for this (e.g., adjusting the
standard error estimates by the design effect or using
multilevel analysis)

Statistical Analysis.
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Statistical 11 » Statistical methods used to compare study groups for primary v Statistical Analysis.
Methods methodsoutcome(s), including complex methods of correlated
data
 Statistical methods used for additional analyses, such as a v Statistical Analysis. Separate
subgroupanalyses and adjusted analysis calculations performed where
nodal metastasis was present.
Methods for imputing missing data, if used x Not reported, assumed not
applicable to detection rate; nodes
removed without detection of either
intervention/comparator reported
as per detection rates.
Statistical software or programs used v Statistical Analysis, SPSS used
Results
Participant flow 12 Flow of participants through each stage of the study: Partly ~ [Diagram not provided; patients
enrollment, assignment, allocation, and intervention exposure, igﬁgztceu(iif/%?:gpuia’:m;r\xltzming o
follow-up, analysis (adiagram is strongly recommended) injection and exclusion due to probe
malfunction reported in Results,
Influence of timing of SPIO injection.
Follow-up also reported in Results
section.
o Enrollment: the numbers of participants screened for eligibility, x Not reported, no data flow diagram.
found to be eligible or not eligible, declined to be enrolled, and
enrolled in the study
o Assignment: the numbers of participants assigned to a study v One centre recruiting to
condition intervention arm, one centre
recruiting to comparator arm.
v

o Allocation and intervention exposure: the number of participants
assigned to each study condition and the number of participants
who received each intervention

Results section reports the number
of patients and procedures in each
arm and exclusions due to lack of
SPIO or probe malfunction.
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o Follow-up: the number of participants who completed the follow- | x Not reported.
up or did not complete the follow-up (i.e., lost to follow-up), by study
condition
o Analysis: the number of participants included in or excluded from | ¥ Results & tables 1-3
the main analysis, by study condition
¢ Description of protocol deviations from study as planned, v Results section reports the number
along withreasons of patients and procedures in each
arm and exclusions due to lack of
SPIO or probe malfunction.
Recruitment 13 Dates defining the periods of recruitment and follow-up v Methods; recruitment between
Sept 2014-Jun 2015. Results,
Follow-up; 398 (IQR 356-440)
days.
Baseline Data 14 Baseline demographic and clinical characteristics of v Table 1. Tables 2-3 also report on
participants in each study condition characteristics of subgroups.
Baseline characteristics for each study condition relevant v Disease status integral to
to specificdisease prevention research inclusion/exclusion criteria;
hormonal status, surgery type and
tumour status/grades reported in
Tab 1-3.
Baseline comparisons of those lost to follow-up and those x Not reported.
retained, overalland by study condition
Comparison between study population at baseline and target Partly Not explicitly reported, target
populationof interest population integral to inclusion
criteria (stage of breast cancer
undergoing SLNB). Table 1-3 also
report on characteristics of
subgroups with malignant SLNs
reported.
Baseline 15 » Data on study group equivalence at baseline and statistical v Where there were differences in
equivalence methods usedto control for baseline differences characteristics between the study

arms, multinomial logistic
regression was performed for the

relevant outcomes, and the
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exponentiated coefficient (expB)
was calculated with 95 percent
confidence intervals.

Numbers 16 Number of participants (denominator) included in each analysis forl ¥ Absolute numbers for each group

analyzed each study condition, particularly when the denominators change and subgroup reported in Results
for different outcomes; statement of the results in absolute and Tab 1-3 with p numbers.
numbers when feasible
Indication of whether the analysis strategy was “intention to v 1 exclusion in SLNB arm due to
treat” or, if not, description of how non-compliers were treated technical problems with probe.
in the analyses

Outcomes and 17 For each primary and secondary outcome, a summary of results | ¥ Results section, timing of

estimation for each estimation study condition, and the estimated effect size Lr;tt?irg\?;tlgﬂi’nd;gﬁtifn :tiit,erlloi(:\e
and a confidenceinterval to indicate the precision narrative and Tab 1_% wifh o

values/Cls where appropriate
Inclusion of null and negative findings v Results section, Tab 1-3
Inclusion of results from testing pre-specified causal N/A
pathways throughwhich the intervention was intended to
operate, if any

Ancillary 18 Summary of other analyses performed, including subgroup or v Subgroup analysis of intervention

analyses restrictedanalyses, indicating which are pre-specified or timing, site, and costings reported
exploratory in Results section narrative and

Tab2-3.

Adverse events 19 Summary of all important adverse events or unintended effects in | Partly | Skin staining discussed and follow-
each study condition (including summary measures, effect size up. Probe malfunction discussed
estimates, and confidence intervals) but patient excluded. No additional

reporting of AEs.

DISCUSSION

Interpretation 20 Interpretation of the results, taking into account study v Discussion; fewer nodes removed

hypotheses, sources of potential bias, imprecision of measures,
multiplicative analyses,

with intervention. Lack of
randomization and methodological
considerations also reported.
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and other limitations or weaknesses of the study

Discussion of results taking into account the mechanism by v Discussion, reliability of intervention
which theintervention was intended to work (causal compared to treatment and impact
pathways) or alternative mechanisms or explanations on clinical care pathway.

Discussion of the success of and barriers to implementing the v Discussion; authors address skin

intervention, fidelity of implementation staining, future MRI and timing of
intervention.

Discussion of research, programmatic, or policy implications v Restrictions for research
methodology considered,
implications for using intervention in
practice also considered.

Generalizability 21 Generalizability (external validity) of the trial findings, taking into | Partly ~ [Not explicitly stated or considered,
accountthe study population, the characteristics of the authors aim to account for variations
intervention, length of follow-up, incentives, compliance rates, in study population during statistical
specific sites/settings involved in the study, and other analysis as well as considering cost

; implications from healthcare payers
contextual issues perspective. Authors declared no
conflict of interest. Listed in clinical
trials registry: The MONOS study
[ISRCTN14097881]
Overall 22 General interpretation of the results in the context of current v Discussion, final paragraph.
Evidence evidence and current theory

External Assessment Centre report: GID-MT568 Magtrace and Sentimag

Date: March 2022

186 of 290



https://www.isrctn.com/ISRCTN14097881

Pelc et al. 2021 (n=62, propensity matched cohort) First reviewer: RP Second reviewer: HAR

Paper
Section/
Topic

Item
No

Descriptor

Reported?

A

Pg #

Title and Abstract

Title and
Abstract

¢ |nformation on how unit were allocated to interventions

Partly

Abstract, Methods; consecutive
cases recruited, Magtrace used
where possible, not explicit how
patients were allocated. No further
information in Methods sections.

s Structured abstract recommended

Abstract- background, methods,
results and conclusions.

e [nformation on target population or study sample

Partly

Title- Introducing Sentimag in a rural
setting, population and sample not
explicit. Number of patients within
each cohort not stated. No mention
of bi-institutional

Introduction

Background

» Scientific background and explanation of rationale

Introduction; Paragraphs 1-4.

» Theories used in designing behavioral interventions

Introduction; Sentimag system offers
techniques to overcome difficulties in
patient care due to geographic
isolation and also minimises
radiation exposure. Paper also
describes current literature and
justifies the reasons for undertaking
the study.

Methods
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Participants

Eligibility criteria for participants, including criteria at different
levels inrecruitment/sampling plan (e.g., cities, clinics, subjects)

Methods, Data & Analysis, Surgical
Considerations; inclusion and
exclusion criteria provided in
narrative.

Method of recruitment (e.g., referral, self-selection), including the
sampling method if a systematic sampling plan was implemented

Partly

Propensity score matching was
used- but only 62 patients in each
cohort. Methods, Study Design;
patients attending clinic meeting
inclusion criteria included.
Consecutive sampling. Allocation to
intervention not explicitly reported.

Recruitment setting

Methods, Data collection & analysis;
two high volume centres

Settings and locations where the data were collected

Methods, Data collection & analysis;
single hospital setting- although
mentions bi-institutional cohort
without any explanation as to what
this means.

Interventions

Details of the interventions intended for each study condition and
howand when they were actually administered, specifically

including:

Methods, Tracer Injection and
Surgery sections:

O

Content: what was given?

Magtrace 2 ml (intervention) or Tc-
99m (comparator)

O

Delivery method: how was the content given?

Within 3 days of surgery (intervention)
or the day before/the day of surgery
(comparator)

O

Unit of delivery: how were the subjects grouped during delivery?

Methods Study Design; single centre.
Propensity Score Matching Analysis.

O

Deliverer: who delivered the intervention?

Injections performed by the surgical
team pre- or intra-operatively.
Injection of Tc-99m injected in nuclear
medicine department.

e}

Setting: where was the intervention delivered?

Injections performed by the surgical
team pre- or intra-operatively.

Injection of Tc-99m performed in
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nuclear medicine department.

o Exposure quantity and duration: how many sessions or v One-time intervention and comparator
episodes or events were intended to be delivered? How long for SLNB procedure. Adverse events
were they reportgd up to 440 days post-
intended to last? operatively.

o Time span: how long was it intended to take to deliver the Partly [One-time intervention and comparator

intervention to each unit? for SLNB procedure, length of time for

each injection not reported,
intervention injection was followed by
5 minute massage to injection-site.
Time taken for patients attending
nuclear medicine department
reported.
o Activities to increase compliance or adherence (e.g., incentives) x Not reported
Objectives Specific objectives and hypotheses Partly | Lastsentence at the end of
introduction. Authors did not declare
any hypotheses.
Outcomes Clearly defined primary and secondary outcome measures v Primary and secondary analyses
reported in section 2.4
Methods used to collect data and any methods used to Partly | Propensity Score Matchin_g analysis
enhance thequality of measurements was used to enhance quality of
measurements. No mention of
methods used to collect data.
Information on validated instruments such as psychometric and v Detection rate considered against
biometricproperties existing evidence and reference
standard. Chemotherapy
administered based on Polish
National Guidelines
Sample Size How sample size was determined and, when applicable, explanation | ¥ Methods, Statistical Analysis;
of anyinterim analyses and stopping rules sample size calculation and
justification provided.
Assignment Unit of assignment (the unit being assigned to study x No mention on how a patient was
Method condition, e.g.,individual, group, community) assigned to either SPIO or radioactive

isotope.

External Assessment Centre report: GID-MT568 Magtrace and Sentimag

Date: March 2022

189 of 290




Method used to assign units to study conditions, including details Not reported
of anyrestriction (e.g., blocking, stratification, minimization)
Inclusion of aspects employed to help minimize potential bias Not reported
induced dueto non-randomization (e.g., matching)
Blinding 9 Whether or not participants, those administering the interventions, No blinding used. Assumed not
(masking) and those assessing the outcomes were blinded to study condition possible to blind surgeon from
assignment; if so, statement regarding how the blinding was intervention and outcomes due to
accomplished and how it was assessed. equipment used, handling of
radioactive substances protocols and
removal of SLNs.
Unit of Analysis 10 Description of the smallest unit that is being analyzed to Per SLN detection rates (per patient
assessintervention effects (e.g., individual, group, or and per patient node).
community)
If the unit of analysis differs from the unit of assignment, the Statistical Analysis; groups
analytical method used to account for this (e.g., adjusting the independently evaluated and
standard error estimates by the design effect or using multilevel reported.
analysis)
Statistical 11 Statistical methods used to compare study groups for primary Methods, Statistical Analysis.
Methods methodsoutcome(s), including complex methods of correlated
data
Statistical methods used for additional analyses, such as a Not performed.
subgroupanalyses and adjusted analysis
Methods for imputing missing data, if used Not reported, assumed not
applicable to detection rate; nodes
removed without detection of either
intervention/comparator reported as
per detection rates.
Statistical software or programs used MedCalc Statistical Software version
20.009
Results
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Participant flow 12 Flow of participants through each stage of the study: enroliment, Narrative provided in Methods, Study
assignment, allocation, and intervention exposure, follow-up, Design and Results, Fig 1 shows
analysis (adiagram is strongly recommended) diagram of patient flow.

o Enrollment: the numbers of participants screened for eligibility,| ¥ Narrative provided in Methods, Study
found to be eligible or not eligible, declined to be enrolled, and Design and Results, Fig 1 shows
enrolled in the study diagram of patient flow.

o Assignment: the numbers of participants assigned to a study | ¥ Fig 1.
condition

o Allocation and intervention exposure: the number of 4 Fig 1.
participantsassigned to each study condition and the number
of participants
who received each intervention

o Follow-up: the number of participants who completed the v Fig 1.
follow-up or did not complete the follow-up (i.e., lost to
follow-up), by
study condition

o Analysis: the number of participants included in or excluded | ¥ Results, Fig 1, & tables 1-2.

from
the main analysis, by study condition

Description of protocol deviations from study as planned, Partly | Not explicitly stated, Fig 1 shows

along withreasons patients excluded from analysis due
to procedure failure, reasons for
failure not reported exclusively.

Recruitment 13 Dates defining the periods of recruitment and follow-up v Methods, Study Design; recruitment

between 2013to 2021. No long term
follow up reported.

Baseline Data 14 Baseline demographic and clinical characteristics of participants v Table 1.
in each study condition

v

Baseline characteristics for each study condition relevant to
specificdisease prevention research

Disease status integral to
inclusion/exclusion criteria; hormonal
status, surgery type and tumour

status/grades reported in Tab 1.
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exploratory

Baseline comparisons of those lost to follow-up and those retained, | % Not reported.
overalland by study condition
Comparison between study population at baseline and target Partly Not explicitly reported, target
populationof interest po_pu!ation integral to inclusion
criteria (stage of breast cancer
undergoing SLNB).
Baseline 15 Data on study group equivalence at baseline and statistical Partly | Propensity Score Matching analysis-
equivalence methods usedto control for baseline differences no information on how this was done
Numbers 16 Number of participants (denominator) included in each analysis for v Absolute numbers for each group
analyzed each study condition, particularly when the denominators change for and subgroup reported in Results
different and Tab 1.
outcomes; statement of the results in absolute numbers when
feasible
Indication of whether the analysis strategy was “intention to treat” N/A
or, if not, description of how non-compliers were treated in the
analyses
Outcomes and 17 For each primary and secondary outcome, a summary of results for | ¥ Results section, timing of
estimation each estimation study condition, and the estimated effect size and a :rr;fig\?ar\}n?g,gr(tact:jcitrlwogar?rtaeti/’enggg
confidenceinterval to indicate the precision Tab 1-3 ,witrﬁ) b values/OR/Cls where
appropriate
Inclusion of null and negative findings v Results section, last paragraph
Inclusion of results from testing pre-specified causal pathways N/A
throughwhich the intervention was intended to operate, if any
Ancillary 18 Summary of other analyses performed, including subgroup or 4 Results, Other clinical variables that
analyses restrictedanalyses, indicating which are pre-specified or may have affected outcome were

analysed
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Adverse events 19 Summary of all important adverse events or unintended effects in x Not reported
each study condition (including summary measures, effect size
estimates, and
confidence intervals)
DISCUSSION
Interpretation 20 Interpretation of the results, taking into account study hypotheses, v Discussion; includes clinical
sources of potential bias, imprecision of measures, multiplicative considerations. Limitations include
analyses, o randomised design, scditionsl
and other limitations or weaknesses of the study PROMs not investigated.
Discussion of results taking into account the mechanism by v Discussion, reliability of intervention
which theintervention was intended to work (causal pathways) compared to treatment and impact on
or alternative mechanisms or explanations clinical care pathway.
Discussion of the success of and barriers to implementing the Y Paragraphs 5 and 6 in the discussion
intervention, fidelity of implementation section
Discussion of research, programmatic, or policy implications v Restrictions for research methodology
considered, implications for using
intervention in practice also
considered.
Generalizability 21 Generalizability (external validity) of the trial findings, taking into Partly | Not explicitly stated or considered.
accountthe study population, the characteristics of the intervention,
length of follow-up, incentives, compliance rates, specific
sites/settings involved in
the study, and other contextual issues
Overall 22 General interpretation of the results in the context of current v Conclusions
Evidence evidenceand current theory
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Shams et al. 2021 (n=59, non-randomised controlled trial) First reviewer: RP Second reviewer: HAR

Settings and locations where the data were collected

Paper Item Descriptor Reported?
Section/ No
Topic Q/ Pg #
Title and Abstract
Title and 1 * |nformation on how unit were allocated to interventions v Abstract- surgeon’s choice.
Abstract e Structured abstract recommended v Abstract- background, methods,
results and conclusions.
¢ Information on target population or study sample v Title- patients with breast cancer
undergoing SLNB.
Introduction
Background 2 ¢ Scientific background and explanation of rationale v Paragraphs 1-4.
e Theories used in designing behavioral interventions v Paragraphs 1-5.
Methods
Participants 3 » Eligibility criteria for participants, including criteria at different v Methods, Study Design; inclusion
levels inrecruitment/sampling plan (e.g., cities, clinics, subjects) (paragraph 6) and exclusion
(paragraph 7) criteria reported.
Method of recruitment (e.g., referral, self-selection), including the v Methods, Study Design; patients
sampling method if a systematic sampling plan was implemented attending clinic meeting inclusion
criteria offered inclusion, specific
sampling not reported, assumed
systematic and consecutive.
Allocation based on surgeon choice.
Recruitment setting v Methods Study Design, paragraph 6;
single German breast centre.
v

Methods Study Design, paragraph 6;
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single German breast centre.
Interventions 4 » Details of the interventions intended for each study condition and v Methods, Tracer Injection and Surgery
howand when they were actually administered, specifically sections:
including:

o Content: what was given? v Magtrace 2 ml (intervention) or Tc-99m
(comparator)

o Delivery method: how was the content given? v Within 3 days of surgery (intervention)
or the day before/the day of surgery
(comparator)

o Unit of delivery: how were the subjects grouped during delivery? v Allocated by surgeon’s choice and
equally allocated to a study arm

o Deliverer: who delivered the intervention? v Injections performed by the surgical
team pre- or intra-operatively. Injection
of Tc-99m injected in nuclear medicine
department.

o Setting: where was the intervention delivered? v Injections performed by the surgical
team pre- or intra-operatively. Injection
of Tc-99m performed in nuclear
medicine department.

o Exposure quantity and duration: how many sessions or v One-time intervention and comparator
episodes or events were intended to be delivered? How long for SLNB procedure. Adverse events
were they intended to last? reported up to 440 days post-

operatively.

o Time span: how long was it intended to take to deliver the Partly |One-time intervention and comparator

intervention to each unit? for SLNB procedure, length of time for
each injection not reported,
intervention injection was followed by 5
minute massage to injection-site. Time
taken for patients attending nuclear
medicine department reported.

o Activities to increase compliance or adherence (e.g., incentives) x Not reported
Obijectives 5 » Specific objectives and hypotheses Y Paragraph 5.
Outcomes 6 e Clearly defined primary and secondary outcome measures v Methods, Outcomes; primary and
secondary aims reported.
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Methods used to collect data and any methods used to Not reported
enhance thequality of measurements
Information on validated instruments such as psychometric and De_t?_Ction (zte ConSiCLere]? against
: ; : existing evidence and reference
biometricproperties standa?d. Validated German pain
questionnaire used.
Sample Size 7 How sample size was determined and, when applicable, explanation Methods, Statistical Analysis; sample
of anyinterim analyses and stopping rules size calculation and justification
provided.
Assignment 8 Unit of assignment (the unit being assigned to study condition, Methods, Study Design; Individual
Method e.g.,individual, group, community) allocation based on surgeon choice.
Method used to assign units to study conditions, including details of Methods, Study Design; surgeon
anyrestriction (e.g., blocking, stratification, minimization) choice.
Inclusion of aspects employed to help minimize potential bias induced Not reported
dueto non-randomization (e.g., matching)
Blinding 9 Whether or not participants, those administering the interventions, No blinding used. Assumed not
(masking) and those assessing the outcomes were blinded to study condition possible to blind surgeon from
assignment;if so, statement regarding how the blinding was intervention and outcomes due to
accomplished and how it was assessed. equipment used, handling of
radioactive substances protocols and
removal of SLNs.
Unit of Analysis 10 Description of the smallest unit that is being analyzed to Per SLN detection rates (per patient
assessintervention effects (e.g., individual, group, or and per patient node).
community)
If the unit of analysis differs from the unit of assignment, the Statistical Analysis; groups
analytical method used to account for this (e.g., adjusting the independently evaluated and
standard error estimates by the design effect or using multilevel reported.
analysis)
Statistical 11 Statistical methods used to compare study groups for primary Methods, Statistical Analysis.
Methods methodsoutcome(s), including complex methods of correlated data
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withreasons

¢ Statistical methods used for additional analyses, such as a X Not performed.
subgroupanalyses and adjusted analysis
Methods for imputing missing data, if used v Not reported, assumed not applicable
to detection rate; nodes removed
without detection of either
intervention/comparator reported as
per detection rates.
Statistical software or programs used v Statistical Analysis, SPSS used
Results
Participant flow 12 Flow of participants through each stage of the study: enroliment, v Narrative provided in Methods, Study
assignment, allocation, and intervention exposure, follow-up, Design and Results, Fig 1 shows
analysis (adiagram is strongly recommended) diagram of patient flow.

o Enroliment: the numbers of participants screened for eligibility, | v Narrative provided in Methods, Study
found to be eligible or not eligible, declined to be enrolled, and Design and Results, Fig 1 shows
enrolled in the study diagram of patient flow.

o Assignment: the numbers of participants assigned to a study v Fig 1.
condition

o Allocation and intervention exposure: the number of participants| v Fig 1.
assigned to each study condition and the number of participants
who received each intervention

o Follow-up: the number of participants who completed the v Fig 1.
follow-up or did not complete the follow-up (i.e., lost to follow-
up), by
study condition

o Analysis: the number of participants included in or excluded v Results, Fig 1, & tables 1-2.

from
the main analysis, by study condition

» Description of protocol deviations from study as planned, along Partly | Not explicitly stated, Fig 1 shows

patients excluded from analysis due
to procedure failure, reasons for

failure not reported exclusively.
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Recruitment 13 Dates defining the periods of recruitment and follow-up Methods, Study Design; recruitment
between May 2019-Jan 2020. No
long term follow up reported.

Baseline Data 14 Baseline demographic and clinical characteristics of participants in v Table 1.

each study condition
Baseline characteristics for each study condition relevant to v Disease status integral to
specificdisease prevention research inclusion/exclusion criteria; hormonal
status, surgery type and tumour
status/grades reported in Tab 1.
Baseline comparisons of those lost to follow-up and those retained, x Not reported.
overalland by study condition
Comparison between study population at baseline and target Partly Not explicitly reported, target
populationof interest population integral to inclusion criteria
(stage of breast cancer undergoing
SLNB).

Baseline 15 Data on study group equivalence at baseline and statistical methods | ¥ Statistical power calculated to

equivalence usedto control for baseline differences assume normal distribution.

Numbers 16 Number of participants (denominator) included in each analysis for v Absolute numbers for each group and

analyzed each study condition, particularly when the denominators change for subgroup reported in Results and Tab

different

outcomes; statement of the results in absolute numbers when feasible

Indication of whether the analysis strategy was “intention to treat” N/A

or, if not, description of how non-compliers were treated in the

analyses
Outcomes and 17 For each primary and secondary outcome, a summary of results for 4 Results section, timing of
estimation each estimation study condition, and the estimated effect size and a 'r’;tt?i'g’ve;}t'gﬂi’ndset;eiﬁtif” rr:]teoit’er;ioi?we

confidenceinterval to indicate the precision o rate and Tab 1_% wifh A

~ values/Cls where appropriate

Inclusion of null and negative findings

Results section, Tab 1-3
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Inclusion of results from testing pre-specified causal pathways
throughwhich the intervention was intended to operate, if any

N/A

Ancillary 18 Summary of other analyses performed, including subgroup or v Results, Economic Analysis; costing

analyses restrictedanalyses, indicating which are pre-specified or exploratory analysis performed.

Adverse events 19 Summary of all important adverse events or unintended effects in each | ¥ Results, Pain Levels; Pain levels
study condition (including summary measures, effect size estimates, reported with each groups although
and statistically fewer respondents across
confidence intervals) arms.

DISCUSSION

Interpretation 20 Interpretation of the results, taking into account study hypotheses, v Discussion; includes clinical and
sources of potential bias, imprecision of measures, multiplicative economic considerations. Limitations
analyses. randomised design. adional
and other limitations or weaknesses of the study PROMS not investigated.
Discussion of results taking into account the mechanism by v Discussion, reliability of intervention
which theintervention was intended to work (causal pathways) or compared to treatment and impact on
alternative mechanisms or explanations clinical care pathway.

Discussion of the success of and barriers to implementing the v Discussion; authors address learning

intervention, fidelity of implementation curve of surgeons, MRI considerations,
skin staining.

Discussion of research, programmatic, or policy implications v Restrictions for research methodology
considered, implications for using
intervention in practice also
considered.

Generalizability 21 Generalizability (external validity) of the trial findings, taking into Partly | Not explicitly stated or considered,
accountthe study population, the characteristics of the intervention, authors aim to account for variations
length of follow-up, incentives, compliance rates, specific in study population during statistical
sites/settings involved in gnal_y&; as well as considering cost
the study, and other contextual issues implications from healthcare payers

perspective.

Overall 22 General interpretation of the results in the context of current v Discussion, final paragraph.

Evidence evidenceand current theory

External Assessment Centre report: GID-MT568 Magtrace and Sentimag

Date: March 2022

199 of 290




Sreedhar et al. 2021 (n=116, non-randomised controlled trial) First reviewer: RP Second reviewer: HAR

Paper
Section/
Topic

Item
No

Descriptor

Reported?

VA

Pg #

Title and Abstract

Title and
Abstract

¢ |nformation on how unit were allocated to interventions

Abstract- Prospective collection of
data by operative surgeon

e Structured abstract recommended

Abstract- background, methods,
results and conclusions.

¢ Information on target population or study sample

Abstract- (1) any patient who
needed localisation of an
impalpable breast lesion; (2) any
patient who needed a sentinel
lymph node biopsy

Introduction

Background

e Scientific background and explanation of rationale

Paragraphs 1-4. Overcome
difficulties in patient care due to
geographical location- rural
hospital

e Theories used in designing behavioral interventions

Paragraphs 1-5.

Methods

Participants

e Eligibility criteria for participants, including criteria at
different levels inrecruitment/sampling plan (e.g., cities,
clinics, subjects)

Methods, paragraph 11. Patients
were eligible for SLNB using
Magtrace if they did not require
placement of a Magseed.
Patients who had previously
undergone breast or axillary
surgery. No other exclusions took
place.
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Method of recruitment (e.g., referral, self-selection),
including thesampling method if a systematic sampling plan
was implemented

Partly

Patients recruited sequentially by
the surgeon, however specific
sampling not reported

episodes or events were intended to be delivered? How
long were they
intended to last?

Recruitment setting Partly | Gisborne Hospital- Rural Hospital
in New Zealand. No information
on whether recruitment occurred
at outpatient appointment or on
the day of SLNB.

Settings and locations where the data were collected v Gisborne Hospital- all information
collected on a single database
with access limited to the authors.

Interventions Details of the interventions intended for each study x Retrospective collection of data,
condition and howand when they were actually therefP“?[h“O t{ug in;éar;/entiont\_/vas
o P ; P given in the study. Retrospective
administered, specifically including: review of the different localisation
techniques for either breast or the
axilla, staging, lymph node status,
lymph node detection rates,
financial data and complications
were collected

o Content: what was given? x Retrospective collection of data.

Delivery method: how was the content given? x Retrospective collection of data.
Unit of delivery: how were the subjects grouped during x Retrospective collection of data.
delivery?

o Deliverer: who delivered the intervention? X Surgeon performing either the
SLNB or localisation of an
impalpable tumour.

o Setting: where was the intervention delivered? x Gisborne Hospital

o Exposure quantity and duration: how many sessions or | Partly [Retrospective review of 5-year

data. Authors did not state why this
time-frame was chosen.
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o Time span: how long was it intended to take to deliver the| Partly [Retrospective review of 5-year
intervention to each unit? data. Authors did not state why this
time-frame was chosen.
o Activities to increase compliance or adherence (e.g., x Not reported
incentives)
Objectives 5 Specific objectives and hypotheses x Not reported
Outcomes 6 Clearly defined primary and secondary outcome measures x Not reported
Methods used to collect data and any methods used to v Single database. Financial data
enhance thequality of measurements was collected via receipts and
invoices of purchases to the
hospital.
Information on validated instruments such as psychometric X Not reported
and biometricproperties
Sample Size 7 How sample size was determined and, when applicable, X Not reported
explanation of anyinterim analyses and stopping rules
Assignment 8 Unit of assignment (the unit being assigned to study v All patients underwent either
Method condition, e.g.,individual, group, community) Magtrace, Magseed or hookwire.
Magtrace was used whenever
possible.
Method used to assign units to study conditions, including v Methods- implied that it was
details of anyrestriction (e.g., blocking, stratification, surgeon’s choice
minimization)
Inclusion of aspects employed to help minimize potential bias X Not reported
induced dueto non-randomization (e.g., matching)
Blinding 9 Whether or not participants, those administering the v No blinding used. Assumed not
(masking) interventions, and those assessing the outcomes were blinded possible to blind surgeon from
to study condition assignment;if so, statement regarding how intervention and outcomes due to
the blinding was accomplished and how it was assessed. gﬂ;zment used and removal of
Unit of Analysis 10 Description of the smallest unit that is being v Individual, for different
analyzed to assessintervention effects (e.g., localisation techniques for either
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individual, group, or community)

the breast or the axilla. Financial
costs were based on per case.

o Allocation and intervention exposure: the number of
participantsassigned to each study condition and the

If the unit of analysis differs from the unit of assignment, the N/A

analytical method used to account for this (e.g., adjusting

the standard error estimates by the design effect or using

multilevel analysis)
Statistical 11 Statistical methods used to compare study groups for v Methods (paragraph 7) Statistical
Methods primary methodsoutcome(s), including complex methods of Analysis.

correlated data

Statistical methods used for additional analyses, such as x Not performed.

a subgroupanalyses and adjusted analysis

Methods for imputing missing data, if used x Not reported

Statistical software or programs used v JASP Statistical Package
Results
Participant flow 12 Flow of participants through each stage of the study: Partly Narrative provided in first two

enrollment, assignment, allocation, and intervention paragraphs. No diagram given.

exposure, follow-up, analysis (adiagram is strongly

recommended)

o Enrollment: the numbers of participants screened for Partly Narrative provided in first two
eligibility, found to be eligible or not eligible, declined to paragraphs. No diagram given.
be enrolled, and
enrolled in the study

o Assignment: the numbers of participants assignedtoa | ¥ Paragraph 2-3. 23 cases has a

study umnadgenratgnfieﬁoigsvevir:? ?r;sla?tion
condition 116 cases underwent SLNB. 45

cases used Magtrace. 71 cases
- used Tc-99m.

Paragraph 2-3.
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number of participants
who received each intervention

change for different

o Follow-up: the number of participants who completed Partly | No Follow-up done despite the
the follow-up or did not complete the follow-up (i.e., lost study lasting at least 5 years.
to follow-up), by
study condition
o Analysis: the number of participants included in or 4 Results, Table 1.
excluded from
the main analysis, by study condition
Description of protocol deviations from study as planned, Partly | Not explicitly stated. Retrospective
along withreasons review of data, althqugh there
appears to be no missing data?
Recruitment 13 Dates defining the periods of recruitment and follow-up v January 2013. Few cases were
included in 2013 or 2014 with the
large majority of cases performed
in 2015-2020.
Baseline Data 14 Baseline demographic and clinical characteristics of v Table 1.
participants in each study condition
Baseline characteristics for each study condition relevant v Table 2-3.
to specificdisease prevention research
Baseline comparisons of those lost to follow-up and those x Not reported.
retained, overalland by study condition
Comparison between study population at baseline and target X Not reported.
populationof interest
Baseline 15 Data on study group equivalence at baseline and statistical X Not reported.
equivalence methods usedto control for baseline differences
Numbers 16 Number of participants (denominator) included in each analysis | ¥ Absolute numbers for each group
analyzed for each study condition, particularly when the denominators and subgroup reported in Results

Table 2 and 3.
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outcomes; statement of the results in absolute numbers when
feasible

hypotheses, sources of potential bias, imprecision of measures,
multiplicative analyses,
and other limitations or weaknesses of the study

Indication of whether the analysis strategy was “intention to N/A
treat” or, if not, description of how non-compliers were
treated in the analyses
Outcomes and 17 For each primary and secondary outcome, a summary of Partly | Results section, staging, lymph
estimation results for each estimation study condition, and the estimated node status, localisation ,
effect size and a confidenceinterval to indicate the precision :Zf:,nfli?]:ii,i ;’.’?ﬁ; r;?]%e detection
complications were reported.
Confidence intervals and
estimated effect size was not
calculated.
Inclusion of null and negative findings v Results section
Inclusion of results from testing pre-specified causal N/A
pathways throughwhich the intervention was intended to
operate, if any
Ancillary 18 Summary of other analyses performed, including subgroup v Results, financial data for case by
analyses or restrictedanalyses, indicating which are pre-specified or case basis.
exploratory
Adverse events 19 Summary of all important adverse events or unintended effects | ¥ Results, Clavien-Dindo Grade Il
in each study condition (including summary measures, effect complication
size estimates, and
confidence intervals)
DISCUSSION
Interpretation 20 Interpretation of the results, taking into account study v Discussion; includes clinical and

economic considerations.
Limitations include surgeons
unable to perform both Magtrace
and Magseed due to lack of

External Assessment Centre report: GID-MT568 Magtrace and Sentimag

Date: March 2022

205 of 290




training

Discussion of results taking into account the mechanism
by which theintervention was intended to work (causal
pathways) or alternative mechanisms or explanations

Discussion, Sentimag is non-
inferior to radioactive colloid use.

Discussion of the success of and barriers to implementing the
intervention, fidelity of implementation

Discussion; authors address
learning curve of surgeons, skin
staining, using Magseed,
impalpable breast lesions,
complications regarding hookwires,
and financial implications

Discussion of research, programmatic, or policy implications

Study showed that Sentimag in a
rural hospital is cost-effective, and
not only beneficial in large
academic institutions.

Generalizability

21

Generalizability (external validity) of the trial findings, taking
into accountthe study population, the characteristics of the
intervention, length of follow-up, incentives, compliance rates,
specific sites/settings involved in

the study, and other contextual issues

Extrapolated financial data to the
next 100 cases- Table 5.

Overall
Evidence

22

General interpretation of the results in the context of current
evidenceand current theory

Conclusion
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Appendix B2: Studies reporting concordance (STARD)

Alvarado et al. 2019 (n=146, non-inferiority, prospective non-randomised controlled trial. Participants received both the
intervention and comparator)
First reviewer: RP Second reviewer: KK

Section & Topic \[o} Item Reported on page #
TITLE OR ABSTRACT
Identification as a study of diagnostic accuracy using at least one measure of accuracy : Title; non-inferiority of SPIO to standard care (Tc-99m and blue dye) for
(such as sensitivity, specificity, predictive values, or AUC) SLN detection.
ABSTRACT
Structured summary of study design, methods, results, and conclusions Abstract; includes background, methods, results and conclusions.
(for specific guidance, see STARD for Abstracts)
INTRODUCTION
Scientific and clinical background, including the intended use and clinical role of the Paragraphs 1-5; current clinical and scientific background discussed.
index test Standard of care involves radioactive material with short half-life which
may impact scheduling, risk of anaphylaxis with blue dye.
Study objectives and hypotheses Paragraph 6; establish alternative intervention to the standard of care to
support adoption in the USA.
METHODS
Study design Whether data collection was planned before the index test and reference standard Materials and Methods, Study Design and Patients, paragraph 7;
were performed (prospective study) or after (retrospective study) prospective paired comparison study. Order of testing not explicitly
stated, patients injected with Tc-99m and blue dye and SPIO
interventions, blue dye reported as subgroup; unclear how this group
evaluated.
Participants Eligibility criteria Materials and Methods, Study Design and Patients, paragraph 8,

inclusion and exclusion criteria stated.

On what basis potentially eligible participants were identified
(such as symptoms, results from previous tests, inclusion in registry)

Materials and Methods, Study Design and Patients, paragraph 8,
patients identified from existing clinical pathway.

Where and when potentially eligible participants were identified (setting, location
and dates)

Abstract, Methods; identified the setting.
Results section reports recruitment dates Jan-Dec 2015.
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9 Whether participants formed a consecutive, random or convenience series Not specified. Number of patients approached and declining
participation not reported. Withdrawal rates reported in Results.
Patients received intervention and comparator
Test methods 10a Index test, in sufficient detail to allow replication Procedures, paragraph 11.
10b Reference standard, in sufficient detail to allow replication Procedures, paragraph 10; limited detail, established test following local
protocol across 6 centres.
11 Rationale for choosing the reference standard (if alternatives exist) N/A, reference standard considered standard of care.
12a Definition of and rationale for test positivity cut-offs or result categories Procedures, paragraph 12; index test ability to detect SLNs using probe
of the index test, distinguishing pre-specified from exploratory (magnetism) and visual confirmation (brown colouration).
12b Definition of and rationale for test positivity cut-offs or result categories Procedures, paragraph 12; reference standard ability to detect SLNs
of the reference standard, distinguishing pre-specified from exploratory using probe (radioactivity) and visual confirmation (blue colouration).
13a Whether clinical information and reference standard results were available Procedures, paragraph 12; reference standard performed by the
to the performers/readers of the index test surgeon identifying lymph nodes for retrieval (not blinded).
13b Whether clinical information and index test results were available Procedures, paragraph 12; index test also performed by the surgeon
to the assessors of the reference standard identifying lymph nodes for retrieval (not blinded).
Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy Statistical Analysis, paragraph 13-14; ability of index and reference
standard to detect the SLNs independently and in combination.
15 How indeterminate index test or reference standard results were handled Procedures, paragraph 12; Detection rate reported as binary value
(detected/not detected) so indeterminate results N/A. SLNs identified
by the surgeon as clinically suspicious were also retrieved.
16 How missing data on the index test and reference standard were handled Procedures, paragraph 12; only SLNs with histologically confirmed node
status included in the analysis.
17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from Statistical Analysis, paragraph 14-15; study powered for non-inferiority
exploratory for error rates for detection.
18 Intended sample size and how it was determined Statistical analysis, paragraph 15; sample size power calculations
reported.
RESULTS
Participants 19 Flow of participants, using a diagram Results section provides narrative, Fig 1 provides flow diagram.
20 Baseline demographic and clinical characteristics of participants Results, paragraphs 16-17, Tab 1; narrative and tabulated overview of
patient characteristics.
21a Distribution of severity of disease in those with the target condition Tab 1 reports the diagnostic status of the participants, not referenced to

expected population statistics. Disease status integral to inclusion
criteria.
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21b Distribution of alternative diagnoses in those without the target condition Results, Detection Rates for Positive Nodes; detection rates for positive
nodes and patients reported but not referenced to expected population
statistics.
22 Time interval and any clinical interventions between index test and reference Procedures, paragraph 11-12; order of test analysis reported, index test
standard and reference standard performed concomitantly.
Test results 23 Cross tabulation of the index test results (or their distribution) Narrative provided in Results, Patient Detection Rates; results shown in
by the results of the reference standard Fig 2 and Tab 2.
24 Estimates of diagnostic accuracy and their precision (such as 95% confidence Narrative provided in Results, Patient Detection Rates and Detection
intervals) Rates for Positive Nodes sections.
25 Any adverse events from performing the index test or the reference standard Narrative reported in Results, Safety Results; results also provided in Tab
3.
DISCUSSION
26 Study limitations, including sources of potential bias, statistical uncertainty, and Limitations, sources of bias and statistical uncertainty not reported.
generalisability Discussion of index test timing in Discussion, paragraph 35.
27 Implications for practice, including the intended use and clinical role of the index test Discussion of service implementation reported in Discussion, paragraphs
33-37.
OTHER INFORMATION
28 Registration number and name of registry Materials and Methods, Study Design and Patients, paragraph 7; NCT
reference reported.
29 Where the full study protocol can be accessed Full protocol not provided; additional information available from
clinicaltrials.gov_(NCT02336737)
30 Sources of funding and other support; role of funders Acknowledgment (correction published in Ann Surg Oncol 2020; 27:

$979); Study sponsored by index test manufacturer which provided
funding to the institutions of all authors. Additional travel support
provided to one author.
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Douek et al. 2014 (n=160, non-inferiority, prospective non-randomised controlled trial. Participants received both the
intervention and comparator)
First reviewer: RP Second reviewer: KK

Section & Topic No Item Reported on page #
TITLE OR ABSTRACT
Identification as a study of diagnostic accuracy using at least one measure of Title; SLNB with magnetic tracer (index test) vs standard technique (reference
accuracy standard). Abstract states discordance.
(such as sensitivity, specificity, predictive values, or AUC)
ABSTRACT
Structured summary of study design, methods, results, and conclusions Abstract; structured with background, methods, results and conclusions.
(for specific guidance, see STARD for Abstracts)
INTRODUCTION
Scientific and clinical background, including the intended use and clinical role Paragraphs 1-5 (no heading); provides scientific and clinical background. Fig 1
of the index test demonstrates features of the index test. Drawbacks of combined technique:
radiation exposure to patients and healthcare workers, heavily controlled
legislation (training for operators and subsequent disposal of surgical waste),
poor preoperative spatial resolution on lymphoscintigraphy.
Study objectives and hypotheses Paragraph 5; comparison of index test with standard reference for
identification of sentinel nodes.
METHODS
Study design Whether data collection was planned before the index test and reference Methods, Trial Design; prospective (assumed from trial registration) non-
standard were performed (prospective study) or after (retrospective study) randomised paired equivalence trial.
Participants Eligibility criteria Methods, Patient Recruitment; inclusion and exclusion criteria reported.

Patients with breast cancer (including DCIS), scheduled for SLNB and who were
clinically and radiologically node negative (pre-op ultrasound results were
normal or indeterminate/abnormal and had benign fine-needle aspiration or
core biopsy). Patients with male breast cancer and pregnant women were
suitable as long as they were scheduled to undergo SLNB with radioisotope. All
patients had to be available for at least 12 months. Patients with known
intolerance or hypersensitivity to iron or dextran compounds, magnetic
tracers, SPIO, blue, who did not receive radioisotope, with iron over load
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disease, with pacemaker or other implantable devices in chest wall were
excluded.

On what basis potentially eligible participants were identified
(such as symptoms, results from previous tests, inclusion in registry)

Methods, Patient Recruitment; eligible patients identified from existing clinical
pathway.

Where and when potentially eligible participants were identified (setting,

location and dates)

Methods, Patient Recruitment & Surgery sections; setting and recruitment
dates (29 February 2012 to 3 October 2012). Locations reported in Methods (6
centres in UK, 1 in the Netherlands, all experienced with SLNB from both
teaching and district general hospitals with relatively high-volume practice
>300 cases of newly diagnosed breast cancer per annum)

Whether participants formed a consecutive, random or convenience series

Not explicitly reported. Number of patients invited to participate or those
declining participation not reported.

Test methods

10a

Index test, in sufficient detail to allow replication

Methods, Surgery. 2ml Sienna+ diluted with 3ml saline, injected periareolar
subcutaneously intraoperatively (after induction of anaesthesia), followed by 5
minute massage. Magnetic tracer injected before blue dye (when it was used).
All metal retractors were removed from the surgical field while the
magnetometer (Sentimag) were used.

10b

Reference standard, in sufficient detail to allow replication

Methods, Surgery; local protocols used for standard technique, very little
detail provided (e.g. no timing or location of injection provided for
radioisotope injection). Subgroup of patients receiving blue dye not reported
exclusively.

Variability amongst reference standard: “Of seven centres, five used the
combined technique, one used radioisotope alone, and another used selective
blue dye on some patients.”

11

Rationale for choosing the reference standard (if alternatives exist)

Introduction states gold standard for SLNB being the combined technique
using both blue dye and radioisotope injection.

12a

Definition of and rationale for test positivity cut-offs or result categories

of the index test, distinguishing pre-specified from exploratory

Methods, Surgery; index test ability to detect SLNs using probe (magnetism)
and visual indicator (black/brown colouration). “Any node with a count of
10 % or more of the node with the highest count (with the handheld
magnetometer and then gamma probe) was excised. Beyond four sentinel
nodes, surgeons noted the background count (with both devices) and excised
additional nodes only at their discretion. Any palpable nodes were also
removed.”

12b

Definition of and rationale for test positivity cut-offs or result categories
of the reference standard, distinguishing pre-specified from exploratory

Methods, Surgery; reference standard ability to detect SLNs using probe
(radioactivity) and visual indicator (blue colouration). “Any node with a count
0of10 % or more of the node with the highest count (with the handheld
magnetometer and then gamma probe) was excised. Beyond four sentinel
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nodes, surgeons noted the background count (with both devices) and excised
additional nodes only at their discretion. Any palpable nodes were also
removed.”

13a Whether clinical information and reference standard results were available Methods, Surgery; Sentimag used first, gamma probe used to confirm (not
to the performers/readers of the index test blinded), blue tracts not followed until after handheld magnetometer was used
to locate and excise sentinel nodes.
13b Whether clinical information and index test results were available Methods, Surgery; Sentimag used first, gamma probe used to confirm (not
to the assessors of the reference standard blinded)

Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy Materials and Methods, Study Objectives and Statistical Analyses; ability of
index and reference standard to detect the SLNs independently and in
combination.

15 How indeterminate index test or reference standard results were handled Detection rate reported as binary value (detected/not detected). However
surgeons removed additional nodes (beyond 4 sentinel nodes) at their
discretion. Any palpable nodes were also removed.

16 How missing data on the index test and reference standard were handled Methods, Surgery & Primary End Points; all SLNs identified by either method
retrieved and palpable SLNs not picked up by either technique also retrieved.

17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified Methods, Statistical Analysis; detection concordance.

from exploratory

18 Intended sample size and how it was determined Methods, Statistical Analysis; sample size justification reported assuming 97%
detection by standard care, proportion discordance of 0.052. Non-inferiority
margin of 5%, 80% power.

RESULTS

Participants 19 Flow of participants, using a diagram No flow diagram provided. Number of patients withdrawn or invited not
reported.

20 Baseline demographic and clinical characteristics of participants Results, Patient Characteristics, Tab 1; narrative and tabulated overview of
patient characteristics.

21a Distribution of severity of disease in those with the target condition Tab 1 reports the diagnostic status of the participants (nodal status by largest
metastasis, lymphovascular invasion, tumour size, grade, type, estrogen,
receptor and HER2 status), not referenced to expected population statistics.
Disease status integral to inclusion criteria.

21b Distribution of alternative diagnoses in those without the target condition Detection rates for positive nodes and patients reported in Results,
Histopathology, but not referenced to expected population statistics. Disease
status integral to inclusion criteria.

22 Time interval and any clinical interventions between index test and reference Methods, Surgery; order of test analysis reported (Sentimag first, gamma

standard

probe/blue tracts after)
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Test results 23 Cross tabulation of the index test results (or their distribution) Narrative provided in Results; clear 2x2 in Table 2 for detection rate, and Table
by the results of the reference standard 3 for number of nodes removed.

24 Estimates of diagnostic accuracy and their precision (such as 95% confidence Narrative provided in Results section; discordance with only Cl upper limit

intervals) reported in Tab 2.

25 Any adverse events from performing the index test or the reference standard Methods: “Any adverse events, complications, or reactions were noted during
surgery and postoperatively. Patients were followed up at a postoperative visit
and also at 3 months.”

Results, Sentinel Lymph Node Biopsy: “Three dye-related reactions were

observed. Of these, 2 were related to blue dye (blue rash without systemic

reaction); 1 was indeterminate but related to dye injection (transient drop in

blood pressure during surgery and rash in a patient with dark skin).”
DISCUSSION

26 Study limitations, including sources of potential bias, statistical uncertainty, Not reported. Limitations of technique with regards to false-negative staging

and generalisability reported in Discussion.

27 Implications for practice, including the intended use and clinical role of the Discussion & Conclusion; recommendations for randomised controlled trial to

index test validate the magnetic technique, and to evaluate the independent magnetic
identification rate and procedure-related morbidity.
OTHER INFORMATION

28 Registration number and name of registry Trial registration and reference with links provided on cover page
(ISRCTN35827879, NTR3283)

29 Where the full study protocol can be accessed Full protocol not provided. Appendix listing SentiMAG trialist group (study
collaborators).

30 Sources of funding and other support; role of funders Funding; study sponsored by index test manufacturer; role of funder not
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Ghilli et al. 2017 (n=193, non-inferiority, prospective non-randomised controlled trial. Participants received both the
intervention and comparator)
First reviewer: RP Second reviewer: KK

Section & Topic No Item Reported on page #
TITLE OR ABSTRACT
Identification as a study of diagnostic accuracy using at least one measure of accuracy @ Title; valid alternative in SLNB for breast cancer. Non-inferiority,
(such as sensitivity, specificity, predictive values, or AUC) detection rate, concordance all mentioned in abstract.
ABSTRACT
Structured summary of study design, methods, results, and conclusions Abstract; study overview provided, design, methods, results and
(for specific guidance, see STARD for Abstracts) conclusions broadly described but not in explicit sections.
INTRODUCTION

Scientific and clinical background, including the intended use and clinical role of the Introduction, paragraphs 1-7; current clinical and scientific background

index test discussed. Major limitation is necessity of nuclear medicine unit which
may not be present in small and medium sized breast units. Radiation
exposure of patients and staff.

Study objectives and hypotheses Introduction, paragraph 8; comparison of Sentimag with
superparamagnetic iron oxide tracer with standard reference for SLNB
localization in breast cancer patients in larger Italian sample.

METHODS
Study design Whether data collection was planned before the index test and reference standard Materials, Study Design and Patients, paragraph 9; paired non-inferiority
were performed (prospective study) or after (retrospective study) comparison study. Prospective only mentioned in abstract. From
methods section: Data were collected by surgical staff using ad hoc
forms after the operation and transmitted to an independent statistical
and methodological unit for analysis.
Participants Eligibility criteria Methods, Study Design and Patients, paragraph 10, inclusion and

exclusion criteria stated. Inclusion: Women who were candidate for SNB
after a clinical and imaging negative axillary assessment, invasive
carcinoma (ductal or lobular), or DCIS at the pre-operative biopsy only if
there was a high probability of invasive component in final histology.
Contraindications: allergy to iron or dextran compounds, iron
metabolism disease, pregnancy, pacemaker or other ferrous devices
near the breast.
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7 On what basis potentially eligible participants were identified Methods, Study Design and Patients, paragraph 9; eligible patients
(such as symptoms, results from previous tests, inclusion in registry) identified from existing clinical pathway.
8 Where and when potentially eligible participants were identified (setting, location Methods, Study Design and Patients, paragraph 9; setting, location and
and dates) recruitment dates reported: three Italian breast centres (Pisa University
Hospital, Rome IFO-IRE University Hospital and Sanremo Civic
Hospital) between October 2012 and January 2014.
9 Whether participants formed a consecutive, random or convenience series Results, paragraph 16; consecutive patients recruited. Number of
patients approached and declining participation not reported.
Withdrawal rates also reported.

Test methods 10a Index test, in sufficient detail to allow replication Methods, Intraoperative Procedures, paragraph 12-13: subareolar
injection for SPIO, 5 mins massage, at least 20 mins after injection the
localization of the sentinel node was identified with magnetometer, and
confirmed with gamma probe.

10b Reference standard, in sufficient detail to allow replication Methods, Intraoperative Procedures, paragraph 12-13: periareolar or
peritumoural-subdermal sites of Tc-99m injection (no mention of blue
dye), day before or 1-day protocol (after a public holiday).
Lymphoscintigraphy performed in all patients.
11 Rationale for choosing the reference standard (if alternatives exist) Abstract and Introduction claims standard of care is Tc-99m with or
without blue dye.
12a Definition of and rationale for test positivity cut-offs or result categories Methods, Intraoperative Procedures, paragraph 12-13; index test ability
of the index test, distinguishing pre-specified from exploratory to detect SLNs using probe (magnetism): cut-off for stopping SNB was
10% of maximum count for both methods.
12b Definition of and rationale for test positivity cut-offs or result categories Methods, Intraoperative Procedures, paragraph 12-13; reference
of the reference standard, distinguishing pre-specified from exploratory standard ability to detect SLNs using probe (radioactivity): cut-off for
stopping SNB was 10% of maximum count for both methods.
13a Whether clinical information and reference standard results were available Methods, Intraoperative Procedures, paragraph 12-13; reference
to the performers/readers of the index test standard performed by the surgeon identifying lymph nodes for
retrieval (not blinded). Sentimag first and then confirmed with gamma.
13b Whether clinical information and index test results were available Methods, Intraoperative Procedures, paragraph 12-13; index test also
to the assessors of the reference standard performed by the surgeon identifying lymph nodes for retrieval (not
blinded). Sentimag first and then confirmed with gamma.

Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy Methods, End Points & Statistical Analysis, paragraph 13-14; ability of
index and reference standard to detect the SLNs independently and in
combination. Concordance per patient, reverse concordance — defined.

15 How indeterminate index test or reference standard results were handled Detection rate reported as binary value (detected/not detected). 0 were

not detected by 1/C
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16 How missing data on the index test and reference standard were handled Methods, End Points, paragraph 13; only patients with SLN identified by
one or both methods included for analysis.

17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from No exploratory analysis on thresholds.

exploratory

18 Intended sample size and how it was determined Methods, Statistical Analysis, paragraph 14; sample size power
calculations reported; assumed 97% detection rate for control and 98%
in experimental arm, true difference of 1%.

RESULTS
Participants 19 Flow of participants, using a diagram Results section provides narrative, no patient flow diagram provided.
20 Baseline demographic and clinical characteristics of participants Results, paragraphs 15-17, Tab 1; narrative and tabulated overview of
patient characteristics.

21a Distribution of severity of disease in those with the target condition Table 1 reports the diagnostic status of the participants (tumour stage,
grade, estrogen, progesterone, Ki67 receptor and HER2 status), not
referenced to expected population statistics. Disease status integral to
inclusion criteria.

21b Distribution of alternative diagnoses in those without the target condition Results, paragraphs 21-22; detection rates for positive (malignant)
nodes and patients reported but not referenced to expected population
statistics.

22 Time interval and any clinical interventions between index test and reference Methods, Intraoperative Procedures, paragraph 12-13; order of test

standard analysis reported, index test and reference standard performed
concomitantly.
Test results 23 Cross tabulation of the index test results (or their distribution) No explicit 2x2 table, however narrative provided in Results section,
by the results of the reference standard additional results shown in Fig 1.

24 Estimates of diagnostic accuracy and their precision (such as 95% confidence Narrative provided in Results section with 95% confidence intervals.

intervals)

25 Any adverse events from performing the index test or the reference standard Narrative reported in Results, paragraph 23. No allergic or inflammatory
reaction was registered. Reported slightly brown skin pigmentation at
site of injection. Skin pigmentation attenuated in 70.4%, vanished in
21.1%, enlarged in 1.4%, unchanged in 7.1%.

DISCUSSION
26 Study limitations, including sources of potential bias, statistical uncertainty, and Limitations discussed in Discussion, paragraph 25. Sources of bias and
generalisability statistical uncertainty not reported. Discussion of index test timing in
Discussion, paragraph 25. States brief learning curve of 25 patients.
27 Implications for practice, including the intended use and clinical role of the index test Discussion of service implementation reported in Discussion, paragraph

25-26.
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OTHER INFORMATION

28 Registration number and name of registry Not reported.
29 Where the full study protocol can be accessed Full protocol not provided.
30 Sources of funding and other support; role of funders Funding; Study sponsored by index test manufacturer (who provided the

Sentimag devices and the tracer Sienna for the period of the study). The
Company had no involvement in collecting and interpreting the data or
the decision to publish. Author Contributions and Disclosure highlights
role of funders and authors.
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Giménez-Climent et al. 2021 (n=89, non-inferiority, prospective non-randomised controlled trial. Participants received both
the intervention and comparator)
First reviewer: RP Second reviewer: KK

Section & Topic No Item Reported on page #

TITLE OR ABSTRACT
Identification as a study of diagnostic accuracy using at least one measure of accuracy @ Title; comparative non-inferiority study using magnetic tracer versus
(such as sensitivity, specificity, predictive values, or AUC) standard technique.

ABSTRACT
Structured summary of study design, methods, results, and conclusions Abstract; introduction, materials and methods, results and conclusion.
(for specific guidance, see STARD for Abstracts) Reports 5 centres

INTRODUCTION

Scientific and clinical background, including the intended use and clinical role of the 1. Introduction, paragraphs 1-4; current clinical and scientific

index test background discussed. Limitations: exposing patients to radiation,
heavily controlled by legislation, requires nuclear medicine, intraop blue
dye can obscure surgical field, blue dye can leave permanent skin
residue, allergic reaction.

Study objectives and hypotheses 1. Introduction, paragraph 5; specifically designed to evaluate the non-
inferiority of Sentimag compared with gamma probe for detection of
sentinel lymph nodes in post-neoadjuvant breast cancer patients.

METHODS

Study design Whether data collection was planned before the index test and reference standard Abstract, Materials and Methods; reading taken transcutaneously, intra-
were performed (prospective study) or after (retrospective study) operative and ex-vivo (prospective study).

Participants Eligibility criteria 2.1 Materials Methods, Study Subjects, paragraph 6; inclusion and

exclusion criteria stated: aged 18 years and older, histologically
confirmed diagnosis of invasive carcinoma, clinically and radiologically
negative nodes before NAT. Excluded if clinically or radiologically
positive nodes after NAT< if they were intolerant or hypersensitive to
iron or dextran compounds present in the magnetic tracer, the
administration of a radioisotope for SLNB was contraindicated, had
disorders associated with abnormal iron levels, pacemaker, or other
partial or totally metallic thoracic implants.
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On what basis potentially eligible participants were identified
(such as symptoms, results from previous tests, inclusion in registry)

2.1 Materials Methods, Study Subjects, paragraph 6 & 2.3 Data
Collection and Study Outcomes, paragraph 1 ; eligible patients identified
from existing clinical pathway.

Where and when potentially eligible participants were identified (setting, location

and dates)

2.1 Study subjects; setting, location reported. Recruitment dates
reported (5 centres: Jun 2016-Oct 2018) in 3.1 Results, Patient
Characteristics.

Whether participants formed a consecutive, random or convenience series

3.1 Results, Patient Characteristics; consecutive patients recruited.
Number of patients approached and declining participation not
reported. Withdrawal rates also reported.

Test methods

10a

Index test, in sufficient detail to allow replication

2.2 Preoperative Procedures and SLN Detection Methods: 2ml Sienna
diluted with 3ml saline, injected into subareolar area (after anaesthesia),
5 mins massage, at least 20 min after injection then transcutaneous
detection attempted with bboth techniques before incision.

10b

Reference standard, in sufficient detail to allow replication

2.2 Preoperative Procedures and SLN Detection Methods, very limited
information provided with procedure according to local protocols.
Timing of tracer injection provided in 3.2 SLN Detection Procedure:
injections performed day before surgery and mainly periareolar, dose
average 122.2 Mbq. Although permitted, no combined technique with
blue dye was conducted at any site.

11

Rationale for choosing the reference standard (if alternatives exist)

Introduction reports standard of care involving injection of radioisotope
alone or in combination with blue dye.

12a

Definition of and rationale for test positivity cut-offs or result categories
of the index test, distinguishing pre-specified from exploratory

2.2 Preoperative Procedures and SLN Detection Methods; index test
ability to detect SLNs using probe (magnetism) and visual indicator
(brown colouration).

After incision, intraoperative detection within the axilla was attempted
with SM, and positive spots were also measured intraoperatively using
GP. All nodes with a positive reading with SM or GP were excised as
long as their reading was superior to 10% of the node with the

highest SM or GP reading.

12b

Definition of and rationale for test positivity cut-offs or result categories
of the reference standard, distinguishing pre-specified from exploratory

2.2 Preoperative Procedures and SLN Detection Methods; reference
standard ability to detect SLNs using probe (radioactivity). All nodes with
a positive reading with SM or GP were excised as long as their reading
was superior to 10% of the node with the highest SM or GP reading.

13a

Whether clinical information and reference standard results were available

to the performers/readers of the index test

2.2 Preoperative Procedures and SLN Detection Methods; reference
standard performed by the surgeon identifying lymph nodes for retrieval
(not blinded).
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13b Whether clinical information and index test results were available 2.2 Preoperative Procedures and SLN Detection Methods; index test also
to the assessors of the reference standard performed by the surgeon identifying lymph nodes for retrieval (not
blinded).
Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy 2.3 Data Collection and Study Outcomes; ability of index and reference
standard to detect the SLNs independently and in combination.
2.5 Statistical analysis: McNemars test.
15 How indeterminate index test or reference standard results were handled Detection rate reported as binary value (detected/not detected) so
indeterminate results not applicable. However 2x2 table (Table 2 & 3)
does report 0 cases not picked up by either technique.
16 How missing data on the index test and reference standard were handled Not explicitly reported, method of SLN detection for each method
reported. SLNs removed and detected by neither test reported in Tab 2
& 3.
17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from 2.5 Statistical Analysis, calculations for non-inferiority with error rates
exploratory for detection included.
18 Intended sample size and how it was determined 5% non-inferiority, Bonnet-Price test.
RESULTS
Participants 19 Flow of participants, using a diagram Results sections 3.1 Patient Characteristics and 3.2 SLN Detection
Procedure provides narrative, no patient flow diagram provided.
20 Baseline demographic and clinical characteristics of participants 3.1 Patient characteristics, Tab 1; narrative and tabulated overview of
patient characteristics.
21a Distribution of severity of disease in those with the target condition Tab 1 reports the diagnostic status of the participants (tumour location,
detection, stage, grade, estrogen, progesterone, Ki67 receptor and HER2
status) not referenced to expected population statistics. Disease status
integral to inclusion criteria.
21b Distribution of alternative diagnoses in those without the target condition 3.1 Patient Characteristics & 3.2 SLN Detection Procedure; detection
rates for positive nodes and patients reported but not referenced to
expected population statistics. Disease status integral to inclusion
criteria.
22 Time interval and any clinical interventions between index test and reference 3.2 SLN Detection Procedure; order of test analysis reported, index test
standard and reference standard performed concomitantly.
Test results 23 Cross tabulation of the index test results (or their distribution) Narrative provided in 3.2 SLN Detection Procedure and 3.3 Pathological
by the results of the reference standard Analysis of SLNs; results also reported clearly in Tables 2-3 (including 2x2
table information) including against multiple studies.
24 Estimates of diagnostic accuracy and their precision (such as 95% confidence Narrative provided in Results sections and reported in Tab 2-3; Cl only
intervals) provided for overall detection rate differences.
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25 Any adverse events from performing the index test or the reference standard Not explicitly reported; safety of index procedure reported in
Discussion.
DISCUSSION
26 Study limitations, including sources of potential bias, statistical uncertainty, and Limitations of study discussed in Discussion (pragmatic settings
generalisability regarding reference technique; non-use of blue dye, small patient
numbers). Sources of bias and statistical uncertainty not reported.
Generalisability not reported.
27 Implications for practice, including the intended use and clinical role of the index test Service implementation in units with and without nuclear medicine units
raised in Discussion.
OTHER INFORMATION
28 Registration number and name of registry Registration of Research Studies; registration code reported: GES-SEN-
2015-01
29 Where the full study protocol can be accessed Full protocol not provided.
30 Sources of funding and other support; role of funders Sources of Funding; study sponsored by index test manufacturer and
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Houpeau et al. 2016 (n=108, feasibility, prospective non-randomised controlled trial. Participants received both the
intervention and comparator)
First reviewer: RP Second reviewer: KK

Section & Topic No Item Reported on page #
TITLE OR ABSTRACT

Identification as a study of diagnostic accuracy using at least one measure of Title; SLN identification with SPIO (index test) vs radioisotope (reference

accuracy standard). Abstract states detection rate and concordance.

(such as sensitivity, specificity, predictive values, or AUC)

ABSTRACT
Structured summary of study design, methods, results, and conclusions Abstract; structured with background and objectives, methods, results and
(for specific guidance, see STARD for Abstracts) conclusions.

INTRODUCTION

Scientific and clinical background, including the intended use and clinical role Introduction; provides scientific and clinical background. Disadvantages of

of the index test standard care: blue dye can cause severe anaphylaxis, blue dye alone has low
identification rate, radioisotope is associated with pre=operative
lymphoscintigraphy often day before surgery, coordination with other teams,
radiotracer availability, radioactive waste, waiting time for patients.

Study objectives and hypotheses Introduction, Abstract Background and Objectives; “evaluated, in a French
multicenter prospective trial, the feasibility, reliability, and safety of the
magnetic method Sentimag/Sienna+ alongside standard method.”

METHODS
Study design Whether data collection was planned before the index test and reference Materials and Methods, Patients; prospective non-randomised paired
standard feasibility trial.

were performed (prospective study) or after (retrospective study)

Participants Eligibility criteria Methods, Patient Recruitment; inclusion and exclusion criteria reported. All

adult female patients with clinical TO-T2 breast cancer proven by
histopathology or cytology, clinically or radiologically node-negative and
scheduled for sentinel node biopsy. Excluded patients with T3-T4 breast cancer
or with multifocal tumours, intolerance or hypersensitivity to iron-dextran
compounds or Patent blue dye, who could not receive radioisotope, with
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chronic iron overload disease, with pacemaker or other implantable device in
chest wall.

7 On what basis potentially eligible participants were identified Materials and Methods, Patients; eligible patients identified from existing
(such as symptoms, results from previous tests, inclusion in registry) clinical pathway.
8 Where and when potentially eligible participants were identified (setting, Materials and Methods, Patients; setting, location (4 French cancer centres)
location and dates) and recruitment dates (February 2013 to December 2013) reported.
9 Whether participants formed a consecutive, random or convenience series Not explicitly reported. Number of patients invited to participate or those
declining participation (as informed consent required) not reported.

Test methods 10a Index test, in sufficient detail to allow replication Materials and Methods, Sentinel Node Mapping and Identification. 2ml
Sienna+ diluted with 3ml saline injected subcutaneously in periareolar area, 5
min massage.

10b Reference standard, in sufficient detail to allow replication Materials and Methods, Sentinel Node Mapping and Identification;
Tc-99m injected in periareolar area either day before surgery or day of surgery,
lymphoscintigraphy performed at least 2-3 hours after injection, but results
not shared with surgeon to avoid bias of sentinel localization. Four centres
using colorimetric method, 2ml Patent blue dye was injected after Sienna+
(number of patients where blue dye used not reported).

11 Rationale for choosing the reference standard (if alternatives exist) Study endpoints: standard of care reported as isotopes with or without patent
blue.

12a Definition of and rationale for test positivity cut-offs or result categories Materials and Methods, Sentinel Node Mapping and Identification; index test

of the index test, distinguishing pre-specified from exp|0ratory ability to detect SLNs using probe (magnetism) and visual indicator (brown

colouration). “Magnetic or radioactive nodes were removed until the
background signal was less than 10% of the highest magnetic or radioactive
node.”

12b Definition of and rationale for test positivity cut-offs or result categories Materials and Methods, Sentinel Node Mapping and Identification; reference

of the reference standard, distinguishing pre-specified from exploratory standard ability to detect SLNs using probe (radioactivity) with and without

visual indicator (blue colouration). Lymphoscintigraphy also used to assist with
radioisotope localisation. “Magnetic or radioactive nodes were removed until
the background signal was less than 10% of the highest magnetic or radioactive
node.”

13a Whether clinical information and reference standard results were available Materials and Methods, Sentinel Node Mapping and Identification; results

to the performers/readers of the index test

from lymphoscintigraphy blinded until surgical use of gamma probe for
localisation. “Intraoperative SLN identification was firstly performed

using the Sentimag device and then with the gamma-probe.” Surgeons not
blinded.
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13b Whether clinical information and index test results were available As above.
to the assessors of the reference standard
Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy Materials and Methods, Study Endpoints; ability of index and reference
standard to detect the SLNs independently and in combination. Statistical
analysis: overall concordance, standard of care concordance, inverse standard
of care concordance, overall discordance.

15 How indeterminate index test or reference standard results were handled Detection rate reported as binary value (detected/not detected) so
indeterminate results not applicable.

16 How missing data on the index test and reference standard were handled Materials and Methods, Sentinel Node Mapping and Identification; SLNs
identified by either method retrieved. Table 3 shows some patients did not
have nodes detected by either technique, so assume that palpable SLNs were
also retrieved by surgeon (but not explicitly reported).

17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified Materials and Methods, Statistical Analysis; Difference definitions of

from exploratory concordance/discordance reported.

18 Intended sample size and how it was determined Power calculation based on 95% feasibility rate with 95% confidence limit of

length 8%.

RESULTS

Participants 19 Flow of participants, using a diagram No flow diagram provided: 115 enrolled, 108 analysed. Number of patients
withdrawn or invited not reported. 2 patients with protocol deviations, and 5
with insufficient intraoperative data.

20 Baseline demographic and clinical characteristics of participants Results, Patient Characteristics, Tab 1; narrative and tabulated overview of
patient characteristics.

21a Distribution of severity of disease in those with the target condition Tab 1 reports the diagnostic status of the participants (tumour side, size,
histological type, node status, estrogen, progesterone, Ki67 receptor and HER2
status), not referenced to expected population statistics. Disease status
integral to inclusion criteria.

21b Distribution of alternative diagnoses in those without the target condition Detection rates for positive (malignant) nodes and patients reported in Results
and Tab 3 and 4, but not referenced to expected population statistics. Disease
status integral to inclusion criteria.

22 Time interval and any clinical interventions between index test and reference Materials and Methods, Sentinel Node Mapping and Identification; order of

standard test analysis reported, index test and reference standard performed in parallel.
Results from lymphoscintigraphy blinded from surgeon until after reference
standard and index test performed.
Test results 23 Cross tabulation of the index test results (or their distribution) Narrative provided in Results; results also reported in Table 3 (per patient) and

by the results of the reference standard

Table 4 (per node).
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24 Estimates of diagnostic accuracy and their precision (such as 95% confidence Narrative provided in Results section; concordance with Cl intervals reported
intervals) under Tab 3 and 4.

25 Any adverse events from performing the index test or the reference standard Results; “No serious adverse event was observed with patent blue (when
applied) or with Sienna+.” Dermopigmentation was noted at 30 day follow-up
in 22 patients; however unclear if caused by Sienna or blue dye.

DISCUSSION
26 Study limitations, including sources of potential bias, statistical uncertainty, “Although the study mandated detection, at each stage of the dissection, first
and generalisability by the hand-held magnetometer Sentimag, and then by the gamma probe, the
presence of a simultaneous magnetic and isotopic signal could potentially
influence and help the surgeon even in the absence of known
lymphoscintigraphy (the surgeon was blinded). Only a randomized trial could
answer this question.”
27 Implications for practice, including the intended use and clinical role of the Discussion & Conclusions; feasible method and possible alternative to isotope.
index test States technical improvement still needed (in progress). But proposes Sienna
as a solution for institutions without nuclear medicine units.
OTHER INFORMATION

28 Registration number and name of registry Trial registration reported in Materials and Methods (NCT01790399)

29 Where the full study protocol can be accessed Full protocol not provided.

30 Sources of funding and other support; role of funders Acknowledgement; study sponsored by index test manufacturer; assumed
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technicians, data manager, statistician works.



Karakatsanis et al. 2016 (n=206, prospective non-randomised controlled trial. Participants received both the intervention

and comparator)

First reviewer: RP Second reviewer: KK

Section & Topic No Item Reported on page #
TITLE OR ABSTRACT

Identification as a study of diagnostic accuracy using at least one measure of Title; SLN identification with SPIO (index test) vs radioisotope and blue dye

accuracy (reference standard). Abstract reports concordance rates.

(such as sensitivity, specificity, predictive values, or AUC)

ABSTRACT
Structured summary of study design, methods, results, and conclusions Abstract; not structured with headings.
(for specific guidance, see STARD for Abstracts)

INTRODUCTION

Scientific and clinical background, including the intended use and clinical role Introduction, paragraphs 1-3; provides scientific and clinical background.

of the index test Drawbacks of standard of care: need for nuclear medicine departments,
hazards to patients and staff, legislation and restrictions in handling and
disposal, all limit access.

Study objectives and hypotheses Introduction, paragraph 4; “The aims of the present study were to compare
detection rate with SPIO versus conventional technique, to describe the
frequency and duration of discolouration, and to perform meta-analysis of
published data on detection and concordance between the different
techniques.”

METHODS
Study design Whether data collection was planned before the index test and reference Materials and Methods, Study Design; prospective (Nordic SentiMag study)
standard

were performed (prospective study) or after (retrospective study)

Participants Eligibility criteria Materials and Methods, Patient Selection; inclusion and exclusion criteria

reported. Patients aged more than 18 years, diagnosed with breast cancer of
DCIS, with clinically and ultrasonographically negative axilla, scheduled for
SLNB. Exclusions: hypersensitivity to dextran compounds, iron or Sienna+,
isotope intolerance, iron overload disease, pregnancy, pacemaker or other
implantable metallic devices close to the axilla, or mental condition rendering
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patient incapable of giving informed consent. All patients had to be available
for postoperative follow-up.

7 On what basis potentially eligible participants were identified Materials and Methods, Patient Selection; eligible patients identified from
(such as symptoms, results from previous tests, inclusion in registry) existing clinical pathway.
8 Where and when potentially eligible participants were identified (setting, Materials and Methods, Study Design & Patient Selection; setting and location
location and dates) reported (5 Swedish, 2 Danish hospitals with experience in SLNB).
Recruitment period not explicitly defined.

9 Whether participants formed a consecutive, random or convenience series Not explicitly reported (unclear reporting in Table 1 for Nordic study).
Number of patients invited to participate or those declining participation not
reported.

Test methods 10a Index test, in sufficient detail to allow replication Materials and Methods, Operative Protocol.
2ml Sienna+ diluted with 3ml saline, injected subareolarly either shortly before
or after induction of anaesthesia, massage 5 mins, and the operation was not
to start until at least 20 minutes had elapsed.

10b Reference standard, in sufficient detail to allow replication Materials and Methods, Operative Protocol;

Tc-99m injected subareolarly, subdermally or subcutaneously above tumour
according to local standards, either on day of surgery or day before.
Lymphoscintigraphy was not performed routinely.
Patent blue dye (1-2ml) injected after onset of anaesthesia. However number
of centres using blue dye not reported. Typographical error noted: [Blue was
used in 127 patients (61.7%)] — assumed to refer to blue dye, cases not
reported exclusively in any subgroup analysis.

11 Rationale for choosing the reference standard (if alternatives exist) Introduction: standard of care reported as combination of radioactive tracer
and blue dye.

12a Definition of and rationale for test positivity cut-offs or result categories Materials and Methods, Operative Protocol; index test ability to detect SLNs
of the index test, distinguishing pre-specified from exploratory using probe (magnetism) and visual indicator (brown colouration). “All SNs
wwere excised until the counts were lower than 10% of the highest count or
maximum of hour nodes per patient were removed.”
12b Definition of and rationale for test positivity cut-offs or result categories Materials and Methods, Operative Protocol; reference standard ability to
of the reference standard, distinguishing pre-specified from exploratory detect SLNs using probe (radioactivity) with and without visual indicator (blue
colouration). “All SNs wwere excised until the counts were lower than 10% of
the highest count or maximum of hour nodes per patient were removed.”
13a Whether clinical information and reference standard results were available Materials and Methods, Operative Protocol; Sentimag first, then confirmed
to the performers/readers of the index test with gamma probe (not blinded).
13b Whether clinical information and index test results were available Materials and Methods, Operative Protocol; Sentimag first, then confirmed

to the assessors of the reference standard

with gamma probe (not blinded).
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Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy Materials and Methods, Statistical Methods: Study Endpoints; ability of index
and reference standard to detect the SLNs independently and in combination;
detection rate for malignant nodes also explored. Detection per patient and
per node.

15 How indeterminate index test or reference standard results were handled Detection rate reported as binary value (detected/not detected) so
indeterminate results not applicable.

16 How missing data on the index test and reference standard were handled Materials and Methods, Operative Protocol & Statistical Methods: Study
Endpoints; all SLNs identified by either method retrieved and palpable SLNs
not picked up by either technique also retrieved (assumed from results in
Table 5; although not explicitly reported).

17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified Materials and Methods, Statistical Methods: Study Endpoints; study powered

from exploratory for non-inferiority and detection concordance.

18 Intended sample size and how it was determined Materials and Methods, Statistical Methods: Study Endpoints; sample size
justification reported. Total number of cases included below the required
sample size for statistical analysis (206 of 214), assuming 97% detected by
reference and index test, limit of difference for equivalence of -4%, and
expected difference between proportions detected under both arms as 0%.

RESULTS

Participants 19 Flow of participants, using a diagram No flow diagram provided. Number of patients withdrawn or invited not
reported.

20 Baseline demographic and clinical characteristics of participants Results, Table 2; narrative and tabulated overview of patient characteristics.

21a Distribution of severity of disease in those with the target condition Table 2 reports the diagnostic status of the participants (pT, pN, grade and Ki67
status reported), not referenced to expected population statistics. Disease
status integral to inclusion criteria.

21b Distribution of alternative diagnoses in those without the target condition Detection rates for positive (malignant) nodes and patients reported in Results
and Table 3-6, but not referenced to expected population statistics. Disease
status integral to inclusion criteria.

22 Time interval and any clinical interventions between index test and reference Materials and Methods, Operative Protocol; order of test analysis reported

standard (Sentimag first, then confirmed with gamma), index test and reference
standard performed in parallel.

Test results 23 Cross tabulation of the index test results (or their distribution) Narrative provided in Results; results also reported in Tab 3-7. Results from

by the results of the reference standard other studies (mate-analysis) also included in tables 3-6, figures 3-10 and
narrative.

24 Estimates of diagnostic accuracy and their precision (such as 95% confidence Narrative provided in Results section; concordance and reverse concordance

intervals)

with Cl intervals reported under Table 7 and Figures 7-10.
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25 Any adverse events from performing the index test or the reference standard Discussion; narrative for both techniques. Staining persisted to 15 months in
8.6% patients. Discolouration rates for index test only reported in Fig 2.
DISCUSSION
26 Study limitations, including sources of potential bias, statistical uncertainty, Not explicitly reported. Study includes meta-analysis of other published
and generalisability studies. Difficulty in quantifying presence of ink. Some nodes would have been
difficult to find if using SPIO alone due to size of probe (however acknowledges
slimmer version of probe now available).
27 Implications for practice, including the intended use and clinical role of the Discussion; impact of test adoption in routine care considered as an alternative
index test in the absence of nuclear medicine facilities.
OTHER INFORMATION
28 Registration number and name of registry No trial reference stated or identified.
29 Where the full study protocol can be accessed Full protocol not provided.
30 Sources of funding and other support; role of funders Final sentence in paper reports index test probe and tracer were provided by
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Karakatsanis et al. 2018 (n=12, non-inferiority, prospective non-randomised controlled trial. Participants received both the
intervention and comparator)
First reviewer: RP Second reviewer: KK

Section & Topic No Item Reported on page #
TITLE OR ABSTRACT
1 Identification as a study of diagnostic accuracy using at least one measure of accuracy | Not explicitly stated in title or abstract (feasibility mentioned)
(such as sensitivity, specificity, predictive values, or AUC)
ABSTRACT
2 Structured summary of study design, methods, results, and conclusions Abstract; includes purpose, methods, results and conclusion.
(for specific guidance, see STARD for Abstracts)
INTRODUCTION
3 Scientific and clinical background, including the intended use and clinical role of the Paragraphs 1-4; current clinical and scientific background discussed.
index test Disadvantages of SN tracing: half-life of radioisotope, allergy to blue dye,
need for injection after induction of anaesthesia.
4 Study objectives and hypotheses Paragraph 6, Study Aim and Design; prospective comparative cohort
study to assess the feasibility of the preoperative injection of SPIO.
METHODS
Study design 5 Whether data collection was planned before the index test and reference standard Paragraph 6, Study Aim and Design; prospective comparative cohort
were performed (prospective study) or after (retrospective study) study.
Participants 6 Eligibility criteria Patient Selection; inclusion and exclusion criteria stated.

Patients aged over 18 years, diagnosed with invasive breast cancer [or]
DCIS, with negative axilla in clinical examination and ultrasound.
Exclusion criteria: hypersensitivity to dextran compounds, iron or
Sienna+, iron overload disease, pregnancy, pacemaker, or other
implantable metallic devices, in the chest wall, or inability to provide
written informed consent. All patients had to be available for
postoperative follow-up.

7 On what basis potentially eligible participants were identified Not explicitly reported; symptoms and disease status integral to
(such as symptoms, results from previous tests, inclusion in registry) inclusion criteria.
8 Where and when potentially eligible participants were identified (setting, location Study Aim and Design; breast department of Uppsala University
and dates) Hospital. Results; recruitment period September 2014 to October 2014.
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Whether participants formed a consecutive, random or convenience series

Results; consecutive patients. Number of patients assessed for eligibility,
number excluded (with reasons) explicitly reported in Fig 1 flow chart.

Test methods

10a

Index test, in sufficient detail to allow replication

Tracer Injection-Operative Protocol.

2ml Sienna+ diluted with 3ml local anaesthesia, injected subareolarly
during pre-operative visit in outpatient clinic. Days between SPIO
injection and operation, median 8 days reported in Table 1. Sentimag
used first, results confirmed with gamma probe.

10b

Reference standard, in sufficient detail to allow replication

Tracer Injection-Operative Protocol.

Tc-99m injected subareolarly either on day of surgery or day before.
Lymphoscintigraphy not performed. Patent Blue V (1-2ml) injected after
onset of anaesthesia. Sentimag used first, results confirmed with gamma
probe.

11

Rationale for choosing the reference standard (if alternatives exist)

Introduction states established method of SN tracing using radioisotope
and blue dye, with detection rate as high as 99%.

12a

Definition of and rationale for test positivity cut-offs or result categories
of the index test, distinguishing pre-specified from exploratory

Tracer Injection-Operative Protocol; index test ability to detect SLNs
using probe (magnetism) and visual confirmation (brown colouration).
“All sentinel nodes were excised until the counts were lower than 10%
of the highest count or a maximum of four nodes per patient were
removed.”

12b

Definition of and rationale for test positivity cut-offs or result categories
of the reference standard, distinguishing pre-specified from exploratory

Tracer Injection-Operative Protocol; reference standard ability to detect
SLNs using probe (radioactivity) and visual confirmation (blue
colouration). “All sentinel nodes were excised until the counts were
lower than 10% of the highest count or a maximum of four nodes per
patient were removed.”

13a

Whether clinical information and reference standard results were available
to the performers/readers of the index test

Tracer Injection-Operative Protocol; reference standard performed by
the surgeon identifying lymph nodes for retrieval (not blinded).

13b

Whether clinical information and index test results were available
to the assessors of the reference standard

Tracer Injection-Operative Protocol; index test also performed by the
surgeon identifying lymph nodes for retrieval (not blinded).

Analysis

14

Methods for estimating or comparing measures of diagnostic accuracy

Statistical Analysis; ability of index and reference standard to detect the
SLNs independently and in combination. Correlation via Spearman.
Comparison of detection via McNemar’s.

15

How indeterminate index test or reference standard results were handled

Statistical Analysis; Detection rate reported as binary value
(detected/not detected) so indeterminate results N/A.

16

How missing data on the index test and reference standard were handled

Tracer Injection-Operative Protocol, Statistical Analysis, and Results;
only SLNs with histologically confirmed node status included in the
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analysis. Not explicitly report that suspicious nodes (not detected by
either tracer) were removed by surgeon.

17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from Statistical Analysis; statistical analysis performed for non-inferiority for

exploratory error rates for detection, concordance defined.

18 Intended sample size and how it was determined Sample size power calculations not reported, pilot study design
(feasibility reported)

RESULTS
Participants 19 Flow of participants, using a diagram Results section provides narrative, Figure 1 provides flow diagram.

20 Baseline demographic and clinical characteristics of participants Characteristics presented in Table 1.

21a Distribution of severity of disease in those with the target condition Table 1 reports the diagnostic status of the participants (multifocality,
tumour size, histological type, nuclear grade, receptor status, T-stage)
not referenced to expected population statistics. Disease status integral
to inclusion criteria.

21b Distribution of alternative diagnoses in those without the target condition Results; detection rates for positive (malignant) nodes and patients
reported but not referenced to expected population statistics and
poorly reported particularly in relation to the detection rates with the
index and reference tests.

22 Time interval and any clinical interventions between index test and reference Tracer Injection-Operative Protocol; order of test analysis reported

standard (Sentimag then gamma probe), index test and reference standard
performed concomitantly.
Test results 23 Cross tabulation of the index test results (or their distribution) Narrative concordance provided in Results; results shown in Tab 1
by the results of the reference standard (median, range nodes); no cross-tabulation provided

24 Estimates of diagnostic accuracy and their precision (such as 95% confidence Narrative provided in Results with p values (no 95% Cl reported)

intervals)

25 Any adverse events from performing the index test or the reference standard Narrative reported in Results. Decline in magnetic signal in single
volunteer plotted (Figure 4). States that 15 days after the injection, the
volunteer passed a metal detector (Ceia02PN20) at an airport without
detection of ferromagnetic signal. “No side effects were reported by the
patients or the volunteer. Data on the long-term follow-up of SP1O-
induced skin staining will be reported elsewhere.”

DISCUSSION
26 Study limitations, including sources of potential bias, statistical uncertainty, and Discussion; limitations including feasibility/pilot design and small

generalisability

numbers of patients with very specific disease status. States that larger
numbers are required to document that SPIO performance is not
compromised by factors such as axillary metastases, previous surgery, or
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primary systemic treatment. Authors acknowledge that this small pilot is
unable to address costs issues.

27

Implications for practice, including the intended use and clinical role of the index test

Discussion of service implementation, specifically considerations for
index test injection timing, reported in Discussion. “As far as cost issues
are concerned, compared to the intraoperative injection of SPIO,
preoperative injection is advantageous as one could spare the 5-min
massage at the injection-site as well as the 20 min required as minimum
for SPIO to migrate to the axilla, thus sparing operative time.”

OTHER INFORMATION

28

Registration number and name of registry

Not reported.

29

Where the full study protocol can be accessed

Full protocol not provided. Supplementary material available (CONSORT
checklist)

30

Sources of funding and other support; role of funders

Funding; study sponsored by the study site (Uppsala University). No
declarations of conflicting interests reported.
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Pinero-Madrona et al. 2015 (n=181, non-inferiority, prospective non-randomised controlled trial. Participants received both
the intervention and comparator)
First reviewer: RP Second reviewer: KK

Section & Topic No Item Reported on page #
TITLE OR ABSTRACT
Identification as a study of diagnostic accuracy using at least one measure of Title; SLN identification with SPIO (index test) as a tracer for SLNB,
accuracy comparative, non-inferiority study.
(such as sensitivity, specificity, predictive values, or AUC) Abstract: detection rate and concordance reported.
ABSTRACT
Structured summary of study design, methods, results, and conclusions Abstract; structured with aims, methods, results and conclusions.
(for specific guidance, see STARD for Abstracts)
INTRODUCTION
Scientific and clinical background, including the intended use and clinical role Introduction, paragraphs 1-3; provides scientific and clinical background.
of the index test Disadvantage of gold standard is exposure of patients and physicians to
radiation, short half-life of radioisotope, availability, handling and disposal.
Study objectives and hypotheses Introduction, paragraph 4; “The study was designed to show the non-
inferiority of [Sentimag] as compared to the [gamma probe] technique, for the
detection of SLN in breast cancer patients in whom a SLN biopsy is indicated.”
METHODS
Study design Whether data collection was planned before the index test and reference Prospective/retrospective not explicitly stated. Patients provided informed
standard were performed (prospective study) or after (retrospective study) consent to participate in the study (prospective design assumed).
Participants Eligibility criteria Materials and Methods, Study Subjects; inclusion and exclusion criteria

reported. Breast cancer patients aged 18 years or older, scheduled for SLNB,
pre-operatively node negative, clinically and radiologically. Exclusions: had
received neoadjuvant therapy, were intolerant to iron or dextran compounds,
administration of radioisotope contraindicated, disorders implying high iron
concentration, pacemaker or other metallic device implanted in thorax wall.

On what basis potentially eligible participants were identified
(such as symptoms, results from previous tests, inclusion in registry)

Materials and Methods, Study Subjects; eligible patients identified from
existing clinical pathway.
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Where and when potentially eligible participants were identified (setting,
location and dates)

Materials and Methods, Study Subjects; setting and location reported (9
Spanish hospitals with extensive experience in SLNB). Recruitment period
reported in Results, Patient Characteristics (November 2013 to June 2014).

Whether participants formed a consecutive, random or convenience series

Results, Patient Characteristics; consecutive recruitment, number meeting
study selection criteria reported. Number of patients invited to participate or
those declining participation not reported.

Test methods

10a

Index test, in sufficient detail to allow replication

Materials and Methods, Preoperative Procedures and SLN Detection Methods.
On day of surgery, 2ml Sienna+ diluted in saline to final volume 5ml, injected
subcutaneously in the subareolar area (after anaesthesia, but before blue dye,
if used). Intradermal injection must be avoided in order to prevent skin
pigmentation. 5 min massage, and 20 mins after injection, transcutaneous
detection attempted with both devices before incision.

10b

Reference standard, in sufficient detail to allow replication

Materials and Methods, Preoperative Procedures and SLN Detection Methods;
poorly reported. Injection of radioisotope tracer and optionally an injection of
methylene blue as per “standard protocol of each centre”.

Number of centres and patients using/receiving blue dye not reported,
subgroup analysis not performed.

11

Rationale for choosing the reference standard (if alternatives exis