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ARTICLE INFO ABSTRACT

Article history: Pre-operative localization of non-palpable breast lesions with non-wired non-ionizing (NWNI) tech-
Received 12 January 2021 niques may improve clinical outcomes as reoperation rate, cosmetic outcome and contribute to orga-
Received in revised form nizational aspects improvement in breast-conserving surgery (BCS). However only limited literature is
ilccl\e/l:trec; 12£zAlpril 2021 available and clinica.l studies involving these forefront cl(.evices are often. small and non—ra.n.domized.
Available online 22 April 2021 Fufthe.rmore, there is a lack of consensus on free margins and cosmgtlc outcomes definitions. The

objective of the present meta-analysis was to determine the crude clinical outcomes reported for the
NWNI techniques on BCS. A literature search was performed of PubMed, Embase and Scopus databases

Iéz:::rds' up to February 2021 in order to select all prospective or retrospective clinical trials on pre-operative
Non-palpable lesion breast lesion localization done with NWNI devices. All studies were assessed following the PRISMA
Localization recommendations. Continuous outcomes were described in averages corrected for sample size, while
Breast-conserving surgery binomial outcomes were described using the weighted average proportion.

Clear margin Twenty-seven studies with a total of 2103 procedures were identified. The technique is consolidated,
Re-Opération showing for both reflectors’ positioning and localization nearly the 100% rate of success. The re-excision
E’Zf’;f]'isr‘;g and clear margins rates were 14% (95% CI, 11—-17%) and 87% (80—92%), respectively. Overall, positive

margins rates were 12% (8—17%). In studies that compared NWNI and wire localization techniques,
ph . positive margin rate is lower for the first techniques (12%, 6—22% vs 17%, 12—23%) and re-excision rate is
osmetic outcome . . .
Meta-analysis slightly higher using the latter (13%, 9—19% vs 16%, 13—18%).
Systematic review Pre-operative NWNI techniques are effective in the localization of non-palpable breast lesions and are
promising in obtaining clear (or negative) margins minimizing the need for re-excision and improving
the cosmetic outcomes. Randomized trials are needed to confirm these findings.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Preoperative

Contents

B TR 7 Tad (<3 o 11 U P 7

2. Materials and Methods .. .......ouiii et e e e e 95
2.1, Data sources and SEarCh StTateY ... ...\ttt ittt ettt et ettt e e et e e et 9D
2.2.  Eligibility criteria and data SOUICES .. .. ....uertre ettt et et e e et e et e e e taee e e ettt et ia e ieeinaanaanaannannnn....95

* Corresponding author. Healthcare Directorate Unit, Veneto Institute of Oncology IOV - IRCCS, Via Gattamelata, 64, Padova. Italy.
E-mail address: francesco.garzotto@unipd.it (F. Garzotto).

https://doi.org/10.1016/j.breast.2021.04.007
0960-9776/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:francesco.garzotto@unipd.it
http://crossmark.crossref.org/dialog/?doi=10.1016/j.breast.2021.04.007&domain=pdf
www.sciencedirect.com/science/journal/09609776
http://www.elsevier.com/brst
https://doi.org/10.1016/j.breast.2021.04.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.breast.2021.04.007
https://doi.org/10.1016/j.breast.2021.04.007

F. Garzotto, R.I. Comoretto, S. Michieletto et al.

2.3, Data SOUTCES ..ottt ettt it ettt et et et et aie e enaaens
2.4.
25, Outcomes ..........ceviiiiiiiennnn.
2.6. Bias assessment ............
2.7.
3. Results..........

02 PO T 2T U< (o) o PPt

3.2.  Primary outcomes
3.3.
34.

4, Discussion.........

4.1, Strengths and HMItationNS .. .. ......uiuintnt ettt ettt e e et e e et e e e e e e e e e e

4.2. Conclusions

Ethical approval and cOnSent t0 PATtiCIPAtE . ... ... inetttn ettt ettt ettt e et e et e et e e et et e e e e e e
Consent fOr PUDLICALION . ... ... ittt ittt et ettt et e e e et e e e e e e e e e e
Availability of SUPPOTTING Qata ... ...ttt et ettt e ettt e e e e e e e e e
Declaration Of COMPETING INMEEIESE . ...\ttt ettt e et e e et e et et et e e e et e e e e e e e e e et e et e et et e e et ettt e e
v (oA T oS3 4 T<] 3

Appendix A
Appendix B ....... ...,
Main search query .............

T (S Lol PP

Data collection and MAaNAZEIMENE . . ... ...ttt et ettt ettt ettt et ettt et e et et e e et e e et et et e et ettt ettt et e

BT calo a1 T 0T ) 0 3 T3P
23 R YT 14 1<) 1 P

The Breast 58 (2021) 93—105

.95

SEALISTICAL ANALYSIS . vt ettt ettt ettt et ettt e e e e et e e e e e e e e e e e e e

. 96
.96
..96
.96
.96
. 96
101
102
102
102
102
102
102
102

.. 103
. 103
103

1. Background

The rate of non-palpable breast lesions detected during
screening programmes is increasing [1] worldwide. These patients
are often eligible for breast-conserving surgery (BCS) since it has
shown a disease-free survival rate equivalent to those of mastec-
tomy, offering the advantages of cosmetic outcome preservation, a
better quality of life and a decrease in psychological morbidities [2].
These important aspects, along with the general goal of reducing
the extent of surgical treatment, have increased the need for an
effective pre-surgery lesion localization. A precise preoperative
localization technique for the detection of infiltrating small lesions
and ductal carcinoma in situ (DCIS) [3] by improved imaging
technologies as in the case of micro-calcification or distortions, is
even more important. The procedure should be comfortable
enough for the radiologist, who is responsible for the localization of
the right lesions through the effective placement of the device,
avoiding at the same time any further displacement. Subsequently,
the surgeon aims at resecting the non-palpable lesions ensuring
clear margins, while avoiding re-excisions. To minimize the resec-
tion of healthy-tissue preserving the cosmetic outcome is a further,
not secondary, objective. All these factors coexist in a context of a
better patient care, including patients’ satisfaction and the opti-
mization of centre resources. For these purposes, different tech-
niques for the pre-surgery localization of breast lesions have
evolved over time, since the adoption in the late '70s [4] of the
currently widely used wire guided localization (WGL) technique,
where the tip of a flexible wire is anchored to the lesion. Over time,
though, this procedure has faced several limitations [5]: (i) wire
dislodging [11], migration [6] or wire fracture; (ii) higher patient
discomfort and (iii) logistic difficulties, as the wire is to be placed no
more than one day before surgery. Moreover, poor cosmetic out-
comes have been described [7,8] and high rates of a non-radical
excision of the lesion due to wire dislodging and poor localization
have been reported [9]. With the same principle of tracing the path
from the skin to the lesion, avoiding the use of the wire, a sterile
charcoal powder diluted with saline solution was injected near the
lesion [10,11] creating a trail (with a continuous injection during
the needle release) to guides the surgeon during the following
operation. The main advantages, beyond the dislodging, are logis-
tics, patient comfort and costs.
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Radioactive guided localization techniques (RGLT), consisting of
a radioactive substance to be placed into abnormal breast tissue
and localized during the surgery using a handheld gamma probe,
represented the first reliable non-wired (NW) alternative, over-
coming the aforementioned issues. More specifically a titanium
capsule containing radioactive lodine-125, named radioactive seed
localization (RSL) and a *®mTc-radiolabelled albumin-based colloid,
named radio-guided occult lesion localization (ROLL) were intro-
duced in the early 2000s.

Both the RGLT have been reported as safe and reliable, offering
several clinical and organizational advantages [5,12,13], including a
lower re-excision rate [14], with the potential to decouple the
radiology and surgery schedules, and improve patients’ satisfaction
[15]. The radiologist is facilitated by the possibility to choose any
skin entry site for the accurate placement of the device [16], and the
surgeon has more flexibility in choosing the incision location,
improving cosmetic outcomes [17].

A recent meta-analysis [18] on preoperative localization tech-
niques in breast conservative surgery, confirms the superiority of
RGLT (with a slightly superiority of RSL) when compared to wire,
representing a potential valid alternative. However, the most
commonly cited drawback for these techniques is the presence of
radioactivity in the implanted seed/colloid, with important re-
strictions for patients and extensive multidisciplinary coordination
and regulatory compliance [12]. The use of a radiation-free tita-
nium clip embedded with a collagen plug positioned after biopsy
and visible on the ultrasound has been also proposed [19]. This and
other available techniques on preoperative localization have been
exhaustively described by Morerira et al. [18] and have therefore
not been taken into consideration in our analysis.

Other simple approaches for the localization of non-palpable
lesions, that does not require specific technology, utilize sono-
graphic or mammographic images for the visualization of the tu-
mors at their largest diameter. This allows to achieve the optimal
correspondence between the lesion and the skin where tumor's
projection is pointed [20]. Differently, where surgeons have specific
competences on ultrasound, these can intraoperatively locate the
lesion, measures its diameter and distance from surrounding hall-
marks and directly proceed with the surgery.

In our analysis, we focus on the classical localization exploring

the latest technological evolution that has overcome the
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radioactivity limitation by introducing small magnetic seeds
(Magseed, MaMaloc and MOLLI) or electromagnetic-
radiofrequency (RFID) tags (SAVI SCOUT and LOCalizer). These
small devices, preloaded into a 12—18 gauge needle introducers, are
deployed into the lesion by radiologists up to more of than 30 days
before surgery. A specific probe, connected to a console that emits
audio and visual feedback in proportion to the localizer distance, is
used in the operating room.

Even with functional and some technical differences already
well described [12,21], these non-wired non-ionizing (NWNI) de-
vices may represent the optimal choice for the preoperative non-
palpable breast lesion localization. Studies aimed to evaluate
safety, efficacy and effectiveness have been carried out on small
numbers of patients and not randomized. Therefore, we aimed to
review all the available trials describing the use of NWNI localiza-
tion techniques to provide more precise estimates for main out-
comes: device placement effectiveness, positive margins, clear
margins and re-excision rates.

2. Materials and methods
2.1. Data sources and search strategy

The review followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) recommendations
[22], as illustrated in Appendix A. A summary of Population,
Intervention or exposure, Comparison, Outcomes, and Study design
(PICOS) parameters used to describe inclusion and exclusion
criteria for this literature review are reported in Table 1.

We conducted a literature review in Medline, Scopus and
Embase based on the following terms: “breast, localization, lesion,
non-palpable, preoperative, guidance, savi-scout, LOCalizer, mag-
seed, mamaloc, molli, magnetic, radiofrequency, wireless, non-
wired, non-radioactive” (main search query in Appendix B).

2.2. Eligibility criteria and data sources

Prospective clinical trials and retrospective studies were
included; conference abstracts were not considered. In the full text,
the following outcomes have to be included: the total number of
patients undergoing lesion localization with non-ionizing tech-
nologies, successful placement/localization of the devices, and their
successful identification/retrieval. Furthermore, information on the
distance of the reflector from skin and target, and the number of
days prior to surgery was collected. Data regarding clear, close and
positive margins, re-excision rates, the presence of malignant
invasive cancer and DCIS were also extracted and analyzed when
available.

2.3. Data sources

Fig. 1 presents the PRISMA flowchart [22]. The studies were
eligible if they had been published in the English language up to

Table 1
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‘ 367 Article identified 2 Article identified
| throught initial search throught other sources

. .

l

34 Articles after
irrelevant studies
excluded

A 4

34 Articles screened  ——» 6 Articles Excluded
|
11 Magnetic
: y 15 Radiofrequency

28 Articles assessed for 1 Magnetic + Radiofrequency ‘

eligibility 1 Excluded (Radioactive used) ‘

‘ 18 Prospective }

4 10 Retrospective ‘

27 Articles included in
meta-analysis

Fig. 1. Flowchart of literature search based on PRISMA example.

February 2021. Besides, additional sources were sought in the ref-
erences of all retrieved eligible papers.

2.4. Data collection and management

Two independent reviewers (FG and RIC) screened the title/
abstract of the selected records. Then, full texts were retrieved for
further assessment, and each assessor independently extracted
information from the eligible studies. Discrepancies were solved
through discussion between the two reviewers in each phase of the
review; a third author was consulted when consensus was not
achieved. All the information extracted from the eligible studies
was collected in a standard Microsoft Excel© sheet.

2.5. Outcomes

Primary outcomes considered in this meta-analysis were pro-
cedure's success and NWNI's localization rates, surgical margins
status (clear, close, positive) and re-excision rate. As secondary
outcomes the pooled rate of invasive breast cancer (IBC) and DCIS,
the mean NWNI devices' distance from target and from patients’
skin and days of placement before surgery were considered. All
outcomes were explored also comparing NWNI and WGL, in
addition to specimen's volume and weight.

2.6. Bias assessment

It was found that conventional funnel plots (plots of the log of
effect measures versus standard error) are inaccurate in the anal-
ysis of publication bias of studies reporting proportional outcomes
because they produce spurious asymmetry in the plot, even when
publication bias does not exist [23]. Because of the diversity study

Summary of Population, Intervention or exposure, Comparison, Outcomes, and Study design (PICOS).

Parameter Inclusion criteria

Exclusion criteria

Population Women with non-palpable breast cancer
Intervention or
exposure
Comparison

Outcomes

None or with wired guided localization

Women with other
cancer types

Localization of cancer lesion with magnetic seeds or radiofrequency tags

Seeds' successful placement and localization rates; reflector distance from skin and from target; number of days before

surgery; clear, close and positive margins rate; re-excision rate; malignant invasive cancer and DCIS rates

Study design

Prospective clinical trials and retrospective observational studies

None
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designs adopted, unequal and small sample sizes and the limited
application of publication bias assessment in studies of the preva-
lence, the risk of bias of individual studies has been assessed
following the ROBINS-I tool [24].

2.7. Statistical analysis

All parameters were tabulated for the meta-analysis. For
continuous outcomes, the effect was measured using the difference
in means, as outcome measurements in all studies are made on the
same scale [25]. For a statistical analysis, the continuous outcomes
were described in averages corrected for sample size, while the
binomial outcomes were described using the weighted average
proportion [26], which is an average of the results (i.e., proportions)
of all the considered studies weighted by the inverse of their
sampling variances using either the fixed-effects or random-effects
model [27]. Results were presented from the random-effects
model. The heterogeneity between study-specific estimates was
tested using Chi-square statistics and measured with the [? statis-
tics (a measure of the percentage variation across studies caused by
heterogeneity) [28]. The comparison of specimen's volume and
weight between NWNI and WGL techniques was presented using
standardized mean difference between the two localization
methods.

The analyses were performed using R 3.6.1 [29] with metafor
[30] and meta [31] packages.

3. Results
3.1. Study selection

In the initial research, 367 studies were identified. After the
exclusion of several studies, as illustrated by PRISMA flow chart in
Figs. 1, 27 studies were included in the final analysis (Table 2). This
meta-analysis included articles published between 2016 and 2021.
The study design of the included studies was prevalently pro-
spective (18, 66,7%), involving from 4 to 320 patients each. The
devices used in the studies were: SAVI SCOUT (9, 33.3%) [32—41],
Magseed (10, 37%) [38,42—50], Localizer (5, 18.5%) [38,40,51—55]
and MaMalLoc (1, 3.7%) [56]. One study reported results about the
use of both Magseed and LOCalizer [38] and in one both SAVI
SCOUT and LOCalizer were used [40]. Among all these studies, 8 of
them compared the use of NWNI and wire localization techniques
[35,37,39—-41,48,49,53]. The MOLLI have been only evaluated for
safety and clinical feasibility [57] and is not included in our analysis.
These studies included 2001 subjects with non-palpable breast
lesions, for a total of 2103 devices used. The main reason for the
lesion localization was for breast-conserving surgery (1846 pa-
tients, 92%) and for excisional biopsy (152 patients, 8%). 60.5% of the
procedures were implemented under sonographic guidance. We
have not deepened the technological aspects of the devices being
already well described in literature [12,21,58].

3.2. Primary outcomes

In all included studies, the outcomes “success of NWNI devices
placement” and “number of NWNI devices localized” was defined.
Overall, the rates of both the success of the procedure (in terms of
proximity to the lesion) and the localization of the reflector were
98% (95% CI, 96—98% and 97—99%, respectively). The positive and
clear margin rates (mainly defined as tumor cells < 1 mm from the
resection margin and tumour free-margin more than 1 mm,
respectively) [59] were 12% (95% CI, 8—17%) and 87% (95% (I,
80—92%), with no observed heterogeneity for clear margin rate
(Fig. 2 — Panel A & B). These outcomes were reported on 13 out of
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the 27 studies (totalizing 961 procedures) and 7/27 (180 proced-
ures) respectively. Overall, the re-excision rate (19/27 1442 pro-
cedures), was 14% (95% Cl, 11-17%) (Fig. 2 — Panel C). Comparing
NWNI and wire localization techniques, it could be observed that
positive margin rate (Fig. 3, Panel A) is lower for NWNI techniques
(12%, 6—22% vs 17,12—23%) and re-excision rate (Fig. 3, Panel B) is
slightly higher using WGL (13%, 9—19% vs 16%, 13—18%), but both
results are not statistically significant. Heterogeneity was observed
for both outcomes (p < 0.01).

No serious clinical complications were reported. In one study,
two patients were converted to the wire technique because the
devices were deployed far from the target. Further migrations have
been associated with the accordion effect that cause the migration
of the marker on release of the breast from compression during the
stereotactic guidance [44,60].

Hematoma has been reported (up to 19%): after biopsy [34,38]
(leading also to a possible difficulty in obtaining the signal from the
device [34]), following the localization [48], and post operatively
[33,39,49,55].

3.3. Secondary outcomes

The pooled rates of invasive breast cancer (IBC) and DCIS,
calculated among 17 studies, were 68% (95% Cl, 58—76%) and 25%
(95% CI, 18—33%) respectively. Heterogeneity among studies was
observed in both cases (p < 0.01). The mean distance of the NWNI
from the target (cancer lesion) was 2.46 mm (95% CI, 0.9—4.03 mm),
and from the patients’ skin 2.32 cm (95% CI, 1.71—2.94 cm). Overall,
the devices were placed on average 5.19 days before surgery (95%
Cl, 3.28—7.11 days). with a great heterogeneity among studies
(p < 0.01) [Data not shown].

Comparing secondary outcomes between NWNI and WGL, re-
sults were similar to those described so far. Only 3 studies out of 8
reported data about specimen's volume [35,40,53] and weight
[37,41,49]. Observing differences between the two localization
techniques, specimen's volume (Fig. 4, Panel A) was slightly higher
if the lesion were localized with wire technique (SMD 0.10 cm?, 95%
Cl, —0.16-0.35 cm?) and the weight (Fig. 4, Panel B) was lower for
NWNI localizations (—0.10 gr, —0.37-0.17 gr). No heterogeneity was
observed in both cases.

3.4. Bias assessment

Although studies included in the analysis were heterogenous in
terms of design and number of patients enrolled, all of them were
classified as “low risk” of bias through the ROBINS-I tool's own
domains that included bias due to confounding, participants se-
lection, classification of interventions, deviations from intended
intervention, missing data, outcomes considered and reported
results.

4. Discussion

The purpose of the present meta-analysis was to evaluate the
clinical outcomes of all studies describing the preoperative use of
NWNI techniques in patients with non-palpable breast lesions.
Although these techniques are being increasingly used as they
allow to overcome some issues that arise using the standard WGL
techniques, studies on this regard are often on small numbers of
patients and not randomized. Therefore, this study aims to provide
overall estimates of the main and most important outcomes re-
ported in the literature.

Most of the studies in this meta-analysis are prospective (66.7%)
and involve from 4 to 320 patients each. Ten studies used the
Magseed system (Endomag limited, Cambridge, UK), and another
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Table 2
Study characteristics.

Study N.of  Age of N. of Type of Time of Study design Type of Single arm/ Device  Main outcomes Margin definition
patients patients seeds localization seeds’ study comparison
[median placement group
(IQR) or (before
mean (SD) surgery)
Cox, 2016 [32] 154 58.8 (29 154 Excisional 0—7 days  Prospective Multicenter Single arm SAVI Rates of successful reflector placement, localization, and <1 mm (close
—89) biopsy, 40; SCOUT retrieval, percent of clear margins, percent of cases requiring re- margin)
Lumpectomy, excision, physician experience compared with WL, patient
113 comfort, and overall experience
Mango, 2016 13 52.5 (NA) 15  Excisional 0—6 days  Retrospective Monocentric Single arm SAVI Rates of target and reflector removal, pathologic results, NA
[33] biopsy, 5; SCOUT  complications and RE-Rs
Lumpectomy,
10
Mango, 2017 100 56.4 (24 123 NA 0—8 days Retrospective Monocentric Single arm SAVI Rates of reflector placement, localization, and removal, target  Ink on tumor
[34] —82) SCOUT  excision and RE-Rs (positive margin),
<1 mm (close
margin)
Patel, 2017 [35] 42 62.5(+11.3) 42  Lumpectomy, 1-10days Retrospective Monocentric Comparison SAVI Final surgical pathology, histologic type, margin status, and RE- Ink on tumor
42 group (wire SCOUT Rs (positive margin),
localization) <1 mm (close
margin)
Schermers, 15 NA 15 Al 0—30 days Prospective Monocentric Single arm MaMaLoc Identification rate, tumor features, physician experience NA
2017 [56] lumpectomies
Falcon, 2018 129 NA 152 Al 0—-27 days Retrospective Monocentric Single arm SAVI Rates of reflector placement, localization, and removal, NA
[36] lumpectomies SCOUT
Harvey, 2018 28 54 (37-75) 29  All total 2—30 days Prospective Multicenter Single arm Magseed Distribution of seed migration, accuracy of initial placement, NA
[43] mastectomies relationship between depth of seed placement and ease of
transcutaneous detection, seed integrity, safety and tolerability,
total mastectomy weight and relationship between clinical
characteristics and movement of the seed
Lamb, 2018 [44] 188 59 (22—-89) 213 NA NA Retrospective Monocentric Single arm Magseed Number of localization markers placed, indications for marker NA
placement, lesion type, imaging
guidance used for marker placement, post-procedure
mammographic imaging and reports, surgical reports, and
surgical margin status
Pohlodek, 2018 10 48.7 (NA) 10 Al NA Prospective  Monocentric Single arm Magseed Rates of reflector localization, and removal, surgical margin NA
[45] lumpectomies status
Price, 2018 [42] 64 58 (25—-86) 73 Biopsy, 12; 0—40 days Prospective Monocentric Single arm Magseed Localization features, surgical features, and pathologic results ~ NA
Lumpectomy,
61
DiNome, 2019 50 59.2(NA) 50 Al 0—14 days Prospective Monocentric Single arm LOCalizer Rates of reflector placement, localization, and removal, patient, NA
[51] lumpectomies radiologist, and surgeon experience, surgical margin status and
RE-R,
volume of tissue removed, days prior to surgery of Tag
insertion, Tag migration
Malter, 2019 4 40.7 (+£10.3) 4 All NA Prospective  Monocentric Single arm LOCalizer Rates of reflector placement, localization, and removal NA
[52] lumpectomies
McGugin, 2019 147 59.5 (+14.0) 147 1-22 days Retrospective Multicenter LOCalizer Median specimen volume, operative time, and RE-R NA
[53]

(continued on next page)
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Table 2 (continued )

Study N.of  Age of N. of Type of Time of Study design Type of Single arm/ Device  Main outcomes Margin definition
patients patients seeds localization seeds’ study comparison
[median placement group
(IQR) or (before
mean (SD) surgery)
Biopsy, 53; Comparison
Lumpectomy, group (wire
94 localization)
Pohlodek, 2019 38 56.5 (NA) 41 All NA Prospective  Monocentric Single arm Magseed Rates of reflector placement, localization, and removal, surgical No ink on
[46] lumpectomies margin status and RE-R tumor + tumor free
margins < 2 for DCIS
(negative margin)
Srour, 2019 [37] 108 66 (25—89) 108 Biopsy, 30; 0—18 days Prospective Multicenter Comparison SAVI Delay in operating room start times and total perioperative times NA
Partial groups (wire and SCOUT  in both the hospital and ambulatory setting, localization time,
mastectomy, radioactive seed explant of localization device, positive margins, volume of tissue
78 localization) excised, and 30-day complications
Thekkinkattil, 137 60 (28—81) 139 Diagnostic 0—30 days Prospective Multicenter Single arm Magseed Weight of resection specimen, type of surgery, mode of insertion, <1 mm (positive
2019 [47] biopsy, 16; time of insertion, histology, RE-R, and details any perioperative margin)
Brest- complications
conservation
surgery, 121
Zacharioudakis, 104 60.9 (NA) 104 Al NA Prospective  Multicenter Comparison Magseed Rates of reflector placement, successful identification <1 mm (positive
2019 [48] lumpectomies groups (wire and excision of the lesion, RE-R, specimenweight, specimen size, margin)
localization) and lesion to specimen size ratio
Cullinane, 2020 69 56 (50—65) 69  Diagnostic NA Prospective  Monocentric Single arm LOCalizer Margin positivity and RE-R, data on patients' age, subtype, grade, Ink on
biopsy, 6; specimen weight and size and complication rate tumor + tumor free
Brest- margins < 2 mm for
conservation DCIS (positive
surgery, 63 margin)
Fung, 2020 21 60.0 (+x11.6) 22  Diagnostic 6—56 days Retrospective Monocentric Single arm Magseed Rates of reflector placement, localization, and removal, RE-R, <1 mm (positive
intent, 16; complications margin)
Therapeutic
excision, 3
Lee, 2020 21 634 (x12.1) 21 All NA Retrospective Monocentric Comparison SAVI Rates of scheduled first starts, positive margins and RE-R, No ink on
lumpectomies groups SCOUT  operative duration, pathologic lumpectomy volumes, tumor tumor + tumor free
(LOCalizer and histology and T stage margins < 2 for DCIS
wire localization) (negative margin)
Lee, 2020 33 61.3 (+11.4) 33 Comparison LOCalizer
groups (SAVI
SCOUT and wire
localization)
Micha, 2020 128 137 Al NA Prospective  Multicenter Comparison Magseed Patient and clinician satisfaction, demographic data, specimen <1 mm (positive
lumpectomies groups (wire weight, tumour size, positive margin rates, and RE-R margin)
localization)
Pieszko, 2020 10 60.6 (42 10 Al NA Prospective  Monocentric Single arm Magseed Rates of reflector placement, localization, and removal, surgical NA
—79) lumpectomies margin status and RE-R, weight of resected specimens, migration
rates of the marker
Srour, 2020 16 60.38 16  Biopsy, 3; NA Prospective  Monocentric Comparison SAVI Delay in operating room start times, total perioperative times,
(+£14.73) Partial groups SCOUT  and 30-day complications, demographics, number of lesions, use
mastectomy, (radioactive seed of bracketing, operating room setting, successful explant of
13 and wire localization device and target, operating room scheduled time,
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Abbreviations: NA, not available.

99

The Breast 58 (2021) 93—105

nine studies used the SAVI Scout system (Cianna Medical, Aliso
Viejo, CA, USA). The LOCalizer™ system (Hologic Inc., Santa Clara,
CA, USA), the most recent technique into the wireless occult breast
lesion localization ecosystem was used in five studies; only one
study used the Magnetic Marker Localization (MaMaLoc) (Sirius
Medical, Eindhoven, Netherlands). SAVI SCOUT has been used also
for the resection of non-palpable soft tissue tumors [61].

All studies reported the success of the procedure and a nearly
100% reflector localization rate. Therefore, it can be argued that
this technique is consolidated and does not imply particular
operational difficulties in positioning and locating the devices.
This rate is similar to that reported for radioactive seed/colloid
localization, without the logistical challenges and risks related to
this technique (concerning storage, handling, and retrieving
radioactive seeds). Among the 27 studies analyzed, a post opera-
tional pneumothorax [42] was recorded while no significant
technical complications emerged. Operatively, the difficulties
were mainly related to post biopsy hematoma. Caution is war-
ranted in patients with surgical site occurrences, but this inde-
pendently on the localization technique.

The lack of an external connection, the most noticeable char-
acteristics of the NWNI devices, preserves from infections and
possible displacement. On WGL, these complications can occur
during patient transport or intraoperatively [62] with severe mi-
grations involving the intrathoracic space up to the pleural cavity.
Pericardium and pulmonary hilum were rarely reached [63,64],
but with a high risk for serious complications. A vasovagal reaction
was also reported on 7% of the procedures [65]. If some disloca-
tions/migrations are also possible with NWNI techniques, these do
not cause such harm for patients.

Considering the primary surgical outcomes, evidences on clear
and positive margin rates and re-excision rate when compared to
WGL are not supported by randomised trials. The studies
[35,37,39—41,48,49,53] that have directly compared NWNI with
WGL show, in our pooled analysis, a lower positive margin rate for
NWNI techniques and a higher re-excision rate for WGL, but
without achieving a significant difference (according with the
results of the single studies).

Important deviations have been observed in subgroups of pa-
tients [38] that should be carefully accounted for in future studies.

Given the limited evidences available on a direct comparison
between the techniques, we look at the results obtained from
studies on WGL: a clear margins rate of 70.8%—87.4% [17] is lower
or in line with that obtained in our pooled results of 87%. Specu-
lating, these data suggest a good ability of NWNI technique to
correctly identify the lesions. Moreover, we found an overall
margin positivity rate of 12% (95% CI, 8—17%) that corresponds to
the findings of a large randomized trial [66] (when DCIS are
excluded) but it is lower than that reported in large series studies
(16.4%—20.8%) [3,67,68]. This latter difference may be explained
with a lower incidence of DCIS, an independent risk factor for
positive margins [68] and re-operation (OR 3.82, 95% (I,
3.19—4.58). Reasons for margins involvements have been recently
proposed by Micha et al. [49] and includes: pre-operative under-
estimated size of the lesion, inaccuracy on the localization, too
small specimen removal and lesion not central with the specimen.

For what concern the pooled re-excision rate of our analysis, it
is lower if compared to that reported for studies on WGL (14% vs
21%), and in line with those reported after the 2014 consensus
[59]. Again, these comparisons with WGL studies are not sufficient
to support the superiority of NWNI technology and serve primarily
as input for the design of randomized trials aimed at further
investigating the outcome of interest.

Among the clinical and procedural variables, including SS-
ASTRO guidelines, cavity shaves, intraoperative pathology and
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Fig. 2. Panel A Pooled estimates of positive margins rates. - Panel B Pooled estimates of clear margins rates. - Panel C Pooled estimates of re-excision rates. Squares represent
study-specific estimates (size of the square reflects the study-specific statistical weight); horizontal lines represent 95% Cls; diamonds represent the pooled estimate with cor-
responding 95% CI; p values are from testing for heterogeneity between study-specific estimates. Abbreviation: CI, confidence interval.

several others [69], the lesion localization of breast cancer has been
strongly recommended by a conference consensus aimed to reduce
the overall reoperation rate (RR). The results are obtained by
considering systematic reviews on RSL vs WL [9,70,71] and ultra-
sound techniques. Our meta-analysis on NWNI techniques is a first
attempt to discover their clinical effectiveness on RR and stimulate

Panel A
Study or
Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Group: NWNI s
Patel, 2017 4 42 66% 010[003023) —Hk—
Srour, 2019 15 79 97% 0.19[0.11;0.29] -
Lee, 2020 3 54 59% 006001015
Micha, 2020 31128 108% 0.24[0.17;0.33) s =
Srur, 2020 2 13 44% 015[0.02; 045 —@——
Tingen, 2020 18 320 10.3% 0.06 [0.03; 0.09]
Total (95% Cl) 636 47.7 .12 [0.06; 0.22] -y
Group: Wire
Patel, 2017 3 42 58% 007[0.01;019) -E—

Srour, 2019 15 79 97% 0.19[0.11;0.29] R

Lee, 2020 4 50 67% 008[0.02019) -E—
Micha, 2020 34 168 10.9%  0.20[0.14; 0.27) -
Srur, 2020 1 33 86% 0.33[0.18;0.52) —a—

Total (95 1) 547 52.3 .17 [0.12; 0.23)

Tingen, 2020 24 175 106%  0.14[0.09; 0.20] i3

Total (95% CI) 1183 100.0%  0.14 [0.10; 0.20) >
Heterogeneity: Tau” = 0.3316; Chi’ = 49.70, df = 11 (P < 0.01); I’ = 70!3%

T T T T 1
02 04 0.6 08
Proportion

further in-depth analysis. Several initiatives, including a toolbox,
has recently taken to reduce its occurrence [72—75].

The burden of a reoperation involves a return to the operating
room, prolonged recovery and a trauma for patients and family, in
addition to an increase in poor cosmetic outcome and additional
costs. Currently, there is no consensus on how to measure the
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Fig. 3. Panel A Pooled estimates of positive margins rates among NWNI and WGL techniques. Panel B Pooled estimates of re-excision rates among NWNI and WGL techniques,
Squares represent study-specific estimates (size of the square reflects the study-specific statistical weight); horizontal lines represent 95% Cls; diamonds represent the pooled
estimate with corresponding 95% CI; p values are from testing for heterogeneity between study-specific estimates. Abbreviation: CI, confidence interval; NWNI, non-wired non-
ionizing.
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Fig. 4. Panel A Comparison of specimen's volume between NWNI and WGL techniques. Panel B Comparison of specimen's weight between NWNI and WGL techniques. Squares
represent standardized mean difference (size of the square reflects the study-specific statistical weight); horizontal lines represent 95% Cls; diamonds represent the pooled
standardized mean difference with corresponding 95% CI; p values are from testing for heterogeneity between study-specific estimates. Abbreviation: CI, confidence interval; NWNI,

non-wired non-ionizing; Std, standardized.

cosmetic outcome, as there are several issues to consider. Never-
theless, accepted risk factors for poor cosmetic are represented by
the shape and size of the tumour, its location, the tumour-breast
ratio, postoperative radiation and the total volume removed [76].

The wire entry point is somewhat constrained for radiologists,
especially for DCIS under sonographic guidance, and may dictate
the surgery incision path. The ability to choose the incision site
closest to the lesion, as in the case of the new technologies intro-
duced (including NWNI), minimizes non-target tissue removal [ 16].
Our pooled analysis did not find significant differences in terms of
specimen's volume or weight between NWNI and wire techniques.
The data in this regard are too weak for further considerations. In an
unpowered randomized study, the overall result was good or
excellent, but no difference was found comparing localization
techniques [76], as highlighted by another study using the Harvard
scale for a retrospective evaluation [77].

The pooled analysis shows that all NWNI devices were
implanted several days before surgery (mean 5.19, 95% CI,
3.28—7.11), even if with different extents between studies. This is in
line with the information reported on all these techniques, which
can be deployed at any time prior to surgery [54]. It is an important
aspect from the point of view of the organization and allocation of
resources, as well as of patients' quality of life. The wire should be
placed immediately before surgery, rising possible logistical prob-
lems between the surgeon and the radiology schedule that can
cause delays in surgical start time. In fact, preoperative wires are
usually placed on the same day of the breast surgery and in the
same building where the surgery is scheduled. Furthermore, due to
the nature of the WGL techniques, it requires the patients' greater
compliance, as the wire must remain in position between the time
of deployment and surgical excision [17], and could importantly
affect the patients’ quality of life.

No studies included in this meta-analysis have investigated the
cost-effectiveness of these strategies. To our best knowledge, only
one study has evaluated the expected budget impact of adopting
magnetic seeds localization compared to the standard of care (WGL
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and RSL) [78], showing that magnetic seeds localization could be a
new cost-efficient localization technology in guiding the resections
of non-palpable breast cancer tumors.

NWNI techniques need an early capital expenditure for the
intraoperative detection equipment to be used and most of the cost
savings are indirect: the most noticeable, if compared with RSL, is
the unnecessary involvement of nuclear medicine personnel and
resources. All the cited techniques have direct and indirect costs
that shall be carefully evaluated for their cost assessment, as done
in several papers [79—84]. It is noteworthy that all cost-savings
(both direct and indirect) can vary from institution to institution
depending on several logistic factors, such as the location of the
theatre and admission wards, the radiologists’ workloads, the
structure of the clinics, and the cancer workload.

4.1. Strengths and limitations

This is the first study that provides pooled estimates of the main
technical and surgical outcomes among subjects undergoing a
preoperative localization of breast cancer lesions with NWNI de-
vices. As there are few studies that have reported these outcomes
compared with other localization strategies, it would be important
to address several issues that allow to evaluate the real effective-
ness of these methodologies with respect to gold standard ones.
Randomized clinical trials are necessary to confirm our findings and
observations, as well as to define the role of these new techniques
in daily clinical practice. Moreover, our data can be useful for the
design and the appropriate sample size calculation of future studies.

This analysis has several limitations. First of all, the size of the
tumour was not sufficiently taken into account since it was poorly
reported, including the specimen weight/tumour size, and it was
difficult to accurately measure the dimensions of a tissue specimen
ex vivo, even if its dimension plays an important role on the tumour
excision [85]. The patients undergoing excisional biopsy for benign
lesions should not be included in calculations of margins and re-
excision rates. Then, the lack of randomized studies allows for an
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only partial evaluation of the effectiveness of clinical outcomes,
themselves often penalized by the lack of consensus, associated
with these techniques. Moreover, conference abstracts were not
considered in this review and meta-analysis, and it could have
introduced some bias in the analysis. Then, since the groups related
to the different devices used are numerically very different (and
therefore unbalanced), and there is no homogeneity in reporting
outcomes, subgroup analyses were not conducted. Lastly, no study
considered for this meta-analysis reported data on cost-
effectiveness of NWNI localization strategies. Therefore, further
studies are needed in order to address all these issues and provide a
complete picture of the real effectiveness of these new promising
techniques.

4.2. Conclusions

In conclusion, preoperative NWNI techniques for the localiza-
tion of non-palpable breast lesions are promising techniques in
obtaining clear margins and on the re-operation rates. These new
strategies are comparable to WGL and RSL in terms of the success of
the procedure, the reflector localization rates and the margin pos-
itivity rates. NWNI devices can be placed several days before sur-
gery without risks associated with WGL and without limitations
related to RSL. Moreover, it allows both the radiologist and the
surgeon to work in total decision-making autonomy and to avoid
the onset of management issues related to the organization and
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aspect, leading to an improved quality of life in this specific pop-
ulation. However, more robust randomized trials and consensus
assessments are necessary to further confirm the present findings
and allow for improvements on patient outcomes.
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allocation of resources. Finally, these localization strategies achieve Appendix A
the primary goal of BCS, that is to remove the lesion with negative
margins, with a particular attention in preserving the cosmetic
Section/topic # Checklist item O
on page #
TITLE
Title | 1 | Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT
Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, | 2
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of what is already known. 3-4-5
Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, | 6, 24
outcomes, and study design (PICOS).
METHODS
Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide -
registration information including registration number.
Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 6
language, publication status) used as criteria for eligibility, giving rationale.
Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 6
additional studies) in the search and date last searched.
Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be 6
repeated.
Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 6-7
included in the meta-analysis).
Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 7
for obtaining and confirming data from investigators.
Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 6
simplifications made.
Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 7
studies done at the study or outcome level), and how this information is to be used in any data synthesis.
Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 7-8
Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency 7-8
(e.g., 13 for each meta-analysis.
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Section/topic # Checklist item on page #

Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 7
reporting within studies).
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provide the citations.

Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 10

Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 9-10
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. 8-9

Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). -

Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see ltem 16]). -

DISCUSSION

Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 11-15
key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 15-16
identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. 16
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systematic review.
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