
JBUON 2019; 24(1): 48-60
ISSN: 1107-0625, online ISSN: 2241-6293 • www.jbuon.com
E-mail: editorial_office@jbuon.com

ORIGINAL ARTICLE

Correspondence to: Huai-quan Zuo, MD,PhD. Department of Breast Surgery, the Affiliated Hospital of Southwest Medical Uni-
versity, Taiping Street No.25, 646000, Luzhou, China.
Tel: +86 18215601131, E-mail: 1843320672@qq.com
Received: 29/06/2018; Accepted: 28/07/2018

 Radioactive seed localization and wire guided localization in 
breast cancer: A systematic review and meta-analysis
Gui-lin Wang1, Panagiotis Tsikouras2, Huai-quan Zuo1, Ming-quan Huang1, Lin Peng3, 
Anastasia Bothou2, Stefanos Zervoudis4, Alexander Tobias Teichmann1

1Department of Breast Surgery, the Affiliated Hospital of Southwest Medical University, Luzhou 646000, China; 2Department of 
Obstetrics and Gynecology, Democritus University of Thrace, Alexandroupolis, Greece; 3Emergency Department, the Affiliated 
Hospital of Southwest Medical University, Luzhou 646000, China; 4Department of Obstetrics and Gynecology, Rea Hospital, 
17564 Athens, Greece

Summary

Purpose: Classically, wire-guided localization (WGL) is used 
for the localization of non palpable breast lesions. On the 
other hand, many studies report a newer technique called 
radioactive seed localization (RSL). The purpose of our study 
was a systematic review and meta analysis of the two tech-
niques regarding the rate of positive margins and the quan-
tity of excised tissue.

Methods: Our study searched publications up to March 24th 
2018 in Medline, Embase and Cochrane Library regarding 
studies comparing the two techniques of localization of sub-
clinical lesions with WGL or RSL using technetium 99m as 
radioactive agent. The primary target was the rate of posi-
tive margins and the second was the rate of second surgery 
for reexcision. Revman5.3 and STATE12.0 were used for the 
statistics.

Results: Five randomized controlled trials (RCTs) and 13 
cohort studies comprising 3879 breast cancer patients were 

included. RSL was significantly superior than WGL both in 
better margin status(RR=0.72, 95% CI 0.56-0.92, p=0.01)
and reduced reoperation rate (RR=0.68, 95% CI 0.52-0.88, 
p=0.004). Subgroup analysis of RCTs showed no different 
ability of both techniques in terms of free margin status 
(RR=0.85, 95% CI 0.55-1.31, p=0.46) and reoperation rate 
(RR=0.80, 95% CI 0.48-1.32, p=0.38). Further subgroup anal-
ysis excluding three studies with different ductal carcinoma 
in situ (DCIS) proportion exhibited same efficacy in margin 
negativity (RR=0.83, 95% CI 0.69-1.01, p=0.07) and further 
operation rate (RR=0.85, 95% CI 0.71-1.01, p=0.07).

Conclusion: In this study, we found that RSL is more ef-
ficient than RSL in keeping margin negativity and reducing 
reoperation rate.

Key words: breast neoplasms, breast conserving surgery, 
meta-analysis, radioactive seed localization, wire guided 
localization

Introduction

 The number of newly diagnosed breast cancers 
has been increasing in the last decades due to the 
promotion of breast cancer screening around the 
world and improved imaging technology [1]. Es-
pecially in developed countries, nearly one third 
of newly-diagnosed breast cancers are small, non-
palpable (less than 1.5cm) and many of them are 
suitable for breast conserving therapy [2]. There-

fore, the surgical treatment to these tiny malignant 
carcinomas is firstly to remove enough tumor to 
achieve an appropriate margin; secondly, to cut as 
few as we could to ensure cosmetic outcome. Wire 
guided localization (WGL;Photo 1) was introduced 
by Dodd et al. for intraoperative breast lesion local-
ization in 1965 [3]. With its assist the surgeon can 
make an outline about location and size of a tumor 
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during breast conserving operation. Nonetheless, 
it shows several drawbacks. For instance, needle 
displacement, inflexible scheduling, migration, dia-
thermy burns conducted to the skin and injury by 
wire-tip [3-5]. Discordance between the localization 
pathway and incision route may lead to compro-
mised cosmetic result. Moreover, the variable rate 
of positive margins range from 2.8 to 53% with 
WGL technique and this creates some concern to 
the surgeons [6,7]. An alternative technique is the 
radioactive seed localization (RSL;Photo 2) which 
was proposed by Gray et al. in 2001 [4]. The long 
half-life of RSL (59.6 days), this technique allows 
the possibility to insert the radioactive agent many 
days before the surgery and also in case of neo-
adjuvant chemotherapy [8]. A few studies showed 
that RSL was more efficient that WGL regarding 
the positive margins, the reoperation rate, the ex-
cised volume and the cosmetic result assessed by 
the patients. On the contrary, other studies were 
controversial. For this reason a synthetic analysis 
of the literature was performed in this paper.

Methods 

Search strategy 

 Electronic search in Medline, Embase and Cochrane 
library database for potential relevant studies was per-
formed. Search strategies for each database are listed in 
Appendix 1. Titles and abstracts of all papers were read 
in the first turn selection. Irrelevant studies, duplicated 
studies, review and meta-analyses were excluded. The 
remaining articles were examined in full-text for the 
second turnselection. Only randomized controlled tri-
als or cohort studies making comparison of radioactive 
seed and wire guided localization were included in our 
systematic review and meta-analysis. The last date of 
the search was March 14th, 2018. 

Inclusion criteria 

 Two reviewers (G.-L. Wang and H.-Q. Zuo) indepen-
dently reviewed all the papers. Research papers with the 
following criteria were enrolled in our study: (i) articles 
written in English; (ii) assessment of efficacy of RSL and 
WGL containing at least the primary outcome (see be-
low); and (iii) either RCTs or cohort studies. 
 The primary target for our research was the positive 
margin rates. The secondary target were the reopera-
tion rates. Other parameters included the proportion of 
ductal carcinoma in situ (DCIS), size of tumor in each 
study and extra economic and radioactive cost. 

Statistics

 The relative risk (RR) was utilized to clarify, which 
localization method was preferable in each study. Rev-
man 5.3 and STATA 12.0 were applied for summary 
statistic for efficacy of RSL vs WGL. Forest plots were 
created during the clarification. 

 x2 and I2 statistics were used for examination of 
heterogeneity between studies. A two-tailed p value of 
less than 0.5 was considered as statistically significant. 
Results were reported in line with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) recommendations.

Results

Characteristics

 Initially, 463 papers were picked out from Em-
base, 352 from Pubmed, and 224 from Cochrane 
Library Database. After a series of exclusion and 
inclusion, 18 articles including 5 RCTs and 13 co-
hort studies were enrolled in our final analysis [4-
7, 9-22] (Figure 1). We checked the reference list 
of each paper and no further study was identified. 
These 18 trials included a total of 4664 patients. 
For cohort studies, Gray et al. [5] enrolled 200 pa-
tients in total with 162 breast cancer patients and 
Milligan et al. [14] included 200 invasive breast 
cancer patients. These two cohort studies were con-
tained in the studies Hughes et al. [10] and Pieri et 
al. [17] respectively. While Milligan et al. found no 
difference between RSL and WGL, Pieri et al. con-
cluded that RSL was better. One study described by 
Parvez et al. [16] was a subanalysis of the RCT re-
ported by Lovrics et al. [12] comparing the cosmetic 

Figure 1. Flow chart.
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outcome generated from RSL and WGL interven-
tion. The experimental method of this subanaly-
sis was randomized, centrally concealed. These 3 
overlapped and smaller trials were not considered 
when comparing the efficacy of RSL and WGL un-
less they had unique information. After exclusion 
of benign lesions,the actual breast cancer patients 

were 3879. All the studies presented the positive 
margin rate, 13 studies reported the reoperation 
rate, some of them defined the excision volume (or 
weight), margin definition, operation duration and 
subjective assessment by surgeons and patients 
(Table 1). Risk of bias of RCTs enrolled was low in 
general (Figures 2 and 3).

Margin status

 A total of 15 studies with available, non-over-
lapped margin status data were pooled for relative 
risk (RR) assessment [4,6-7,9-13,15,17-22]. Analy-
sis of 15 trials were in favor of RSL in achieving 
better margin status (RR=0.72, 95% CI 0.55-0.92, 
Z=2.57, p=0.01) (Figure 4). According to analysis 
of the RCTs subgroup we found no preference of 
either modality (RR=0.85, 95% CI 0.55-1.31, Z=0.74, 
p=0.46) (Figure 4). Three studies had different 
proportion of DCIS, 2 of them were statistically 
significant [7,10,21] (Table 2). After exclusion of 
DCIS, we defined another subgroup (named adjust-
ed subgroup) which revealed a same conclusion 
to the RCTs subgroup analysis (RR=0.83, 95% CI 
0.69-1.01, Z=1.84, p=0.07) (Figure 5). Heterogene-
ity was significantly high in the entire study group 
(I2=62%, p=0.001), it was insignificant and mod-
erate in RCTs subgroup (I2=45%, p=0.14) and fell 
to insignificant and mild in the adjusted subgroup 
(I2=19%, p=0.26).Reporting bias was low for the 
whole group and subgroups (Figure 6).

The effect of reoperation rate

 Eleven non-overlapped studies reported the re-
operation rate [6,7,10,12-15,18,19,21,22]. RSL was 
more efficient than WGL in terms of lower reop-
eration rate (RR=0.68, 95% CI 0.52-0.88, Z=2.88, 
p=0.004) (Figure 7). No difference was found in 
the RCTs subgroup (RR=0.80, 95% CI 0.48-1.32, 

Figure 2. Risk of bias graph for randomized controlled studies.

Figure 3. Risk of bias summary for randomized controlled 
studies.
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Figure 4. Combined relative risks (RRs) of positive margin status: RSL versus WGL. CI:confidence interval, RSL: radioac-
tive seed localization, WGL: wire guided localization.

Figure 5. Combined relative risks (RRs) of positive margin status: RSL versus WGL (subgroup analysis of studies without 
significant different proportion of ductal carcinoma in situ). CI:confidence interval, RSL: radioactive seed localization, 
WGL: wire guided localization.
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Z=0.88, p=0.38) (Figure 7) and the adjusted sub-
group (RR=0.85, 95% CI 0.71-1.01, Z=1.81, p=0.07) 
(Figure 8). There was statistically significant het-
erogeneity (p=0.01, I2=57%) amongst these 11 tri-
als. No heterogeneity was found in the adjusted 
subgroup (I2=0%, p=0.51). Reporting bias was low 
for the whole group and subgroups (Figure 9).

Discussion

 In the last 18 years, a series of studies have 
been carried out to verify which of the 2 methods 
(RSL and WGL) is more efficient in gaining nega-

tive margin, low rate of reoperation and so on. As 
we can see, RSL has drawn much attention with the 
passing of time, and especially in the recent few 
years. We registered all the available RCTs or co-
hort studies comparing RSL with WGL from 2001 
to 2017 (since the first comparison made by Gray et 
al. in 2001) in our meta-analysis and observed that 
7 studies were published after 2016, which makes 
a thorough analysis necessary. 

Positive margin rate

 After quantitative synthesis of all 15 trials 
(irrespective of three smaller overlapped trials), 
we revealed the superiority of RSL over WGL in 
achieving better margin status. In the studies ex-
amined there was a high and significant heteroge-
neity (p=0.001). We noticed a different distribution 
of DCIS in some studies. The presence of DCIS was 
an independent factor of involved margin status 
[23]. It is hard to intraoperatively clarify the range 
and margin of DCIS regardless of localization tech-
niques. Inconsistent allocation of DCIS in differ-
ent study groups could make the interpretation of 
results more complicated and a major source of 
heterogeneity in our synthesis analysis. Hence, we 
calculated the proportion of DCIS in each study us-
ing x2 test (Table 2). We extracted studies with ob-
vious different proportion of DCIS in case of DCIS 
interference like Hughes et al.; p<0.01, Theunissen 

First author [Ref] Year Number of DCIS p

RSL group WGL group

Bloomquist [9] 2015 24 16 0.44224

Gray [4] 2001 4 5 0.39548

Gray [5] 2004 16 9 0.21291

Hughes [10] 2008 77 9 0.00880

Langhans [11] 2017 0 0  

Lovrics [12] 2011 29 22 0.27143

Luiten [13] 2015 91 78  

Milligan [14] 2018 0 0  

Murphy [15] 2013 103 58 0.71028

Parvez [16] 2014 7 3 0.13290

Pieri [17] 2017 0 0  

Rao [18] 2010 12 12  

Sharek [19] 2015 22 23 0.97031

Silva [7] 2016 32 35 0.05118

Stelle [20] 2018 15 16 0.10603

Theunissen [21] 2017 12 40 <0.00001

Tran [6] 2017 34 27 0.67068

Zhang [22] 2017 35 30 0.71037

Table 2. Proportion of DCIS in each study

Figure 6. Begg’s test of positive margin status. RCT: rand-
omized controlled trial.
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Figure 7. Combined relative risks (RRs) of re-operation rate: RSL versus WGL. CI:confidence interval, RSL: radioactive 
seed localization, WGL: wire guided localization.

Figure 8. Combined relative risks (RRs) of re-operation rate: RSL versus WGL (subgroup analysis of studies without 
significant different proportion of ductal carcinoma in situ). RSL: radioactive seed localization, WGL: wire guided locali-
zation, CI=confidence interval.
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et al.; p<0.00001 and Silva et al.; p=0.051 [7,10,21]. 
Hughes et al. compared the efficiency of both lo-
calization techniques partially in excisional biopsy. 
The RSL group contained more DCIS tumors than 
WGL group (31 vs 11%). Twenty-one percent and 
25% of tumors were preoperatively benign in the 
RSL intervention group and WGL group respec-
tively. Hughes et al. collected data from three Mayo 
Clinic centers. While participants receiving RSL 
were from three different centers, patients treated 
with WGL originated from only one center. Intraop-
erative procedure for each center was inconsistent. 
At Mayo Clinic Arizona, where data of WGL accu-
mulated, frozen section was selectively performed, 
meanwhile comprehensive frozen section analysis 
was performed for all excisional tissue at Rochester 
center and not carried out in Florida center. Silva 
et al. searched the bracketed seed localization and 
bracketed wire localization instead of single locali-
zation during excision of radiographically exten-
sive breast lesions which was different from the 
rest of literature. Thirty-eight percent of lesions 
were multifocal in breast RSL and 45% in breast 
WGL respectively. And there were significantly 
more multicentric lesions in breast WGL group 
(p<0.05). Silva et al. defined close margin as ma-
lignant lesion within 2 mm and as an indication for 
re-operation. Besides, Luiten et al. [13] reported the 
only study comparing the efficacy of both modali-
ties in pure DCIS patients. The structure of disease 
was quite different from the rest of researches. Al-
though in Luiten’ s work we observed no significant 
difference between these two modalities in terms 
of focally involved margins which were defined by 
tumors extending to the inked resection margin 
for 4 mm or less, we noticed a significant lower 
risk of extensively involved margins characterized 
as more than 4 mm involved margins in the RSL 
subgroup. The results of the remaining 13 studies 

(Gray et al. 2004 was included again due to exclu-
sion of Hughes et al.) showed no superiority for 
RSL anymore, while heterogeneity decreased to 
mild and insignificant (p=0.26). 
 RCTs subgroup analysis revealed similar qual-
ity of both modalities in terms of margin negativ-
ity. The heterogeneity of RCTs subgroup derived 
from Gray et al. in 2001, in which the patients were 
randomized in RSL and WGL groups according to 
imaging discovered lesions instead of pathologi-
cally confirmed malignant tumor. These authors 
reported 31% of benign tumor in RSL and 43% in 
WGL respectively, thereby implementing the lo-
calization techniques for excision biopsy instead 
of therapeutic excision, while their patient group 
was smallest among all the trials in our analysis. 
The extraction of Gray et al. study resulted in de-
crease of the data heterogeneity (x²=0.49, I²=0%). 
Another study proved that DCIS can lead to worse 
margin status using WGL , pointing out the impact 
of the proportion of DCIS in the lesion [24]. In a 
retrospective study including 725 DCIS patients 
and 3393 invasive breast cancer (IBC) patients the 
authors assessed the efficiency of WGL in both 
DCIS and IBC subgroup and they found a worse 
margin status (unadjusted odds ratio, 2.21; 95%CI, 
1.42-3.43; p<0.001) and increased reoperation 
rate (adjusted odds ratio, 3.82; 95% CI, 3.19-4.58; 
p<0.001) in patients in the DCIS subgroup. A worth 
thinking question is whether it is the localization 
techniques that achieve a better margin status or 
the global management of the patient including 
the therapeutic procedures. To localize in a bracket-
ing way may result in improved clinical outcome. 
Breast cancer lesions, especially diffuse lesions 
such as DCIS, could not be completely removed 
with a point placed in the center of the lesion and 
by far most of the studies focused on single locali-
zation. The accomplishment of a successful breast 
conserving operation needs experienced surgeons, 
precise localization, appropriate intraoperative de-
tection mechanism (such as intraoperative ultra-
sound/IOUS), accurate intraoperative frozen sec-
tion, good collaboration with other departments, 
deep understanding of each case, such as grade 
of calcification, and magnetic resonance imaging 
when necessary to discover potential multicentric 
or multifocal lesions. All these factors could make 
an influence on margin status. But by far, all the 
presented studies failed to either report or elimi-
nate these elements. 

Reoperation rate 

 We observed a superiority of RSL with de-
creased rate of reoperation. Heterogeneity was 

Figure 9. Begg’s test of re-operation rate. RCT: randomized 
controlled trial.
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significant and high in the total of pooled studies 
RCTs(p=0.01, I2=57%) and cohort studies subgroup 
(p=0.006, I2=61%). But when we ignored the three 
studies with significantly different proportion of 
DCIS (i.e. Hughes et al, Theunissen et al and Silva 
et al), heterogeneity became insignificant and low 
in the remainingRCTs (p=0.51, I2=0%) and cohort 
studies subgroup (p=0.41, I2=3%) and the prefer-
ence for RSL disappeared. This identical trend 
could be explained in the same way as what hap-
pened in margin status. Reoperation derived from 
a bad surgical outcome, deficient radiation therapy 
and different frozen section techniques. 
 To our knowledge, our meta-analysis contains 
by far the largest patient population and numbers 
of trials comparing these two modalities. The lat-
est similar meta-analysis was from the Cochrane 
Collaboration, concluding no superiority of either 
techniques [25], but there were only two studies 
with 366 participants [4,12]. We also recommended 
further larger RCTs for more accurate evaluation of 
the efficiency. The largest study enrolled 3168 pa-
tients which was nearly compatible to our patients’ 
pool [26], but it contained too much non-controlled 
trials, and the goal of this study was not to evaluate 
the superiority of different techniques in achieving 
better margin status but to judge the rationality of 
the no radicality of resection margins in each case. 
Twelve trials enrolled in our research were con-
ducted after that systematic review. Since the first 
comparison made in 2001, a series of trials were 
carried out to test the efficiency of RSL. However, 
no consensus was reached to conclude a better ef-
ficacy. Moreover, another important point to assess 
the efficacy of the techniques is the definition of 
the free margins. Actually, many changes have oc-
curred in the last decades. At present, the definition 
is “no ink on the margin” for IBC and negative mar-
gin >2 mm for DCIS. Only 2 RCTs and 7 controlled 
trials included in our analysis met this standard 
regarding the margins [27,28]. Thus, an integrated 
analysis becomes difficult due to inconsistent cri-
teria. As far as we know, the radiation issue is still 
an obstacle for the practical use of RSL in many 
countries, for example in China. Due to the char-
acteristic of localization techniques, researchers 
could not achieve blinding of either participants 
or personnel.
 In the 3 studies with significant discordance 
of DCIS, we found the DCIS rates for RSL group 
and WGL group in Hughes et al., Theunissen et 
al. and Silva et al. studies were 31 versus 11%, 17 
versus 53% and 33 versus 47%, respectively. RR for 
positive margin rate was 0.34 (95% CI 0.24-0.47, 
p<0.01), and 0.39 for reoperation rate (95% CI 0.28-
0.53, p<0.01).

 Localization techniques alone could not obvi-
ously decrease either the positive margin rate or 
the reoperation rate, and they were not initially 
recommended to achieve it. When wire was first 
introduced by Dodd et al. in 1965, it was set for pre-
cise localization and excisional biopsy. This func-
tion faded away after the wide use of core-needle 
biopsy. Besides, Fung et al. conducted a 5-year 
follow-up of the RCT by Lovrics et al., and they 
found no significant difference of breast cancer 
recurrence between these two groups [29]. When 
weighing and judging a use of localization method, 
maybe we should not be restricted on margin status 
and reoperation rate. Different kinds of localization 
tools could be utilized in different treatment plans. 
As discussed before, RSL offers many advantages 
in contrast to WGL: it can be used in cases when 
long-time localization is necessary, for example for 
patients prepared for neoadjuvant chemotherapy. 
As discussed before RSL presents many advantages 
in contrast with WGL: the procedure is less painful 
and because the particles remain long time in situ 
and are detectable many days after the injection, it 
allows a delay for the surgery if it is necessary . On 
the contrary, WGL should proceed a few minutes 
before surgery to avoid moving of the hook and 
wrong surgical excision.
 RSL could also be performed in large breast 
tumors or in metastatic axillary lymph nodes. Sen-
tinel lymph node biopsy in patients after neoadju-
vant chemotherapy was biased because of axillary 
fibrosis and obstruction of lymphatic vessels and 
its false negative rate increased to 20% [30,31]. 
Donker et al. [8] studied 100 patients with proved 
lymph nodes metastasis who underwent seed lo-
calization of metastatic lymph nodes before neo-
adjuvant chemotherapy. Ninety-five patients un-
derwent axillary lymph node dissection for further 
analysis and the authors found the response of lo-
calized lymph nodes reflected the response of the 
remained lymph nodes, thus making an axillary 
conserving operation possible (identification rate: 
97%, false negative rate: 7%). Furthermore, Cau-
dle et al. [31] selectively excised axillary lymph 
nodes using combination of sentinel lymph node 
biopsy and radioactive seed following neoadjuvant 
chemotherapy and they reported a false negative 
rate of 2 %. Meanwhile, radio-guide occult lesion 
localization (ROLL) uses the same isotope which is 
used in sentinel lymph node biopsy (SNOLL) [32].

Conclusion

 In our meta-analysis, RSL was superior over 
WGL to gain negative margin as well as to reduce 
reoperation rate. Finally the use of RSL could not 
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obtain significantly better clinical outcomes in all 
cases. However, it is still recommended for prac-
tical use because of its more comprehensive and 
flexible application before and after neoadjuvant 
chemotherapy.
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breast) AND (nonpalpable) OR non-palpable) OR 
non palpable) OR occult) AND (localization) OR lo-
calization) OR wire guided localization) OR WGL) 
OR needle wire localization) OR NWL) OR radioac-
tive seed localization) OR RSL) OR (retrospective*) 
OR registry) OR consecutive*) OR prospective*) OR 
cohort) OR double blind) OR randomized) OR place-
bo controlled) OR parallel-group) OR single-center) 

OR multi-center) OR case-control) OR controlled 
trial) OR multi-site) NOT Meta analysis[Title]) 
AND (lesion*) OR cancer*) OR neoplasm*) OR 
carcinoma*) AND breast)) AND (nonpalpable) OR 
non-palpable) OR non palpable) OR occult)) AND 
(localization) OR localization) OR wire guided lo-
calization) OR WGL) OR needle wire localization) 
OR NWL) OR radioactive seed localization) OR 
RSL)

Embase

#1. ‘breast cancer’/exp
#2. ‘breast neoplasm’ OR ‘neoplasm, breast’ OR 
‘breast tumors’/exp OR ‘breast tumors’ OR ‘breast  
tumor’/exp OR ‘breast tumor’ OR ‘tumor, breast’ 
OR ‘tumors, breast’ OR ‘neoplasms, breast’ OR 
‘breast carcinoma’/exp OR ‘breast carcinoma’ OR  
‘breast carcinomas’ OR ‘carcinoma, breast’ OR ‘car-
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cinomas, breast’ OR ‘mammary neoplasms,  hu-
man’ OR ‘human mammary neoplasm’ OR ‘human 
mammary neoplasms’ OR ‘neoplasm, human mam-
mary’ OR ‘neoplasms, human mammary’ OR ‘mam-
mary neoplasm, human’ OR ‘breast cancer’/exp OR  
‘breast cancer’ OR ‘cancer, breast’/exp OR ‘cancer, 
breast’ OR ‘mammary cancer’/exp OR ‘mammary 
cancer’ OR ‘cancer, mammary’ OR ‘cancers, mam-
mary’ OR ‘mammary cancers’ OR ‘malignant neo-
plasm of breast’ OR ‘breast malignant neoplasm’ 
OR ‘breast malignant neoplasms’ OR ‘malignant 
tumor of breast’ OR ‘breast malignant tumor’ OR 
‘breast malignant tumors’ OR ‘cancer of breast’ OR 
‘cancer of the breast’
#3. #1 OR #2  
#4. ‘nonpalpable’ OR ‘non-palpable’ OR ‘non pal-
pable’ OR ‘occult’
#5.  ‘localization’/exp OR ‘localization’ OR ‘wire 
guided localization’/exp OR ‘wire guided  localiza-
tion’ OR ‘wgl’ OR ‘needle wire  localization’ OR 
‘nwl’ OR ‘radioactive seed  localization’/exp OR 
‘radioactive seed  localization’ OR ‘rsl’
#6. ‘randomised controlled trial’/exp OR ‘ran-
domised controlled trial’ OR ‘randomised con-
trolled  trials’ OR ‘randomized controlled trial’/exp 
OR ‘randomized controlled trial’ OR ‘randomized  
controlled trials’/exp OR ‘randomized controlled  
trials’ OR ‘controlled clinical trial’/exp OR ‘con-
trolled clinical trial’ OR ‘controlled clinical trials’/
exp OR ‘controlled clinical trials’ OR ‘random al-
location’/exp OR ‘random allocation’ OR ‘double-
blind method’/exp OR ‘double-blind method’ OR 

‘single-blind method’/exp OR ‘single-blind method’ 
OR ‘clinical trial’/exp OR ‘clinical trial’ OR ‘clini-
cal trials’/exp OR ‘clinical trials’ OR ‘randomised’ 
OR ‘randomized’ OR ‘placebo’/exp OR ‘placebo’ OR 
‘randomly’ OR ‘crossover’ OR ‘cross-over’
#7. ‘retrospective*’ OR ‘registry’ OR ‘consecutive*’  
OR ‘prospective*’ OR ‘cohort’ OR ‘double blind’ OR 
‘randomized’ OR ‘placebo controlled’ OR ‘parallel-
group’ OR ‘single-center’ OR ‘multi-center’ OR 
‘case-control’ OR ‘controlled 
trial’ OR ‘multi-site’
#8. #3 AND #4 AND #5
#9. #6 OR #7
#10. #8 AND #9

Cochrane

#1 Breast  
#2 Breast lesion  
#3 Breast lesions  
#4 Breast cancer  
#5 Breast cancers 
#6 Breast neoplasm  
#7 Breast neoplasms  
#8 Breast carcinoma  
#9 Breast carcinomas  
#10 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9
#11 Nonpalpable 
#12 Non-palpable  
#13 Non palpable  
#14 Occult 2015
#15 #11 or #12 or #13 or #14  
#16 #10 and #15


