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Abstract To investigate the most commonly used technique,
the wire-guided localization (WGL) in non-palpable breast
cancer. To analyze the effective factors on positive surgical
margins in our practice and determine the surgical learning
curve of this method. Prospective consecutive study was per-
formed from January 2005 to December 2011. Inclusion
criteria was a non-palpable breast lesion with malignancy on
preoperative histology. All lesions were localized by ultra-
sound or stereotactic guided wire placement. Margins 1 mm
or closer were accepted as positive margins which required re-
excision. To determine the learning curve ofWGLmethod we
investigated the change in the reoperation rate after primary
procedure performed by Bhigh-volume^ surgeon. Two hun-
dred and fourteen consecutive patients were enrolled. In 23
patients (10.7 %) reexcision was needed. Positive surgical
margins were significantly influenced by the patient’s age
(p=0.03), tumor volume (p<=0.001), proportion of tumor
volume/specimen volume (p<0.001), presence of DCIS
(p<0.001), multifocality (p=0.03) and the learning curve
(p=0.006) with univariate analysis. Only the tumor volume,
presence of DCIS and the learning curve were proved as in-
dependent prognostic factor for reoperation by multivariate
analysis. The reoperation rate decreased below 20 % after

the fortieth operation. Results of our single institutional study
suggest, that this localization technique can be performed
safely with very good results after 40 procedures as a learning
curve for surgeons.
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Introduction

More than 1.1 million new patients are diagnosed with breast
cancer every year in the world, one quarter of them in Europe
[1]. The widespread application of breast screening programs
resulted in an increased proportion of non-palpable breast
cancers representing 25–35 % of all cases at diagnosis [2].
Most of these tumors are node negative so, this early detection
can diminish the mortality rate by rates up to 20 % [3].

Removal of these lesions with clear surgical margin re-
quires an adequate localization method. The wire-guided lo-
calization (WGL) and the radio-guided localization (RGL) are
the most commonly used techniques.

Most of the randomized controlled trials demonstrated
inacceptably high proportion of positive surgical margins
(37.5–57.7 %) with the wire-guided localization (WGL) tech-
nique therefore they preffered the radio-guided localization
(RGL) [4–6]. In addition, there is a heterogenety of study
designs and endpoints, study sample sizes were small and
there was an inconsistent use of definitions of a positive mar-
gin [7].

Based on these findings we started a prospective, single-
institutional study to investigate our results of the most com-
monly used technique, the WGL method in more than 200
patients. We analyzed the factors associated with positive sur-
gical margins, such as age of the patient, histological type of
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the tumor, size and volume of the lesion, volume of the re-
moved specimen, position of the tumor, the presence of
multifocality and the effect of learning curve period. We eval-
uated the number of reoperations according to the surgeon’s
experience and tried to determine the learning curve of the
WGLmethod as a change in the reoperation rate after primary
procedure performed by Bhigh-volume^ surgeon.

Methods

The study was conducted prospectively from January 2005 to
December 2011 at the Department of General Surgery of
Kenézy Teaching County Hospital, Debrecen, Hungary.
Inclusion criteria was a non-palpable breast lesion with malig-
nancy on preoperative histology. An informed consent form
was signed by all patients, in compliance with the Helsinki
Declaration of 1964. Mammography was done with GE
Senograph 700 T Mammo Unit and later with GE alpha-RT
Unit and Profect type (FUJI) phosphorous-disc digital tech-
nology. Complementary radiograms (aimed-enlarged and lat-
eral ones), breast and axillary ultrasound (US) examination
were done with Siemens Adara device. Core biopsies were
done from the breast lesions, 2 to 5 cores per case were ex-
tracted with Bard Magnum 14G needle instrument. In cases
with suspected axillary metastasis US guided fine needle as-
piration biopsy (FNAB) were performed from the lymph
nodes with 23G needle by Cameco syringe pistol in local
anaesthesia. Two samples per patient were retrieved and fixed
in alcohol immediately. These preoperative percutaneous bi-
opsies were done by the same radiologist and were analysed
by the same pathologist as well as the postoperative
specimens.

All lesions were localized by ultrasound or stereotactic
guided wire placement. A hooked wire was inserted into the
non-palpable breast lesion by the radiologist just prior to sur-
gery. The correct position of the wire was verified by mam-
mography. Then all the lesions were excised with the guidance
of the hook. The medial, lateral and superior surgical margins
of the specimens were marked with sutures and the surgical
specimens were sent to specimen mammography. Finally, all
the specimens were sent for histopathological examination.
Margins 1 mm or closer were considered as positive margins
which required re-excision. Specimen volumes and tumor vol-
umes were calculated by multiplying the three dimensions of
the specimen and lesion mentioned in the pathology report.

In cases with indication of sentinel lymph node biopsy
(SNB) the sentinel nodes were labeled with blue dye (Bleu
Patenté V Sodique Guerbet 2,5 %, F-95943 Roissy CdG,
cedex, France) and intraoperative frozen section examinations
were performed [8].

To determine the learning curve of WGL method we ana-
lyzed only one surgeon’s (Bhigh-volume^ surgeon) practice

from his first procedure till the end of study. The learning
curve period was defined as the reoperation rate should be less
than 20 %, constantly.

To evaluate the effect of surgical experience we compared
the reoperation rate of different surgeons (residents, consul-
tants, Bhigh-volume^ surgeon in and after the learning curve
period).

Statistical analysis for unadjusted comparisons of the out-
come groups (negative and positive margin rates) in terms of
categorical variables, Fisher exact tests were used; Student’s t
tests or Wilcoxon’s rank-sum tests were used for comparisons
in terms of continuous variables, subject to normality assump-
tions being satisfied. Adjusted analysis was based on logistic
regression with margin positivity as the outcome. Age was
used as an a priori explanatory variable. Other variables were
added and kept in the model unless found to have neutral
behavior (no role as adjustment factors and no meaningful
effect). Tumor volume was logarithmically (natural base)
transformed to improve normality; quadratic and cubic terms
of log tumor volume and age were included in the model to
improve fit. Model checking was based on the Hosmer-
Lemeshow goodness-of-fit test and marginal model plots.
Significance was considered at p<0.05.

Results

Patients

Two hundred and fourteen consecutive patients were enrolled
with non-palpable breast cancer. Mean age of the patients was
59 years (range between 31 and 83 years). In 133 patients
(62.1 %) invasive ductal carcinoma (IDC), in 25 patients
(11.6 %) invasive lobular carcinoma (ILC), in 47 patients
(22 %) ductal carcinoma in situ (DCIS), in one patient lobular
carcinoma in situ (LCIS) and in 8 patients other types of in-
vasive carcinoma were found.

The insertion of wire was performed under US or stereo-
tactic guidance. The success rate was 100 %. In 11 patients
two wires were inserted localizing the margins of extended
DCIS with microcalcification. There were no such complica-
tions as displacing, migration of wire, or pneumothorax.

Tumor Characteristics

Mean pathological tumor size was 13*15 mm (range:
4 mm*1 mm – 43 mm*43 mm), mean pathological tumor
volume was 3.23 ccm (range: 0.008 ccm – 72.1 ccm) and
the mean removed breast specimen volume was 34.1 ccm
(range: 11.1 ccm – 181.4 ccm). The mean proportion of tumor
volume/specimen volume was 6.28 %. In 12 patients (5.6 %)
multifocality of the tumor was proved. The T-stage, N-stage,
receptor and c-erb2 status of lesions are presented in Table 1.
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Procedures

During the period of this study (2005–2011) the number of
primary operative procedures increased from 22 to 41 yearly,
while the reoperation rate decreased from 27 to 9.7 %.

We performed breast conserving surgery (BCS) in 205 pa-
tients (95.3 %) and in 9 cases subcutaneous mastectomy was
done (nipple-areola complex was preserved in 5 patients).
Mean duration of surgical excision was 31.8 min (range:
21 min −54.9 min). Surgical site infection occured in 4 cases
(1.86 %) and in 3 cases (1.4 %) reoperation was needed be-
cause of postoperative bleeding.

In 23 patients (10.7 %) positive surgical margins were
proved by postoperative histological examination. In 5 cases
mastectomy and in 17 cases reexcision were performed with
adequate clear margins. One patient refused the reexcision.
Residual tumor was found in 14/22 cases (63.6 %). In 3 pa-
tients low grade DCIS, in 4 patients high grade DCIS and in 7
cases invasive ductal carcinoma were found in the reexcised
specimen.

Statistical Analysis

Table 2 shows the characteristics of tumors, the position of
lesions and the learning curve’s results in correlation with
surgical margins. Differences between the cohorts of patient
with clear and positive surgical margins were statistically sig-
nificant with univariate analysis in patients’ age (p=0.036),
tumor volume (p=0.0007), proportion of tumor volume/
specimen volume (p<0.0001), presence of DCIS (p=
0.0007) and multifocality (p=0.0283). The presence of IDC
was a significant factor for clean margin (p=0.0221). Neither
the tumor size (<=5mmor >5mm) nor the position influenced
the surgical margin (p>0.99; p=0.193). However, the 0.25
ccm of tumor volume has the lowest risk for reoperation,

while the tumor volume is more or less than 0.25 ccm the risk
increased significantly with multivariate analysis (Fig. 1).
Logistic regression showed that beside of tumor volume the
presence of DCIS was an independent prognostic factor of
positive surgical margin too (Table 3).

Learning Curve and Surgical Experience

We estimated the learning curve of WGL method by the pro-
portion of reoperated cases in the operative serie of the Bhigh-
volume^ surgeon. He reached a 20 % of reoperation rate first
after 30 procedures; however, this rate decreased constantly
below 20% after the fortieth operation and after the seventieth
procedure the reoperation rate decreased to 10 % (Fig. 2).

The Bhigh-volume^ surgeon’s reoperation rate along this
study was 9.1 % (11/121), while the consultants’ rate was
10.1 % (7/69) and reoperation was needed in 20 % (5/25) of
patients who were operated by residents. The difference be-
tween these reoperation rates were not significant (p=0.277).
However, the difference of Bhigh-volume^ surgeon’s reoper-
ation rate between in the learning curve and after this period
was statistically significant (p=0.006) with univariate analy-
sis. Logistic regression showed that the learning curve and
resident versus Bhigh-volume^ surgeon (after learning curve)
were independent prognostic factors of positive surgical mar-
gin (Table 3).

Discussion

Suspicious, clinically occult breast lesions are being found
more and more frequently as a result of widespread mammo-
graphic screening programs of asymptomatic women and 15–
20 % of these lesions are malignant, so they should be re-
moved [9]. The aim of surgical treatment in a non-palpable
breast cancer is to remove the marked lesion with negative
surgical margins as well as achieving a good cosmetic result.

WGL is presently the most commonly used localization
method for non-palpable breast lesions [9, 10]. However, the
placement of the wire is difficult in dense breast tissue [11]
and the wire may be displaced during surgery and a migration
or rupture of the wire may lead to pneumothorax and patient
discomfort has been described [12–14].

In our study, which is the one of the largest single institu-
tional study in the literature representing WGL technique, the
localization was successful in 100 % of patients. In 11 patients
(5 %) 2 wires were needed to localize the margins because of
extended DCIS lesions with microcalcification. This marking
could not be performed adequately with RGLmethod because
of superponation of radioactive foci, or an unacceptably large
volume of healthy breast tissue should have been removed.

We found a 10.7 % of positive surgical margins in a series
of 214 patients using the WGL method and we were able to

Table 1 The T-stage, N-
stage, receptor and c-
erb2 status of lesions,
based on the 7th Edition
of TNM staging system)
[27]

WGL (N=214)

Tis 46 (21.5 %)

T1 162 (75.7 %)

T2 6 (2.8 %)

N0 171 (80 %)

N1 38 (17.7 %)

N2 3 (1.4 %)

N3 2 (1 %)

ER+ 171 (80 %)

PgR+ 164 (76.6 %)

c-erb2+ 22 (10.3 %)

WGL wire-guided localization, Tis in situ
tumor, ER estrogen receptor, PR progester-
one receptor
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manage most of these patients by reexcision with clear surgi-
cal margins and mastectomy was needed only in 20 %. This is
a better result than in a cohort study of 55 297 patients ana-
lyzing the reoperation rate after BCS in English NHS trusts,
where about 40 % of the patients requiring reoperation had
mastectomy [15].

Logistic regression analysis showed that positive surgical
margins were significantly influenced by the presence of
DCIS, the tumor volume and the learning curve period only.
The presence of DCIS means a 4.4 odds ratio for reoperation.
This finding demonstrated a higher odds ratio, than in the
literature [15]. In our study the lesion’s position and tumor

Table 2 Characteristics of
tumors, position of lesions and the
learning curve’s results in
correlation with surgical margins
and p value of differences –
Univariate analysis

Clear margins Positive surgical
margins

P value

Patients (%) 191 (89.3 %) 23 (10.7 %)

Age (years) 59.5 55.3 0.0336

Mean tumor size (mm) 12.8*14.8 19.4*21.4

Mean tumor volume (ccm) 2.6 8.5 0.0007

Mean specimen volume (ccm) 33.5 39.5 0.4792

Proportion of tumor volume/specimen volume (%) 5.25 14.86 <0.0001

IDC (n) 124 9 0.0221

DCIS (n) 35 12 0.0007

ILC (n) 23 2 >0.99

Tumor size <=5 mm (n) 15/191 (7.8 %) 2/23 (8.7 %)

Tumor size > 5 mm (n) 176/191 (92.1 %) 21/23 (91.3 %) >0.99

Upper outer (n) 98 14 0.5

Lower outer (n) 7 1 >0.99

Upper inner (n) 23 1 0.48

Lower inner (n) 6 3 0.06

Central (n) 31 3 >0.99

More than 1 quadrant (n) 26 1 0.32

Multifocality (n) 8/191 (4.2 %) 4/23 (17 %) 0.0283

Learning curve (in) 32 8

Learning curve (after) 78 3 0.006

IDC invasive ductal carcinoma, DCIS ductal carcinoma in situ, ILC invasive lobular carcinoma

Fig. 1 Logistic regression
estimates (solid curve) of log odds
of repeat surgery due to positive
surgical margins as a function of
tumor volume for patients with
sample average levels of other
covariates (DCIS, operating
surgeon, age at surgery).
Horizontal reference line
indicates log odds for a patient
with sample average values of all
covariates.CI confidence interval,
TuV tumor volume, DCIS ductal
carcinoma in situ
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size (<=5 mm or >5 mm) were not significant risk factors for
failure (p=0.193; p>0.99) as opposed to other RGL studies
[16, 17]. However, we found that the 0.25 ccm of tumor vol-
ume was a critical size for the minimal risk for reoperation
(Fig. 1). Less than 0.25 ccm (0.0625 ccm vs 0.25 ccm) or
more than 0.25 ccm (4 ccm or more) of tumor volume were
an independent prognostic factor of positive surgical margin
(Table 3). This effect -as a larger size tumors are prognostic
factors for reexcision- is well known from the literature.
Extensive intraductal component, lymphovascular invasion,

presence of DCIS or simply the larger tumor size are the most
important factors regarding margin positivity [18–20]. On the
other hand, surgeons are forced to perform BCS with good
cosmetic outcome in patients with larger tumors too, and it can
result a higher rate of involved surgical margin.

Specimen volume in wire-guided breast biopsy is deter-
mined by two contradictory aspects. The surgeon aims to ob-
tain histologically clear margins without jeopardizing the pre-
viously mentioned cosmesis with an unnecessarily wide exci-
sion of surrounding normal breast tissue.

Table 3 Effects of clinical
factors on the odds of repeat
surgery due to positive surgical
margins as estimated by logistic
regression

Factor Contrast OR 95%CI P value

TuV [ccm] 0.0625 vs 0.25 2.74 1.07–7.03 0.0354

TuV [ccm] 0.125 vs 0.25 1.31 0.90–1.93 0.1627

TuV [ccm] 0.5 vs 0.25 1.10 0.74–1.63 0.6477

TuV [ccm] 1 vs 0.25 1.57 0.68–3.63 0.2870

TuV [ccm] 2 vs 0.25 2.68 0.77–9.40 0.1227

TuV [ccm] 4 vs 0.25 4.93 1.03–23.5 0.0452

TuV [ccm] 8 vs 0.25 8.87 1.64–48.0 0.0113

TuV [ccm] 16 vs 0.25 14.17 2.69–74.7 0.0018

TuV [ccm] 32 vs 0.25 18.24 2.90–115 0.0020

DCIS yes vs no 4.44 1.49–13.3 0.0075

Surgeon residents vs learning curve (after) 6.33 1.06–37.8 0.0429

Surgeon consultants vs learning curve (after) 3.64 0.77–17.1 0.1025

Surgeon learning curve (in) vs learning curve (after) 6.04 1.23–29.6 0.0266

Age 45 vs 60 2.14 0.61–7.49 0.2335

Age 75 vs 60 0.75 0.13–4.20 0.7439

CI confidence interval, OR odds ratio, TuV tumor volume, DCIS ductal carcinoma in situ

Fig. 2 Reduction of the Bhigh-volume^ surgeon’s reoperation rate in correlation to the number of procedures

Predictive Factors for Positive Margin and the Surgical Learning 213



In this study, the mean specimen volume was 34.1 ccm and
it was compatible with that of other studies ranging from 9.5
to 73.5 ccm [21].

We demostrated a specific role of patient’s age. The differ-
ence for reoperation between young patients (45 years) and
60 years old patients was not statistically significant as a dif-
ference between patients with 75 years and 60 years. But the
odds ratios (OR:2.14, OR:0.75) for positive surgical margins
showed that the elderly patients have a lower risk for reoper-
ation. These results could be origined from the wider surgical
excisions, because of the cosmetic results were not so decisive
in this cohort of patients.

In the European Society of Breast Cancer Specialists
(EUSOMA) statement on quality indicators of breast cancer
care it was considered 80% asminimum standard and 90% as
the target the proportion of patients who received a single
(breast) operation for the primary tumor (excluding recon-
struction) [22]. To reach this 20 % of reoperation rate in
non-palpable breast cancers we investigated the learning curve
ofWGLmethod by a Bhigh-volume^ surgeon’s experience, as
standardizing the circumstances. He reached a 20 % of reop-
eration rate first after 30 procedures; however, this rate de-
creased constantly below 20 % after the fortieth operation.
While the latest systematic review and meta-analysis demon-
strated a 27.5 % of positive surgical margin with WGL meth-
od [23], Postma found only 10 % of positive margin in a
multicentric study, where the all participated surgeons were
dedicated breast surgeons with a great experience with both
WGL and ROLL methods [24]. So, we consider, at least forty
operations are mandatory for the adequate surgical excision
and seventy procedures make the surgeon sure of mastering
this method.

Evaluating the effect of learning curve period for positive
surgical margin we found that these 40 primary procedures
have a significantly higher reoperation rate than procedures
after the learning curve period with uni- and multivariate anal-
ysis too (p=0.006; p=0.0266 odds ratio=6.04; 95 % confi-
dence interval: 1.23–29.6).

The difference of reoperation rate between Bhigh-volume^
surgeon (9.1 %), consultants (10.1 %) and residents (20 %)
was not statistically significant and it was similar to results
described in the literature [25, 26]. This non-significant differ-
ence could be origined from the small size of sample of resi-
dents’ cases and the influence of experienced surgeons’ assis-
tance. However the residents’ rate was twice more than dedi-
cated surgeons’ rate, and we proved the significant effect of
learning curve, so these procedures should be reserved for
experienced surgeons.

On the other hand, we confirmed that the reoperation rate
between experienced consultans and Bhigh-volume^ surgeon
(after the learning curve) was different with a 3.64 odds ratio
for failure. We proved the difference also, between residents
and Bhigh-volume^ surgeon (after the learning curve) with a

6.33 odds ratio, which was statistically significant (p=0.042).
Based on these findings we found, that the radicality of resec-
tion is strongly influenced by the adequate surgical experi-
ence, which could be reached after forty operations as a learn-
ing curve in patients with non-palpable breast cancer.

Conclusion

Our single institutional study ofwire-guided localizationmethod
demonstrated a 10.7 % of reoperation rate in a series of 214
consecutive patients with non-palpable breast cancer. This local-
ization technique can be performed safely with very good short
term results. Positive surgical margins were significantly influ-
enced by the presence of DCIS, the tumor volume and the learn-
ing curve with multivariate analysis. The reoperation rate de-
creased constantly below 20 % after the fortieth operation. So,
we consider, that forty operations are mandatory for mastering
the adequate surgical excision after wire-guided localization.
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