
Review Article

Resection Margins in Conservative Breast Cancer Surgery§

Francisco Javier Medina Fernández,a,* Marı́a Dolores Ayllón Terán,a

Marı́a Sagrario Lombardo Galera,b Pilar Rioja Torres,a
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c i r e s p . 2 0 1 3 ; 9 1 ( 7 ) : 4 0 4 – 4 1 2

article info

Article history:

Received 30 September 2012

Accepted 21 February 2013

Available online 28 November 2013

Keywords:

Breast cancer

Conservative surgery

Positive margins

Reoperation

Residual tumour

Predictive factors

Palabras clave:

Cáncer de mama

Cirugı́a conservadora

Márgenes positivos

Reintervención

Tumor residual

Factores predictores

a b s t r a c t

Conservative breast cancer surgery is facing a new problem: the potential tumour involve-

ment of resection margins. This eventuality has been closely and negatively associated with

disease-free survival. Various factors may influence the likelihood of margins being affect-

ed, mostly related to the characteristics of the tumour, patient or surgical technique. In the

last decade, many studies have attempted to find predictive factors for margin involvement.

However, it is currently the new techniques used in the study of margins and tumour

localisation that are significantly reducing reoperations in conservative breast cancer

surgery.

# 2012 AEC. Published by Elsevier España, S.L. All rights reserved.

Los márgenes de resección en la cirugı́a conservadora del cáncer de mama

r e s u m e n

La cirugı́a conservadora del cáncer de mama plantea un nuevo problema: la posible

afectación tumoral de los márgenes de resección. Esta eventualidad se relaciona de forma

negativa con la supervivencia libre de enfermedad. Diversos factores pueden incrementar la

probabilidad de que los márgenes estén afectados, en su mayorı́a relacionados con carac-

terı́sticas del tumor, de las pacientes o de la técnica quirú rgica. En la ú ltima década, muchos

han sido los estudios que han tratado de identificar factores que puedan predecir la

afectación de los márgenes quirú rgicos, aunque en la actualidad, son las nuevas técnicas

utilizadas en el estudio de los márgenes y en la localización tumoral las que están

propiciando una disminución significativa de las reintervenciones en la cirugı́a conserva-

dora del cáncer de mama.
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Introduction

Breast cancer surgery has gradually evolved since its intro-

duction to use increasingly conservative techniques, from the

radical mastectomies described by Halsted in the early 20th

century to the minimal lumpectomies performed today.

However, this progress has led to a new problem: tumour

involvement at the resection margin.

This possibility, which ranges between 20% and 40% for

conservative surgery,1,2 favours local recurrence3–5 and, in

most cases, requires reoperation with the extension of

resection margins. This fact becomes more relevant in

patients under 40 years of age, who have a lower rate of

disease-free survival after ten years compared with older

patients (34.6% vs 84.4%).6 In contrast, no differences have

been found in patients with negative margins with regard to

local recurrence in different age groups.7 While the

importance of free margins is clear, other factors have

been shown to be determinant in the probability of

developing local recurrence. Systemic therapy is prominent

among these factors, decreasing the rate of local recurrence.

Tumour biology is another important factor, as in the case

of tumours classified as ‘‘triple negative’’ (negative for

progesterone, oestrogen, and HER2 receptors), which have

an increased risk of local recurrence, regardless of treat-

ment.8

On the other hand, the influence of resection margins

around the tumour (defined in many centres as a distance

between 0 and 2 mm) on local recurrence is a controversial

issue.5,9,10 However, most studies that have evaluated this

issue have concluded that there is no correlation between

local recurrence and tumour distance to resection margins,

so that at present, the presence of close margins is not an

indication for reoperation. In this regard, it is important to

note that negative margins, whatever their size, might not

be indicative of the absence of residual breast cancer, but

would only point to a remaining tumour burden low enough

to be controlled by radiotherapy.8 This assertion was

demonstrated in a study of 1985 that concluded that up

to 43% of patients had some type of satellite tumour nodule

at a distance beyond 2 cm from the main tumour, and

this figure decreased to 11%–18% if the margin measured

3–4 cm.11

Despite the undeniable importance of free margins in

disease progression, at least half of patients undergoing

reoperation will not present residual tumour (RT), which

makes these surgeries avoidable and potentially unneces-

sary.12 Therefore, over the last decade, many studies have

aimed to find predictors of positive margins (PM) and RT, and

most of them agree on a number of factors that should be

taken into account in the design of the surgical strategy. At the

same time, several techniques and protocols for tumour

localisation and assessment of the resection margins are being

developed to decrease the rates of PM and RT.

The aim of this review is to analyse the available scientific

evidence on the biological and technical factors associated

with negative resection margins and no residual tumour to

achieve the most conservative surgery possible for breast

cancer.

Predictors of Positive Margins in the Surgical
Specimen

As discussed above, the involvement of the resection margins

has been identified as an important risk factor for local

recurrence,3 so that in most centres, the term ‘‘positive

margins’’ is synonymous with reoperation, causing a resultant

negative impact from the aesthetic and economic viewpoints,

causing a delay in adjuvant therapy, and generating patient

anxiety.

A number of mostly retrospective studies published during

the last decade have identified specific factors that indepen-

dently predict a greater risk of PM. These factors are as follows:

young patients (<45–50 years old),13–15 large tumours (>20–

30 mm),15–21 multifocal tumours,15–17,20,21 the absence of a

preoperative cancer diagnosis,13,17,18,21,22 microcalcifications

on mammography,15,16 stereotaxic tumour localisation,23–27

the presence of ductal carcinoma in situ (DCIS),13,15,18,20,21 and

lobular infiltration in histology studies.13,18–20,22

Recently, a prospective study was published in 2012

including 305 patients with non-palpable breast cancer who

underwent conservative surgery.2 The results of the study, in

accordance with the studies cited above, support the

conclusion that the presence of microcalcifications, multifocal

disease, stereotaxic tumour localisation (vs ultrasound), and

the presence of DCIS are risk factors in both univariate and

multivariate analyses; stereotaxic localisation vs ultrasound

had a higher odds ratio on multivariate analysis, this

difference was most likely related to the fact that tumours

that are only observed by mammography are diffuse and less

well-defined, making their detection and resection more

challenging.

Another recent prospective study sought to identify

preoperative factors that were useful in assessing the risk of

requiring multiple operations compared with a single opera-

tion after lumpectomy.28The results of the study, in univariate

and multivariate analysis, agreed with the above-mentioned

studies with regard to microcalcifications and lobular histo-

logy, which increased the risk of reoperation for positive

margins. Another finding of that study (not previously

described) was that grade 2 on the preoperative biopsy

(moderately differentiated tumour) almost doubled the risk

of reoperation compared with grade 1 (well-differentiated

tumour), but there was no significant difference with grade 3

(poorly differentiated tumour), which had been found in

another study.29

Shin et al.,30 also in 2012, showed that patients with

radiographically dense breasts (>75% fibroglandular tissue)

had a positive margin rate four times higher than patients

with fatty breasts, which was most likely due to the

difficulty of defining the tumour boundaries, a finding that

was also demonstrated by Bani et al.31 This risk factor, along

with the other four (DCIS, lobular histology, microcalcifica-

tions and tumour size difference >5 mm between ultra-

sound and NMR), allowed the authors to develop a risk

nomogram that led to the detection of up to 85% of patients

with PM; this nomogram could be very useful in the

preoperative identification of patients with significant risk

of PM, allowing the patient’s physicians to use the most
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appropriate therapeutic strategy for achieving negative

resection margins.

Finally, it has also been proposed that preoperative

chemotherapy and formalin fixation as well as the length

of time from specimen removal to pathological analysis could

determine an insufficient pathological assessment of the

state of the margins and consequently give a higher rate of

positive margins due to tissue shrinkage. The first of these

factors has not been confirmed; in this regard, Soucy et al.32

found no significant differences in margin involvement

between patients with and without preoperative chemothe-

rapy. With regard to the remaining two factors, a study that

analysed the weights and volumes as well as the distances

between the margins and the tumour for 68 specimens after

different periods of time concluded that there was no

relationship with time or formalin fixation.33 However, this

last fact is controversial, and studies have been published

that appear to show reduced tumour size after formalin

fixation.34 In addition, an experimental study published in

2010 that used MRI to compare the effect of formalin on

different tissues concluded that this aldehyde causes a slight

expansion of muscle tissue, fatty tissue retraction, and

specimen flattening.35 With this data in view, it can be

concluded at least that formalin fixation of the specimen

could somehow alter the measurement of the tumour

margins, but only future studies will clarify the importance

of this fact.

Schematically, Table 1 shows the main features and

findings of the studies discussed in this section.

Predictors of Residual Tumour at Reoperation

In our experience, up to 60% of female patients who undergo

reoperation due to PM show no RT on the final histopathology.

This finding is consistently described in the literature using

percentages of approximately 50% in most studies.36,60 Thus,

knowing how to predict which patients will not present

residual tumour at reoperation would be very beneficial.

The first study was published in 1995, and the presence of

RT was retrospectively studied in patients who had previously

undergone excisional biopsy due to breast cancer.37 After

reviewing 420 patients, of whom only 47% had RT, the authors

concluded that the most significant risk factors in this regard

were clinical presentation (palpable vs non-palpable) with 3%

vs 11% and axillary status (metastatic vs free) with 14% vs 7%.

On the other hand, Saarela et al.,38 after prospectively

analysing 49 patients, found that tumour size was not related

to the presence of RT, although the authors understandably

found a relationship with multifocality, similar to other

authors.39 However, those two studies are not comparable

because of the size of the sample and because the latter only

included patients with non-palpable tumours. Moreover,

another study in 2004 determined that in tumours �20 mm

with PM, RT is present up to 14% more frequently than in

smaller tumours.40Another prospective study conducted with

47 patients41 supported this finding, establishing the cut-off

point for tumour size at 30 mm. This cut-off, coupled with the

presence of HER2/neu+ as a risk factor, has also been described

Table 1 – Predictors of Positive Margins in the Surgical Specimen.

Author Year # of patients Margins + Predictors Evidence level

Dillon et al.18 2006 612 34% Tumour size >20 mm 2b

Stage T1

Invasive lobular

Extensive DCIS component

Multifocal disease

No preoperative diagnosis

Ramanah et al.21 2008 206 41% DCIS size 2b

Limited excision

No preoperative diagnosis

Multifocal disease

Bani et al.31 2009 565 21% Mammographic density (g4) 2b

Tumour size >20 mm

Multifocal disease

DCIS presence

Reedijk et al.2 2012 305 20% Stereotaxic location 1b

DCIS presence

Tumour size >20 mm

Multifocal disease

Shin et al.30 2012 563 18% Microcalcifications 1b

Mammographic density (g4)

DCIS presence

Lobular subtype

6¼ NMR/US >5 mm

DCIS: ductal carcinoma in situ; US: ultrasound; g4: grade 4; Margins +: Margin positivity (%): NMR: nuclear magnetic resonance, NMR/US:

tumour measurement difference between ultrasound and NMR.

Classification of the level of evidence according to The Oxford 2011 levels of evidence, Levels of Evidence Working Group, Oxford Centre for

Evidence-Based Medicine (OCEBM).
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for PM,42 and a relationship between tumour volume and

surgical resection specimen greater than 70% is known. In that

study,41 nine other parameters were studied without finding

statistical significance, including an extensive intraductal

component, palpable tumours, and axillary lymph node

metastases.

In 2009, a surprising study concluded after retrospectively

analysing 303 patients that the RT rate did not differ between

patients with close/positive margins.39These unexpected data

are in disagreement with another methodologically similar

study, which concluded that there was a lower rate of residual

tumour involvement with greater margins.43

In 2012, Halevy et al.29 developed a probability score for

finding RT at reoperation after PM based on six parameters

that behaved as independent risk factors, concluding that, for

patients with margins �2 mm and a score <4, the probability

of finding a site of residual microinvasive tumour (<2 mm) was

3.2%, with up to a 10% probability of finding DCIS.

To summarise, Table 2 shows the results of the main

studies cited in this section.

Impact of Intraoperative Tumour Localisation
Techniques

At least three other techniques have proven useful as

alternatives to harpoon localisation in non-palpable tumours.

Intraoperative ultrasound (IOUS)-guided resection, which

is based on tumour assessment before and during surgery and

also on the resected specimen, has been shown to signifi-

cantly reduce the rate of PM down to 3%–11%23,24,26,27

compared with the 45%–57% that has been described in some

series with harpoon localisation and the 26% achieved by

radio-guided occult lesion localisation (ROLL).24,44 While it is

true that the IOUS data are inconclusive, a study in 2012 found

similar rates of PM (6.7% vs 6.5%) and reoperations (12.5% vs

11%) between IOUS and harpoon techniques, respectively,

favouring the use of the harpoon in disagreement with the

majority of studies.45 However, given that ultrasound is not

the ideal technique to evaluate microcalcifications (and thus

DCIS) and that only 50% of tumours are observed on

ultrasound,46 its use cannot be generalised. However, in

view of these results, it may be useful in centres with

availability and experience.47

Cryoprobe-assisted localisation (CAL) is also based on

ultrasound and therefore has the same disadvantages. This

technique, originally used for the treatment of benign

tumours,48 was first applied in breast cancer in 2003 by Tafra

et al.49 Its usefulness has been demonstrated in small, non-

palpable tumours. In this technique, a cryoprobe guided by

ultrasound is inserted into the tumour and freezes it,

converting it into a palpable sphere that is easily resectable.36

While this technique has not been proven superior to the

harpoon with regard to the rate of PM (28% vs 31%, P=.691) and

reoperations (19% vs 21%, P=.764),50 it clearly decreases

operating time and the volume of removed tissue, improving

aesthetic results.50 Moreover, the procedure causes tumour

necrosis per se and may therefore have an effect on margin

ablation. In 2011, the first series to use this technique for the

percutaneous ablation of tumours <10 mm was published.

The procedure showed complete tumour necrosis as assessed

by MRI and histopathology in 14 of the 15 patients included in

the study; its failure in the remaining patient was possibly due

to an incorrect probe position.51

Table 2 – Predictors of Residual Tumour at Reoperation.

Author Year # of patients Residual tumour + Predictors Evidence level

Jardines et al.37 1995 420 47% Tumour size >20 mm 2b

Positive axillary lymph nodes

Palpable tumour

Infiltrating lobular histology

Cellini et al.40 2004 276 63% Tumour size >20 mm 2b

G2 or G3 tumour

Positive vs close margin

More than one margin positive

Kotwall et al.43 2007 582 30% Palpable tumour 2b

Large tumour

Positive axillary lymph nodes

Sabel et al.39 2009 303 33% For DCIS: young age 2b

For IC: multifocal disease

Halevy et al.29 2012 293 38% Age <50 years 2b

Positive axillary lymph nodes

Tumour size �30 mm

Multifocal disease

Previous resection without harpoon

Margin <1 mm

Atalay et al.41 2012 104 45% Positive HER2 2b

Tumour volume/specimen >70%

DCIS: ductal carcinoma in situ; IC: infiltrating carcinoma; G2: moderately differentiated tumour; G3: poorly differentiated tumour.

Classification of the level of evidence according to The Oxford 2011 levels of evidence, Levels of Evidence Working Group, Oxford Centre for

Evidence-Based Medicine (OCEBM).
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In contrast, based on nuclear medicine, the ROLL technique

was described in 1996 as a tool for the localisation of palpable

tumours.52 When compared with the harpoon, ROLL is safe,

effective and less bloody53; it even, according to some authors,

decreases the rate of PM (57% vs 26%)54 and reoperations.55,56

Moreover, ROLL does not increase operative time and even

decreases tumour localisation time up to 7 min in some

series55–57; however, it does appear to increase costs compared

with the harpoon.36 A meta-analysis published in 2012

including 4 studies and 449 patients supports these results.58

Table 3 shows a summary of the main studies conducted

comparing ROLL, CAL and IOUS with the harpoon procedure.

Several new techniques are emerging in the field of

intraoperative tumour detection, but they are still far from

becoming standardised.

The manufacture of manual positron detection probes

such as positron emission tomography (PET), which are based

on measuring cellular metabolic processes, has made the

development of real-time tumour detection techniques

possible.59 Preliminary results support the possible usefulness

of this technique in breast cancer, although the lack of

specificity and spatial resolution, the difficulty in detecting

small tumours (<10 mm) and its high cost make it a technique

that still needs further development.6,36

Similarly, most likely the most innovative technical

development in this regard is near-infrared fluorescence

optical imaging. Based on the emission properties of certain

fluorochromes for this frequency of light either after binding

to tumour receptors such as VEGF, EGF2, or HER2/neu61–64 or by

being activated by tumour proteases such as cathepsin B and D

and matrix-2 metalloproteinase,65,66 this technique will allow

tumour detection and evaluation and the excision of any

remaining tumour tissue or suspicious lymph nodes.67 This

technique is quick, secure, safe, easy to perform, relatively

inexpensive and has a high resolution (up to 10 mm). Despite

all of these advantages, the depth at which breast tumours are

often found is an obstacle due to the characteristics of light

propagation in tissue. However, this technique is emerging as

one of the most promising in the future of conservative breast

cancer surgery.36 Other photoacoustic imaging devices that

are still under investigation could also prove useful in the

coming years.68

Study of Resection Margins: How, When
and Where

The simplest of all the methods used for the evaluation of

resection margins is based on tumour boundary detection with

India ink, macroscopic evaluation during surgery and micros-

copic study by the pathologist. However, new analysis techni-

ques for tumour margins have greatly improved the results over

India ink detection, rendering this technique obsolete.

Some of these techniques are performed by the radiologist

on the surgical specimen or through the use of ultrasound or

mammography. In this regard, a study conducted in 2006 with

25 samples concluded that the exclusive use of ultrasound

provided better results in the assessment of margins than

mammography, and similar results were obtained after

combining both techniques. Ultrasound overestimated the

margins in 58.9% of cases, while mammography overestima-

ted the margins in 66.7%. In addition, the mean difference

between the estimated minimum margin was 2.1 mm by

histology and ultrasound and 3.8 mm by mammography,

which was a statistically significant difference. Thus, the

authors concluded that if the tumour margin measured by

ultrasound was twice the desired amount (>4 mm), the

adequate margin rate would be exceeded in 90% of cases.69

Despite this finding, routine mammography itself in the

absence of any other method, has proved useful in patients

with non-palpable tumours,70 reducing the reoperation rate

from 31% to 20%.71

Table 3 – Influence of Intraoperative Tumour Localisation Techniques.

Author Year # of patients Free
margins

Reoperation
rate

Localisation
duration (min)

Evidence
level

Rampaul et al.57 2004 95 1b

49% ROLL 100% 39% 16

51% Harpoon 100% 28% 23

Tafra et al.50 2006 310 1b

66% CAL 72% 19% 19*

33% Harpoon 69% 21% 9

Medina-Franco et al.55 2008 100 1b

50% ROLL 89% 6% 17

50% Harpoon 62% 10% 23

Mariscal-Martı́nez et al.56 2009 134 1b

49% ROLL 89% 7% 14

51% Harpoon 82% 17% 20

Barentsz et al.45 2012 258 2b

64% IOUS 93.5% 11% –

54% Harpoon 93.5% 12.5% –

CAL: cryoprobe-assisted localisation; IOUS: intraoperative ultrasound resection; ROLL: radio-guided occult lesion localisation.

Classification of the level of evidence according to The Oxford 2011 levels of evidence, Levels of Evidence Working Group, Oxford Centre for

Evidence-Based Medicine (OCEBM).
* While localisation time was increased, the overall process time was lower for CAL than for the harpoon (31 vs 104 min).
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From a histopathological point of view, there are several

proven methods to assess resection margins intraoperatively.

Frozen section analysis (FSA) is an increasingly popular

procedure in breast surgery. The specimen is frozen after

resection and later processed and analysed microscopically (a

process that takes approximately 30 min). It has a sensitivity

and specificity of 65%–78% and 98%–100%, respectively.36 The

cost-benefit ratio of the technique is highly positive by

reducing the number of reoperations,72,73 although it should

be noted that it increases surgical time, can undermine a

definitive histological analysis, and is unreliable both in

tumours smaller than 10 mm and in DCIS.74,75

Another promising technique in this field is intraoperative

touch preparation cytology (IOTPC), or simply imprint cytology

(IC). The basis of this technique, for which automated systems

are being developed,76 is the ability of cancer cells to adhere to

glass (which adipose and glandular tissues lack). This method

has shown a sensitivity and specificity close to 100% in some

studies77,78 and the ability to decrease local recurrence at

5 years compared with FSA (8.2% vs 2.8%).79 However, it

appears to be less effective in lobular tumours,80 presenting

artefacts with the use of electrocautery, and does not allow

assessment of multifocality or the distance to the margins.36

A systematic review was recently published comparing

both techniques (FSA vs IC) to determine their effectiveness in

the evaluation of surgical margins and the consequent

decrease in reoperations.81 In that paper, no large differences

were found between the two techniques, except for execution

time (13 min for IC vs 26 min for FSA). The sensitivities of FSA

and IC were 83% and 72%, respectively, and the specificities

were 95% and 97%, respectively. The reoperation rate without

either technique was estimated at 35%, which fell to 11% with

IC and 10% with FSA.

Table 4 shows the most relevant results of the most

influential studies in this regard, although new randomised,

controlled, prospective studies are needed to confirm these

results and clarify the role of these techniques in the future.

Another issue discussed in the assessment of resection

margins is whether these margins should be evaluated in the

specimen or in the surgical cavity. Routine biopsy of the cavity

margin is tempting from the oncological point of view82;

however, this attitude does not fit well with the aim of

conservative surgery. The inverse relationship between the

volume of resected breast tissue and PM has been sufficiently

proven.83,84 This relationship is robust enough that infiltration

of the cavity margins appears to correlate better with survival

than specimen infiltration.85 Thus, some authors conclude

that the result of the resection margins of the specimen can be

ignored if a study of the cavity margins has been performed.86

However, given the various possible combinations between

PM of specimen and cavity87 and the poor correlation

established between the two parameters,85 caution is advised

when basing the therapeutic approach on cavity margins until

new long-term follow-up studies are available.87

Conclusions

The currently available data do not provide an easy method to

resolve the problem of positive tumour margins and their

implications. However, the evidence found in the literature

allows us to reach the following conclusions:

(1) Large lobular multifocal tumours with microcalcifications,

the presence of DCIS, and patient age <45 years represent

independent risk factors for positive margins and should

be taken into account when planning the surgical strategy.

(2) Data published so far regarding predictors of residual

disease in a female patient with positive margins imply

that reoperation cannot be avoided in this situation.

(3) The ROLL and IOUS techniques appear to be superior to the

harpoon procedure with regard to comfort for the patient

and the rates of positive margins and reoperations, so they

are emerging as the localisation methods of choice in the

short term.

(4) Intraoperative assessments of margins by ultrasound or

mammography and by histological techniques such as FSA

and IC have sufficiently demonstrated their utility by

decreasing the rate of positive margins and reoperations.

Thus, introducing them into conservative surgery proto-

cols would improve the results of the procedures.

Once all these elements are known, individualisation,

common sense and prudence should prevail in decision-

making and during surgery to avoid most reoperations after

conservative breast cancer surgery, though it must be borne in

mind that, once margins are free, larger resection margins do

not mean a lower probability of local recurrence. New

technological developments in this field predict a promising

future that is yet to be discovered.
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Table 4 – Study of Resection Margins.

Author Year Technique # of patients Sensitivity Specificity Reoperation rate Evidence level

Klimberg et al.77 1998 IC 428 96.4% 100% 0% 1b

Cendan et al.75 2005 FSA 97 58% 100% 19% 1b

Tan et al.69 2006 EIO 25 96.7% – 20% 2b

Olson et al.73 2007 FSA 290 73% 99.6% 5.5% 1b

Valdes et al.80 2007 IC 61 65.7% 95.5% 23% 2b

IOUS: intraoperative ultrasound; FSA: frozen-section analysis; IC imprint cytology.

Classification of the level of evidence according to The Oxford 2011 levels of evidence, Levels of Evidence Working Group, Oxford Centre for

Evidence-Based Medicine (OCEBM).

c i r e s p . 2 0 1 3 ; 9 1 ( 7 ) : 4 0 4 – 4 1 2 409



r e f e r e n c e s

1. Coopey S, Smith BL, Hanson S, Buckley J, Hughes KS, Gadd
M, et al. The safety of multiple re-excisions after
lumpectomy for breast cancer. Ann Surg Oncol.
2011;18:3797–801.

2. Reedijk M, Hodgson N, Gohla G, Boylan C, Goldsmith CH,
Foster G, et al. A prospective study of tumor and technical
factors associated with positive margins in breast-
conservation therapy for nonpalpable malignancy. Am J
Surg. 2012.

3. Houssami N, Macaskill P, Marinovich ML, Dixon JM, Irwig L,
Brennan ME, et al. Meta-analysis of the impact of surgical
margins on local recurrence in women with early-stage
invasive breast cancer treated with breast-conserving
therapy. Eur J Cancer. 2010;46:3219–32.

4. Rubio IT, Marco V. The importance of surgical margins in
conservative surgery for breast cancer. Cir Esp. 2006;79:3–9.

5. Singletary SE. Surgical margins in patients with early-stage
breast cancer treated with breast conservation therapy. Am J
Surg. 2002;184:383–93.

6. Jobsen JJ, van der Palen J, Ong F, Meerwaldt JH. Differences in
outcome for positive margins in a large cohort of breast
cancer patients treated with breast-conserving therapy.
Acta Oncol. 2007;46:172–80.

7. Vicini FA, Kestin LL, Goldstein NS, Chen PY, Pettinga J,
Frazier RC, et al. Impact of young age on outcome in patients
with ductal carcinoma-in-situ treated with breast-
conserving therapy. J Clin Oncol. 2000;18:296–306.

8. Morrow M, Harris JR, Schnitt SJ. Surgical margins in
lumpectomy for breast cancer—bigger is not better. N Engl J
Med. 2012;367:79–82.

9. Kunos C, Latson L, Overmoyer B, Silverman P, Shenk R,
Kinsella T, et al. Breast conservation surgery
achieving>or=2 mm tumor-free margins results in
decreased local-regional recurrence rates. Breast J.
2006;12:28–36.

10. Zavagno G, Goldin E, Mencarelli R, Capitanio G, del Bianco P,
Marconato R, et al. Role of resection margins in patients
treated with breast conservation surgery. Cancer.
2008;112:1923–31.

11. Holland R, Veling SH, Mravunac M, Hendriks JH. Histologic
multifocality of Tis, T1-2 breast carcinomas. Implications for
clinical trials of breast-conserving surgery. Cancer.
1985;56:979–90.

12. Keskek M, Kothari M, Ardehali B, Betambeau N, Nasiri N, Gui
GP. Factors predisposing to cavity margin positivity
following conservation surgery for breast cancer. Eur J Surg
Oncol. 2004;30:1058–64.

13. Smitt MC, Horst K. Association of clinical and pathologic
variables with lumpectomy surgical margin status after
preoperative diagnosis or excisional biopsy of invasive
breast cancer. Ann Surg Oncol. 2007;14:1040–4.

14. Aziz D, Rawlinson E, Narod SA, Sun P, Lickley HL, McCready
DR, et al. The role of reexcision for positive margins in
optimizing local disease control after breast-conserving
surgery for cancer. Breast J. 2006;12:331–7.

15. Saadai P, Moezzi M, Menes T. Preoperative and
intraoperative predictors of positive margins after breast-
conserving surgery: a retrospective review. Breast Cancer.
2011;18:221–5.

16. Kurniawan ED, Wong MH, Windle I, Rose A, Mou A,
Buchanan M, et al. Predictors of surgical margin status in
breast-conserving surgery within a breast screening
program. Ann Surg Oncol. 2008;15:2542–9.

17. Cabioglu N, Hunt KK, Sahin AA, Kuerer HM, Babiera GV,
Singletary SE, et al. Role for intraoperative margin

assessment in patients undergoing breast-conserving
surgery. Ann Surg Oncol. 2007;14:1458–71.

18. Dillon MF, Hill AD, Quinn CM, McDermott EW, O’Higgins N.
A pathologic assessment of adequate margin status in
breast-conserving therapy. Ann Surg Oncol. 2006;13:333–9.

19. Chagpar AB, Martin IInd RC, Hagendoorn LJ, Chao C,
McMasters KM. Lumpectomy margins are affected by tumor
size and histologic subtype but not by biopsy technique. Am
J Surg. 2004;188:399–402.

20. Lovrics PJ, Cornacchi SD, Farrokhyar F, Garnett A, Chen V,
Franic S, et al. The relationship between surgical factors and
margin status after breast-conservation surgery for early
stage breast cancer. Am J Surg. 2009;197:740–6.

21. Ramanah R, Pivot X, Sautiere JL, Maillet R, Riethmuller D.
Predictors of re-excision for positive or close margins in
breast-conservation therapy for pT1 tumors. Am J Surg.
2008;195:770–4.

22. Waljee JF, Hu ES, Newman LA, Alderman AK. Predictors of
re-excision among women undergoing breast-conserving
surgery for cancer. Ann Surg Oncol. 2008;15:1297–303.

23. Moore MM, Whitney LA, Cerilli L, Imbrie JZ, Bunch M,
Simpson VB, et al. Intraoperative ultrasound is associated
with clear lumpectomy margins for palpable infiltrating
ductal breast cancer. Ann Surg. 2001;233:761–8.

24. Rahusen FD, Bremers AJ, Fabry HF, van Amerongen AH,
Boom RP, Meijer S. Ultrasound-guided lumpectomy of
nonpalpable breast cancer versus wire-guided resection: a
randomized clinical trial. Ann Surg Oncol. 2002;9:994–8.

25. Schiller DE, Le LW, Cho BC, Youngson BJ, McCready DR.
Factors associated with negative margins of lumpectomy
specimen: potential use in selecting patients for
intraoperative radiotherapy. Ann Surg Oncol. 2008;15:833–
42.

26. Ngo C, Pollet AG, Laperrelle J, Ackerman G, Gomme S,
Thibault F, et al. Intraoperative ultrasound localization of
nonpalpable breast cancers. Ann Surg Oncol. 2007;14:2485–
9.

27. Bennett IC, Greenslade J, Chiam H. Intraoperative
ultrasound-guided excision of nonpalpable breast lesions.
World J Surg. 2005;29:369–74.

28. O’Flynn EA, Currie RJ, Mohammed K, Allen SD, Michell MJ.
Pre-operative factors indicating risk of multiple operations
versus a single operation in women undergoing surgery for
screen detected breast cancer. Breast. 2012.

29. Halevy A, Lavy R, Pappo I, Davidson T, Gold-Deutch R,
Jeroukhimov I, et al. Indication for relumpectomy—a useful
scoring system in cases of invasive breast cancer. J Surg
Oncol. 2012;105:376–80.

30. Shin HC, Han W, Moon HG, Cho N, Moon WK, Park IA, et al.
Nomogram for predicting positive resection margins after
breast-conserving surgery. Breast Cancer Res Treat. 2012.

31. Bani MR, Lux MP, Heusinger K, Wenkel E, Magener A,
Schulz-Wendtland R, et al. Factors correlating with
reexcision after breast-conserving therapy. Eur J Surg Oncol.
2009;35:32–7.

32. Soucy G, Belanger J, Leblanc G, Sideris L, Drolet P, Mitchell A,
et al. Surgical margins in breast-conservation operations for
invasive carcinoma: does neoadjuvant chemotherapy have
an impact? J Am Coll Surg. 2008;206:1116–21.

33. Krekel NM, van Slooten HJ, Barbe E, de Lange de Klerk ES,
Meijer S, van den Tol MP. Is breast specimen shrinkage
really a problem in breast-conserving surgery? J Clin Pathol.
2012;65:224–7.

34. Verma VP, Kaur N, Agarwal N, Bhargava SK, Singh UR, Saha
S, et al. Intra-operative measurement of tumour size in
breast cancer and its comparison with other methods:
a prospective study. Ecancermedicalscience. 2008;2:96.

35. Docquier PL, Paul L, Cartiaux O, Lecouvet F, Dufrane D,
Delloye C, et al. Formalin fixation could interfere with the

c i r e s p . 2 0 1 3 ; 9 1 ( 7 ) : 4 0 4 – 4 1 2410

http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0005
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0005
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0005
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0005
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0010
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0010
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0010
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0010
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0010
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0015
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0015
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0015
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0015
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0015
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0020
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0020
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0025
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0025
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0025
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0030
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0030
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0030
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0030
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0035
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0035
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0035
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0035
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0040
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0040
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0040
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0045
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0045
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0045
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0045
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0045
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0045
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0045
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0050
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0050
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0050
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0050
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0055
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0055
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0055
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0055
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0060
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0060
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0060
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0060
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0065
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0065
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0065
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0065
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0070
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0070
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0070
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0070
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0075
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0075
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0075
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0075
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0080
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0080
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0080
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0080
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0085
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0085
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0085
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0085
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0090
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0090
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0090
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0095
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0095
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0095
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0095
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0095
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0100
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0100
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0100
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0100
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0105
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0105
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0105
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0105
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0110
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0110
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0110
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0115
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0115
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0115
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0115
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0120
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0120
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0120
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0120
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0125
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0125
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0125
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0125
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0125
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0130
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0130
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0130
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0130
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0135
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0135
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0135
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0140
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0140
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0140
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0140
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0145
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0145
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0145
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0145
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0150
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0150
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0150
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0155
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0155
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0155
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0155
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0160
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0160
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0160
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0160
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0165
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0165
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0165
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0165
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0170
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0170
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0170
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0170
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0175
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0175


clinical assessment of the tumor-free margin in tumor
surgery: magnetic resonance imaging-based study.
Oncology. 2010;78:115–24.

36. Pleijhuis RG, Graafland M, de Vries J, Bart J, de Jong JS, van
Dam GM. Obtaining adequate surgical margins in breast-
conserving therapy for patients with early-stage breast
cancer: current modalities and future directions. Ann Surg
Oncol. 2009;16:2717–30.

37. Jardines L, Fowble B, Schultz D, Mackie J, Buzby G, Torosian
M, et al. Factors associated with a positive reexcision after
excisional biopsy for invasive breast cancer. Surgery.
1995;118:803–9.

38. Saarela AO, Rissanen TJ, Lahteenmaki KM, Soini Y,
Haukipuro K, Kaarela O, et al. Wire-guided excision of non-
palpable breast cancer: determinants and correlations
between radiologic and histologic margins and residual
disease in re-excisions. Breast. 2001;10:28–34.

39. Sabel MS, Rogers K, Griffith K, Jagsi R, Kleer CG, Diehl KA,
et al. Residual disease after re-excision lumpectomy
for close margins. J Surg Oncol. 2009;99:99–103.

40. Cellini C, Hollenbeck ST, Christos P, Martins D, Carson J,
Kemper S, et al. Factors associated with residual breast
cancer after re-excision for close or positive margins. Ann
Surg Oncol. 2004;11:915–20.

41. Atalay C, Irkkan C. Predictive factors for residual disease in
re-excision specimens after breast-conserving surgery.
Breast J. 2012;18:339–44.

42. Yang H, Jia W, Chen K, Zeng Y, Li S, Jin L, et al. Cavity
margins and lumpectomy margins for pathological
assessment: which is superior in breast-conserving surgery?
J Surg Res. 2012.

43. Kotwall C, Ranson M, Stiles A, Hamann MS. Relationship
between initial margin status for invasive breast cancer and
residual carcinoma after re-excision. Am Surg. 2007;73:337–
43.

44. Krekel NM, Zonderhuis BM, Stockmann HB, Schreurs WH,
van der Veen H, de Lange de Klerk ES, et al. A comparison of
three methods for nonpalpable breast cancer excision. Eur J
Surg Oncol. 2011;37:109–15.

45. Barentsz MW, van Dalen T, Gobardhan PD, Bongers V, Perre
CI, Pijnappel RM, et al. Intraoperative ultrasound guidance
for excision of non-palpable invasive breast cancer: a
hospital-based series and an overview of the literature.
Breast Cancer Res Treat. 2012;135:209–19.

46. Klimberg VS. Advances in the diagnosis and excision of
breast cancer. Am Surg. 2003;69:11–4.

47. Olsha O, Shemesh D, Carmon M, Sibirsky O, Abu Dalo R,
Rivkin L, et al. Resection margins in ultrasound-guided
breast-conserving surgery. Ann Surg Oncol. 2011;18:447–52.

48. Kaufman CS, Bachman B, Littrup PJ, White M, Carolin KA,
Freman-Gibb L, et al. Office-based ultrasound-guided
cryoablation of breast fibroadenomas. Am J Surg.
2002;184:394–400.

49. Tafra L, Smith SJ, Woodward JE, Fernandez KL, Sawyer KT,
Grenko RT. Pilot trial of cryoprobe-assisted breast-
conserving surgery for small ultrasound-visible cancers.
Ann Surg Oncol. 2003;10:1018–24.

50. Tafra L, Fine R, Whitworth P, Berry M, Woods J, Ekbom G,
et al. Prospective randomized study comparing cryo-
assisted and needle-wire localization of ultrasound-visible
breast tumors. Am J Surg. 2006;192:462–70.

51. Manenti G, Perretta T, Gaspari E, Pistolese CA, Scarano L,
Cossu E, et al. Percutaneous local ablation of unifocal
subclinical breast cancer: clinical experience and
preliminary results of cryotherapy. Eur Radiol. 2011;21:
2344–53.

52. Luini A, Zurrida S, Paganelli G, Galimberti V, Sacchini V,
Monti S, et al. Comparison of radioguided excision with wire
localization of occult breast lesions. Br J Surg. 1999;86:522–5.

53. Hughes JH, Mason MC, Gray RJ, McLaughlin SA, Degnim AC,
Fulmer JT, et al. A multi-site validation trial of radioactive
seed localization as an alternative to wire localization.
Breast J. 2008;14:153–7.

54. Gray RJ, Salud C, Nguyen K, Dauway E, Friedland J, Berman
C, et al. Randomized prospective evaluation of a novel
technique for biopsy or lumpectomy of nonpalpable breast
lesions: Radioactive seed versus wire localization. Ann Surg
Oncol. 2001;8:711–5.

55. Medina-Franco H, Abarca-Perez L, Garcia-Alvarez MN, Ulloa-
Gomez JL, Romero-Trejo C, Sepulveda-Mendez J.
Radioguided occult lesion localization (ROLL) versus wire-
guided lumpectomy for non-palpable breast lesions:
a randomized prospective evaluation. J Surg Oncol.
2008;97:108–11.

56. Mariscal Martinez A, Sola M, de Tudela AP, Julian JF, Fraile
M, Vizcaya S, et al. Radioguided localization of nonpalpable
breast cancer lesions:Randomized comparison with wire
localization in patients undergoing conservative surgery
and sentinel node biopsy. AJR Am J Roentgenol.
2009;193:1001–9.

57. Rampaul RS, Bagnall M, Burrell H, Pinder SE, Evans AJ,
Macmillan RD. Randomized clinical trial comparing
radioisotope occult lesion localization and wire-guided
excision for biopsy of occult breast lesions. Br J Surg.
2004;91:1575–7.

58. Sajid MS, Parampalli U, Haider Z, Bonomi R. Comparison
of radioguided occult lesion localization (ROLL) and wire
localization for non-palpable breast cancers: a meta-
analysis. J Surg Oncol. 2012;105:852–8.

59. Gulec SA, Daghighian F, Essner R. PET-Probe: Evaluation
of technical performance and clinical utility of a handheld
high-energy gamma probe in oncologic surgery. Ann Surg
Oncol. 2006.

60. Hall NC, Povoski SP, Murrey DA, Knopp MV, Martin Jr EW.
Combined approach of perioperative 18F-FDG PET/CT
imaging and intraoperative 18F-FDG handheld gamma
probe detection for tumor localization and verification
of complete tumor resection in breast cancer. World J Surg
Oncol. 2007;5:143.

61. Backer MV, Levashova Z, Patel V, Jehning BT, Claffey K,
Blankenberg FG, et al. Molecular imaging of VEGF receptors
in angiogenic vasculature with single-chain VEGF-based
probes. Nat Med. 2007;13:504–9.

62. Sampath L, Kwon S, Ke S, Wang W, Schiff R, Mawad ME,
et al. Dual-labeled trastuzumab-based imaging agent for the
detection of human epidermal growth factor receptor 2
overexpression in breast cancer. J Nucl Med. 2007;48:
1501–10.

63. Lee SB, Hassan M, Fisher R, Chertov O, Chernomordik V,
Kramer-Marek G, et al. Affibody molecules for in vivo
characterization of HER2-positive tumors by near-infrared
imaging. Clin Cancer Res. 2008;14:3840–9.

64. Zielinski R, Hassan M, Lyakhov I, Needle D, Chernomordik V,
Garcia-Glaessner A, et al. Affibody-dylight conjugates for in
vivo assessment of HER2 expression by near-infrared optical
imaging. PLoS ONE. 2012;7:e41016.

65. Bremer C, Ntziachristos V, Weitkamp B, Theilmeier G,
Heindel W, Weissleder R. Optical imaging of spontaneous
breast tumors using protease sensing ‘smart’ optical probes.
Invest Radiol. 2005;40:321–7.

66. Tung CH, Mahmood U, Bredow S, Weissleder R.
In vivo imaging of proteolytic enzyme activity using
a novel molecular reporter. Cancer Res. 2000;60:
4953–8.

67. Madajewski B, Judy B, Mouchli A, Kapoor V, Holt D, Wang
MD, et al. Intraoperative near-infrared imaging of surgical
wounds after tumor resections can detect residual disease.
Clin Cancer Res. 2012.

c i r e s p . 2 0 1 3 ; 9 1 ( 7 ) : 4 0 4 – 4 1 2 411

http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0175
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0175
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0175
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0180
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0180
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0180
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0180
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0180
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0185
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0185
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0185
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0185
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0190
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0190
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0190
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0190
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0190
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0195
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0195
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0195
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0200
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0200
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0200
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0200
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0205
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0205
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0205
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0210
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0210
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0210
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0210
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0215
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0215
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0215
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0215
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0220
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0220
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0220
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0220
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0225
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0225
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0225
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0225
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0225
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0230
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0230
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0235
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0235
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0235
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0240
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0240
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0240
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0240
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0245
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0245
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0245
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0245
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0250
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0250
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0250
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0250
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0255
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0255
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0255
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0255
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0255
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0260
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0260
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0260
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0265
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0265
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0265
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0265
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0270
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0270
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0270
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0270
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0270
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0275
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0275
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0275
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0275
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0275
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0275
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0280
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0280
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0280
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0280
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0280
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0280
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0285
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0285
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0285
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0285
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0285
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0290
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0290
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0290
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0290
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0295
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0295
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0295
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0295
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0300
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0300
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0300
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0300
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0300
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0300
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0300
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0305
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0305
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0305
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0305
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0310
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0310
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0310
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0310
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0310
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0315
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0315
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0315
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0315
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0320
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0320
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0320
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0320
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0325
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0325
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0325
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0325
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0330
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0330
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0330
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0330
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0335
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0335
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0335
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0335


68. Xi L, Grobmyer SR, Wu L, Chen R, Zhou G, Gutwein LG, et al.
Evaluation of breast tumor margins in vivo with
intraoperative photoacoustic imaging. Opt Express.
2012;20:8726–31.

69. Tan KY, Tan SM, Chiang SH, Tan A, Chong CK, Tay KH.
Breast specimen ultrasound and mammography in the
prediction of tumour-free margins. ANZ J Surg.
2006;76:1064–7.

70. Schmachtenberg C, Engelken F, Fischer T, Bick U, Poellinger
A, Fallenberg EM. Intraoperative specimen radiography in
patients with nonpalpable malignant breast lesions. RoFo.
2012;184:635–42.

71. Ciccarelli G, di Virgilio MR, Menna S, Garretti L, Ala A, Giani
R, et al. Radiography of the surgical specimen in early stage
breast lesions: diagnostic reliability in the analysis of the
resection margins. Radiol Med. 2007;112:366–76.

72. Osborn JB, Keeney GL, Jakub JW, Degnim AC, Boughey JC.
Cost-effectiveness analysis of routine frozen-section
analysis of breast margins compared with reoperation
for positive margins. Ann Surg Oncol. 2011;18:3204–9.

73. Olson TP, Harter J, Munoz A, Mahvi DM, Breslin T. Frozen
section analysis for intraoperative margin assessment
during breast-conserving surgery results in low rates of re-
excision and local recurrence. Ann Surg Oncol.
2007;14:2953–60.

74. Riedl O, Fitzal F, Mader N, Dubsky P, Rudas M, Mittlboeck M,
et al. Intraoperative frozen section analysis for breast-
conserving therapy in 1016 patients with breast cancer. Eur J
Surg Oncol. 2009;35:264–70.

75. Cendan JC, Coco D, Copeland IIIrd EM. Accuracy of
intraoperative frozen-section analysis of breast cancer
lumpectomy-bed margins. J Am Coll Surg. 2005;201:194–8.

76. Cortes-Mateos MJ, Martin D, Sandoval S, Ruidiaz ME,
Messmer D, Wang-Rodriguez J, et al. Automated microscopy
to evaluate surgical specimens via touch prep in breast
cancer. Ann Surg Oncol. 2009;16:709–20.

77. Klimberg VS, Westbrook KC, Korourian S. Use of touch preps
for diagnosis and evaluation of surgical margins in breast
cancer. Ann Surg Oncol. 1998;5:220–6.

78. Bakhshandeh M, Tutuncuoglu SO, Fischer G, Masood S. Use
of imprint cytology for assessment of surgical margins in
lumpectomy specimens of breast cancer patients. Diagn
Cytopathol. 2007;35:656–9.

79. Weinberg E, Cox C, Dupont E, White L, Ebert M, Greenberg H,
et al. Local recurrence in lumpectomy patients after
imprint cytology margin evaluation. Am J Surg.
2004;188:349–54.

80. Valdes EK, Boolbol SK, Ali I, Feldman SM, Cohen JM.
Intraoperative touch preparation cytology for margin
assessment in breast-conservation surgery: does it work
for lobular carcinoma? Ann Surg Oncol. 2007;14:2940–5.

81. Esbona K, Li Z, Wilke LG. Intraoperative imprint cytology
and frozen section pathology for margin assessment in
breast conservation surgery: a systematic review. Ann Surg
Oncol. 2012;19:3236–45.

82. Malik HZ, George WD, Mallon EA, Harnett AN, Macmillan
RD, Purushotham AD. Margin assessment by cavity shaving
after breast-conserving surgery: analysis and follow-up of
543 patients. Eur J Surg Oncol. 1999;25:464–9.

83. Huston TL, Pigalarga R, Osborne MP, Tousimis E. The
influence of additional surgical margins on the total
specimen volume excised and the reoperative rate
after breast-conserving surgery. Am J Surg. 2006;192:
509–12.

84. Janes SE, Stankhe M, Singh S, Isgar B. Systematic cavity
shaves reduces close margins and re-excision rates in breast
conserving surgery. Breast. 2006;15:326–30.

85. Hewes JC, Imkampe A, Haji A, Bates T. Importance of
routine cavity sampling in breast conservation surgery. Br J
Surg. 2009;96:47–53.

86. Chen K, Zeng Y, Jia H, Jia W, Yang H, Rao N, et al. Clinical
outcomes of breast-conserving surgery in patients using a
modified method for cavity margin assessment. Ann Surg
Oncol. 2012.

87. Zavagno G, Dona M, Orvieto E, Mocellin S, Pasquali S, Goldin
E, et al. Separate cavity margins excision as a complement
to conservative breast cancer surgery. Eur J Surg Oncol.
2010;36:632–8.

c i r e s p . 2 0 1 3 ; 9 1 ( 7 ) : 4 0 4 – 4 1 2412

http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0340
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0340
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0340
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0340
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0345
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0345
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0345
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0345
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0350
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0350
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0350
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0350
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0355
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0355
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0355
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0355
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0360
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0360
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0360
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0360
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0365
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0365
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0365
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0365
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0365
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0370
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0370
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0370
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0370
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0375
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0375
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0375
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0375
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0380
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0380
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0380
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0380
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0385
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0385
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0385
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0390
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0390
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0390
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0390
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0395
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0395
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0395
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0395
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0400
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0400
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0400
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0400
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0405
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0405
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0405
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0405
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0410
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0410
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0410
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0410
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0415
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0415
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0415
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0415
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0415
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0420
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0420
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0420
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0425
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0425
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0425
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0430
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0430
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0430
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0430
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0435
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0435
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0435
http://refhub.elsevier.com/S2173-5077(13)00212-3/sbref0435

	Resection Margins in Conservative Breast Cancer Surgery
	Introduction
	Predictors of Positive Margins in the Surgical Specimen
	Predictors of Residual Tumour at Reoperation
	Impact of Intraoperative Tumour Localisation Techniques
	Study of Resection Margins: How, When and Where
	Conclusions
	Conflict of Interest
	References


