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18.1	 �Introduction

The role of breast-conserving surgery was established during 
the 1980s, thanks to the pioneering (and at the time contro-
versial) work of Umberto Veronesi in Italy and Bernard Fisher 
in the USA. They published randomized trials showing that 
overall survival after breast conservation plus adequate radio-
therapy was similar to that following mastectomy [1, 2].

Quality of life is better after breast conservation when 
compared with mastectomy. Therefore, breast conservation 
should be performed if technically possible if this is the 
patient’s preference, and there are no contraindications. 
Likewise a woman’s request for mastectomy must be 
respected, but careful counselling should always be provided 
as some women have misconceptions about the oncological 
and treatment-related benefits of mastectomy.

There are only two absolute contraindications to breast-
conserving surgery: a failure to achieve negative margins 
without causing breast deformity and inflammatory breast 
cancer. All other contraindications are more or less relative 
and often relate to an increased risk of local recurrence. 
However, distant metastasis is the most common first recur-
rence event, even among patients with small primary 
tumours [3]. Therefore, all the relative contraindications 
should be weighed against the prognosis of the patient, their 
life expectancy due to age and comorbidities and, last but not 
least, the patient’s preference for breast conservation.

The most important independent risk factors for local 
recurrences after breast conservation include positive mar-
gins and young patient age [4, 5]. However, local recurrence 
rates are currently much lower than in the past, at approxi-
mately 0.5% per year [3, 6, 7]. The decrease in local recurrence 
rates has been most significant in premenopausal patients [6].

The reason for the decreased risk of local recurrence is 
multifactorial. Improved patient selection, better quality sur-
gery, better histopathological evaluation of resection mar-
gins, and use of tumour bed radiotherapy boost have all 
contributed, especially in younger patients [8]. However, 
perhaps the most important reason is the more extensive use 
of systemic adjuvant treatment and also the use of more 
effective regimens, like aromatase inhibitors instead of 
tamoxifen, use of trastuzumab in patients with HER2-
positive tumours [9, 10] and better chemotherapy regimens 
such as anthracycline- and taxane-based protocols.

The risk of local recurrence after breast conservation for 
DCIS seems somewhat higher than that seen with invasive 
cancer. The 10-year LR rate has been reported to be between 
6% and 13% when radiotherapy is given and 28.1% in patients 
without radiotherapy [11]. The higher local recurrence risk 
in DCIS is due to the diffuse growth pattern of the disease. 
Moreover, in many institutions adjuvant endocrine treat-
ment is not routinely given in DCIS patients (unless they 
have ER-positive DCIS in some units). Reassuringly, recent 
reports suggest that LR is falling in conservatively managed 
cases of DCIS [12].

The presence of an extensive intraductal component in 
association with an invasive malignancy has been reported to 

be a risk factor for local recurrences [13] However, it seems 
to be a risk factor only when there are positive resection mar-
gins [14]. Local recurrences have also been more frequent in 
patients with biologically aggressive tumour subtypes such as 
triple negative cancers and Her2-positive disease [15]. In 
women with such high-risk tumours, the risk of distant 
metastases is a greater risk than local recurrence. Therefore, 
effective systemic treatment, rather than mastectomy, 
improves survival in these patients. Moreover, effective sys-
temic treatments also decrease the risk of local recurrences in 
patients with biologically aggressive tumours [9, 10].

It is noteworthy that the risk of local recurrences may be 
higher in patients who undergo breast conservation after neo-
adjuvant therapy, when compared with patients who have 
upfront surgery [16]. The risk factors for local recurrence in 
these patients include clinical nodal stages 2–3, histological size 
of the residual primary tumour larger than 2  cm, multifocal 
residual tumour and the presence of lymphovascular invasion 
in the primary tumour [17]. When none of the aforementioned 
four risk factors was present, the 10-year local recurrence risk 
was just 5%. When all four risk factors were present, the 10-year 
local recurrence rate was as high as 61% [18].

It is important to minimize the risk of local recurrence 
after breast conservation. Local disease control improves sur-
vival. One breast cancer death can be avoided by preventing 
four local recurrences, as reported in the EBCTCG overview 
2005 [19].

18.2	 �Tailoring Breast Conservation

There are numerous issues to be taken into account and to be 
discussed with the patient when tailoring breast conserva-
tion. The most important ones are provided in a form of a 
checklist in .  Table 18.1.

.      . Table 18.1  The checklist for planning of breast-conserving 
surgery

The extent and the location of the primary tumour

The size of the breast

The density of the breast parenchyma and the grade of ptosis of 
the breast

The BMI and the body confrontation of the patient (very skinny, 
slim, normal, obese, very obese)

Previous breast surgeries

Tumour biology – especially when considering neoadjuvant 
treatment

Contraindications to radiotherapy

The age and comorbidities of the patient

Family history of the patient

Patient preference

Surgery to the Breast: Breast Conservation Techniques
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18.3	 �Young Age: Family History

Young age is an independent risk factor for local recur-
rences [4]. According to a study conducted at the Dana-
Farber Cancer Institute/Brigham, USA, between 1997 and 
2006, the 5-year local recurrence rate was 5.0% for 
23–46-year-old patients, whilst it was 2.2% for 47–54-year-
old patients and just 0.6% for patients in the 55–63 years age 
group [20].

However, the risk of local recurrences has decreased sig-
nificantly in recent years, and this decrease has been most 
striking among younger patients. According to a study based 
on the Eindhoven Cancer Registry, the 5-year local recur-
rence rates in patients 40 years or younger were 9.8% when 
treated in the period between 1988 and 1998, 5.9% when 
treated between 1999 and 2005 and just 3.35% when treated 
between 2006 and 2010 [21].

Young age is also associated with an increased risk of 
local recurrences in DCIS cases, despite the use of radiother-
apy [11]. In particular, the risk of invasive local recurrence is 
higher [22]. Invasive local recurrences after breast conserva-
tion in DCIS, in turn, are associated with a poor prognosis 
[23, 24]. For these reasons, mastectomy should be discussed 
in young women with DCIS to minimize the risk of subse-
quent invasive local recurrence, in a similar way to discus-
sions with high familial-risk women about risk-reducing 
mastectomy.

Young patients with a positive family history or even 
those with diagnosed BRCA gene mutations do not have an 
elevated risk of local recurrences, when compared with 
patients of a similar age [25]. Therefore, there is no reason to 
push these patients towards mastectomy. Instead, it is impor-
tant to treat the cancer effectively and estimate the prognosis 
of the patient based on tumour stage and biology. Both ipsi-
lateral and contralateral mastectomies are measures for sec-
ondary prevention in these patients. The need and the timing 
of mastectomy and contralateral mastectomy should be 
evaluated and discussed with the patient in the same way as 
with healthy high-risk women without cancer. However, 
unlike in healthy gene mutation carriers, the index cancer 
often determines the prognosis of the patient and therefore 
influences the benefit of the secondary prevention measures. 
However, in the case of DCIS, the prognosis is similarly 
excellent, and so prevention assumes much greater impor-
tance.

18.4	 �Multifocal and Multicentric Cancer

In many guidelines, multicentric tumours and sometimes 
even multifocal tumours are considered to be contraindica-
tions to breast conservation. However, there is not much 
high-quality evidence underpinning the safety of breast con-
servation in patients with multifocal or multicentric tumours. 
The largest series with the longest follow-up comes from 
Milan. During a median follow-up of more than 6 years, the 

5-year local recurrence rate was 4.9% in the 421 patients with 
multifocal disease and 8.0% in 55 patients with multicentric 
tumours [26]. Smaller studies have reported 0–4.5% local 
recurrence rates during follow-up periods of between 3.5 and 
4.6 years [27, 28]. These figures seem higher when compared 
to patients with unifocal tumours, but the local recurrence 
rates are also higher in patients with multifocal and multi-
centric cancers even when treated with mastectomy which 
may reflect disease biology rather than surgery type [29] 
(.  Fig. 18.1).

The level of evidence behind guidelines recommending 
mastectomy in patients with multifocal or even multicentric 
cancers is low, largely at the level of expert opinion, the low-
est level in the hierarchy of evidence. Therefore, breast con-
servation may be considered in these patients provided they 
are aware of the academic uncertainty of this treatment and 
provided negative margins can be achieved without breast 
deformity. The use of MRI and an oncoplastic approach is 
helpful in these cases [30]. Individual decision-making is 
necessary, and each case should be discussed in the multidis-
ciplinary team meeting and should also respect patient pref-
erence.

.      . Fig. 18.1  Screen detected multicentric breast cancer in a 61-year-
old woman. The small tumours were located at 3 and at 9 o’clock and 
were localized with two guidewires (2 mammographic projections). 
The 7 and 10 mm tumours represented invasive ductal cancer, and the 
resection margins were excellent. No recurrences have been observed 
during 5 years of follow-up
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18.5	 �The Role of Radiotherapy

Breast radiotherapy is an essential part of breast-conserving 
treatment. According to the EBCTG meta-analysis published 
in The Lancet 2005, radiotherapy after breast conservation 
not only decreases the local recurrence rate but also improves 
survival [19].

Radiotherapy also substantially reduces the risk of local 
recurrences in elderly breast cancer patients; however, 
whilst in younger women this leads to a small survival 
advantage, in the elderly it does not. This difference is prob-
ably due to the shorter life expectancy of older women as 
the survival advantage of radiotherapy is not apparent until 
15 years after treatment, by which time many older women 
will have died of other causes [31]. If an elderly patient is 
too frail for radiotherapy, breast radiotherapy can be omit-
ted, if breast conservation is the patients’ preference. 
Endocrine therapy should be given in patients with endo-
crine-responsive tumours whether they have radiotherapy 
or not.

For some patients who live in remote areas, the require-
ment for daily travel to the radiotherapy centre for several 
weeks may be burdensome. For some this may steer them to 
choose mastectomy. However, intraoperative radiotherapy or 
other forms of brachytherapy may be given in selected, low-
risk cases. The short-term outcome after intraoperative 
radiotherapy in selected patients has been excellent [32, 33], 
but longer follow-up is needed to establish the role of the 
intraoperative radiotherapy.

A history of previous radiotherapy to the thoracic area, 
for example, mantle radiotherapy for Hodgkin’s disease, may 
compromise the ability of a woman to have breast conserva-
tion as the previous radiotherapy fields may have overlapped 
with the tangential breast fields used in whole-breast radio-
therapy after conservation. The fields of previous radiother-
apy should be checked with a radiation oncologist before 
decision-making, to avoid an unnecessary mastectomy. 
When mastectomy is necessary, immediate breast recon-
struction should be discussed with the patient.

18.6	 �Previous Breast Surgery

The patient may have undergone previous breast surgery, 
such as for benign diseases or more cosmetic procedures 
such as reduction mammoplasty or implant augmentation. 
These previous breast surgeries are not a contraindication to 
breast conservation. However, individual tailoring of surgery 
is needed and is sometimes challenging when previous surgi-
cal scars interfere with surgical planning for cancer surgery.

Breast conservation is feasible in patients who have 
undergone previous reduction mammoplasty, mastopexy, or 
breast resection of a benign breast lesion if the tumour size is 
not too large in relation with the size of the breast. However, 
the scars and the pedicle from a previous surgical procedure 
should be taken into account when planning the operation. 

The risk of fat necrosis and necrosis of the nipple areolar 
complex may be higher than usual, and this risk must be fully 
discussed with the patient.

Patients who have undergone previous implant augmen-
tation may have unrealistically high expectations regarding 
the cosmetic outcome of cancer surgery. This relates to the 
fact that they often have a limited amount of the native breast 
tissue which may limit the feasibility of breast conservation, 
especially if the implant is removed. Moreover, if the implant 
is removed, the contralateral breast usually needs surgery for 
symmetry [34]. The placement of the scar may also limit the 
use of certain oncoplastic pedicles.

If the implant is not removed, there is up to a 65% risk of 
capsular contracture after breast-conserving surgery and 
radiotherapy, possibly leading to further surgeries, poor cos-
mesis and pain [34]. If the implant is sub-glandular, the tissue 
remaining after wide local excision may not be sufficient for 
implant coverage. In these cases, the sub-glandular implant 
can be changed to a smaller, sub-pectorally placed implant. 
Also in these cases surgery to the contralateral breast is often 
needed, to change the size and placement of the contralateral 
implant. When planning breast conservation in patients with 
a previous implant augmentation, all the aforementioned 
issues have to be considered and discussed with the patient. 
Implant choice is also important, especially if an expander 
implant is used as some integral ports may impact on radio-
therapy delivery.

18.7	 �The Role of Breast MRI in Patient 
Selection for Breast Conservation

Breast MRI may reduce the need for reoperation due to posi-
tive resection margins in premenopausal patients [35] and in 
those with invasive lobular cancer [36]. However, breast MRI 
does not reduce the risk of local recurrences [37]. Moreover, 
the risk of local recurrence is similar in patients with invasive 
ductal carcinoma and invasive lobular carcinoma, even with-
out MRI [3].

Breast MRI may lead to unnecessary mastectomies [36]. 
Therefore, all additional lesions detected by MRI should be 
biopsied before planning more extensive surgery, especially 
before recommending mastectomy to the patient instead of 
breast conservation. Consequently MRI may also delay sur-
gery [38]. MRI is not helpful when planning surgery in 
patients with DCIS [39].

However, in patients undergoing neoadjuvant therapy, 
MRI is superior to breast ultrasound, mammography or 
clinical evaluation when evaluating the size of the residual 
disease in the breast [40]. Therefore, MRI is recommended 
in patients who are candidates for breast conservation after 
neoadjuvant treatment. A baseline scan is required, both for 
comparison with post-treatment scans to assess response 
but also to assess the pattern of disease before treatment to 
assess and likely success of NAC in facilitating conserva-
tion.

Surgery to the Breast: Breast Conservation Techniques



218

18

18.8	 �The Role of Oncoplastics

Good cosmesis is an important goal in breast conservation. 
When doing conventional wide local excision, breast defor-
mity is likely when more than 20–30% of the breast tissue is 
removed [41]. Even a smaller volume excision may cause 
deformity, when the tumour is located either medially or 
caudally in the breast [41]. In these cases deformity can usu-
ally be avoided by using an oncoplastic approach. Oncoplastic 
breast surgery allows larger excisions whilst maintaining 
good cosmesis and thus also extends the indications for 
breast-conserving surgery.

18.9	 �Breast Symmetry

To achieve symmetry after oncoplastic breast conservation, 
surgery to the contralateral, healthy breast may be necessary. 
The need for, and timing of, symmetrization surgery should 
be discussed with the patient. Many patients are tolerant of 
even major degrees of asymmetry such as several cup sizes 
between the breasts, whilst minor asymmetry may annoy 
others. Asymmetry is not just about volume discrepancy but 
may relate to changes in the breast shape or degree of ptosis. 
Again patients vary in their tolerance, and whilst some 
women will be happy if they can achieve «in bra» symmetry, 
for others, perfect unclothed symmetry is desired. Correcting 
deformity is time consuming, and the outcome may not be as 
desired, even after several sessions of autologous fat grafting 
or a range of other techniques, and it is preferable to plan 
primary surgery to avoid these problems in the first place. 
These corrective procedures may also be more prone to mor-
bidity due to the fact that the surgeon will be operating on 
irradiated tissues, leading to higher rates of wound break-
down, fat necrosis and capsule formation if implants are used. 
The contralateral breast may usually be successfully corrected 
for symmetry, in many cases with less risk, if the patient is 
prepared to accept a change in breast shape and size.

When operating on patients with cancer who are candi-
dates for reduction mammoplasty due to macromastia, 
regardless of their cancer diagnosis, it is usually advisable to 
perform contralateral reduction at the same time as their 
cancer surgery to avoid gross size asymmetry. In other cases 
where breast size and/or ptosis is less marked, it is better to 
postpone the contralateral symmetrization procedures for 
2–3  years. By this stage the treated breast will have fully 
recovered from radiotherapy and can be used as a template 
for the symmetrization procedure.

18.10	 �Other Important Aesthetic Issues

Complex oncoplastic surgery should not be used if deformity 
can be avoided without it. It is advisable to always select the 
simplest surgical technique to achieve the desired aesthetic 
outcome.

Another factor to consider when planning BCS is optimal 
scar placement. Scarring, especially if poorly sited, may be a 
cause of patient dissatisfaction. Good quality subcuticular 
suturing and a sympathetically placed scar (e.g. ideally avoid-
ing the cleavage area) are important. Scars may be «hidden» 
in the inframammary fold or at the junction of the areolar 
and breast skin. Radial scar placement may contract and pull 
the nipple out of position and so peri-circumareolar scars 
may be better. Such scars also run in Langer’s lines and will 
tend to heal with less prominent scarring. Postoperative 
radiotherapy will make the scars in the treated breast less vis-
ible, but will have no impact on any scars in the contralateral 
breast, if symmetrization surgery is performed. This has to be 
discussed with the patient.

Complications like infection and skin or fat necrosis will 
destroy the aesthetic outcome of the breast after breast con-
servation, and these should be avoided, whenever possible. It 
is important to take into account comorbidities and the 
smoking history of the patient, which may increase the risk 
of wound complications.

The selection of surgical technique should take into 
account the consistency of the breast parenchyma. In dense 
breasts, any technique may be chosen. However, extensive 
undermining should be avoided in fatty breasts, because it 
often leads to fat necrosis [41]. In a patient with very fatty 
and fragile breast tissue, the classic reduction mammoplasty 
techniques may lead to fat necrosis. The more fatty and frag-
ile the breast parenchyma is, the more simple and straight-
forward surgical technique should be.

It is not enough that the shape of the breasts and the sym-
metry are excellent. Also the size of the breasts after surgery 
should be large enough in relation to the body habitus of the 
patient. Very small breasts in an obese patient may lead to 
poor body image. Efforts should be made to establish the 
desired breast size of the patient and match this to the surgi-
cal outcome if possible.

18.11	 �The Role of Neoadjuvant  
Systemic Treatment

The size of the tumour may be just too large to allow breast 
conservation even with an oncoplastic approach. In these 
cases, the tumour can often be downsized by using primary 
systemic therapy, either chemotherapy or endocrine therapy. 
Careful patient selection is crucial: patients with multifocal 
or multicentric disease and those with extensive microcalci-
fications are not optimal candidates for this treatment 
option.

Although the response rate in general is good or even 
excellent (depending on the biological subtype of the dis-
ease), not all responders will achieve breast conservation. 
The response can be total or partial. If partial, the response 
may be concentric, but not sufficient. The response may also 
be honeycomb-like, so that the extent of the tumour is the 
same as before the treatment [42] (.  Fig. 18.2).
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As regards neoadjuvant chemotherapy to facilitate breast 
conservation, there should be a good oncological indication 
for chemotherapy in terms of disease prognosis and sub-
type. Patient should also be a good candidate for chemo-
therapy as regards to their age and comorbidities. It is also 
advisable to discuss the expected response and the prob-
ability that breast conservation will be possible after che-
motherapy. Tumour biology influences the response rate. 
The response is best in triple negative and HER2-positive 
tumours, when compared with luminal-type tumours [43]. 
Patients with invasive lobular cancer often have multicen-
tric or multifocal disease and tend to respond poorly to 
neoadjuvant chemotherapy, although for some of these 
patients the response may be sufficient to achieve breast 
conservation [44]. In patients with ER-positive tumours, 
breast conservation can also be attempted with neoadjuvant 
endocrine therapy.

The clinical response to neoadjuvant treatment can be 
complete tumour regression. Therefore, the tumour should 
be marked with a clip before starting neoadjuvant treat-
ment. A radioactive seed may be used for this purpose or a 
simple metal clip. The radioisotope in the seed is I125, which 
has a half-life of 60  days. This has the advantage that the 
radioactivity remains for long enough that it can be used to 
permit gamma probe localization at surgery without an 
extra localization method, even after neoadjuvant chemo-
therapy [45].

When the aim of neoadjuvant treatment is breast conser-
vation, the response should be monitored by breast imaging. 
MRI is the most accurate method to evaluate the size and the 
pattern of residual disease [40]. Breast ultrasound may also 

be used. Ideally the same imaging method should be used 
throughout when evaluating the response as switching 
modalities may misinterpret response.

18.12	 �Technical Considerations in Breast 
Conservation

18.12.1	 �Lumpectomy Only or Full-Thickness 
Wide Local Excision Including 
Overlying Skin and Underlying 
Pectoral Fascia

It is not necessary to perform full-thickness wide local exci-
sion in all patients. Lumpectomy including overlying skin 
and the underlying fascia is not necessary if the tumour is not 
located close to the skin or close to the fascia (.  Fig. 18.3a). 
However, in these cases not only the radial margin but also 
the anterior or posterior margin or both have to be evaluated, 
and when positive, redo surgery should be considered. When 
the skin overlying the tumour is included, the anterior mar-
gin does not matter (.  Fig. 18.3b). When the underlying fas-
cia is included in the specimen, the posterior margin does 
not matter, unless the tumour is infiltrating the fascia or the 
underlying muscle (.  Fig. 18.3c, d). The latter cases are read-
ily recognized during surgery, and it is easy just to excise a 
circular piece of the underlying pectoral muscle to ensure a 
negative posterior margin.

Sometimes extensive excision of the breast skin is neces-
sary for aesthetic purposes, to downsize the skin envelope 
during oncoplastic surgery or correct a degree of ptosis.

CR PR PR

.      . Fig. 18.2  The response to 
neoadjuvant chemotherapy 
may be complete, partial 
but concentric or partial and 
honeycomb-like. The latter case 
which is breast conservation is 
not feasible

Surgery to the Breast: Breast Conservation Techniques
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18.13	 �Impalpable Tumour Localization

With the widespread adoption of screening across Europe, a 
significant proportion of breast cancers are clinically occult/
impalpable. It is technically challenging to excise impalpable 
cancers with negative margins and to do this without remov-
ing too much healthy breast tissue. There are a number of 
different techniques to facilitate specimen localization, and 
these are reviewed below.

18.13.1	 �The Guidewire

The gold standard in the localization of impalpable tumours 
has been the placement of a guidewire under ultrasound, ste-
reotactic or even MRI control. Most often ultrasound guid-
ance is used, because 95% of tumours are visible on breast 
ultrasound. The advantage of the guidewire is that the dis-
tance of the wire from the tumour can be readily evaluated by 
confirmation mammography (unless the lesion is mammo-
graphically occult). In cases with a large area of microcalcifi-
cation, the area can be bracketed with 2–3 wires. Also 
multiple lesions can be marked using two or even three wires 
(.  Fig. 18.1). The disadvantages include patient discomfort, 
migration or loss of the wire after placement and risk of 
puncture injuries to the surgical team and pathology labora-
tory staff. For technical reasons, the insertion point of the 
wire is sometimes remote from the tumour site, occasionally 
even in a different breast segment. This makes planning of 
the incision challenging, even when the tip of the wire is 
close to the tumour. Another issue is the logistics of coordi-
nating wire insertion in the imaging department before sur-
gery [46, 47].

18.13.2	 �Roll

Radioisotope localization of sentinel nodes led to an idea to 
localize not only the sentinel node but also the impalpable 
tumour with radioisotope. This technique is called radiogu-
ided occult lesion localization (ROLL) [48]. The technique 
can be performed in a number of ways. Two different iso-
topes may be used, one with small particles injected superfi-
cially to localize the sentinel nodes and another isotope with 
larger particles to the tumour site [48]. It is also possible to 
use a single peri- or intra-tumoural injection of radioiso-
tope, both for tumour and sentinel node localization [49]. 
The disadvantage of the latter practice is less frequent senti-
nel node visualization, especially in elderly and obese 
patients with a tumour located deep in a large, fatty breast. 
The visualization of sentinel nodes is better after a superfi-
cial injection.

The advantage of ROLL over wire-guided localization is 
in patient comfort. There is no need for the patient to spend 
time with the discomfort and inconvenience of having a wire 
in situ whilst waiting for surgery, and also the isotope injec-
tion may be more comfortable when compared with wire 
placement. Also the placement of the incision is easier; it can 
be directed according to the point of maximum radioactivity. 
The presence of radioactivity in the resected specimen and in 
the resection cavity can be checked after resection using the 
handheld gamma probe to confirm localization. The logisti-
cal problems are similar as in guidewire placement due to a 
short half-life of the isotope. One possible problem is the lack 
of ability to confirm co-localization of the radioisotope and 
the tumour on post-placement mammography. Rarely, the 

a b

c d

.      . Fig. 18.3  a wide local excision can be either full-thickness type 
including both the overlying skin and underlying fascia. When the 
tumour is not located close to the skin or fascia, a full-thickness resec-
tion is not necessary, but in these case also anterior and posterior 
margins matter. b When the tumour is located adjacent to the skin, 
excising a slice of the overlying skin ensures anterior margin. c When 
the tumour is located adjacent to the pectoral fascia, excising the 
underlying fascia and overlying skin ensures posterior margin. d 
The tumour may infiltrate the underlying pectoral fascia or even the 
muscle. In this case, local excision of the underlying pectoral fascia and 
underlying muscle ensures posterior margin
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liquid radioisotope may migrate in the breast, for example, 
along the injection channel, which may cause difficulties dur-
ing surgery.

18.13.3	 �Radioactive Seed Localization

Localization of impalpable tumours with I125 radioactive 
seeds was introduced as early as 2001 [50], but the method 
did not gain popularity because of the introduction of 
ROLL.  However, the method has been revisited and has 
recently gained increasing popularity. This procedure com-
bines the advantages of ROLL and wire localization. The 
location of the seed in relation to the tumour can be readily 
evaluated by post-placement confirmation mammography 
(.  Fig. 18.4), but the patient has the advantage that they have 
no need to spend time with a wire in situ before surgery. A 
large area of microcalcification may also be bracketed with 
2–3 seeds. Moreover, the radioactivity is very focal, and there 
is minimal risk of migration after placement. Therefore, the 
resection can be directed even more accurately when com-
pared with ROLL with liquid radioisotope, at least in theory. 

Also multiple lesions in the same breast can be marked sepa-
rately which can be challenging and uncomfortable with wire 
placement techniques.

Another advantage of seed localization lies in the logis-
tics. The seed can be placed several days and even several 
months before surgery, which is a particular advantage in 
patients receiving neoadjuvant treatment [45]. No further 
localization is needed when performing breast conservation 
after neoadjuvant treatment. The half-life of I125 is 60 days, 
which is much longer when compared with the 6 h half-life of 
Tc99m.

The long half-life of I125 is not only an advantage of the 
method but also a disadvantage: there are some complex 
radiation safety issues. No seed must be lost during the pro-
cedure. Also local written guidelines are needed regarding 
how to handle seeds that are detached from the specimen 
during surgery and how to handle cases, where the seed is 
placed far away from the tumour due to technical problems 
[46, 47].

Another disadvantage of the seed-guided localization is 
that not all gamma detectors can readily distinguish the 
activity from I125 and Tc99m. There is no problem in sentinel 
node harvesting, but the radioactivity from the injection site 
of the Tc99m may interfere with that of the seed. However, the 
interference depends on the distance between the seed and 
the Tc99m injection as well as on the amount of radioactivity 
used in the sentinel node localization, the amount of radioac-
tivity in the seed and also the gamma detector used.

18.13.4	 �Intraoperative Ultrasound 
Localization

Intraoperative ultrasound has gained increasing popularity 
as a method to localize impalpable tumours. No radioactivity 
is needed and the method is also easy from a logistical view-
point. It is also pleasant for the patient because no extra 
breast punctures are needed [47]. Also the resection margins 
can be evaluated in the resected specimen [47] (.  Fig. 18.5).

Intraoperative ultrasound may also facilitate excision of 
palpable tumours, as it is easier to excise the tumour with 
uniform margins, without removing excess healthy breast 
tissue [51]. However, it is challenging to detect a very small 
lesion in a dense breast with heterogeneous echogenicity. 
Also there is an increased risk of margin positivity in cases of 
microcalcification and in multifocal tumours. A marker vis-
ible on ultrasound can be used to facilitate the localization 
procedure [47].

18.13.5	 �Other Localization Methods

Carbon dye injection has been used for localization pur-
poses. The method includes injection of carbon dye under 
ultrasound control into the tumour site and also injecting it 
along the needle channel. Surgeon is then able to follow the 
needle tract to the tumour site and perform the excision.

.      . Fig. 18.4  Radioactive seed localization: The seed is adjacent to the 
tumour (the arrow) in position-confirmation mammography
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Superparamagnetic iron oxide (SPIO) has also been used 
in impalpable tumour localization in conjunction with a 
handheld magnetometer. The injection site of the iron parti-
cles is identified using the same equipment as used in senti-
nel node localization (the Sentimag© technique). The 
disadvantage of this method is that the magnetometer head is 
sensitive to metal instrument so special instrument is needed 
at the time of surgery and the SPIO injectate may «stain» the 
injection site causing a bruised appearance which may persist 
for many months and which may interfere if subsequent MRI 
of the breast is required.

These and some less common or experimental localiza-
tion methods are described in detail in an excellent review 
article by Ahmed and colleagues [46].

18.14	 �Which Method to Choose

There are several studies, even randomized controlled trials, 
comparing wire localization, ROLL and seed localization, in 
regard to the rate of successful localization, proportion of 
patients with negative margins, unnecessarily large excisions, 
operation time and even patient satisfaction. Unfortunately 
the majority of these studies were underpowered to detect 
the often small differences between the evaluated meth-
ods. Meta-analysis of these studies concluded that there is 

insufficient evidence of objective benefit of one method over 
the others, and costs, access to radioactive materials and 
local preference are the usual deciding factors for choice of 
technique [46].

With regard to patient satisfaction, successful resection 
rate and the proportion of patients with negative resection 
margins, intraoperative ultrasound seems to be the best 
method [47]. However, some of the studies addressing the 
superiority of intraoperative ultrasound may suffer from 
selection bias, because they necessarily include only lesions 
visible on ultrasound [46].

Nevertheless, the most important issue in successful 
occult tumour localization is the experience of the multidis-
ciplinary team and the communication between team mem-
bers. Accordingly, the team should select the method they 
feel that is working best at their unit.

The advantages and disadvantages of wire-guided local-
ization, ROLL, radioguided seed localization and intraopera-
tive ultrasound are summarized in .  Table 18.2.

18.15	 �Targeting Radiotherapy Boost

A radiotherapy boost dose to the tumour bed decreases the 
risk of local recurrences [8]. To target the boost to the tumour 
bed, the tumour cavity has to be marked with titanium clips. 
Marking the tumour bed is of special importance in cases 
where level II oncoplastic techniques have been used. It is 
important that clips are used to mark the tumour bed in all 
cases, and any local or national protocols for cavity marking 
are adhered to.

18.16	 �Closing the Breast Parenchyma

Previously it was popular just to excise the tumour and close 
the overlying subcutaneous tissue and skin, without mobiliz-
ing and closing the breast parenchyma. The aesthetic out-
come after this method is excellent 2–3 weeks after surgery, 
with a haematoma/seroma filling the cavity. However, after 
resorption of the haematoma/seroma, retraction often fol-
lows, leading to a poor aesthetic outcome. Therefore, it is 
advisable to mobilize and close the breast tissue (level I onco-
plastic surgery), except in patients with very fatty breast 
tissue. Extensive mobilization and suturing the extremely 
fragile breast parenchyma will lead to fat necrosis.

18.17	 �Orienting the Specimen 
for the Pathologist

The resected specimen should be oriented to facilitate the 
histopathological evaluation of the specimen and especially 
margin assessment. Sutures of different lengths or sutures 
with different numbers of clips have been used for this pur-
pose. Special specimen boards are available to facilitate spec-
imen marking and orientation (.  Fig. 18.6).

.      . Fig. 18.5  The resection margins can be assessed using an intraop-
erative ultrasound

	 M. Leidenius



223 18

18.18	 �Pseudo-Positive Margin

Sometimes there are technical difficulties in tumour localiza-
tion, which may lead to cutting very close to the tumour or 
even cutting into the tumour itself. In these cases the surgeon 
may just correct the direction of the resection to achieve an 
adequate margin and close the cleft in the specimen with 
sutures. However, clear communication of this on the speci-

men request form between the surgeon and the pathologist is 
required, in order to avoid misunderstanding. Otherwise, the 
pathologist may stain the cleft in the specimen, and the 
microscopic assessment will show «tumour at ink» leading to 
unnecessary second surgery.

An alternative is to just resect more tissue as a cavity 
shave. The cavity shave specimen should also be oriented for 
the pathologist to show which is the new surgical margin.

18.19	 �Margins

According to the 2014 meta-analysis by Houssami and col-
leagues, positive resection margins increase the risk of local 
recurrence with an odds ratio of 2.44 in patients with inva-
sive breast cancer [5]. However, the risk of local recurrences 
in patients with invasive cancer does not decrease with free 
tissue margins larger than 1 mm [5].

In DCIS, a meta-analysis concluded that the margins 
should be at least 2 mm, but wider margins do not decrease 
the risk of local recurrence [52]. However, another meta-
analysis concluded that margins at least 10 mm reduce the 
local recurrence risk with an odds ratio of 0.46, when com-
pared with 2  mm [53]. Nevertheless, free tissue margins 
larger than 2  mm lead to less local recurrences in DCIS 
patients without radiotherapy and are recommended in 
patients who want to avoid radiotherapy after breast conser-
vation for DCIS [54].

However, there is neither data nor a consensus regarding 
whether negative margin (no tumour at ink) or 1 mm mar-
gins are sufficient in patients with invasive cancer and an 

.      . Table 18.2  Advantages and disadvantages of wire-guided localization (WGL), radioguided occult lesion localization (ROLL), radioac-
tive seed localization (RSL) and intraoperative ultrasound (IOUS) in the localization of impalpable breast tumours

WGL ROLL RSL IOUS

Gold standard Yes No No No

Logistics Challenging Challenging Easy Easy

Patient discomfort Major Minor Minor Nonea

Extra visit in imaging department Needed Neededb Needed Not neededc

Incision placement Challenging Optimal Optimal Optimal

Nuclear medicine facilities Not needed Needed Needed Not needed

Radiation safety issues None Like in SNB Complex None

Feasibility when multiple lesions Excellent Limited Excellent Good?

Feasibility when extensive microcalcifications Excellent Limited Excellent Limitedd

Apparel needed in OR None Gamma probe Gamma probe Ultrasound

Intraoperative margin assessment No No No Yes

aMinor, when a clip visible in ultrasound is placed before surgery
bNot, when using image-guided intra- or peritumoural isotope injection
cNeeded, when a clip visible in ultrasound is placed before surgery
dMultiple clips visible in ultrasound can be used

.      . Fig. 18.6  The resected specimen is placed on a plate with a draw-
ing of left breast. In addition, two orientation sutures are used. The yel-
low pins in the centre of the specimen have been placed in the imaging 
department and point the location of the tumour to the pathologists
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extensive intraductal component or whether more extensive 
margins are required.

It is noteworthy that even very extensive resection mar-
gins do not guarantee that there is no residual tissue in the 
breast. Additional tumour foci have been detected in more 
than 70% of cases, with 43% of these additional foci being 
more than 2 cm away from the index tumour [55]. Indeed, 
almost 80% of breast cancers may actually be multicentric 
harbouring foci beyond the index quadrant [56]. Therefore, 
radiotherapy is an essential part of breast conservation.

Whether just radial margins or even anterior and poste-
rior margins should be taken into account depends on the 
resection technique (.  Fig. 18.3 a–d). If the anterior margin 
is positive and there is breast tissue between the skin and the 
resected specimen, second surgery should be considered. 
Similarly, if the posterior margin is positive, second surgery 
should be considered, if there is residual breast tissue left on 
the fascia, underlying the tumour.

18.19.1	 �Patients with Neoadjuvant Systemic 
Treatment and Those with Partial 
Breast Radiotherapy

The data from the meta-analysis [5] addressing margin width 
and local recurrences are based on studies which excluded 
patients receiving neoadjuvant treatment and partial breast 
radiotherapy. No evidence exists about the optimal margin 
width in these patient groups.

18.20	 �Intraoperative Margin Assessment

Reoperation rates of up to 40% due to inadequate resection 
margins have been reported [46]. To avoid involved resection 
margins and associated second surgeries, there are numerous 
methods for intraoperative margin assessment. Many local 
guidelines recommend radiography of the resected specimen 
in cases with impalpable tumour localization in order to con-
firm successful resection and sufficient radiological margins. 
Specimen radiography may be also performed in palpable 
tumours, if the extent of the tumour and negative margins is 
not certain during surgery.

However, specimen radiography may not always show 
the tumour and margins adequately, despite successful 
localization, especially when the breast tissue is dense and 
the tumour is very small or if there are several foci in the 
resected specimen. In these cases specimen ultrasound is 
often helpful.

In some institutions frozen section or imprint cytology 
from the shavings of the walls of the resection cavity is per-
formed. This method has been shown to decrease the rate of 
second surgeries for positive margins. In a cohort study by 
Zavagno and colleagues, the reoperation rate was 5.5% in 
those with intraoperative assessment of cavity shaves versus 
21% in patients without [57].

There are some novel and very promising methods for 
intraoperative margin assessment applying technologies 
such as radiofrequency spectroscopy, near-infrared optical 
imaging and high-frequency ultrasound. For example, radio-
frequency spectroscopy seems to decrease the reoperation 
rates by approximately 50% [58]. Most of these have been 
shown to reduce rates of positive margins, although some are 
limited by the high cost of the equipment. It is likely that 
these will become more widely adopted in future as the evi-
dence for their use strengthens.

18.21	 �Summary

Breast conservation surgery (plus radiotherapy) is now the 
most common form of surgery for early breast cancer and 
has been proven to be oncologically safe and associated with 
improved cosmesis and quality of life. Local recurrence rates 
continue to fall as surgical techniques and adjuvant therapies 
improve. The indications for BCS have been extended 
recently with the advent of neoadjuvant therapy and onco-
plastic breast surgery techniques and a relaxation of attitudes 
towards multifocal (and to a lesser extent multicentric) dis-
ease, such that few women who wish to retain their breast 
must now face mastectomy.

Key Points
1.	 Breast conservation should always be performed when 

it is the patient’s preference and in the absence of con-
traindications.

2.	 The absolute contraindication to breast conservation is 
a failure to achieve negative resection margins without 
resultant breast deformity.

3.	 A favourable aesthetic outcome is an important goal 
of breast conservation.

4.	 The indications for breast conservation can be 
extended and the aesthetic outcome improved with 
oncoplastic techniques and primary systemic therapy.

5.	 Positive resection margins increase the risk of local 
recurrence.

6.	 Local recurrences after breast conservation are cur-
rently rare and ideally less than 5% over 10 years of 
follow-up.

7.	 Local recurrence is associated with a small but definite 
survival disadvantage on long-term follow-up.
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