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Summary
Neoadjuvant therapy (NAT) allows downstaging in some
cases of breast cancer. By consequence, it may enable a
more conservative surgical approach or make surgery
possible in cases ineligible for surgery before NAT. In
this article, we review the evidence and management
recommendations for optimal surgical treatment in this
setting.
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Introduction

Neoadjuvant therapy (NAT) in breast cancer was primarily de-
veloped to make surgery possible in locally advanced breast cancer.
Later it was demonstrated that in some cases a more conservative
approach may be possible after NAT [1-4]. Moreover, NAT is an
excellent scenario for new treatments, as is explained by Escriva-
de-Romani et al. [5] in this issue of BREAST CARE. NAT includes
different treatment options such as cytotoxic chemotherapy, hor-
monal treatment, or targeted molecular agents, depending upon
the breast cancer molecular subtype (as explained by Pernaut et al.
[6] in this issue of BREAST CARE).

NAT allows to start treatment of hypothetical distant disease
faster than in the adjuvant setting where systemic treatment must
be delayed until the end of surgical treatment and recovery. More-
over, NAT may prevent the hypothetical stimulatory effect of sur-
gery on micrometastatic occult disease [7, 8]. Several studies and a
recent meta-analysis have shown no significant differences in over-

all survival rates between NAT and adjuvant chemotherapy. The
main benefit observed in patients with operable large tumors was
the de-escalation of breast treatment, allowing conservative treat-
ment in 65% of patients with NAT versus 49% in the adjuvant set-
ting [9]. Also, as negative lymph nodes are frequently encountered
in patients after NAT, de-escalation of axillary management may
be possible in some cases [2, 10].

Surgery in the NAT setting needs careful evaluation before and
after treatment. A multidisciplinary approach is needed in this sce-
nario to achieve best results and prevent harm. Good communica-
tion between specialists during treatment is essential. This commu-
nication involves more than to discuss cases during the weekly
multidisciplinary breast cancer team meetings [11]. Communica-
tion is to understand the patient’s needs and all of the involved spe-
cialists’ contributions. For example, the pathologist needs to un-
derstand how the radiologist evaluates treatment response and how
the surgery is done in order to correctly assess the margins, and all
together evaluate the need for further surgery. Only with active
multidirectional communication optimal results can be achieved.

Radiologic Evaluation and Tumor Marking

Before starting NAT, the surgeon must collect and evaluate all
the information that he/she needs after NAT for correct surgery
planning. That involves imaging procedures for breast and axillary
staging, correct assessment of multicentric or multifocal disease,
and marking of the lesions and pathologic lymph nodes.

Conventional assessment includes physical examination, mam-
mography, and ultrasound (US) of the breast and axilla. Use of
digital breast tomosynthesis may improve lesion characterization
compared with conventional mammography [12]. Magnetic reso-
nance imaging (MRI) is a sensitive tool to determine the extent of
the disease and is useful in the assessment of multifocal and multi-
centric disease [13] as this is more often underestimated on both
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Table 1. EUSOMA

Patient ly di d with an i ive lobul.
(2010) recommenda- atients newly diagnosed with an invasive lobular

. . cancer.
tions for magnetic

resonance imaging in
breast cancer staging

Patients under 60 years of age with discrepancy
in size >1 cm between mammography and
ultrasound with an expected impact on treat-
ment decision

Patients eligible for partial breast irradiation on
the basis of clinical breast examination and
conventional imaging

mammography and US. Moreover, MRI allows the most sensitive
and accurate exploration to identify residual disease after NAT
[14]. In spite of its strengths, not all patients require MRI before
starting NAT. The EUSOMA recommendations for breast cancer
staging with MRI continue to be useful and valid (table 1) [15].
Special care is necessary to not significantly postpone NAT initia-
tion because of an MRL

Additional findings in the breast of BIRADS category > 3 have
to be biopsied if the results may change the surgical treatment after
NAT. Suspicious lymph nodes have to be confirmed by fine needle
aspiration.

Another approach to local assessment is technetium-99m sesta-
mibi scintimammography. This is a promising assessment tool be-
fore and after NAT and may have a role for those in whom MRI is
contraindicated. However, there is insufficient data to support its
routine use [16].

A single clip placed in the center of the main lesion allows good
follow-up of the lesion and optimal localization at the time of sur-
gery [17]. When a mastectomy is planned after NAT instead of the
focus being on tumor response (e.g., in confirmed multicentric or
inflammatory disease), clip placement is not necessary for surgery
planning but may be helpful for tumor bed identification by the
pathologist. The majority of microcalcifications persist after NAT
even when a pathologic complete response (pCR) has been
achieved; nevertheless, some microcalcifications may decrease in
size or even disappear [18, 19]. By consequence, marker placement
is recommended even in patients with microcalcifications. Clip
placement may also be useful in additional findings with inconclu-
sive pathologic results, allowing resection after NAT for histologi-
cal evaluation. Finally, positive axillary lymph nodes may be
marked if targeted axillar dissection (TAD) might be possible after
NAT.

As an alternative to metallic markers, clinically palpable tumors
can be marked with a skin tattoo around the margins. This mark-
ing, however, leads to a major volume extirpation without any im-
provement in margins [17].

Clip marking of breast tumors is safe, and usually there is negli-
gible displacement of the markers [20]. However, in some cases,
major displacement has been reported [21]. US or mammography
performed 2 weeks after clip placement allows early detection of a
possible migration of the clip, and thus the necessity of a second
clip placement can be evaluated.

Indications for Breast and Axilla Surgery
Following Neoadjuvant Treatment

Table 2. Indications

Inflammatory disease (cT4d)
for mastectomy

Multicentric disease
regardless of response

to neoadjuvant
treatment

Patient choice
BRCA1/BRCA2 mutation carriers wanting
reduction risk surgery

All local radiologic tests should be repeated after NAT for the
clinical and radiologic evaluation of response to NAT. This assess-
ment before surgery must be done even when a radical mastectomy
is planned, because imaging after NAT helps the pathologist to find
residual tumor. It is recommended to perform radiologic tests 2
weeks after the last NAT cycle and within 2 weeks prior to surgery
[15]. Tumor changes due to NAT (necrosis, fibrosis, fragmenta-
tion) make it difficult to assess the tumor burden with US and con-
ventional mammography [22]. MRI is a more accurate tool to as-
sess residual tumor burden in this setting [23]. After NAT, residual
enhancement, residual tumor on US, and the markings may not
coincide. For this reason, the radiologist’s report must specify the
response pattern and the spatial relationship between the residual
tumor and the markings.

Breast Surgical Treatment after NAT

Mastectomy

There are some indications for mastectomy before NAT inde-
pendent of tumor treatment response (table 2). These are inflam-
matory or multicentric disease, BRCAI or BRCA2 mutations (bilat-
eral risk reduction), and patient preference. Conservative manage-
ment has been performed in patients with inflammatory disease at
presentation [24]; however, information is insufficient and it should
be discouraged. In patients without an initial indication for mastec-
tomy, we must consider the new staging after NAT in the physical
examination and radiologic tests. Conservative management is pos-
sible even in patients with pre-NAT involvement of the skin (cT4b)
if there is good response and no skin involvement after NAT [25].

Diffuse microcalcifications after NAT constitute a controversial
indication for mastectomy. According to current guidelines, all
suspicious findings must be excised as persistent malignancy after
NAT cannot be excluded. Recent studies have demonstrated that
ductal carcinoma in situ (DCIS) may respond to NAT, achieving
PCR rates of 33%; nevertheless, microcalcifications persist in those
patients [26]. Feliciano et al. [18] recently tried to identify which
patients can be safely treated without excision of all microcalcifica-
tions. In their study, the authors used loss of MRI enhancement
combined with mammographic findings; however, they were una-
ble to identify a subset of patients in whom microcalcifications
may be safely left in place. Kim et al. [19] identified that the corre-
lation between microcalcifications and residual tumor burden is
affected by molecular subtype. Among all breast subtypes, hor-
mone receptor-positive/HER2-positive tumors showed the highest
agreement between microcalcifications and pathology.
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There is little evidence about the safety of nipple-sparing mas-
tectomy after NAT. Preliminary data suggest that nipple-sparing
mastectomy is feasible after NAT when there is a nipple-areola
complex to tumor distance of 1 cm. Patients with good response
after NAT had lower retroareolar involvement, and local relapse
rates were similar to those in patients without NAT [27, 28].

Lumpectomy

To make a more conservative approach feasible is one of the
goals of NAT. There are some special considerations with regard to
breast-conserving treatment in the neoadjuvant setting. Decisions
regarding breast surgical treatment should be made within the in-
terdisciplinary team and take into account the staging post NAT,
patient preferences, and contraindications to conservative treat-
ment. Special consideration should be given to tumors with very
good response such as HER2-positive tumors [25] where pCR rates
of up to 66% are achieved [29-31].

Conservative surgical management after NAT is associated with
an absolute increase in 15-year local recurrence of 5.5% (95% con-
fidence interval 2.4-8.6; local recurrence rate 21.4% for NAT vs.
15.9% for adjuvant chemotherapy). The risk of local recurrence
was significantly higher in the first 4 years in patients with NAT
than in those with adjuvant treatment, with few local recurrences
after year 10 [9]. There are some possible explanations which
should be taken into account by the multidisciplinary team and
correctly explained to the patient before starting NAT. Tumor lo-
calization during surgery is more difficult and margin interpreta-
tion may be affected by heterogeneous response patterns. Correct
interpretation of radiologic tests and optimal surgical guidance,
pathologic assessment, and communication between specialists are
crucial for an optimal management in NAT.

Negative margins in breast tumors after NAT are defined by the
same principles as in tumors without NAT [32], even in patients
with invasive lobar carcinoma (ILC) [33]. Lumpectomy with nega-
tive margins is less frequently performed in ILC and in tumors
without pathologic response [34].

Intraoperative US guidance to visualize residual tumor or markers
allows optimal tumor excision with small amounts of breast tissue
and a low percentage of second procedures needed [35]. By contrast,
use of wire localization increases the volume excised without improv-
ing the need for second procedures when compared to US guidance
[36]. Radioguided occult lesion localization (ROLL) and radioactive
seed localization also allowed for a similar breast tissue excision vol-
ume and similar re-excision interventions when both were compared
in the neoadjuvant setting [37]. US guidance requires training and
experience, and to date there are no trials comparing US guidance
and the ROLL technique in the neoadjuvant setting [37].

Cavity shaving allows accurate margin examination [38] and re-
duces the rate of positive margins and the need for second proce-
dures [39, 40]. This positive effect seems optimal for margin assess-
ment in surgeries after NAT were margin status evaluation is made
particularly difficult by heterogeneous response patterns. However,
all published studies were performed in the adjuvant setting, and
there is a lack of information on cavity shaving after NAT.
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Table 3. Criteria for
clinically negative axilla
(cNO) previous to

Negative findings on axillary ultrasound
No visible lymph nodes (LN) in axilla

: LN with cortical thickness < 3 mm
neoadjuvant therapy

Suspicious lymph nodes with negative and valid
cytology, defined by both presence of lymph
cells and absence of malignant cells

Avoiding Surgery

Several groups have generated potential concept trials to further
investigate the possibility of avoiding surgery after NAT [41, 42].
Special interest is focused on patients with HER2-positive disease
where higher pCR are achieved. However, advancement in this
area is limited by imaging accuracy [14, 23, 43], and to date surgery
can only be avoided in the context of a clinical trial.

Surgical Lymph Node Staging

Clinically Negative Axilla (cNO) before NAT

The criteria for a clinically negative axilla are listed in table 3.
For a long time, there was much discussion about the benefits and
facts of sentinel lymph node biopsy (SLNB) before or after NAT
[44, 45]. The current recommendation of updated guidelines such
as by the National Comprehensive Cancer Network (NCCN) is to
perform SLNB after NAT [46] considering its accuracy with a false
negative rate (FNR) of <10% [47] and the benefits. The main ben-
efit of performing SLNB after NAT is the avoidance of axillary
lymph node dissection (ALND) in some patients due to nodal
downstaging [48-50]. Moreover, axillary surgical staging after
NAT has a higher accuracy in predicting locoregional recurrence
[51]. Use of a dual tracer (radiolabeled colloid and blue dye) allows
for a better identification rate and a reduction in the FNR in SLNB
identification after NAT [52]. By contrast, SLNB before NAT
should be reserved as an individualized procedure in the unusual
circumstance where nodal status would provide the indication for
NAT [53].

Clinically Positive Axilla (cN1) before NAT

Initial studies of SLNB after NAT in patients with cN1 yielded
an FNR > 10% [54, 55]; by consequence, ALND was the standard
treatment in these patients. Later prospective studies provided a
better characterization of technical factors and conditions that
dropped the FNR below the 10% limit.

Although the FNR is not significantly different in patients with
negative or positive findings on axillary US, it can identify patients
with a likelihood of residual disease and higher burden of axillary
disease [56]; hence, axillary US may improve the FNR according to
partial data of the ACOSOG Z1071 trial [57].

The use of dual agent mapping resulted in a significantly higher
sentinel lymph node identification rate and lower FNR compared
to single agent mapping, highlighting the importance of technical
factors in the neoadjuvant setting [52, 58, 59]. The main prospec-
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Table 4. Hospital Son Espases criteria for optimal surgical performance of
surgical axillar staging after neoadjuvant treatment (NAT) in patients with a
clinically positive axilla before NAT (procedure considered optimal if meeting
at least 1 of those criteria)

3 sentinel lymph nodes are removed
Sentinel lymph node and marked lymph node are removed
(sentinel and marked lymph node may be the same)

Posttreatment changes are observed in the sentinel lymph node

tive studies of SLNB after NAT in cN1 patients (21071, SN-FNAC,
SENTINA) match in that the FNR was <10% when more than 2
lymph nodes were removed [49, 59, 60]. Marking of positive
lymph nodes with radioactive seed [61-63] or US-visible markers
[64] before NAT allows for TAD of the marked lymph node at the
same time as SLNB. When the marked lymph node is excised at the
time the SLNB is performed, the FNR is 2-6.8% [64-66].

Use of immunohistochemical analysis to identify isolated tumor
cells (ITC) on the sentinel lymph node also dropped the FNR to 8%
[49]. The presence of micrometastasis or ITC in the sentinel lymph
node after NAT should be considered as a positive finding making
ALND mandatory [49, 67]. Posttreatment changes in the removed
lymph nodes may be identified if previously positive lymph nodes
are removed and assessed. This treatment effect is visible in 94% of
previously positive lymph nodes [68].

The biological tumor subtype is associated with different axil-
lary pCR. HER2-enriched and triple-negative tumors are especially
likely to achieve axillary pCR compared to luminal breast cancer
[48, 50]. This factor should be taken into account when the whole
procedure is assessed.

At our institution (Hospital Universitari Son Espases), we pro-
ceed as follows: Before starting NAT, positive lymph nodes are
marked with a US-visible marker. Axillary US is performed at the
end of NAT. An ALND is performed if there are no signs of radio-
logic response. In patients with radiologic complete response to
NAT, we first perform TAD of the marked lymph nodes with in-
traoperative US guidance and subsequently SLNB with dual agent
mapping. An X-ray test of the removed lymph nodes is performed
if there is uncertainty as to the presence of the markers on the re-
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Axillary Lymph Node Dissection

In cases of inflammatory breast cancer, ALND is still indicated
in spite of treatment response [69]. Otherwise, any positive finding
in the sentinel lymph node (metastasis, micrometastasis, ITC) is
considered as positive, and ALND is recommended to the patient.

Conclusion

The surgical management of patients in the neoadjuvant setting
requires a multidisciplinary approach with continuous evaluation
of the procedures and results. Tailored patient management incor-
porates careful assessment previous to NAT, after NAT, and after
surgery, and, finally, integration of all the information available.
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