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 Introduction

Breast cancer is the most common cancer among Canadian women with the excep-
tion of non-melanoma skin cancer. An estimated 26, 300 new cases occurred in 
Canada in 2017. Breast cancer is responsible for 26% of all new cancers in women 
and 13% of all cancer-related deaths in women. One in every 8 women is expected 
to develop breast cancer during her lifetime, and 1 in 31 women will die of breast 
cancer [1].

Presentation
Prognosis
5-Year overall survival (OS)

Early breast cancera (75–80%) 90–100%
Locally advanced breast cancera (10–20%) 36–67%
Distant metastasis (5%) 22%
aSee definitions in this chapter

The recommended staging system is the eighth edition of American Joint 
Committee on Cancer (AJCC) [2].

The surgical management of breast cancer requires an understanding of the com-
plete spectrum of breast pathology, both malignant and premalignant. As a result, an 
overview of this continuum is presented: from high-risk pathologies, through prein-
vasive disease, to invasive disease and the management of some of its various 
subtypes.

 Benign, but Worrisome

There exist pathological entities affecting the breast which bridge the divide between 
benign and malignant. They can present difficulty to the clinician, in terms of their 
appropriate management and—like many aspects of breast treatment—they are 
under constant review. Below we have summarized the clinical and pathological 
features as well as management of several of the more commonly encountered 
entities:
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 Ductal Carcinoma In Situ

Ductal carcinoma in situ (DCIS) is a preinvasive epithelial breast cancer that 
does not penetrate the basement membrane. With the advent of organized screen-
ing, the incidence of DCIS markedly increased from 5.8 per 100,000 women in 
the 1970s to 32.5 per 100,000 women in 2004 and then reached a plateau [18]. 
Approximately 90% are asymptomatic and not palpable, with the remainder pre-
senting as a lump, discharge, or Paget’s disease of the nipple. When DCIS is 
observed in the breast lobule, the process is referred to as “cancerization of the 
lobule.”

Although evidence suggests that a significant proportion of DCIS lesions do 
not progress to invasive cancer, it is currently not possible to accurately distin-
guish which will progress and which will not. Furthermore, DCIS frequently 
coexists with invasive disease, and up to 15% of surgical specimens excised for 
a preoperative diagnosis of DCIS on core biopsy will be upgraded to invasive 
breast cancer [18]. These factors have led to an aggressive approach to all DCIS 
[19, 20].

The indications for breast-conserving surgery (e.g., lumpectomy) versus mastec-
tomy are similar in DCIS as with invasive disease, with mastectomy indicated where:

 1. Area of DCIS is large, relative to breast size.
 2. Disease is multicentric.
 3. Radiotherapy is contraindicated.
 4. Clear margins cannot be obtained with breast conservation.

The lack of true randomized data regarding breast-conserving surgery (BCS) 
and mastectomy for DCIS should be noted. The first indication that BCS—in 
conjunction with adjuvant radiotherapy—was acceptable treatment for DCIS 
came from a subset analysis of 78 patients in the NSABP B-06 study [21]. 
Originally enrolled because of presumed invasive breast cancer, these women 
were downgraded to DCIS on pathologic reanalysis. The local recurrence rate was 
9% in those that underwent radiotherapy versus 43% in those that did not. 
Retrospective studies have since confirmed that BCS provides survival rates simi-
lar to mastectomy; however, local recurrence is higher, even with radiotherapy 
[22, 23]. The recommended surgical margin of 2 mm for DCIS is discussed fur-
ther below. In patients with DCIS and microinvasion (no invasive focus >1 mm), 
the DCIS margin guideline should be used, as systemic treatment decisions in 
these patients are driven by their DCIS. This is in contrast to patients with inva-
sive breast cancer with a DCIS component, where the margin for invasive breast 
cancer (no ink on tumor) should be used [24].

As mentioned, similar to invasive disease, there is good evidence for radiother-
apy following a breast-conserving approach:
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Study Methods Results
NSABP-B17
Fisher et al. 
[25]

N = 818
RCT
Patients assigned to 
lumpectomy alone vs. 
lumpectomy and RT

At 7.5 years, RT reduced the incidence of 
ipsilateral invasive disease (13.4% to 3.9%) as 
well as ipsilateral DCIS (13.4% to 8.2%)
A subset analysis from this study also 
demonstrated that comedonecrosis was a risk 
factor for recurrence
At 17.25 years, RT reduced ipsilateral breast 
tumor recurrence by 52% (HR 0.48) [26]

EORTC 
10853
Julien et al. 
[27]

N = 1010
RCT
Patients with DCIS and BCS 
randomized to receive no 
further treatment or RT

RT reduced overall noninvasive recurrence at 
10.5 years by 48% and invasive recurrence by 
42%
At 15.8 years, RT reduced the risk of any 
local recurrence by 48% (HR 0.52) [28]

UK/ANZ 
DCIS
Cuzick et al. 
[29]
SweDCIS
Wärnberg 
et al. [30]

N = 1701
RCT
Patients with excised DCIS 
randomized to receive RT, 
tamoxifen, both or none
N = 1046
RCT
Patients randomized to RT or 
not after BCS for DCIS

RT reduced ipsilateral invasive recurrence at 
12.7 years by 68% and DCIS by 62%, but 
with no effect on contralateral breast cancer
Relative risk reduction of 37.5% of ipsilateral 
breast event after 20 years of follow-up

BCS breast-conserving surgery, HR hazard ratio, NSABP National Surgical Adjuvant Breast and 
Bowel Project, RT radiotherapy, RCT randomized controlled trial

These studies, such as NSABP B-17 [25] and EORTC 10853 [27], are marked by 
limitations relating to the pathological assessment of tumors (such as tumor size 
measurement and free margin definition), and lack of routine specimen imaging and 
postoperative mammography [31], thereby questioning the completeness of exci-
sion in both studies. As a result, many believe that these data strengthen the argu-
ment for complete surgical resection rather than an approach that relies on 
radiotherapy as a means of dealing with residual disease.

There is some evidence, however, that radiotherapy may be safely omitted in 
some cases of DCIS. The University of Southern California/Van Nuys prognostic 
index for DCIS uses four prognostic factors (tumor size, margin width, patient age, 
and pathologic classification as determined by both nuclear grade and presence or 
absence of comedonecrosis) to stratify patients by their risk of recurrence at 12 years 
of follow-up. Patients with low scores (4, 5, or 6) had a combination of being over 
the age of 60 with tumors less than 1.5 cm in size that were non-high grade (nuclear 
grade 1 or 2) and without necrosis, and a margin size greater than 10 mm. These 
patients with low scores, and patients who score 7 but have margins ≥3 mm, were 
found to gain no additional benefit from adjuvant radiotherapy following BCS in 
their 12-year local recurrence-free survival [32].

More recently, a prospective study of 670 patients [33] demonstrated a 5-year 
recurrence of 15% for high-grade DCIS, but only 6% for low- or intermediate-grade 
DCIS, when excised with a minimum of 3 mm margins. However, the authors note 
an increase in recurrences beyond 5 years for all grades of DCIS and urge caution 
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in applying these results to clinical practice. Another prospective trial of wide exci-
sion alone (over 1 cm margin) for low-to-intermediate grade DCIS found an unac-
ceptably high local recurrence rate of 12% at 5 years and 15.6% at 10 years [34]. A 
recent prospective trial found that the local recurrence rate continues to rise after 
12 years of follow-up, even in patients with favorable DCIS features [35]. While 
some studies using contemporary cohorts report that postoperative radiation after 
BCS for DCIS is associated with a reduced risk for ipsilateral recurrence with no 
survival benefit compared to observation alone [33], others report that the benefit in 
survival offered by radiation after BCS is dependent on patient factors and tumor 
biology [36, 37].

Given the difficulty in determining which patients with DCIS may be safely 
treated with wide excision alone [38], it remains the standard of practice at the 
University of Toronto to offer radiation to all patients having undergone breast- 
conserving surgery (BCS) for DCIS. Whole-breast radiation following lumpectomy 
decreases DCIS recurrence rates by 50% [39]. The standard dose of adjuvant radio-
therapy following BCS for completely excised DCIS is 4000 cGy in 15 fractions or 
4250 cGy in 16 fractions, with consideration for a boost of 1000 cGy (in 4 or 5 
additional fractions) to the tumor bed for any of the following criteria: age ≤ 50 years, 
high grade, or close (<2 mm) or positive margins [40].

The Oncotype DX® DCIS score is a multigene assay that provides additional 
molecular information from the tumor that may help guide treatment recommenda-
tions for adjuvant radiotherapy [41]. The DUCHESS (Evaluation of the DCIS Score 
for Decisions on Radiotherapy in Patients with Low/Intermediate Risk DCIS) trial 
is a Canadian multicenter prospective cohort study currently recruiting women with 
low- to moderate-risk DCIS to evaluate the utility of the Oncotype DX® DCIS 
score in guiding radiation treatment decisions following BCS, the results of which 
are eagerly awaited [42]. Recently, the updated NCCN guidelines have added that 
select patients may be considered for accelerated partial breast irradiation if they 
meet the definition of low-risk DCIS as defined by the RTOG 9804 trial: screen- 
detected DCIS, low to intermediate grade, tumor size ≤2.5 cm, and surgical exci-
sion with margins over 3 mm [39].

Adjuvant radiotherapy is generally not recommended for patients with DCIS 
who are adequately treated with mastectomy. Close or positive DCIS margins fol-
lowing mastectomy may lead to the consideration of postmastectomy radiation. 
However, the rates of chest wall recurrence following mastectomy for DCIS are low, 
even with positive or close margins [43, 44].

The NSABP B-24 study demonstrated that adjuvant tamoxifen following BCS 
and radiation for DCIS reduces a second breast event [45, 46], and subsequent ran-
domized trials showed no difference between tamoxifen and aromatase inhibitors in 
their efficacy [47]. The benefit gained from endocrine therapy has to be weighed 
against their known adverse effects (i.e., menopausal symptoms, mood and sleep 
disturbances, arthralgias, cataracts/deep vein thrombosis/pulmonary embolism/
uterine cancer for tamoxifen, and decreased bone mineral density for aromatase 
inhibitors). Adjuvant endocrine therapy is not routinely offered at the University of 
Toronto because the additional benefit gained from endocrine therapy for DCIS is 
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felt to be small following both surgical excision with clear margins and radiotherapy 
relative to the risks of adverse events. Patients with DCIS may be considered for 
adjuvant endocrine therapy on a case-by-case basis in discussion with a medical 
oncologist, in patients with a strong personal preference for avoiding radiation fol-
lowing BCS, or who decline additional surgery in the setting of a positive margin, 
but this is not standard of care [39, 48–49].

 DCIS Recurrence

Approximately 50% of recurrences are invasive disease [39, 50]. Factors associated 
with an increased risk of recurrence include palpable mass, larger size, higher grade, 
close or involved margins, presence of comedonecrosis, and age at diagnosis 
<50 years [39].

Margin status is an important predictor of DCIS local recurrence [22]. The 
NSABP-B17 [25], NSABP-B24 [45], and EORTC clinical trials [27] have all 
revealed that clear margins significantly decrease recurrence. No trials, however, 
have rigorously examined the optimum excision width. An analysis of pooled data 
from both randomized and nonrandomized studies in 2005 concluded that a margin 
of 2 mm when excising DCIS was as safe as a larger margin when followed by 
radiotherapy [51]. In 2016, the Society of Surgical Oncology, American Society of 
Clinical Oncology, and American Society for Radiation Oncology jointly released 
a consensus statement recommending a 2 mm margin for BCS with whole-breast 
radiation for treatment of DCIS [50, 52–53]. In their meta-analysis of studies 
examining varying margin widths (>0–1 mm, 2 mm, 3 mm, and 10 mm), there was 
no difference in recurrence when comparing 2 mm to 10 mm margins, while nar-
rower margins (>0 or 1 mm) had a statistically significant increase in recurrence 
compared to 2  mm margins [54]. The consensus panel did recommend clinical 
judgment when deciding upon the need for re-excision when DCIS margins are 
less than 2 mm [50, 52–53], as there is no difference in locoregional recurrence for 
patients with margins <2 mm or ≥ 2 mm if adjuvant radiotherapy is given [24, 
55–56]. Patients with DCIS that do require additional excision following BCS 
include those with margins <2 mm and do not plan to receive radiotherapy have 
multiple very close margins or evidence of residual malignant-appearing calcifica-
tions on mammography [24].

Although a high-grade lesion was originally thought to be a risk factor for recur-
rence [27], a 2006 review of the EORTC data [57] with a 10-year follow-up sug-
gested that this might not be the case. That study did confirm that comedonecrosis 
is an independent risk factor for recurrence, with 3 of 10 patients recurring by 
10 years [57]. A 2013 study found that larger DCIS size, margins <1 mm, and pres-
ence of lobular neoplasia, but not grade, were associated with increased risk of local 
DCIS recurrence [58]. Several studies with longer follow-up have since corrobo-
rated that high nuclear grade is not associated with DCIS recurrence [59, 60]. High 
nuclear grade, however, may be associated with invasive recurrence [61]. It may be 
that nuclear grade becomes less of a risk factor for recurrence in the modern era 
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when DCIS is appropriately treated with surgical excision (with clear margins) and 
adjuvant radiotherapy (with or without endocrine therapy).

Age is also a significant factor in DCIS recurrence. The EORTC trial demon-
strated a higher recurrence rate in young women under 40, quoting a hazard ratio 
(HR) of 2.54 [27]. Similarly, the NSABP B-24 trial found that the rate of ipsilateral 
(invasive and in situ) disease in women under 49 years old was 33/1000 women per 
year as opposed to 13/1000 for those over 49 years of age [45, 62]. A 2014 study of 
5752 DCIS cases in Ontario from 1994 to 2003 found that young age < 45 was sig-
nificantly associated with both DCIS (HR 2.6) and invasive (HR 3.0) recurrence 
[63]. Interestingly, one study found that women <40 years of age with DCIS were at 
higher risk for invasive recurrence than DCIS recurrence (15.8% vs. 11.5% 10-year 
recurrence risk), although mortality remained low, while the risks appeared equiva-
lent in women ≥40 years of age [64].

The management of recurrence is largely dependent on the type of recurrence, 
the surgical treatment of prior DCIS, and whether radiotherapy has been adminis-
tered. For DCIS recurrence, if radiotherapy has not been previously received, then a 
local resection may be possible followed by adjuvant radiotherapy; otherwise, a 
mastectomy should be offered [65]. There is increasing interest in the consideration 
of repeat resection and irradiation for local recurrence, with studies showing that 
this approach is safe and feasible in the setting of recurrence. However, the data 
remains limited by short follow-up and is largely confined to the setting of invasive 
disease rather than DCIS [66–68] and this approach is, therefore, not universally 
accepted. Invasive recurrences should be treated according to principles outlined in 
the subsequent section “Invasive Breast Cancer” and will be dependent on previous 
DCIS treatment and whether radiotherapy has been previously administered.

 DCIS and the Axilla

The incidence of axillary metastases in DCIS is <1%, and these are likely to repre-
sent missed invasive disease, rather than true DCIS metastases. For DCIS diagnosed 
preoperatively on core biopsy, 15% will subsequently be found to have invasive 
cancer on final postoperative pathology [18]. It should be borne in mind that the 
majority of reported sentinel lymph node (SLN) involvement in DCIS is revealed by 
immunohistochemical (IHC) techniques as isolated tumor cells or micrometastases, 
and the clinical significance of these is uncertain even in true invasive disease 
[52, 53].

The American Society of Clinical Oncology has recommended that axillary stag-
ing in patients with DCIS treated by BCS be reserved for those with invasive dis-
ease. For those undergoing mastectomy or immediate reconstruction for DCIS, 
sentinel lymph node biopsy (SLNB) is recommended, with a view to avoid axillary 
lymph node dissection in the event of an upgrade from DCIS to invasive carcinoma 
on final pathology of the mastectomy specimen, as SLNB is not possible after mas-
tectomy [69]. The current NCCN guidelines also offer similar recommendations, 
reserving SLNB for DCIS treated with mastectomy or excised in an anatomic 
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location that may compromise the performance of a future SLNB (e.g., extreme 
upper outer quadrant lesions near the axilla and central lesions involving the nipple- 
areolar complex, both likely disrupting lymphatic drainage of the breast) [39].

 Invasive Breast Cancer
In this section, the management of invasive breast cancer is discussed, focusing on 
tumors less than 5 cm with no evidence of matted or fixed axillary lymph nodes, 
corresponding to T0, T1, T2 and N0, N1 (stages 0, I, IIA, and IIB).

Work-up Surgical management Follow-up (F/U)
History and physical exam
Imaging:
  Review bilateral mammogram and 

ultrasound (assess for multifocal/
multicentric disease, as well as 
contralateral disease)

  Axillary US
   Breast MRI if indicated (see below)
Core needle biopsy to confirm the 
diagnosis
Apply clip if neoadjuvant therapy is 
considered
CCO staging recommendations [70]:
  Routine bone scanning, liver 

ultrasonography, and chest 
radiography are not indicated before 
surgery

Postoperatively:
  In women with stage I tumors, routine 

bone scanning, liver ultrasonography, 
and chest radiography are not 
indicated as part of baseline staging

  In women who have pathological 
stage II tumors, a postoperative bone 
scan is recommended as part of 
baseline staging

  In women who have pathological 
stage III tumors, bone scan, chest 
radiography, and liver ultrasound are 
recommended postoperatively

Breast (local):
  Breast-conservative surgery 

plus breast irradiation or 
mastectomy +/− 
postmastectomy radiation 
therapy [71]

Axilla (regional):
  Sentinel lymph node biopsy 

for clinical N0 patients
  Axillary lymph node 

dissection for clinical N1
Consider and discuss 
neoadjuvant chemotherapy in the 
following cases:
  Triple-negative
  Young patients (<40)
  Her2/neu +
  Reducing the size of tumor to 

facilitate BCS
  Node-positive patients

Regular clinical 
breast exam
Mammogram 
every 12 months

BCS breast-conserving surgery, MRI magnetic resonance imaging, CCO Cancer Care Ontario, US 
ultrasound

 Special Notes
• It is standard of care to obtain the diagnosis of invasive breast cancer with core 

needle biopsy. While the primary use of core needle biopsy is to establish a diag-
nosis, it is also useful in providing receptor status if neoadjuvant chemotherapy 
is considered. Furthermore, positive margin rates and the need for reoperation 
are reduced in women who have been assessed with core needle biopsy preopera-
tively [72].
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• In breast cancer of a more advanced stage, Cancer Care Ontario has recom-
mended that in women with pathological stage III tumors, bone scanning, liver 
ultrasonography, or CT abdomen and chest radiography are recommended post-
operatively as part of baseline staging. However, in women for whom treatment 
options are restricted to tamoxifen or hormone therapy, or for whom no further 
treatment is indicated because of age or other factors, routine bone scanning, 
liver ultrasonography, and chest radiography are not indicated as part of baseline 
staging [70].

• Mammography remains the mainstay of breast imaging. MRI of the breast is 
considered an adjunct to mammography. Preoperative diagnostic MRI detects 
additional ipsilateral lesions in up to 32% of patients and contralateral lesions in 
7% of patients. Sensitivity ranges from 75 to 100% and specificity from 80 to 
100% [73]. However, several studies have failed to show a decreased rate of posi-
tive margins in BCS for patients undergoing MRI [74, 75] while also showing an 
increased likelihood of mastectomy in such patients [75].

• According to the American College of Radiology, current indications for diag-
nostic MRI are as follows:
 – Axillary adenocarcinoma with unknown primary.
 – Evaluation of response to neoadjuvant chemotherapy.
 – Assessment of extent of DCIS and IDC.
 – Assessment of invasion of deep fascia.
 – Evaluation of possible recurrence.

• Diagnostic MRI can also be considered in patients with invasive lobular carci-
noma, as there is some evidence that MRI reduces the need for re-excision sur-
gery in this subset of patients, but at the cost of an increased likelihood of upfront 
mastectomy [74].

• Be aware that mucinous carcinomas often lack suspicious features on imaging 
and can be mistaken for fibroadenomas. Consider serial imaging or repeat 
core biopsies of breast lesions suggestive of fibroadenomas in older 
patients [76].

• The eighth edition of the AJCC introduced changes to breast cancer staging such 
that in addition to anatomic features, the biology of breast cancers are considered 
in determining prognosis [2]. In addition to TNM status, biologic markers of 
tumor grade and receptor status (estrogen receptor, progesterone receptor, and 
HER2/neu receptor) and results of genomic assays (including Oncotype DX® 
and EndoPredict) were included.

 Breast-Conserving Surgery

The aim of breast conservation is to achieve a balance between complete resection 
of the tumor with negative margins and preservation of as much normal breast 
tissue as possible. Volume loss is the major determinant of cosmesis after BCS. A 
good cosmetic outcome maximizes the psychosocial benefits of breast preserva-
tion [77].
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In patients with no contraindication to 
BCS, there are several points to be 
discussed with the patient

BCS includes the lumpectomy to a negative margin, 
margin revision being necessary in about 20% of 
cases
If the margin is positive after appropriate attempts at 
therapeutic breast-conserving surgery, the patient 
should be considered for mastectomy
BCS for DCIS and invasive breast cancer includes 
administration of radiotherapy
When compared with mastectomy, BCS may have a 
slightly higher risk of local recurrence. Both 
approaches, however, have equivalent survival 
outcomes

 Absolute Contraindications to BCS
 1. Early pregnancy, if radiation deemed necessary to be performed during 

pregnancy.
 2. Multicentric IDC—diffuse-appearing suspicious microcalcifications or inability 

to resect the evident disease with acceptable cosmetic results.
 3. Any contraindication to radiation therapy (e.g., active collagen vascular disease 

with severe vasculitis, ataxia telangiectasia).

 Relative Contraindications to BCS
 1. A history of collagen vascular disease, in remission.
 2. Large tumor size in relation to the breast size.
 3. A history of prior therapeutic irradiation to the breast region.

For invasive cancer, another consideration in the choice of surgical treatment of 
the primary tumor is the management of the axilla after positive SLNB.  The 
ACOSOG Z0011 trial—detailed in sect. IV of this chapter—supports omission of 
axillary lymph node dissection (ALND) after positive SLNB in many patients 
treated with BCS. However, patients treated with mastectomy were excluded and 
the current standard remains completion of ALND in those cases. This may factor 
into the decision-making process for the patient and surgeon.

 Trials for BCS Versus Mastectomy

Study Methods Results
NSABP-B06
Fisher et al. 
[62]

N = 1851
RCT
Patients in stages I and II were 
assigned total mastectomy/ALND, 
lumpectomy/ALND alone or 
lumpectomy/ALND + breast 
irradiation
Margins—no cancer cell at the 
surgical margin

Follow-up—20 years
No significant differences in disease- 
free survival and overall survival
Recurrence rate in the ipsilateral breast 
was 14.3% in the lumpectomy/ALND 
plus breast irradiation group and 
39.2% in the lumpectomy/ALND- 
alone group
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Study Methods Results
Milan Group
Veronesi 
et al. [23]

N = 701
RCT
Patients with tumor <2 cm were 
assigned radical mastectomy vs. 
quadrantectomy/ALND + 
radiotherapy
Margins—1.5–2.0 cm, with the 
overlying skin and deep fascia

Follow-up—20 years
No statistical difference in overall 
survival
Recurrence rate higher in the BCS 
group (8.8% vs. 2.3%)

RCT randomized controlled trial

 Meta-analysis to Assess Surgical Margins in BCS for Early 
Breast Cancer

Study Methods Results
Houssami 
et al. [77]

33 studies
N = 28,162 patients (1506 with 
LR)
Impact of surgical margins on LR
Model 1—effect of margin status 
in relation to LR
Model 2—effect of margin 
distance to LR (1 mm vs. 2 mm 
vs. 5 mm)

Higher probability of LR associated with 
positive/close margins vs. negative margins 
(OR 1.97)
No difference in LR with 1 mm vs. 2 mm 
vs. 5 mm margin distance
Wider margins unlikely to increase 
long-term local control

LR local recurrence, OR odds ratio

This work by Houssami et al. formed the basis of the Society of Surgical Oncology- 
American Society for Radiation Oncology (SSO-ASTRO) consensus guidelines for 
breast-conserving surgery for early-stage breast cancer. Using this data, a multidis-
ciplinary panel concluded that “no ink on tumor” should be adopted as the standard 
for an adequate margin for invasive breast cancer [78]. This guideline has since been 
endorsed by the American Society of Clinical Oncology (ASCO) and the American 
Society of Breast Surgeons (ASBrS) [79].

 Genetic Testing
In Ontario, patients who qualify for government-funded genetic testing include the 
following [80]:

 1. Male breast cancer patients.
 2. Female breast cancer under age 35.
 3. Ashkenazi Jewish patients with breast cancer < age 50 and/or ovarian cancer at 

any age.
 4. Affected breast cancer patients with 2 cases of breast and/or ovarian cancer on 

the same side of the family.
 5. Unaffected patient but has relative with known BRCA1 or BRCA2 mutation.
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 6. Unaffected Ashkenazi Jewish patient with first- or second-degree relative with 
breast or ovarian cancer.

 7. Unaffected individual with a strong pedigree of breast or ovarian cancer (>10% 
chance of carrying a pathogenic mutation).

Note that NCCN offers similar guidelines on genetic testing, which includes 
individuals with triple-negative breast cancer diagnosed ≤60 years old [81]. The 
ASBrS has also recently published a consensus guideline recommending that 
genetic testing be considered and discussed for all patients with a new diagnosis of 
breast cancer [82].

 The Axilla

Management of the axilla is arguably the most controversial aspect of the breast 
cancer treatment paradigm. Many changes have occurred in the past 20 years. From 
considering axillary lymph node dissection (ALND) as the standard of care for all 
breast cancer patients, to now omitting selected patients with proven axillary metas-
tases from further surgery, it is a complex facet of the management of invasive 
breast cancer.

Authors such as Steele et al. [83] in the 1980s challenged the belief that all 
breast cancer patients should have an ALND. They endorsed a system of axillary 
node sampling, whereby four nodes were “cherry picked” from level one of the 
axilla, and if negative for disease, no further surgery was performed. This limited 
axillary node sampling may be seen as the grandfather of SLNB, a technique 
which has supplanted ALND as the standard of care in staging the clinically nega-
tive axilla.

 Several key trials have demonstrated the efficacy of SLNB

Study Methods Results
Multicenter 
Validation 
Study
Krag et al. [84]
1998

N = 443
All patients underwent 
both SLNB and then 
ALND

It demonstrated that this technique could be 
used by surgeons
At least 1 SLN was identified in 98% of cases 
and the predictive value of a negative SLN was 
96%, with a false-negative rate of 11%

ASCO Review
Lyman et al. 
[85]
2005

N = 8059
Systematic review of 69 
SLNB trials

SLN identification was successful in 95% of 
patients
The false-negative rate was 7.3% (range 
0–29%). Using both radiocolloid and blue dye 
was more successful than blue dye alone

ALMANAC
Mansel et al. 
[86]
2006

N = 1031
RCT
Patients randomly 
assigned to ALND vs. 
SLNB with delayed 
ALND if SLN positive

SLNB group had less arm morbidity
SLNB group had better quality of life and arm 
functioning scores
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Study Methods Results
NSABP B-32
Technical 
results
Krag et al. [87]
2007
NSABP B-32
OS results
Krag et al. [88]
2010

N = 5611
RCT
Comparing SLNB, 
followed by ALND (group 
1) vs. SLNB, followed by 
ALND for positive SLN 
(group 2)

Lymphatic mapping was successful in 97.2% 
when using both radioactive and blue dye
The FNR was 9.8% in group 1. The FNR was 
inversely associated with the number of SLNs 
removed, such that the FNR was 17.7% when 
only one SLN was removed, 10% when 2 SLNs 
were removed, and so forth
No significant differences were observed in 
regional control or OS between groups at 
follow-up of 8 years
No significant differences in nodal recurrence 
as first event between the two groups

ALND axillary lymph node dissection, ASCO American Society of Clinical Oncology, FNR false-
negative rate, NSABP National Surgical Adjuvant Breast and Bowel Project, OS overall survival, 
SLN sentinel lymph node, SLNB sentinel lymph node biopsy, RCT randomized controlled trial

 Approach to the Axilla in Early-Stage Breast Cancer

The contribution of ALND to survival in women with breast cancer has been ques-
tioned since the publication of the NSABP B-04 [89] trial. It has often been the 
basis of argument against mandatory ALND. In this study, clinically node-negative 
patients were randomized to radical mastectomy (RM), total mastectomy (TM), 
plus postoperative axillary irradiation or TM alone. Forty percent of the RM group 
had subclinical lymph node involvement. One can assume that the TM plus irradia-
tion and the TM alone groups also had 40% of subclinical axillary lymph involve-
ment because of randomization. Despite not having any treatment to the axilla, the 
axillary recurrence rate, as a first failure, was only 19% in the TM alone group. 
Moreover, the three groups had a similar overall survival [90].

In the era of SLNB, the contribution of axillary dissection to survival was revis-
ited in the ACOSOG Z0011 trial [91]. In this prospective randomized noninferiority 
trial, women with T1-T2 breast cancers who were clinically node negative 
(T1-T2cN0), receiving breast-conserving therapy with only one or two positive 
SLNs and with no gross extracapsular extension, were randomized to SNLB-alone 
versus ALND groups. All patients received adjuvant systemic therapy and opposing 
tangential field whole-breast irradiation. One criticism of this study was the rela-
tively short follow-up (median: 6.3 years) period when it was first published in 2006. 
However, subsequent results published in 2017 still showed no difference in 10-year 
overall survival (86.3% in the SLND alone group vs. 83.6% in the ALND group with 
a noninferiority p  =  0.02) [92]. Ten-year disease-free survival was also similar 
between groups, with 78.2% in the ALND group versus 80.2% in the SLNB- alone 
group. This study demonstrated the noninferiority of SLNB to ALND for patients 
with T1-T2 tumors, and 1 or 2 positive SLNs who are treated with lumpectomy, 
adjuvant radiation and systemic therapy, with a noninferiority hazard ratio of 1.3.
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 Studies in support of ALND after positive SLNB

Study Methods Results
SEER Database 
Analysis
Joslyn. [93]
2002

Retrospective review
N = 257,157
Women diagnosed 
with breast cancer in 
the SEER database 
between 1988 and 
2000

Women undergoing ALND had an increased 
survival
With an increasing ratio of positive nodes to 
total number removed, there was a consistent 
trend towards reduced survival

Truong et al. [94]
2002

Retrospective 
population-based 
cohort
N = 8038
Patients treated for 
T1–2 breast cancer in 
British Columbia 
between 1989 and 
1998

Overall and cancer-specific 5-year survival 
rates were significantly worse in those who had 
not undergone ALND (68% vs. 85% and 86% 
vs. 91%, respectively). Note that the much 
larger difference in overall survival suggests 
large heterogeneity between groups

Early Breast 
Cancer Trialists’ 
Collaborative 
Group Analysis
Clarke et al. [95]
2005

78 RCTs
N = 42,000
Comparing the effect 
of different types of 
local treatment on 
recurrence and survival

While not directly examining ALND, the study 
showed that local control affects overall 
survival, a fact which is often used in support 
of ALND
Local recurrence positively impacted on the 
15-year survival

RCT randomized controlled trials, ALND axillary lymph node dissection, SEER surveillance epi-
demiology and end results (US National Cancer Institute)

 Studies suggesting ALND does not affect overall survival

Study Methods Results
NSABP B-04
Fisher et al. [96]

1985

N = 1843
RCT
Women were assigned to 
radical mastectomy vs. simple 
mastectomy plus local nodal 
irradiation, or simple 
mastectomy with delayed 
ALND if needed

There was no effect on survival of 
prophylactic ALND vs. nodal 
radiotherapy vs. no initial axillary 
treatment
This study is criticized for being 
underpowered and also for including 
many women with simple mastectomy 
who had some nodes removed with the 
breast specimen

The Breast 
Carcinoma 
Collaborative 
Group of the 
Institut Curie
Cabanes et al. [97]

1992

N = 658
RCT
Patients assigned to 
lumpectomy alone or 
lumpectomy plus ALND
All received RT, and women 
with positive LNs received 
chemotherapy

ALND was initially associated with 
significantly better 5-year survival 
(97% vs. 93%)
However, after 10–15 years of 
follow-up, survival rates were similar 
(~75%).
Regional recurrence was lower in 
women who had ALND. However, this 
needs to take into consideration the 
fact that the only women who received 
chemotherapy were in the ALND 
group

NSABP National Surgical Adjuvant Breast and Bowel Project, RCT randomized controlled trials, 
ALND axillary lymph node dissection, RT radiotherapy, LN lymph node
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 Studies in support of ALND omission after limited positive SLNB

Study Methods Results
Z0011
Guiliano 
et al.
[91, 92]
2010, 2017

N = 891
RCT
T1-T2cN0 invasive breast cancer
ALND vs. no ALND for women with 
1 or 2 positive SLNB
Exclusion: 3 or more positive SLNs, 
matted nodes, gross extranodal 
extension, neoadjuvant treatment
Planned adjuvant systemic therapy and 
opposing tangential field whole-breast 
irradiation to all patients

At median follow-up of 9.3 years, the 
10-year overall survival was 83.6% in 
ALND and 86.3% in those with 
SLNB. Importantly, 10-year disease- free 
survival was also similar, with 78.2% in 
ALND and 80.2% with SLNB
It is criticized for its low numbers and an 
approximately 20% lost to follow-up rate 
(unlike NSABP-B32 < 1%)
Inconsistent field of adjuvant radiation 
therapy (from the radiation reports 
available for 605 patients, 89% received 
whole-breast radiation and 15% also 
received radiation to the supraclavicular 
region) [98]
Powered for 1900 patients but closed 
earlier due to lower than expected 
mortality rate

AMAROS
Donker et al. 
[99]
2014
IBCSG 
23–01
Galimberti 
et al. [100] 
2018

N = 4806 → 1425 (29.7%) found to 
have positive SLNB
RCT, noninferiority trial
From 2001 to 2010, patients with 
cT1–2 N0 invasive breast cancer were 
enrolled in the EORTC phase III 
noninferiority AMAROS trial. Patients 
with neoadjuvant systemic treatment 
were excluded from the study
Protocol was amended in 2006 to 
include cT3 and multifocal disease
Patients were randomized to ALND or 
ART prior to SLNB and breast- 
conserving surgery or mastectomy. 
Patients with positive SLNs were then 
included in analysis. ART included 
radiation to level I, II, III, and 
supraclavicular lymph nodes
Primary endpoint was 5-year axillary 
recurrence rate
RandomisedRandomized 
noninferiority phase 3 trial
Primary endpoint: disease-free 
survival in T1-T2 tumors with only 
micrometastasis randomized to ALND 
or no ALND

5-year axillary recurrence was 0.43% 
after axillary lymph node dissection and 
1.19% after axillary radiotherapy. Due to 
the accrual and low number of events, the 
noninferiority test was underpowered and 
the study was statistically inconclusive
Clinical signs of lymphedema were noted 
more often following ALND than ART, 
23% vs. 11% at 5 years (p < 0.0001). 
Rates of subjectively measured 
lymphedema were not different between 
groups. Range of motion and quality of 
life measurements were not significantly 
different between the two groups
No significant difference in 10-year 
disease-free survival (74.9% in the 
ALND group vs. 76.8% in the no ALND 
group) with a hazard ratio of 0.85 (95% 
CI 0.65–1.11). This study showed 
noninferiority as a hazard ratio of less 
than 1.25
Higher rate of sensory neuropathy, motor 
neuropathy, and lymphedema in the 
ALND group

RCT randomized controlled trial, ALND axillary lymph node dissection, LN lymph node, SLNB 
sentinel lymph node biopsy, RT radiotherapy, EORTC European Organisation for Research and 
Treatment of Cancer, AMAROS the after-mapping of the axilla: radiotherapy or surgery?, ART 
axillary radiation therapy, NSABP National Surgical Adjuvant Breast and Bowel Project,  T1 or 
T2 and clinically N0
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 Special Notes
• Although by no means an exhaustive examination of the literature, the above 

studies do help demonstrate the controversy surrounding ALND.  It should be 
always remembered that with the rapid changes in adjuvant therapy for breast 
cancer, one must examine the older literature with a certain degree of care. 
Certainly, it seems that the benefit of extensive axillary surgery is questionable in 
this era of effective adjuvant therapy. Given the limitations of the Z0011 study, 
however, it is difficult at the present time to completely advocate a definitive 
move away from the procedure. Both NCCN guidelines and the American 
Society of Breast Surgeons endorse that if all Z0011 criteria are met, ALND is 
not required after SLNB.

• At the University of Toronto, we also forego axillary dissection in patients meet-
ing the Z0011 inclusion criteria.

 Isolated Tumor Cells and Micrometastases 

Isolated tumor cells (ITCs) Micrometastases
Defined by the eighth edition of AJCC as 
“small clusters of cells not greater than 
0.2 mm, or nonconfluent or nearly confluent 
clusters of cells not exceeding 200 cells in a 
single histologic lymph node cross section are 
classified as isolated tumour cells” [2] 
(pN0(i+))
No further surgery, radiotherapy, or 
chemotherapy is indicated by their presence. 
However, in the neoadjuvant setting, their 
significance is less clear [101].

Defined by a separate designation of pN1mi 
(>0.2 mm and no greater than 2.0 mm) to 
indicate micrometastases alone [2]
NSABP B-32 showed a 1.2% lower 5-year 
survival (p = 0.03) in patients with occult 
micrometastases, compared to those that were 
pathologically node-negative [88]. Thus, 
although larger than ITCs, micrometastasis are 
of limited clinical significance

 Special Notes
• The literature is populated by much discussion regarding the significance of iso-

lated tumor cells (ITCs) and micrometastases. This debate has been largely 
superseded by the publication of Z0011 and its findings relating to the signifi-
cance of macrometastases [91], along with Weaver et al. who demonstrated sta-
tistical but no clinical significance to their presence [102].

 Extranodal Extension

Extranodal extension (ENE) is defined as tumor breach outside of the lymph node 
capsule. In the literature, it has been associated with worse prognosis and involve-
ment of further non-sentinel lymph nodes with disease [103, 104]. The ACOSOG 
Z0011 trial excluded patients with gross ENE but did not further analyze the pres-
ence of microscopic ENE [91]. In a study by Gooch et al., in 331 patients with ENE 
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out of 11,730 patients meeting ACOSOG Z0011 criteria, ENE was associated with 
increased axillary burden [105]. ENE > 2 mm was the strongest predictor of greater 
than 4 positive lymph nodes at completion ALND on multivariate analysis (33% of 
patients with ENE >2 mm vs 9% of patients with ENE ≤2 mm vs 3% of patients 
with no ENE had more than 4 positive LNs at completion ALND, p  <  0.0001). 
Another smaller study demonstrated similar recurrence and mortality in patients 
with no ENE compared to patients with ENE ≤2 mm [106]. Therefore, one could 
consider avoiding ALND if only microscopic or focal ENE (≤ 2 mm) is identified 
on SLNB.

 SLNB Following Neoadjuvant Systemic Therapy

• For patients undergoing neoadjuvant chemotherapy, studies such as 
SENTINA, ACOSOG Z1071, and SN FNAC have demonstrated the feasibil-
ity and accuracy of SLNB following neoadjuvant systemic therapy if dual-
agent lymphatic mapping is used and more than 2 SLNs are retrieved. These 
studies are described in more detail in the Locally Advanced Breast Cancer 
section.

 Summary: Management of the Clinically Node-Negative Axilla 
in Patients Who Have Not Received Neoadjuvant Chemotherapy

• SLNs are pathologically negative or contain only ITCs:
 – SLNB is the standard for staging and axillary surgery [107].

• SLNs contain micrometastatic disease on pathologic examination:
 – SLNB alone can safely manage burden of disease. However, case should be 

discussed at Multidisciplinary Cancer Conference (MCC) to determine if 
identification of macrometastases would alter adjuvant therapy recommenda-
tions. If so, completion ALND may be considered if the patient does not meet 
inclusion criteria for Z0011 [107].

• SLNs contain macrometastatic disease on pathologic examination:
 – If meets all inclusion criteria for Z0011 (T1 or T2 tumor, clinical N0, 1, or 2 

positive SLNs, no gross extranodal extension, breast-conserving therapy, 
whole-breast radiotherapy planned, no neoadjuvant chemotherapy), no fur-
ther ALND is required [107].

If three or more positive SLNs and/or gross extranodal disease, consider 
completion ALND [107].

 – If patient has undergone mastectomy, has multicentric tumor, or is pregnant, 
a discussion at MCC is warranted to review the benefits/risks of completion 
ALND versus axillary radiotherapy.
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 Considerations of Adjuvant Treatment for Invasive 
Breast Cancer

 Genomic Assays

In addition to providing prognostic information regarding breast cancers and the 
risk of recurrence, genomic assays are also being used to guide the recommendation 
for adjuvant therapies. Studies are ongoing to include node-positive patients.

 TAILORx Study—Sparano et al. [108]

Methods Results
Implications for clinical 
practice

N = 10, 273
RCT
Patients aged 18–75 with hormone 
receptor-positive, HER2-negative, 
axillary node-negative breast 
cancers with mid-range Oncotype 
DX® recurrence scores (11–25) 
were randomly assigned to either 
chemoendocrine or endocrine 
therapy alone
Noninferiority study to determine 
if chemotherapy can be safely 
omitted in patients with mid-range 
(intermediate) recurrence scores

Endocrine therapy was 
not inferior to 
chemotherapy in these 
patients with regard to:
  Invasive disease-free 

survival
  Freedom from 

recurrence of breast 
cancer at a distant or 
local-regional site

  Overall survival
Chemotherapy was 
associated with some 
benefit in women 
50 years old and younger 
with Oncotype DX® 
recurrence scores in the 
16–25 range
9-year rate of distant 
recurrence:
  ~5% for women with 

recurrence scores of 
11–25

  ~3% for women with 
recurrence scores of 
10 or less

Adjuvant chemotherapy can 
be omitted in patients with 
HR-positive, HER2-negative, 
node-negative breast cancers 
who have Oncotype DX® 
recurrence scores <25 if over 
the age of 50
Adjuvant chemotherapy 
should be discussed and 
offered to women under the 
age of 50 with HR-positive, 
HER2-negative, node- 
negative breast cancers who 
have Oncotype DX® 
recurrence scores in the 16–25 
range

HR hormone receptor, RCT randomized controlled trial
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 Ovarian Function Suppression

Ovarian function suppression with LHRH (luteinizing hormone-releasing hor-
mone) analogs (e.g., goserelin (Zoladex), leuprolide (Lupron)) should be consid-
ered in high-risk hormone receptor-positive premenopausal women requiring 
chemotherapy [109, 110]. Ovarian function suppression may also be considered 
to protect ovarian function in premenopausal women during chemotherapy 
[111, 112].

 Locally Advanced Breast Cancer

Locally advanced breast cancer (LABC) is a heterogeneous entity. The term 
includes T3: tumors greater than 5 cm in maximum diameter, T4: tumors that 
directly invade skin or chest wall, as well as inflammatory breast cancer, and 
tumors that have extensive regional lymph node involvement (matted ipsilateral 
lymph nodes N2–N3) without evidence of distant metastatic disease at initial 
presentation. These tumors fall into the category of stage IIB (T3 N0) and III 
disease as per AJCC eighth edition staging. It is clinically useful to separate 
LABC into operable and inoperable (situations in which surgery is unlikely to 
remove all disease). This decision is made clinically based on physical examina-
tion and review of breast imaging. Approximately 25–30% of LABC are inoper-
able on presentation [113]. Up to 20% of patients with stage III disease are 
metastatic after staging [39]. Signs of questionable operable benefit or inopera-
bility include the following [114]:

 1. Extensive skin edema.
 2. Satellite nodule in the skin.
 3. Inflammatory breast cancer.
 4. Involvement of supraclavicular or internal mammary lymph nodes.
 5. Preoperative upper limb edema.
 6. Skin ulceration.
 7. Fixation to the chest wall.
 8. Fixed, matted ALN.

Optimal management of LABC requires multimodality treatment [39]. The usual 
order of treatment varies according to the patient and the tumor clinical stage and 
characteristics:
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Work-up Inoperable LABC Operable LABC Follow-up (F/U)
Obtain the ER, PR, 
and HER2/neu status
Imaging:
  Breast MRI
  CT scan chest, 

abdomen, and 
pelvis

  Bone scan
  PET/CT (optional)
Apply a radiologic 
marker to breast 
cancer and biopsy- 
proven involved 
node preinitiation of 
chemotherapy
Precise tumor 
measurement and 
documentation of 
skin changes
Consider discussion 
in MCC
Refer to Fertility, if 
premenopausal

Neoadjuvant systemic 
therapy and reassess 
response after each 
cycle
If response—continue 
until completion of 
planned treatment or 
maximal response—
then surgical 
management
If no response—
discuss again in 
MCC. Options:
  Alternate systemic 

therapy regimen
  If operable: 

Ssurgical 
management

  If nonoperable: 
radiotherapy 
+/− planned 
surgical treatment

Consider neoadjuvant 
chemotherapy in:
  Any patient who will 

need adjuvant 
chemotherapy [115] and 
in whom surgical 
pathology information 
is not required to 
determine regimen

  High-grade tumors 
[115, 116]

  HER2+ [116]
  Triple negative (ER/PR/

HER2−) [117]
  Luminal B [115] – 

Young patients 
<35 years [118]

  Patient has large tumor 
and seeks breast 
conservation

  Patients with node-
positive disease

Surgical management of 
the breast (usually 
mastectomy unless 
downstaging with optional 
reconstruction) and axilla 
(see below: SLNB vs. 
axillary dissection)

Regular clinical 
breast exam 1–4 
times a year for 
5 years, then 
annual
Mammogram 
every 12 months

ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor 

2, MCC Multidisciplinary Cancer Conference, SLNB sentinel lymph node biopsy

 Special Notes
• Radiation therapy will be recommended postmastectomy or post-BCS to patients 

with LABC.
• Advantages of neoadjuvant chemotherapy:

 – Evaluation of in vivo response to chemotherapy.
 – Downstaging to facilitate breast conservation and omission of ALND in 

some cases.
Conversion from mastectomy to BCS occurs in approximately 23% of 

patients [119]. The extent of conversion depends on the criteria for perform-
ing BCS set by the individual trial.

 – Local recurrence rates in this conversion group were slightly higher than in 
the mastectomy group (15.9% vs. 9.9%, not significant) in the NSABP B-18 
study [120] and in a 2018 Early Breast Cancer Trialists’ Collaborative Group 
(EBCTCG) meta-analysis of ten randomized trials from 1983 to 2002 [121]. 
A 2012 combined analysis of NSABP B-18 and B-27 found that the 10-year 
cumulative incidence of locoregional recurrence after NACT was 12.3% for 
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mastectomy (without radiation) versus 10.3% for BCS (with radiation) [122]. 
A more recent 2016 meta-analysis of eight trials from 2000 to 2015 with a 
total of 3215 patients found that following neoadjuvant chemotherapy, the 
prevalence of local recurrence was 9.2% in the BCS group versus 8.3% in the 
mastectomy group (not significant) [123].

 – Early introduction of chemotherapy to treat occult potential systemic 
metastases.

 Neoadjuvant chemotherapy studies

Study Methods Results
NSABP 
B18
Wolmark 
et al. [120]

N = 1493
RCT
Operable T1–3 N0–1 M0 
patients assigned to 
preoperative chemo 
(4 cycles of AC) vs. 
postoperative chemo 
(4 cycles of AC)

Follow-up—9 years
No differences in OS (70% and 69%) or DFS 
(53% and 55%)
Marginally statistically significant treatment by 
age interactions appears to be emerging for 
survival and DFS, suggesting that younger patients 
may benefit from preoperative therapy, whereas 
the reverse may be true for older patients

EORTC 
Trial 
10,902
van der 
Hage et al. 
[119]

N = 698
RCT
Patients with T1c, T2, T3, 
T4b, N0 to 1, and M0 breast 
cancer were assigned to 
preoperative vs. 
postoperative chemotherapy 
(4 cycles—FEC)

Median follow-up—56 months
No differences in terms of PFS, OS, and LRR
Preoperative chemotherapy enabled more patients 
to be treated with breast-conserving surgery (rate 
of downstaging was 23%)

Fisher 
et al. 2011 
[124]

N = 385
Retrospective chart review
Patients with stage I, II, or 
III and triple-negative breast 
cancer treated with 
neoadjuvant or adjuvant 
chemotherapy

There is a trend towards survival benefit in 
patients with pCR following neoadjuvant 
chemotherapy
However, patients undergoing neoadjuvant 
chemotherapy with residual disease had 
significantly worse survival compared to patients 
receiving adjuvant therapy, with a trend towards 
worse survival compared to patients receiving 
neoadjuvant chemotherapy with pCR

AC doxorubicin/adriamycin + cyclophosphamide, RCT randomized controlled trial, DFS disease-
free survival, FEC fluorouracil, epirubicin, and cyclophosphamide, OS overall survival, PFS 
progression-free survival, LRR locoregional recurrence, pCR complete pathologic response

• Potential candidates for BCS after neoadjuvant chemotherapy:
 – Ideally unifocal disease (However, multifocal and even multicentric disease 

can now be removed using oncoplastic techniques, thus allowing for BCS. This 
is discussed further in the “Oncoplastics” section.)

 – No inflammatory skin involvement.
 – Radiographic abnormalities (e.g., suspicious calcifications) resectable with 

lumpectomy.
 – No contraindication to adjuvant radiotherapy.

• Neoadjuvant endocrine therapy may be considered for patients who are not can-
didates for systemic chemotherapy and have markers for endocrine responsive-
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ness or chemotherapy unresponsiveness such as ER and PR positivity, low grade, 
invasive lobular histology, and low Ki67 [115].

• SLNB has been investigated both before and after the completion of neoadju-
vant chemotherapy [125]. When performed before neoadjuvant chemotherapy, 
it is both accurate (identification rate between 93 and 100%) and safe, with a 
low rate of regional recurrence reported. However, it potentially delays the 
initiation of chemotherapy in an era where lymph node status does not influ-
ence the choice of chemotherapy. Conversely, SLN biopsy after neoadjuvant 
chemotherapy has the advantage of reducing the number of operative proce-
dures needed, as well as being both accurate and safe [125]. A 2016 meta-
analysis examining the accuracy rate of SLNB after neoadjuvant chemotherapy 
found that in 1456 patients with initially clinically node-negative breast cancer 
from 16 studies, the SLNB detection rate was 96% (95% CI: 95–97%), with a 
false-negative rate of 6% [126]. Furthermore, in comparison to performing 
SLNB prior to chemotherapy, SLNB performed after neoadjuvant chemother-
apy has similar SLN identification and false-negative rates, has lower nodal 
positivity rates (with fewer subsequent axillary dissections for T2 and T3 dis-
ease), and does not lead to higher locoregional failure rates [127]. Thus, in 
patients whose initial ipsilateral axillary evaluation is negative (cN0), sentinel 
lymph node biopsy is preferably performed after neoadjuvant systemic ther-
apy [39].

• Three clinical trials examined the accuracy and false-negative rates of SLNB 
performed after neoadjuvant chemotherapy in patients with cN1 disease. The 
ACOSOG Z1071 (Alliance) Trial had a SLNB identification rate of 92.7% 
(which was higher when using dual tracer vs. single tracer, 93.8% vs. 88.9%) 
with a false-negative rate of 12.6% when 2 or more sentinel lymph nodes 
were examined [128]. The Canadian SN FNAC study showed a SLN identifi-
cation rate of 87.6% after chemotherapy (less than the predefined optimal 
SLN identification rate of 90%), but has shown an acceptable false-negative 
rate of 8.4% when immunohistochemistry (IHC) is used and sentinel node 
metastases of any size (thus including isolated tumor cells) are considered 
positive. After neoadjuvant therapy, accuracy of SLNB is further increased 
by the use of both blue dye and radiolabeled tracer, as well as harvesting 
more than one sentinel node if possible [101]. In the SENTINA study C arm 
(patients who converted from cN+ to clinically node negative after neoadju-
vant chemotherapy), the SLN detection rate was 80.1% with an overall FNR 
of 14.2% (24.3% when one node removed vs. 18.5% when two sentinel nodes 
removed vs. consistently <10% when three or more sentinel nodes removed) 
[129]. A recent updated meta-analysis of 19 studies from 2016 demonstrated 
a pooled SLN identification rate of 91% for patients with clinically node-
positive breast cancer treated with neoadjuvant chemotherapy, with a pooled 
FNR of 13% [130].

• Residual nodal disease in the axilla following neoadjuvant treatment is felt to 
represent chemoresistant disease, and chemoresistant disease is also felt to be 
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resistant to radiotherapy [131]. As a result, in patients who are node positive on 
presentation, axillary lymph node dissection should be performed if the axilla 
remains clinically positive following neoadjuvant systemic therapy. If the axilla 
becomes clinically negative after neoadjuvant systemic therapy, SLNB may be 
performed; otherwise, axillary lymph node dissection should be pursued. SLNB 
has a > 10% false-negative rate in this setting but this rate can be improved by: 
(1) targeted removal of clipped nodes that were biopsy-proven positive prior to 
neoadjuvant systemic therapy [132, 133], (2) use of dual tracer localization, (3) 
removal of two (as per SN FNAC) or more (as per ACOSOG Z1071) sentinel 
nodes [39], and (4) use of IHC and planned ALND for any persistent disease in 
sentinel nodes (including isolated tumor cells). Alternatively, intraoperative fro-
zen section may be undertaken at the time of SLNB, with planned completion 
axillary lymph node dissection if any residual nodal disease is identified on fro-
zen section. Axillary lymph node dissection should be pursued for any residual 
nodal disease following neoadjuvant systemic therapy on final pathology, includ-
ing isolated tumor cells.

• Axillary imaging after neoadjuvant chemotherapy has not been found to be a 
reliable predictor of axillary pathology after neoadjuvant chemotherapy. In the 
SN FNAC study, the accuracy of axillary ultrasound post-NAC was 62%, with 
an 81% positive-predictive value and a 48% negative-predictive value [101]. In 
the ACOSOG Z1071 study, 57% of 430 patients with normal axillary ultra-
sounds had nodal positivity [128]. Radiologic response by MRI has also not 
been found to predict axillary response following neoadjuvant chemother-
apy [134].

• Future Directions: Two ongoing randomized controlled trials are investigating 
the potential de-escalation of therapy for patients with initial clinical N1 dis-
ease who receive neoadjuvant chemotherapy. (1) In breast cancer patients 
with cT1-3 N1 disease who have positive sentinel lymph nodes after receiving 
neoadjuvant chemotherapy, the Alliance A11202 trial is a prospective ran-
domized phase III trial that is randomizing them to either no further axillary 
surgery (with radiation to breast (if BCS)/chest wall (if mastectomy) and 
nodal basins including levels 1–3 of the axilla and supraclavicular fossa) or 
completion level 1–2 axillary lymph node dissection (with radiation to breast 
(if BCS)/chest wall (if mastectomy) and nodal basins including level 3 axil-
lary nodes and supraclavicular fossa). The primary endpoint is invasive breast 
cancer recurrence-free survival. As of May 2019, the study has enrolled 2918 
participants [135]. (2) In breast cancer patients with cT1-3 N1 disease who 
have negative axillary nodes following neoadjuvant chemotherapy (deter-
mined histologically negative either by ALND or SLNB +/− ALND), the 
B-51/RTOG 1304 (NRG 9353) trial is  randomizing patients to receive either 
regional nodal radiotherapy (with radiation to breast (if BCS)/chest wall (if 
mastectomy)) or no regional nodal radiotherapy (with whole-breast radiother-
apy if BCS but no chest wall radiotherapy if mastectomy). The primary end-
point is to determine if the addition of comprehensive regional nodal 
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radiotherapy significantly reduces breast cancer recurrence in this population, 
with secondary outcomes examining overall survival, locoregional recur-
rence, and distant recurrence. As of May 2019, this study has accrued 1231 
patients (75.2% of anticipated sample size) with an estimated completion date 
of April 2020 [136].

• Following standard neoadjuvant chemotherapy for triple-negative breast can-
cer, adjuvant capecitabine is now offered for patients with residual disease at 
surgery (Create-X trial) [137]. For HER-2 positive patients with no residual 
disease after neoadjuvant chemotherapy, patients will complete up to 1 year of 
HER2-targeted therapy with trastuzumab (Herceptin) with or without pertu-
zumab [39]. For HER2-positive patients with residual invasive disease at sur-
gery, 14 cycles of ado-trastuzumab emtansine (TDM-1) is now recommended 
(Katherine trial) [138].

 Inflammatory Breast Cancer

Inflammatory breast cancer (IBC) is a rare clinicopathological entity (1–6% of 
all breast cancer) characterized by rapid progression and aggressive behavior, 
with higher metastatic potential. IBC presents with erythema and edema with 
exaggerated hair-follicle pits, causing a peau d’orange appearance of the skin 
[139]. Diffuse erythema of more than one-third of the skin overlying the breast 
distinguishes IBC (T4d) from neglected noninflammatory LABC with skin 
involvement (T4a-c) [139, 140]. Diagnostic criteria include rapid onset of ery-
thema, edema and/or peau d’orange with or without a palpable mass occupying 
at least one-third of the breast, duration not greater than 6 months, and pathologi-
cal confirmation of invasive cancer [141]. Skin biopsy can aid in diagnosis and 
was recommended by an international consensus [141]. Most IBC are ductal 
carcinoma of high nuclear grade; 17–30% are triple negative and 18–44% are 
HER2-positive [140]. Dermal lymphatic emboli are present in 75% of cases; 
their absence does not exclude the diagnosis [139, 140]. All women with IBC 
should undergo staging investigation with at least bone scan and CT scans of the 
chest, abdomen, and pelvis [141].

After ruling out metastasis, patients are treated with preoperative chemother-
apy followed by modified radical mastectomy and radiation in those who clini-
cally respond to chemotherapy [39, 139–143]. Nonresponders may be considered 
for palliative radiotherapy, as surgery does not appear to benefit this subgroup; 
mastectomy may be considered for symptom palliation [39, 139]. The trimodal-
ity approach of chemotherapy, surgery, and radiation improves the outcome of 
patients with IBC, as Li et  al. in 2008 reported a 5-year survival rate of 
40–50% [139].
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 Special Considerations

 Pregnancy and Breast Cancer

Pregnancy-associated breast cancer (PABC) is defined as breast cancer diagnosed 
during pregnancy or within 1 year of delivery. It is one of the most common malig-
nancies diagnosed during pregnancy. Incidence is estimated to be 1 in 3000–10,000 
pregnancies, and 0.2–3.8% of all breast cancers are pregnancy-related [144].

PABC has been demonstrated to have worse prognosis in terms of recurrence and 
death when compared with non-pregnancy-related breast cancer. Suggested causes 
include the following:

 1. Aggressive disease caused by hormonal and immune changes, and breast involu-
tion [145].

 2. Diagnosis at an advanced stage, possibly due to a lack of awareness and diffi-
culty in assessing the pregnant breast [145].

 3. Use of suboptimal treatments [146].

Management of PABC requires multidisciplinary approach, ensuring best care 
both for the mother and the fetus. Of note, there is no evidence showing that termi-
nation of the pregnancy affects prognosis. However, termination during the first 
trimester should be discussed with the patient, as it can help avoid delays in treat-
ments that are contraindicated during organogenesis [39].

Treatment of PABC depends on the stage of the cancer, and is similar to that of 
the non-pregnant patient, with modifications dependent on the gestational age of the 
pregnancy at diagnosis of PABC [147].

Work-up Surgical management Adjuvant therapy
Physical exam
Breast and 
axillary 
ultrasound
Mammogram 
(with fetal 
protection)
Biopsy

BCT vs. mastectomy: same as for the 
non-pregnant patient
  Exception is a patient in the first 

trimester where chemotherapy is not 
indicated. Since radiation will be 
delayed to the postpartum period, 
mastectomy may offer maximal 
oncological safety

SLNB vs. ALND: same as for the 
non-pregnant patient
   SLNB: technetium-99 

lymphoscintigraphy is considered 
safe, but blue dye is contraindicated

Reconstruction is usually delayed until 
after delivery, as achieving symmetry is 
difficult due to pregnancy-associated 
breast engorgement

Radiation: Wwhen indicated, 
should be delayed to the 
postpartum period
Chemotherapy: can be 
administered, as adjuvant or 
neoadjuvant treatment, beginning 
after the first trimester and up to 
week 35 or 3 weeks before the 
planned delivery

ALND axillary lymph node dissection, BCT breast-conserving therapy, SLNB sentinel lymph node 
biopsy
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 Special Notes
• Breast MRI should not be performed during pregnancy due to inability to admin-

ister gadolinium.
• Fluorouracil, doxorubicin, and cyclophosphamide can be used during the second 

and third trimesters of pregnancy; paclitaxel may be acceptable if clinically indi-
cated [39].

• The use of trastuzumab is contraindicated in all trimesters due to renal and pul-
monary complications [39].

• Tamoxifen is associated with a 20% birth defect risk and, if indicated, should be 
initiated postpartum [147].

 Breast Cancer in the Elderly

With improving life expectancy, the geriatric population is expected to become a 
significant proportion of the Canadian population. Cancer care decisions in the 
elderly is complicated by competing medical comorbidities.

Regarding screening, the Canadian Task Force on Preventative Health Breast 
Cancer Update in 2018 offered no recommendations on screening for patients age 
75 and older [148]. A 2009 update from the United States Preventative Services 
Task Force on screening for breast cancer also acknowledged the lack of studies on 
the effectiveness of mammography screening in decreasing breast cancer mortality 
in women aged 70 years and older [149]. The lag time to benefit from screening for 
breast cancer with mammography is estimated to be 10 years, which should also 
factor into the consideration for screening the geriatric population [150]. In women 
over the age of 75, the American Geriatric Society has recommended that medical 
comorbidities, individual life expectancy and the risks of screening, overdiagnosis, 
and overtreatment should be considered when making the decision to screen for 
breast cancer [151].

 Special Notes
• Breast cancers in the elderly are more likely to be hormone receptor-positive and 

less frequently HER2-positive.
• A Cochrane Review comparing surgery (with and without adjuvant endocrine 

therapy) versus endocrine therapy alone as primary treatment for hormone 
receptor- positive breast cancer in the elderly showed no difference in survival but 
increased local control with surgery [152]. Individual life expectancy, medical 
comorbidities, and the risks of overtreatment should be considered in treatment 
decisions for breast cancer in the elderly.

• A 2017 systematic review and meta-analysis found that elimination of axil-
lary staging in the elderly affected regional control but did not impact sur-
vival [153]. The Society of Surgical Oncology Choosing Wisely campaign 
also recommends not routinely using axillary staging in clinically node-neg-
ative women over the age of 70  years old with hormone receptor-positive 
breast cancer [154].
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• The CALGB 9343 randomized controlled trial showed that in women over 
70 years of age with stage 1 (T1N0M0) estrogen receptor-positive breast cancer 
and clinically negative axilla treated with lumpectomy and endocrine therapy, 
the addition of adjuvant radiotherapy resulted in an 8% improvement in local- 
regional control but no additional benefit on survival after 12 years of median 
follow-up [155].

• Tools such as ePrognosis (eprognosis.ucsf.edu) or a comprehensive geriatric 
assessment [156] can help predict morbidity and mortality in older patients with 
cancer. These tools may help evaluate elderly patients in the consideration for 
surgical treatment of breast cancer.

 Dense Breasts

Increased breast density is recognized as an independent risk factor for breast can-
cer [157]. Mammographic screening is less effective in detecting lesions in women 
with dense breast tissue. To avoid missing breast cancers on mammograms, supple-
mental screening modalities including ultrasonography and MRI have been used to 
increase breast cancer detection rates [158]. This is an area requiring further 
research. Additional breast imaging modalities increase false-positive rates [158, 
159] and their effects on breast cancer outcomes remain unclear [159].

 Paget’s Disease of the Nipple

Paget’s disease of the nipple is an uncommon presentation of breast cancer (1–3%). 
It presents as a scaly, raw, eczematous, or ulcerated lesion that begins on the nipple 
and then spreads to the areola. Bloody discharge is occasionally present and bilater-
ality has been described. An underlying breast cancer (DCIS or invasive disease) is 
present in 85–88% of cases, often without an associated mass on exam or mammo-
graphic finding [160].

Paget’s disease is often mistaken in its initial assessment for eczema or dermati-
tis and treated with a short course of topical steroids. Lesions suspected of Paget’s 
disease of the nipple and persistent nipple abnormalities following treatment with 
topical steroids should undergo skin punch biopsy. The histologic hallmark of 
Paget’s disease of the nipple are Paget cells, which are malignant intraepithelial 
adenocarcinoma cells within the epidermis of the nipple. Following the diagnosis of 
Paget’s disease of the nipple, bilateral mammography and ultrasound should be 
performed to identify an underlying cancer (with bilateral breast MRI if both mam-
mogram and ultrasound are negative).

If an underlying cancer is identified preoperatively, both the cancer and the 
nipple- areolar complex require excision, either as BCS or mastectomy. In clinically 
node-negative patients, axillary SLNB should be performed if invasive disease is 
confirmed preoperatively or if undertaking mastectomy for DCIS. Patients with a 
clinically positive or suspicious axilla should undergo ultrasound-guided fine 
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needle aspiration or core needle biopsy of the palpable nodes. If FNA or core biopsy 
is positive, axillary lymph node dissection at the time of surgery is recommended. 
If FNA or core biopsy is negative, proceed to SLNB. For patients treated with neo-
adjuvant chemotherapy, SLNB may be considered for select patients with initial 
cN1 disease that convert to cN0.

For women with Paget’s disease of the nipple without a palpable mass or mam-
mographic abnormality, and where cancer is not identified preoperatively, central 
lumpectomy (removing the nipple-areolar complex) followed by whole-breast 
radiotherapy is appropriate. SLNB as a second operation may be pursued if invasive 
breast cancer is identified postoperatively [160].

 Male Breast Cancer

Male breast cancer is a rare condition, with less than 1% of all breast cancers occur-
ring in men [161]. The peak age of incidence is 71 for sporadic cancer and in the 50s 
for BRCA2-associated male breast [162]. Men tend to be 5–10 years older than 
women at diagnosis. The most frequent type is invasive ductal carcinoma, account-
ing for 90% of the cases [163]. The vast majority of male breast cancer is hormone 
receptor-positive.

The main risk factors for male breast cancer are a strong family history of 
breast cancer and BRCA mutation (men with BRCA2 mutation have a greater 
risk of breast cancer (6% absolute lifetime risk) than men with BRCA1 mutation, 
and an 80-fold increased risk over the general population) [164, 165]. Other con-
ditions associated with increased levels of estrogen and/or decreased levels of 
androgen, such as Klinefelter syndrome, cirrhosis, gynecomastia, obesity, alco-
holism, exogenous treatment with testosterone or estrogen-containing com-
pounds, and testicular diseases (e.g., orchitis, cryptorchidism, testicular injury), 
are also risk factors.

The presentation (usually a subareolar painless, firm mass), diagnostic work-up 
(with mammography, ultrasound and biopsy), and staging of male breast cancer 
mirror that of breast cancer seen in women. One should keep in mind that a new 
diagnosis of male breast cancer should prompt genetic testing and counseling, as 
well as screening for prostate cancer.

The management of male breast cancer is similar to breast cancer seen in women. 
Treatment principles, including the indications for neoadjuvant and adjuvant sys-
temic therapy and management of the axilla, are extrapolated from treatment prin-
ciples in women, although most studies do not include men. Thus, male breast 
cancer cases should be discussed in the setting of a multidisciplinary conference.

Surgical management of male breast cancer is simple mastectomy and SLNB or 
ALND for invasive cancer. Adjuvant radiotherapy is recommended if there is 
involvement of the chest wall or lymph nodes. There is emerging data that BCS may 
be attempted for patient preference if there is sufficient breast tissue to obtain a clear 
margin. In this setting, adjuvant radiotherapy is also recommended, similar to 
women with breast cancer undergoing BCS [166].
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For hormone-sensitive tumors, adjuvant endocrine therapy is recommended. In 
this setting, tamoxifen has been more studied and is recommended, given the insuf-
ficient evidence to support aromatase inhibitor therapy in men [167]. For men who 
cannot tolerate tamoxifen (e.g., hypercoagulable state), an aromatase inhibitor may 
be given in combination with an LHRH agonist (e.g., goserelin, leuprolide, busere-
lin). Later-line hormonal treatments include anti-androgen drugs (e.g., flutamide, 
bicalutamide). Bilateral orchiectomy can be used to lower estrogen/androgen levels 
but given its psychological and physical impact, medical options are preferred over 
this last resort [161, 166].

Following a personal history of breast cancer, men should be surveyed with annual 
mammography [165]. Screening recommendations for men with a strong family his-
tory or genetic predisposition for breast cancer include semiannual clinical exam start-
ing at age 35 and baseline mammography at age 40, with further annual mammography 
if increased breast density is observed on baseline mammogram [165].

Until recently, it was thought that male breast cancer was associated with a worse 
prognosis than women. This may be related to male breast cancer being typically diag-
nosed at a later stage than female breast cancer, owing to a lack of awareness of male 
breast cancer and a lack of screening in this population [166]. A 2012 study reported a 
5-year survival rate of 74% in men compared to 83% in women [168]. However, more 
contemporary studies of both male and female breast cancer with careful matching for 
age at diagnosis, grade, and stage are revealing an improvement in survival with time, 
such that survival is no longer significantly worse in men than women [166].

 Metastatic Breast Cancer

Approximately 4.1% of newly diagnosed breast cancer patients will have metasta-
ses at presentation. Improved systemic therapy has seen an increase in the 5-year 
survival of such patients in the past 5 years [169].

Until recently, surgery had a limited role in the management of patients with 
metastasis [170, 171]. However, there is an emerging body of evidence to support 
the concept that removing the primary may provide a survival advantage for such 
patients [169–171]. A 2002 retrospective review of 16,023 patients from the 
National Cancer Data Base found that overall survival was improved in women with 
de novo stage IV breast cancer who underwent surgical resection, with 3-year sur-
vival rates of 17% for the no-surgery group, 26% for the partial mastectomy group, 
and 35% for the mastectomy group [170]. Multiple other retrospective studies have 
reported survival benefits following surgical resection of the breast primary in 
patients with metastases [172–180]. However, Cady et al. [181] in 2008 challenged 
this view through a case-matched retrospective analysis of 808 patients with meta-
static breast cancer. They found that case matching either diminishes or eliminates 
the survival advantage obtained with surgery. This finding was further supported by 
a 2011 study by Dominici et al. [182]. These retrospective studies highlighted the 
need for randomized controlled trials to examine the benefit of surgery in the de 
novo metastatic population.

4 Breast Cancer



82

In a 2015 open-label randomized controlled trial of patients with de novo meta-
static breast cancer who responded to frontline chemotherapy, Badwe et al. found 
that locoregional treatment of the primary tumor and axillary nodes in 173 women 
had no impact on overall survival, as compared to the 177 women who did not 
receive locoregional treatment [183]. In a 2018 multicenter, phase III RCT random-
izing 138 patients to upfront surgery (following chemotherapy) and 136 patients to 
systemic therapy only, Soran et al. found that median survival was not different at 
36 months but was improved at 40 months with upfront surgery (HR 0.66, 95% CI: 
0.49–0.88). Subgroup analyses found that this benefit was seen for estrogen- or 
progesterone-receptor positivity, HER2 negativity, patients younger than 55 years 
of age, and patients with bone oligometastasis [184]. Additional trials are ongoing 
[185]. We believe that these cases constitute special situations that need a multidis-
ciplinary approach. Each decision needs to be tailored according to patient symp-
toms (e.g., pain, bleeding, nonhealing wound), comorbidities, and life expectancy.

 Locoregional Recurrence of Breast Cancer

Breast cancer recurrence can be divided into breast recurrence after breast- 
conserving therapy, recurrence after mastectomy, and axillary recurrences [186].

Breast recurrence after BCT
Recurrence after 
mastectomy Axillary recurrence

Rate of LR after BCT—0.5–
1% per year [187]
Risk factors:
  Age < 45 years
  High grade
  Extensive DCIS
  Node positive
  HER2/neu overexpression
  Positive margins
  Lack of radiotherapy [188]
Most recurrences occur in the 
same quadrant as the primary 
tumor
Usually detected by physical 
examination and/or 
mammography
Metastatic work-up is required 
to rule out systemic disease
Due to previous radiotherapy, 
mastectomy is the standard of 
care, although data is 
beginning to emerge examining 
possible repeat excision and 
radiotherapy [67–68, 188]. 
Repeat SLNB may be 
attempted if ALND was not 
previously performed [39]

Rate of chest wall 
recurrence: 5–7%
The main predicting 
factor of chest wall 
recurrence is tumor 
size >4 cm and 4 or 
more positive nodes 
[188]
Usually the recurrence 
after mastectomy 
carries a worse 
outcome than that after 
BCT
Metastatic work-up is 
indicated
If systemic disease is 
ruled out, the local 
treatment involves 
wide local excision 
with or without 
radiotherapy 
(depending if 
previously received); 
repeat SLNB attempt 
is discouraged [39]

Rule out distant metastases and 
then patients treated with surgical 
excision of gross disease (i.e., 
completion axillary node 
dissection) have better regional 
control than those treated by 
radiation therapy [188, 189]. If not 
technically resectable, consider 
systemic therapy to gauge response, 
then resect if becomes feasible [39]
Isolated axillary recurrence has a 
5-year survival of 50% [190]
There is limited data on repeat 
irradiation of a previously 
irradiated axilla, and it should be 
discussed in the setting of a 
multidisciplinary meeting [68]
For supraclavicular and internal 
mammary node recurrence, NCCN 
recommends radiation therapy [39], 
while UpToDate recommends 
initial systemic therapy, with 
consideration for either surgery (if 
previous irradiation) or radiation or 
both if restaging does not show 
metastatic progression [191]

BCT breast-conserving therapy, LR local recurrence
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 Referral to Medical Oncology
 1. All invasive breast cancers need to be evaluated by medical oncology or dis-

cussed in MCC for consideration of systemic therapy.

 Referral to Radiation Oncology
 1. In situ or invasive carcinoma treated with breast-conserving therapy.
 2. Positive or very close margins after mastectomy.
 3. Any tumor more than 5 cm irrespective of the surgical treatment offered.
 4. Locally advanced and inflammatory breast cancer.
 5. Node-positive breast cancer.
 6. Paget’s disease of the nipple treated with central lumpectomy.

 Referring to Multidisciplinary Cancer Conference
Ideally all patients where time allows; however, the following should be discussed:

 1. Any case in which a deviation from the standard of care is considered.
 2. Axillary lymph node metastases.
 3. To review imaging and assess the extent of the disease for the purpose of plan-

ning surgical therapy.
 4. Disease progression on neoadjuvant chemotherapy with borderline resectability.
 5. Patient with metastasis to contralateral axilla.
 6. Patient with axillary metastasis and unknown primary cancer.
 7. Locoregional recurrence.
 8. Metastatic breast cancer in which surgery is being considered.

 Technical Aspects of Breast Surgery

 Oncoplastic Breast Surgery

Oncoplastic breast surgery (OPBS) is defined as breast reshaping and breast volume 
displacement and replacement techniques that extend breast-conserving surgery 
(BCS) options in order to avoid mastectomy [192]. It aims to preserve aesthetic 
outcome as well as quality of life for breast cancer patients without compromising 
disease control. Longer term follow-up data confirms not only the oncologic safety 
of these techniques, but also a lower rate of positive margins when OPBS is utilized, 
given the wider area of resection [193, 194]. To date, OPBS has been widely 
accepted and utilized in Europe and the United Kingdom. In a recent MD Anderson 
Cancer Center analysis of 9861 patients with operable breast cancer, the addition of 
OPBS permitted a nearly fourfold increase in the percentage of all BCS performed 
(from 4% to 15%) between 2007 and 2014 [195].

There are two levels of oncoplastic breast surgery [192]:
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• Level I: Basic glandular reshaping with local glandular flaps. There is no skin 
excision and the nipple-areolar complex may be recentralized.

• Level II: Therapeutic mammoplasties, mastopexies and contralateral balancing 
procedures. The resulting breast is usually smaller, rounder, and higher.

Whenever there is an anticipated poor cosmetic outcome with standard BCS, 
OPBS should be considered. Excision volume, tumor location, and glandular den-
sity are three important elements that should be considered for the choice of the 
appropriate OPBS technique [196]. Up to 50% of the breast volume can be excised 
using OPBS. As a general rule, when resection of less than 20% of the breast is 
planned, Level I parenchymal reshaping can be used. Tumors located in the upper 
outer quadrant are in the most favorable location for larger volume resections, 
whereas the upper inner and lower quadrants are the least favorable and can result 
in significant deformity without OPBS. Regarding the breast glandular density, fatty 
and scattered fibroglandular breasts are at more risk of fat necrosis after extensive 
undermining. On the other hand, heterogeneously dense and extremely dense 
breasts are ideally suited for mobilizing during Level I OPBS.

 Comparing Level I and Level II OPBS [196]

Level Indications Technique Pitfalls/comments
I
Parenchymal 
reshaping

Anticipated poor cosmetic 
outcome with standard BCS
Resection of less than 20% of the 
breast volume is planned

Subcutaneous 
undermining 
following mastectomy 
plane up to ¼ to 2/3 of 
the breast envelope
Excision of the tumor 
and mobilization from 
the pectoralis fascia
NAC can be 
recentralized away 
from the lumpectomy 
area

Fat necrosis if 
extensive 
undermining in fatty 
breasts

II Resection of 20–50% of the 
breast volume is planned

Round-block Upper pole and upper inner 
quadrant tumors (but virtually 
any location)

Two concentric 
periareolar incisions 
followed by 
deepithelialization of 
the skin between the 2 
incisions
Skin undermining 
circumferentially 
starting from outer 
edge of incision and 
lumpectomy
NAC recentralization

NAC is supplied by 
posterior glandular 
base
This is a versatile 
technique and can be 
applied to tumors in 
any location
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Level Indications Technique Pitfalls/comments
Superior 
pedicle 
mammoplasty 
with inverted T 
scar

Lower pole tumors Periareolar and 
inferior quadrant 
incisions
Deepithelialization 
and elevation of 
superior pedicle
Lumpectomy and 
re-approximation of 
medial and lateral 
parenchymal flaps
NAC recentralization

Foregoing 
deepithelialization of 
the area around the 
NAC and elevation 
of the NAC would 
result in “bird beak” 
deformity

Batwing Upper inner quadrant tumors Batwing (or hemi- 
batwing) incision
Lumpectomy with 
removal of skin 
between upper 
incision and NAC
Re-approximation of 
batwing incision

The lateral drawing 
lines should be 
greater than the 
round central 
diameter in length 
for optimal results 
[197]

Racquet 
mammoplasty

Upper outer quadrant tumors Racquet incision 
periareolar and upper 
outer quadrant
Periareolar 
deepithelialization, 
quadrant undermining, 
and lumpectomy
Complete detachment 
of retroareolar gland 
to allow volume 
redistribution in lateral 
space
NAC recentralization

An incomplete 
detachment of the 
retroareolar gland 
will not permit 
maximal mobility to 
fill the defect

BCS breast-conserving surgery, NAC nipple-areolar complex

This table illustrates some examples of level 2 oncoplastic techniques but is not 
exhaustive.

 Technical Aspects of Breast Reconstruction aAfter Mastectomy

Breast reconstruction after mastectomy seeks to restore breast appearance and feel, 
and patient-reported outcome measures demonstrate its benefit in psychosocial and 
physical well-being [199]. Ultimately, the decision to pursue reconstruction is up to 
the patient’s preference, but it is our goal to enable our patients to make an informed 
decision in a timely fashion. The possibility of breast reconstruction should be dis-
cussed with the patient who is undergoing mastectomy, and if immediate recon-
struction is desired and appropriate, a timely referral to a plastic surgeon is 
encouraged.
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 Types of Reconstruction

After a skin-sparing or nipple-sparing mastectomy is performed, there are two main 
types of reconstruction: prosthetic (use of implants) versus autologous (use of one’s 
own body tissue). The choice between these two options and the timing of the 
reconstruction (delayed vs. immediate) require a discussion based on the need for 
adjuvant chemotherapy or radiation, donor tissue availability, medical comorbidi-
ties, patient’s preference, and lifestyle [200].

 Implant-Based Reconstruction
Implant-based reconstruction can be performed two-staged (using a temporary tis-
sue expander) or single-staged (via a direct-to-implant method).

The two-staged reconstruction is more commonly performed, and this process 
involves a tissue expander placement at the time of the mastectomy. In the immedi-
ate few weeks after the operation, the mastectomy skin envelope undergoes expan-
sion as saline fluid is injected into the tissue expander via a syringe needle every 
1–2 weeks in the office setting until the expander reaches the desired volume. The 
subsequent operation involves the tissue expander exchange for a permanent 
implant. The time between the initial operation to the exchange varies per individual 
but is generally around 6 months.

The direct-to-implant method involves placing the permanent implant at the time 
of the mastectomy. This single-staged reconstruction is more successful when there 
is good mastectomy flap vascularity and no significant stretch or tension in the mas-
tectomy flaps after the implant placement. This method would be ideal for patients 
with native breasts that are non-ptotic and small with the desired volume that is 
similar or smaller than the native volume.

In implant-based reconstruction, acellular dermal matrix (ADM)—a processed 
cadaveric dermis—is commonly used to provide extra coverage of the device in the 
lower breast pole as an extension of the pectoralis major muscle [201, 202], improve 
definition of the inferior pole [203], and potentially reduce capsular contracture 
[204]. However, ADM is costly with a potentially added risk [205] and its selective 
use is encouraged. In a preoperative setting, ADM use is anticipated in patients with 
larger breast volumes, nipple-sparing procedures, and direct-to-implant reconstruc-
tion, and when postoperative radiation treatment is anticipated. In an intraoperative 
setting, ADM use is considered in patients with compromised pectoralis major mus-
cle integrity, a high pectoralis insertion, relative skin excess in the setting of a well- 
perfused mastectomy skin flap, and positive sentinel lymph node status (increases 
the possibility of receiving adjuvant radiation therapy). Poor flap vascularity is a 
contraindication for acellular dermal matrix use because it will not incorporate and 
may lead to persistent seroma, infection, and ultimate loss of the reconstruc-
tion [206].

In the past two decades, a subpectoral (dual plane) placement of the implant has 
been commonly used [207] and remains widely used. In recent years, a prepectoral 
placement of the implants has also become an acceptable option as it allows the 
benefits of no animation deformity or absence of pectoralis major muscle spasm and 
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less discomfort [208]. However, for a prepectoral reconstruction to be successful, a 
reasonable thickness of the mastectomy flap ensuring the flap vascularity is critical 
[208]. Other considerations include BMI < 30, mild to moderate breast volume, 
nonsmokers, minimal ptosis, and prophylactic mastectomy patients in order to 
decrease the risk of delayed wound healing, mastectomy flap necrosis, infection, 
seroma, and reconstructive failure [209, 210].

Implant-based reconstruction requires a detailed discussion regarding the safety 
concerns of the implants. Both silicone and saline implants that are currently avail-
able in practice are deemed safe. However, it is important to discuss implant-related 
risks that include implant infection, rupture, extrusion, capsular contracture, the 
possible need for additional implant exchanges in the future, and the risk for breast 
implant-associated anaplastic large cell lymphoma (BIA-ALCL).

BIA-ALCL is a rare peripheral T cell lymphoma which recent evidence suggests 
an increased incidence with textured implants [211]. Patients may present with peri-
prosthetic fluid collection years after the initial implant operation in these cases, or 
with a periprosthetic mass. The work-up would involve a cytological analysis of at 
least 50 cc of a periprosthetic aspirate for lymphoma protocol with flow cytometry, 
and immunohistochemistry checking for malignant cells that are CD30+ and ALK- 
negative. Confirmed cases of BIA-ALCL require total capsulectomy and implant 
removal, with the need for possible adjuvant therapy if there is lymph node or extra-
capsular involvement or systemic disease. At this time, there is no confirmed case of 
BIA-ALCL in a patient with a smooth implant-only history where the full implant 
history of the patient is known.

 Autologous Reconstruction
Autologous reconstruction involves using one’s own tissue. There are two types—
pedicled and free flaps.

Pedicled flaps involve transposing regional tissue while keeping the blood supply 
intact, such as the pedicled latissimus dorsi (LD) flap or a pedicled transverse rectus 
abdominis myocutaneous (TRAM) flap that gets transposed to the chest. The pedi-
cled LD flap is a faster operation than a free flap but likely requires additional vol-
ume using a prosthetic device (tissue expander changed to implant). This is an 
option for patients who have previously received radiation to the chest or those who 
are not candidates for a free flap due to inadequate tissue availability or medical 
comorbidities. The pedicled TRAM flap is less frequently used today as it increases 
the risk of abdominal bulge/hernia from having the entire rectus muscle taken but it 
remains an option in certain situations.

Free flaps involve a distant transfer of tissue that requires a reestablishment of the 
blood supply via the use of microsurgical techniques. The most commonly used 
flaps are the deep inferior epigastric perforator (DIEP) flap or muscle-sparing trans-
verse rectus abdominus (MS-TRAM) free flap from the abdomen. Alternative free 
flaps use tissues from the buttocks and thighs in cases where there is insufficient 
abdominal tissue or the patient has already undergone abdominoplasty. Free flaps 
are generally longer operations (8–10 hours) that require a 3-day stay in the hospital 
to monitor the flap perfusion in the first few days. Patients with an autologous 
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reconstruction have been found to have a higher long-term satisfaction than those 
who underwent an implant-based reconstruction on patient-reported outcome mea-
sures [199].

 Timing of Reconstruction

Reconstruction is offered in an immediate, delayed, or delayed-immediate time 
frame. An immediate reconstruction is performed at the time of the mastectomy and 
can include both autologous and implant-based reconstruction options. In an imme-
diate reconstruction, adequate perfusion of the mastectomy flap is critical to obtain 
a successful reconstruction. Delayed reconstruction is often recommended in 
patients who are anticipated to undergo adjuvant radiation as the reconstruction 
failure and complication rate is increased in this population [212]. Delayed autolo-
gous reconstruction would allow breast reconstruction using healthy tissue and 
decrease reconstruction failure rates [200]. Delayed-immediate reconstruction is for 
patients who are at an increased risk for needing postmastectomy radiation therapy 
and who wish to have a breast form in place while waiting for final pathology and/
or during the period of postmastectomy radiation therapy. A tissue expander is 
placed at the time of skin-sparing mastectomy and those who do not require post-
mastectomy radiation therapy, based on final pathology, can undergo a definitive 
breast reconstruction soon after the initial operation with an implant or a flap [213]. 
If radiation therapy is required, the expander can be radiated, and following a post- 
recovery period the expander can be replaced with autologous tissue. In this man-
ner, more skin is preserved (but still not as much as with an immediate reconstruction), 
and radiation of the final reconstruction can be avoided. However, there may still be 
complications related to radiation of the expander so that it may require premature 
removal and place the patient back into the realm of delayed reconstruction.

 Surveillance [214, 215]
Surveillance for breast cancer recurrence in the reconstructed breast is completed 
clinically. There is no evidence to support radiographic screening of the recon-
structed breast unless the patient has palpable findings suggestive of recurrence. 
Suspicious masses or symptoms should be imaged and completely worked up. Fat 
necrosis is relatively common and benign following breast reconstruction.

 Toronto Pearls

• When localizing a lesion for breast conservation, some radiologists will mark the 
site of the lesion on the skin, but this is not always true. It is helpful to remember 
that the point of entry and the nipple are the only fixed points. The cranial-caudal 
(CC) view of a preoperative mammogram defines medial versus lateral and 
lesion along the nipples line will be either 12′ or 6 o’clock. The medial-lateral 
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(ML) view defines upper versus lower half and lesions located at the nipple line 
will be located at either 3′ or 9 o’clock.

• Z0011 results are integrated into our surgical practice: clinically node-negative 
patients who have undergone lumpectomy and SLNB with positive nodes and 
who meet Z0011 criteria are not routinely offered completion axillary dissection.

• In cases of locally advanced breast cancer, we perform the SLNB after neoadju-
vant chemotherapy if nodes were clinically and radiologically negative prior to 
treatment. FNA of any suspicious axillary nodes is attempted pretreatment. If 
nodes were positive and the axilla becomes clinically negative after neoadjuvant 
systemic therapy, SLNB may be performed; otherwise, axillary lymph node dis-
section should be pursued.

• Oncoplastic procedures in breast conservation are considered on a case-by-case 
basis, as are contralateral balancing procedures such as reduction mammoplasty 
(in conjunction with plastic surgery).

• Contralateral prophylactic mastectomy (CPM) is not routinely recommended in 
the absence of a genetic mutation resulting in increased lifetime risk of develop-
ing a new breast cancer. In discussing CPM for patients without a gene mutation, 
the following must be considered: CPM does not offer an overall survival benefit 
in comparison to clinical and radiographic surveillance [198]. It does decrease 
the risk of developing a contralateral breast cancer. CPM has no effect on local 
recurrence of the ipsilateral cancer. CPM may be considered in non-gene muta-
tion carriers who are unable/unwilling to undergo continued surveillance and in 
those who wish to have immediate autologous flap-based reconstruction for opti-
mal symmetry.
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