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Synopsis

Breast cancer treatment is multidisciplinary. The majority of women with early-stage breast cancer 

are candidates for breast-conserving surgery with radiotherapy or mastectomy. The risk of local 

recurrence and the chance of survival does not differ with these approaches. Sentinel node biopsy 

is used for axillary staging, and individualized approaches are minimizing the need for axillary 

dissection in sentinel node-positive women. Adjuvant systemic therapy is used in the majority of 

women based on proven survival benefit, and molecular profiling to individualize treatment based 

on risk is now a clinical reality for patients with hormone receptor-positive cancers. Follow-up 

surveillance consists of a history, physical examination, and annual mammography. Following 

adjuvant systemic treatment, there is currently no evidence that routine imaging improves 

outcomes in the absence of symptoms. Novel modalities for early tumor detection are welcomed, 

but will need to demonstrate clinical utility in prospective trials.
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The diagnosis and treatment of invasive breast cancer requires a collaborative effort among 

multiple subspecialties. Diagnostic imaging work-up and biopsy play a key role in 

establishing a diagnosis, and informing surgical decisions on management of the primary 
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tumor, staging of the axilla, and the sequence of therapy. Once a diagnosis of breast cancer is 

established, the extent of disease is assessed which, for the most part, determines whether or 

not preoperative (neoadjuvant) systemic therapy is indicated. Confirmed stage IV breast 

cancer is considered incurable; it is treated with systemic therapy alone unless there is an 

indication for palliative resection of the primary tumor and will not be discussed further. An 

important part of the initial clinical evaluation of the patient with non-metastatic breast 

cancer is to identify clinical criteria of inoperability which necessitate the use of neoadjuvant 

therapy. These include inflammatory carcinoma, fixation of the tumor to the bony chest wall 

(ribs, sternum), extensive skin involvement with ulceration or satellite skin nodules, fixed/

matted axillary lymphadenopathy, involvement of neurovascular structures of the axilla, or 

lymphedema of the ipsilateral arm. All of these findings are readily identifiable on physical 

examination and should prompt an imaging evaluation for distant metastases. In these cases, 

systemic therapy is administered as initial treatment to reduce tumor volume and will render 

approximately 80% of patients operable.1 In those patients who present with operable 

disease, the sequence of surgical resection and systemic therapy is variable. Preoperative 

systemic therapy may be used to reduce tumor volume in the breast, allowing breast 

conservation when mastectomy would otherwise be necessary, and to decrease the need for 

axillary lymph node dissection (ALND). In the majority of patients presenting with stage I 

and II disease, resection of the tumor is the initial step in management, and patients have the 

option of breast conservation or mastectomy.

Local therapy for invasive breast cancer: breast-conserving therapy and 

mastectomy

Breast-conserving therapy (BCT) and mastectomy are both well-established local therapies 

for invasive breast cancer. Multiple randomized clinical trials with follow-up of up to 20 

years have demonstrated that BCT is safe and has survival outcomes equivalent to 

mastectomy in stage I and II breast cancer.2–6 Although a few earlier trials reported higher 

rates of locoregional recurrence (LRR) following BCT than were seen after mastectomy 

(10-22%),2,4,7 much lower LRR rates are reported in contemporary studies. The decrease in 

LRR can be attributed to the implementation of microscopic confirmation of negative 

resection margins and the widespread use of systemic therapy. In a study of LRR in patients 

with node-negative and node-positive breast cancer receiving systemic therapy after BCT in 

five National Surgical Adjuvant Breast and Bowel Project (NSABP) protocols, 10-year local 

recurrence rates were 5.2% and 8.7%, respectively.8,9 These rates are comparable to 

observed 10-year rates of isolated local recurrence after mastectomy of approximately 8%.10 

It is now understood that local control is not solely a function of disease burden and extent 

of surgery, but varies with tumor molecular subtype and administration of systemic therapy. 

Rates of local recurrence differ significantly among breast cancer subtypes, regardless of 

whether patients are treated with mastectomy or BCT. Local recurrence rates are highest 

among patients with hormone receptor (HR) negative, HER2 negative cancers (“triple 

negative”), and lowest among patients with HR positive, HER2 negative cancers.11,12 This 

understanding eliminates the rationale for treating biologically aggressive cancers with 

mastectomy, and the majority of patients with stage I and II disease are candidates for BCT.
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Breast-conserving therapy

BCT involves excision of the tumor (lumpectomy) followed by adjuvant whole breast 

irradiation (WBI). In order to perform BCT, it must be possible to excise the tumor to 

negative margins with an acceptable cosmetic outcome, the patient must be able to receive 

radiotherapy, and the breast must be suitable for follow-up to allow prompt detection of local 

recurrence. The contraindications to BCT arise logically from these requirements. 

Contraindications to BCT include the presence of diffuse suspicious or malignant appearing 

calcifications, disease that cannot be resected to negative margins with a satisfactory 

cosmetic result, and the presence of contraindications to delivery of radiation such as prior 

treatment of the breast field or active scleroderma.13 A negative margin is defined as “no ink 

on the tumor”.13,14 More widely clear margins do not improve local control in invasive 

breast cancer and are not required for BCT.15 If negative margins can be achieved with an 

acceptable cosmetic outcome, then lumpectomy can be performed irrespective of tumor size. 

In women with large tumors relative to breast size, neoadjuvant chemotherapy (NAC) can be 

used to downstage the tumor (see below). Young age, aggressive tumor subtype (HER2 

positive and triple negative), and lobular histology are not contraindications to BCT. In 

patients with BRCA1/2 mutations, bilateral mastectomy is a consideration, as the risk of a 

new primary breast cancer development can range from 26-40% over the 20 years following 

diagnosis depending upon age of onset of the initial cancer, performance of oophorectomy, 

and use of endocrine therapy.16 Despite this higher risk, a BRCA mutation is not an absolute 

contraindication to breast conservation, and patient preference must also be considered.

Physical examination, mammography, and diagnostic ultrasound are the imaging modalities 

in standard use to select patients for BCT. In a population-based study of 1,984 women with 

ductal carcinoma in situ and stage I and II invasive cancers, 88% of those attempting BCT 

successfully had the procedure. This is probably an underestimate of the number of women 

eligible for BCT since many were converted to mastectomy without an attempt at re-

excision.17 The use of magnetic resonance imaging (MRI) in the preoperative setting is 

controversial. MRI is more sensitive than mammography or ultrasound, detecting additional 

disease in 16% of patients in a meta-analysis.18 It was hoped that MRI would improve 

selection of lumpectomy candidates and decrease rates of reoperation. However, multiple 

studies of preoperative MRI have demonstrated an increase in both ipsilateral mastectomy 

for the index tumor and contralateral prophylactic mastectomy rates without an 

accompanying reduction in reoperation and recurrence rates.19–26 A systematic review 

which included 85,975 patients examined the association between preoperative MRI and 

surgical outcomes. MRI was associated with an increased likelihood of undergoing 

ipsilateral mastectomy (odds ratio [OR] 1.39;95% confidence interval [CI] 1.23-1.57; p < 

0.001), and contralateral prophylactic mastectomy (OR 1.9; 95% CI 1.25-2.91; p = 0.003) 

after adjusting for patient age. The use of preoperative MRI did not significantly reduce the 

rate of positive margins, reoperation, or re-excision.27 Additionally, an individual patient-

level meta-analysis of the impact of MRI on local recurrence rates after BCT observed no 

differences in patients selected with and without MRI.24 The failure of detection of 

subclinical disease with MRI to translate into improved local recurrence outcomes is 

consistent with the understanding that local recurrence is determined not only by tumor 

Moo et al. Page 3

PET Clin. Author manuscript; available in PMC 2019 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



burden, but by tumor biology and the use of effective adjuvant systemic therapy. In the 

absence of a specific clinical question, routine use of preoperative MRI is not indicated. 

Specific instances where a preoperative MRI might be clinically useful include 

mammographically and/or sonographically occult tumors, Paget’s disease, evaluation of 

extent of residual disease following NAC in patients desiring conservation, and when 

significant differences in the assessment of tumor size by physical examination, 

mammography, and ultrasound are seen.

Adjuvant radiation in breast-conserving therapy

It is important to determine preoperatively whether or not the patient is a candidate for 

adjuvant radiation. Prior chest wall irradiation, pregnancy at the time of diagnosis, and the 

presence of a connective tissue/collagen vascular disorder may be contraindications to 

radiation treatment. Patients with a history of mantle radiation delivered for Hodgkin’s 

lymphoma may be ineligible for adjuvant radiation if the radiation threshold dose has been 

exceeded during prior therapy. Delivery of radiation is contraindicated during all trimesters 

of pregnancy. However, in a woman presenting with invasive breast cancer in the second or 

third trimester, a lumpectomy can be performed and adjuvant chemotherapy administered 

followed by breast irradiation in the postpartum period. In cases where breast cancer is 

diagnosed in the first trimester without an indication for adjuvant chemotherapy, 

mastectomy is the preferred procedure. Connective tissue/collagen vascular disorders 

including scleroderma, Sjogren’s syndrome, systemic lupus erythematosus, and 

dermatomyositis/polymyositis are considered relative contraindications to the delivery of 

breast irradiation due to small retrospective studies suggesting an increased incidence of 

acute and late radiation toxicities in these patients. With the exception of scleroderma, 

matched case control studies have not consistently demonstrated an increase in risk; 

however, these were very small retrospective studies in which patients with severe disease 

were likely not selected for radiation.28–30 Preoperative consultation with a radiation 

oncologist is warranted in these patients.

WBI is given following lumpectomy to eliminate residual microscopic disease that may 

remain in the breast even when negative margins are obtained. Holland et al31, in pathologic 

studies of mastectomy specimens in 282 patients with clinical and mammographically 

unifocal breast cancers, found additional tumor foci within 2 cm of the index tumor in 56 

(20%) cases and > 2 cm from the index cancer in 121 (43%) cases. The delivery of adjuvant 

radiation following lumpectomy decreases local failure rates by about 50% and increases 

breast cancer-specific survival.2–4,6 The Early Breast Cancer Trialists’ Collaborative Group 

(EBCTCG) meta-analysis of 17 randomized trials including 10,801 women undergoing BCT 

demonstrated a reduction in the risk of any recurrence at 10 years from 35% to 19.3% and a 

15-year absolute reduction in the risk of death from breast cancer of 3.8% (95% CI 1.6-6.0, 

p = 0.00005) with radiation. Investigators extrapolate that for every 4 recurrences that are 

prevented at 10 years, there is a corresponding avoidance of 1 breast cancer death at 15 

years.6

These data specifically focused on the delivery of conventional WBI consisting of 50 Gray 

(Gy) in 25 fractions, daily over the course of approximately 5-7 weeks, followed by a boost 
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of approximately 10 Gy to the tumor bed. Hypofractionated WBI reduces the number of 

treatments needed by delivering a larger fraction over a shorter period of time and allowing 

completion of treatment in approximately 3 weeks. Equivalent local recurrence rates at 5 and 

10 years, no difference in overall survival, and improved cosmetic outcomes compared to 

conventional fractionation were observed in randomized trials.32–34 Partial breast irradiation 

(PBI) involves radiation of a limited volume of breast tissue centered around the tumor 

cavity. PBI can be delivered using various techniques, including interstitial or intracavitary 

brachytherapy, intraoperative radiotherapy, or traditional external beam treatment. Potential 

advantages of PBI include shorter treatment time and irradiation of only a portion of the 

breast, possibly allowing repeat BCT should a new primary tumor develop. There are on 

ongoing trials aimed at determining whether or not PBI is as effective as conventional or 

hypofractionated WBI in terms of local control, survival, and cosmesis.

A subgroup of BCT patients not benefitting from radiotherapy has not been identified using 

conventional tumor pathologic features. However, two prospective randomized trials 

demonstrated acceptable local control rates without radiation in older postmenopausal 

women, with small estrogen receptor positive tumors receiving adjuvant endocrine therapy.
35,36 Women 70 years of age and older with estrogen receptor positive stage I breast cancer 

who will receive endocrine therapy are considered candidates for this approach.

A number of studies have shown an improvement in quality of life outcomes following BCT, 

greater cosmetic satisfaction with BCT compared to mastectomy without reconstruction, and 

equivalent satisfaction compared to mastectomy with immediate reconstruction.37–40 The 

most important factor affecting cosmetic outcome after BCT is the volume of tissue 

removed, with a higher likelihood of a cosmetically significant defect when > 20% of the 

breast volume is excised.41 Given that current guidelines do not require margins wider than 

“no tumor on ink”, a minority of patients require such large resections. In these instances, an 

oncoplastic procedure may be used to improve cosmetic outcomes. Oncoplastic procedures 

use plastic surgery tissue rearrangement and mastopexy techniques to fill in the lumpectomy 

defect, improving the contour of the conserved breast. The parenchymal rearrangement often 

results in displacement of the tumor bed and can be problematic for radiation planning. 

Placement of surgical clips to mark the boundaries of the lumpectomy cavity prior to tissue 

rearrangement is usually done to ensure accurate cavity localization during radiation therapy. 

Small retrospective series of patients undergoing large resections report greater patient 

satisfaction with cosmesis, and similar complication and recurrence rates as conventional 

BCT, with the exception of fat necrosis, which is higher in oncoplastic procedures (10 vs. 

25%).42,43

Mastectomy

In patients undergoing mastectomy, total mastectomy (simple mastectomy), skin-sparing 

mastectomy, and nipple areolar-sparing mastectomy are options for the majority of patients. 

Total mastectomy removes the breast parenchyma, nipple areolar complex, and excess skin 

from the chest wall, leaving only enough skin to close the incision. It is generally used when 

the patient will not undergo immediate reconstruction. The skin-sparing mastectomy was 

developed to facilitate immediate reconstruction, and removes the breast parenchyma and 
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nipple areolar complex, leaving the skin as a natural envelope for placement of the tissue 

expander/implant or autologous flap. Multiple studies have confirmed the oncologic safety 

of the skin-sparing mastectomy, with local recurrence rates of approximately 6%, 

comparable to those observed for the traditional simple mastectomy.44–47 The nipple 

areolar-sparing mastectomy preserves the nipple areolar complex in addition to the skin 

envelope and was initially used mainly in the prophylactic setting, and is now increasingly 

used in patients with invasive carcinoma. Local recurrence rates of 2-5% are reported, with 

median follow-up ranging from 2-5 years.48–51 Most of these data represent single-

institution retrospective series with limited follow-up, and until long-term oncologic safety 

has been established, patients should be carefully selected for this procedure. Although 

eligibility criteria vary by institution, we suggest limiting this procedure to patients with 

tumors < 3 cm and at a distance of at least 1 cm from the nipple which do not have extensive 

calcifications suggesting an extensive intraductal component.

Postmastectomy radiation

Postmastectomy radiation (PMRT) is a well-established component of breast cancer 

treatment in patients with advanced disease. The role of PMRT in patients with early 

disease, as well as those undergoing NAC, remains in evolution. The most important 

predictor of LRR after mastectomy is the extent of axillary nodal disease. Patients with 4 or 

more positive axillary lymph nodes have a 25% or greater risk of developing an LRR.52,53 

Tumor size ≥ 5 cm is also associated with an increased risk of chest wall recurrence of > 

20%.52,53 For this reason, PMRT has been considered standard in these patients for many 

years.13,54 PMRT in women with 1-3 positive lymph nodes and T1-2 breast cancers is an 

area of ongoing debate. A meta-analysis by the EBCTCG demonstrated a decreased risk of 

local recurrence and mortality after PMRT in women with 1-3 positive lymph nodes. 

However, the studies included in this meta-analysis antedated the availability of modern 

systemic therapies, and rates of LRR in the control arms (20%) were substantially higher 

than expected based on more contemporary studies.55–57 In a study at Memorial Sloan 

Kettering Cancer Center examining outcomes in 1331 women with T1-2 tumors and 1-3 

positive axillary lymph nodes treated with mastectomy between 1995 and 2006 where 

radiation was selectively administered, 15% had PMRT. At 5 years the LRR rate was 3.2% 

in the PMRT group versus 4.3% in the group not receiving radiation (p = 0.57). Age less 

than 50 years and lymphovascular invasion were identified as risk factors for recurrence.55 

These data suggest that the decision to administer PMRT in this group should be approached 

in a multidisciplinary setting. Factors determining the risk of recurrence in a particular 

patient such as age, life expectancy, comorbidity, pathologic findings in the breast and axilla 

associated with a low disease burden, and biologic characteristics of the tumor associated 

with greater effectiveness of systemic therapy should be considered.58

As the use of NAC in operable breast cancer has increased, there is uncertainty as to whether 

the pre-NAC stage, post-NAC stage, or a combination of the two should be used to 

determine the need for PMRT. In general, PMRT is recommended following NAC in patients 

who present with clinical T3-4 tumors, N2-3 nodal involvement, or who have persistent 

nodal disease following NAC.59 The benefit of PMRT in clinical T1-2, N1 patients who have 

a pathologic complete response is an area of ongoing study.
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Staging and management of the axilla

The axillary nodes are the initial site of metastases in the majority of breast cancer patients, 

and approximately 25% of those with a normal physical exam will have nodal metastases.60 

The mainstay of axillary staging for almost two decades has been the sentinel lymph node 

biopsy. With the exception of older patients and those with severe comorbid conditions 

where information on nodal status will not change therapy, all newly diagnosed invasive 

breast cancer patients who present with a clinically negative axilla should undergo axillary 

staging by sentinel lymph node biopsy. A sentinel node can be identified in 97-99% of 

patients using blue dye, radioactive tracers or a combination of the two.61–64 The sentinel 

node predicts the status of the remaining axillary nodes in > 95% of cases in the hands of 

experienced surgeons, and the risk of an isolated axillary recurrence after a negative sentinel 

node biopsy is < 1%.65,66 For more than a decade, completion ALND was routinely 

performed for any positive axillary nodes found on sentinel node biopsy, even though 

approximately 50-70% of patients with positive sentinel nodes had no additional positive 

nodes on completion ALND.67–69 The American College of Surgeons Oncology Group 

(ACOSOG) Z0011 trial randomized patients with T1-2 N0 invasive breast cancer with 1 or 2 

positive sentinel lymph nodes to ALND versus no further axillary surgery.70 At a median 

follow-up of 9.25 years, there were no differences in local recurrence, nodal recurrences71 or 

overall survival between the two groups.72 With the implementation of the Z0011 results 

into clinical practice, approximately 85% of patients who would have previously undergone 

a completion ALND based on positive sentinel lymph nodes are now spared this procedure.
73 Completion ALND is indicated in patients with 3 or more positive sentinel lymph nodes 

and those found to have matted nodes intraoperatively. Importantly, Z0011 is not applicable 

to patients undergoing mastectomy, those receiving neoadjuvant therapy, and those treated 

with PBI. A completion ALND following a positive sentinel lymph node biopsy remains the 

standard of care for these patients. The AMAROS (After Mapping of the Axilla: 
Radiotherapy or Surgery) trial enrolled a similar patient population to ACOSOG Z0011, but 

randomized those with 1-2 positive sentinel nodes to ALND or no further surgery with 

radiation of the axillary and medial supraclavicular fields. This study reported no differences 

in regional recurrence or survival between groups at a follow-up of 5 years, and a lower risk 

of lymphedema in the radiotherapy group.74 Because AMAROS also included patients 

undergoing mastectomy, if the finding of metastases in 1-2 sentinel nodes is sufficient 

indication for PMRT, axillary dissection can be avoided. However, AMAROS does not 

indicate that all node-positive patients require axillary radiation since the results of 

ACOSOG Z0011, in the absence of nodal radiation, are comparable. At present, patients felt 

to be at higher risk for LRR based on number of involved sentinel nodes, primary tumor 

size, presence of lymphovascular invasion, microscopic extracapsular tumor extension in the 

nodes, and young age are selected for nodal radiation therapy.75

It is often assumed that preoperative imaging is useful in selecting patients undergoing BCT 

who require axillary dissection. However, the clinical question has shifted from the 

identification of any nodal metastases to identification of patients with 3 or more nodal 

metastases who are not candidates for sentinel node biopsy alone, and current imaging 

modalities (mammogram, ultrasound, and MRI) do not reliably make this distinction. 
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Pilewskie at al examined the utility of preoperative imaging in predicting the need for 

additional axillary surgery in 425 patients with clinical T1-2 N0 tumors and 1 or 2 positive 

sentinel nodes. Among patients with abnormal axillary nodes identified by mammogram, 

axillary ultrasound, or MRI, 71% did not require ALND using Z0011 criteria.76 Even among 

patients with a needle biopsy demonstrating nodal metastases, only 45% required ALND.77 

Thus, preoperative axillary imaging in clinically node-negative patients should be reserved 

for those undergoing mastectomy where the finding of any nodal disease is an indication for 

ALND or preoperative chemotherapy to downstage the axilla.

Neoadjuvant chemotherapy

NAC was initially utilized as a way of rendering locally advanced, inoperable breast cancer 

resectable. More recently, NAC has been used in operable tumors to downstage disease in 

the breast and axilla with the intention of facilitating breast conservation and, in some 

instances, avoiding ALND. The oncologic safety and equivalent survival outcomes of NAC 

have been studied in several randomized trials.78–80 A meta-analysis of patients treated with 

NAC versus surgery followed by chemotherapy has shown no differences in survival or LRR 

with NAC and a 17% decrease in the mastectomy rate in patients receiving NAC.81 

Seventeen percent is a minimal estimate since many of the women enrolled in these studies 

were candidates for BCT at presentation and thus could not benefit from NAC. NAC is most 

likely to allow BCT in the woman with a unicentric cancer which is large relative to the size 

of her breast and in those with HER2 positive or triple negative breast cancers.

Accurate evaluation of response to therapy and the feasibility of BCT can be problematic. 

MRI is more accurate than mammography or ultrasound in predicting the extent of residual 

disease, but a normal MRI does not exclude the presence of scattered foci of viable 

carcinoma which may preclude BCT.82 Mammography is complimentary to MRI in 

evaluating suitability for BCT post-NAC as calcifications present at diagnosis infrequently 

resolve with NAC. Calcifications may also become apparent after neoadjuvant therapy when 

breast densities related to the tumor have resolved or secondary to tumor cell death. Loss of 

enhancement on MRI does not reliably indicate that calcifications are benign or due to dead 

cancer cells,83 and excision of any residual palpable masses or radiographic abnormalities is 

standard. Of note, the entire volume originally occupied by the tumor does not need to be 

removed in the lumpectomy specimen and a pathologic complete response is not a 

requirement for successful BCT post-NAC. Lumpectomy should include any residual 

clinical or imaging abnormalities, or, in the case of a clinical and radiographic complete 

response, removal of the marker at the tumor site and a generous sample of surrounding 

breast tissue.

Administration of NAC significantly reduces the rate of axillary metastases in clinically 

node-negative women,80 and performance of sentinel lymph node biopsy after NAC is 

standard in this population.84–87 More effective systemic regimens have led to increased 

rates of pathologic complete response in both the breast and axilla after NAC. Three 

prospective randomized clinical trials have examined the accuracy of sentinel node biopsy 

after NAC in patients presenting with nodal metastases (Table 1). The ACOSOG Z1071 and 

SENTINA studies suggest that with the use of dual-tracer mapping and identification of 3 or 
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more negative sentinel nodes, false-negative rates are < 10%, similar to what is accepted for 

sentinel node biopsy in the primary surgical setting. In a prospective study from Memorial 

Sloan Kettering Cancer Center, 48% of 288 patients who presented with nodal metastases 

and became clinically node negative after NAC had a nodal pathologic complete response 

and 3 or more identifiable sentinel nodes, and were able to avoid axillary dissection.88 In 

patients who remain node positive, completion ALND is standard. The question of whether 

or not axillary radiation can be substituted for a completion ALND in the setting of a 

positive axillary sentinel node after NAC is currently being addressed in the Alliance 

A011202 trial.

Adjuvant medical therapies for breast cancer

Following surgical resection of the primary breast cancer, patients often receive adjuvant 

systemic therapy with the goal of eradicating clinically and radiographically occult 

micrometastatic disease that may develop into frank metastatic disease if left untreated. 

Selection of adjuvant systemic therapies is based on risk stratification of the patient. Two 

factors affect risk: disease burden (number of lymph nodes, size of the primary tumor) and 

disease biology as determined by HR and HER2 status, and genomic assays. While patients 

with triple negative and HER2 positive cancers are generally considered to be high risk, 

there is considerable biologic diversity among those with HR positive, HER2 negative 

cancers. Based on trials demonstrating a small but statistically significant benefit for 

treatment of HR positive, HER2 negative, node-negative breast cancers with chemotherapy 

in addition to endocrine therapy, chemotherapy has been standard for healthy women in this 

group.89 Commercially available genomic assays including Oncotype DX (Genomic Health, 

Redwood City, CA, USA) and Mammaprint (Agendia, Irvine, CA, USA) examine cancer-

related genes in tumor-derived DNA to determine risk of recurrence and potential 

chemotherapy benefit. These commercially available tests have given clinicians more clarity 

on which patients should receive chemotherapy.

Chemotherapy

In high-risk patients, systemic chemotherapy is generally recommended. There are several 

standard chemotherapy options, typically containing both an anthracycline and a taxane. In 

the United States, doxorubicin and cyclophosphamide for 4 cycles followed by paclitaxel for 

4 cycles (AC-T) is a common regimen. Dose-dense (dd) AC-T given every 2 weeks with 

growth factor support after each chemotherapy cycle is superior to an older schedule of 

every 3 weeks.90 Other optimal schedules of AC followed by a taxane include weekly 

paclitaxel for 12 weeks or every 3 weekly docetaxel for 4 cycles.91,92 Another standard 

option is DAC, docetaxel with AC; however, this is not superior to the above regimens, and 

docetaxel is associated with more toxicity than paclitaxel and higher febrile neutropenia 

rates in particular.93

Meta-analyses have demonstrated the benefit of adjuvant chemotherapy in reducing 

recurrence and breast cancer mortality, with a greater magnitude of benefit in those with HR 

negative disease.94 Berry et al analyzed trial data from Cancer and Leukemia Group B and 

US Breast Cancer Intergroup and demonstrated that chemotherapy provided 21-25% relative 
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risk reduction in patients with HR negative cancer, compared with 8-12% relative risk 

reduction in those with HR positive disease.95 For patients with HR positive, node-negative 

breast cancer, Oncotype DX provides an estimate of chemotherapy benefit. Patients with 

high Oncotype recurrence scores (≥ 31) have a large reduction in risk of recurrence with 

chemotherapy (relative risk [RR] 0.26), while those with low scores derive minimal, if any 

benefit from chemotherapy.96 There is insufficient evidence to provide a unanimous 

recommendation on the adjuvant treatment of patients with intermediate-risk Oncotype 

recurrence scores, pending the results of the TAILORx (Trial Assigning Individualized 
Options for Treatment) trial (Figure 2). In this trial, patients with Oncotype recurrence 

scores of 11-25 were randomized to treatment with endocrine therapy alone or endocrine 

therapy plus chemotherapy. Chemotherapy for patients in this group may consist of 

anthracycline-containing or anthracycline-sparing regimens. In patients with low Oncotype 

recurrence scores, especially scores under 11, endocrine therapy alone is sufficient. These 

patients have an excellent outcome, with a 5-year overall survival of 98% with endocrine 

therapy alone.97

Patients with node-positive breast cancer are generally recommended chemotherapy due to 

their worse prognosis relative to patients with node-negative breast cancer. This 

recommendation has been called into question by some retrospective analyses; Albain et al 

demonstrated absence of chemotherapy benefit in patients with HR positive, lymph node-

positive breast cancer with low Oncotype RS score in the Southwest Oncology Group 

(SWOG) 8814 study.98 This finding led to the development of the RxPONDER (Rx for 
Positive Node, Endocrine Responsive Breast Cancer) trial (Figure 3), which enrolled 

patients with HR positive breast cancer with 1-3 positive nodes and Oncotype RS ≤ 25 and 

randomized them to chemotherapy versus none; all received standard endocrine therapy. 

Results of this study will determine whether some patients with node-positive disease may 

be spared chemotherapy.

Biologic and targeted therapies

Patients with HER2 positive breast cancer are given HER2 targeted therapy in combination 

with a chemotherapy backbone. The availability of HER2 targeted agents has dramatically 

changed the prognosis of patients with HER2 positive breast cancers. Initial trials 

randomizing patients to chemotherapy alone or chemotherapy plus trastuzumab, a 

monoclonal antibody directed against the HER2 receptor, demonstrated nearly 50% 

reduction in rate of recurrence.99–104 At present, patients with stage I HER2 positive breast 

cancer often receive a regimen of paclitaxel (T) with trastuzumab (H).105 Until United States 

Food and Drug Administration approval of pertuzumab (P) in 2013, patients with stage II-III 

HER2 positive breast cancer received regimens with trastuzumab added to AC-T (AC-TH) 

or to docetaxel and carboplatin (DCbH). Recent data have shown an improvement in 

pathologic complete response rate when pertuzumab, an HER2 dimerization inhibitor, is 

added to trastuzumab in the neoadjuvant setting. Administration of dual-HER2 agents (HP) 

in the neoadjuvant setting is now standard for patients with stage II-III HER2 positive breast 

cancer.106,107 The National Comprehensive Cancer Network has also endorsed the addition 

of HP to chemotherapy for patients with the same burden of disease in the adjuvant setting if 

these therapies were not received neoadjuvantly. Recently the APHINITY trial demonstrated 
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a small but statistically significant benefit of adjuvant HP-based over H-based therapy for 

one year.108

Endocrine therapy

Endocrine therapy is recommended for most patients with HR positive disease. Patients may 

be treated with endocrine therapy for 5-10 years, and possibly longer. Five years of adjuvant 

tamoxifen reduces risk of recurrence by nearly 50% during years 0-4, with continued risk 

reduction of over 30% in years 5-9. Furthermore, yearly breast cancer mortality was reduced 

by 30% during the first 15 years.109 In patients who took 10 versus 5 years of tamoxifen, 

longer duration of therapy led to further reduction in recurrence (by about 25%) and breast 

cancer mortality (by almost 30%), most notably after year 10.110 After 5 years of tamoxifen, 

an additional 5 years of aromatase inhibitors provides an additional 40% relative risk 

reduction in recurrence as demonstrated by the MA.17 trial.111 MA.17R randomized 

patients on 5 years of aromatase inhibitor (AI) (some also had prior tamoxifen) to an 

additional 5 years of AI versus placebo, and demonstrated a 34% risk reduction in 

recurrence with 10 years of AI.112 Thus, longer duration of therapy confers additional 

benefit.

Tamoxifen is used in premenopausal and postmenopausal women; aromatase inhibitors 

(anastrozole, letrozole, and exemestane) are only used in postmenopausal women and are 

generally preferred over tamoxifen as adjuvant therapy, but may also be prescribed 

sequentially with tamoxifen.113 Common side effects of these medications include hot 

flashes, vaginal dryness, arthralgia, and myalgia. Tamoxifen increases the risk of venous 

thromboembolic events and uterine cancers, and aromatase inhibitors may accelerate 

osteopenia and osteoporosis, and are associated with more musculoskeletal symptoms. In 

premenopausal patients with high-risk HR positive breast cancer, ovarian function 

suppression with AI or with tamoxifen is more effective than tamoxifen alone.114

Special considerations

Before beginning chemotherapy, assessment of a premenopausal patient’s wishes for future 

pregnancy is vital, as chemotherapy for breast cancer may cause premature ovarian failure. 

Options for fertility preservation include oocyte preservation, embryo preservation, and 

gonadotropin-releasing hormone (GNRH) agonist use during chemotherapy for ovarian 

protection. Consultation with a reproductive endocrinologist before breast cancer treatment 

is suggested for young women desiring future fertility, although oocyte and embryo 

preservation may be financially burdensome. The administration of GNRH agonists during 

chemotherapy is safe and inexpensive, and in one study, reduced the risk of premature 

ovarian failure in women under 50 years of age from 22% to 8%.115 Pregnancy after breast 

cancer does not appear to negatively impact survival.116

Patients with HR positive ductal carcinoma in situ may be offered endocrine therapy to 

reduce the likelihood of a future breast cancer in the affected breast if conserved, and in the 

contralateral breast. Tamoxifen and aromatase inhibitors are both options.117,118
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The management of breast cancer in elderly women is highly individualized and requires 

collaboration across disciplines (medical oncology, surgical oncology, and radiation 

oncology). A comprehensive assessment of performance status, comorbidities, and life-

expectancy is critical. In patients older than 65 years of age deemed fit for chemotherapy, 

standard chemotherapy regimens are superior to capecitabine monotherapy.119

Surveillance

Surveillance after adjuvant therapy for breast cancer is comprised primarily of history, 

physical exam, and annual mammography. Routine computed tomography or positron 

emission tomography imaging in the absence of symptoms has not been shown to improve 

survival; there is currently no proven role for “surveillance” imaging.120 Serum tumor 

markers (CA 15-3 and CEA) are non-specific and may prompt unnecessary imaging and 

procedures; they have no role in post-adjuvant therapy surveillance in an asymptomatic 

patient.121 After a breast cancer diagnosis, patients should be encouraged to make lifestyle 

modifications that can decrease their likelihood of recurrence, including maintaining a 

normal body mass index.122 Of note, there are emerging observational data demonstrating 

that physical activity may reduce the risk of breast cancer-specific recurrence and mortality, 

but definitive prospective studies are needed123,124

Summary

Patients receive adjuvant systemic therapies in addition to local therapy to treat 

micrometastatic disease and prevent distant recurrence. Adjuvant therapy is tailored to the 

patient’s risk of recurrence, and may include chemotherapy, biologic therapy, and endocrine 

therapy. Following adjuvant systemic treatment, there is currently no role for routine cross-

sectional imaging in the absence of symptoms. Novel modalities for early tumor detection 

are welcomed, but will need to demonstrate clinical utility in prospective trials.
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Key Points

• Breast-conserving therapy and mastectomy are well-established local 

therapies for early-stage invasive breast cancer, and have equivalent survival 

and recurrence outcomes with multimodal therapy.

• Neoadjuvant chemotherapy is increasingly used to downstage disease in the 

breast and axilla, allowing breast conservation and avoiding axillary lymph 

node dissection, and is most likely to be successful in a unicentric, HER2 

positive or triple negative breast cancer.

• Adjuvant medical therapies are given after breast surgery to eradicate 

clinically and radiographically occult micrometastatic disease that may 

develop into frank metastases if untreated.

• Disease burden and biology determine the patient’s risk of recurrence, which 

guides the selection of appropriate adjuvant medical therapies.
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Figure 1. Invasive breast cancer: Algorithm for local therapy
SLNB, sentinel lymph node biopsy; BCT, breast-conserving therapy; ALND, axillary lymph 

node dissection; XRT, breast radiation; SLN, sentinel lymph node; PMRT, postmastectomy 

radiation therapy
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Figure 2. TAILORx for node-negative, hormone receptor-positive and HER2-negative breast 
cancer
RS: recurrence score

Moo et al. Page 23

PET Clin. Author manuscript; available in PMC 2019 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. RxPONDER for node-positive, hormone receptor-positive and HER2-negative breast 
cancer
RS: recurrence score
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Table 1

False-negative rate of sentinel lymph node biopsy following neoadjuvant chemotherapy in clinically node-

positive breast cancer

False-Negative Rate (%)

Trial Overall Radioactive isotope and blue dye ≥ 3 sentinel nodes removed

ACOSOG Z1071
(n = 649)

12.6 10.8 9.1

SENTINA
(n = 642)

14.2 8.6 7.3

SN FNAC
(n = 153)

13.3 5.2 4.9*

*
represents false-negative rate with > 2 sentinel lymph nodes removed

ACOSOG, American College of Surgeons Oncology Group; SN FNAC, Sentinel Node Biopsy Following Neoadjuvant Chemotherapy
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