
Advances in managing breast cancer: a clinical update
Ayca Gucalp1,2, Gaorav P. Gupta3, Melissa L. Pilewskie4, Elizabeth J. Sutton5

and Larry Norton1,2*

Addresses: 1Breast Cancer Medicine Service, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY10065, USA;
2Department of Medicine, Weill Cornell Medical College, New York, NY 10065, USA; 3Department of Radiation Oncology, Memorial Sloan
Kettering Cancer Center, New York, NY 10065, USA; 4Breast Service, Department of Surgery, Memorial Sloan Kettering Cancer Center, New York,
NY 10065, USA; 5Breast Imaging Service, Department of Radiology, Memorial Sloan Kettering Cancer Center, New York, NY 10065, USA

*Corresponding author: Larry Norton (nortonl@mskcc.org)

F1000Prime Reports 2014, 6:66 (doi:10.12703/P6-66)

All F1000Prime Reports articles are distributed under the terms of the Creative Commons Attribution-Non Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/legalcode), which permits non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

The electronic version of this article is the complete one and can be found at: http://f1000.com/prime/reports/m/6/66

Abstract

Although substantial progress has been made in the screening and management of breast cancer, globally
it remains the most common cause of cancer and cancer death in women. While breast cancer is
potentially curable when detected at an early stage, it remains incurable in the metastatic setting. Thus,
given its high prevalence, improved prevention and treatment of metastases remains a clinically
meaningful unmet need.We review here the advances made in the last several years in the screening and
treatment of breast cancer and explore how our increased insight into the underlying biology of breast
cancer has influenced our efforts to individualize patient care.

Introduction
Breast cancer remains a significant public health challenge
both in the United States and worldwide. While breast
cancer is potentially curable when detected at an early
stage, it remains incurable in the metastatic setting. Hence,
there has been a major effort to detect breast cancer early,
optimize the management of early-stage disease to prevent
or delay distant recurrence, and improve the treatment of
metastases. Breast cancer heterogeneity is a well-recognized
phenomenon. Each subtype is characterized by varied
risk factors, clinicopathologic and molecular features,
responses to therapy, patterns of recurrence, and clinical
outcomes. As our understanding of the underlying biologic
diversity of breast cancer has evolved, this knowledge
has prompted investigators and clinicians alike to abandon
a “one-size-fits-all” model of management. This review
highlights the advances made in the screening and treat-
ment of breast cancer and explores how our increased
insight into the underlying biology of breast cancer has
influenced our diagnostic and therapeutic approach in the
era of precision medicine.

Radiology: advances in screening
Screening mammography for the early detection of
breast cancer in women went into widespread use in
the 1970s and 1980s, and randomized controlled trials
(RCTs) have shown a significant reduction in mortality
[1]. While supplementary screening techniques and
computer-aided diagnosis (CAD) are being used more
widely, equally effective digital or screen-film 2D
mammography remains the mainstay of breast cancer
screening, detecting 2–4 cancers per 1000 average-risk
women screened [2,3]. Screening recommendations vary
by institution, professional organization, and country.
However, current guidelines from the American College
of Radiology (ACR), American Society of Clinical
Oncology (ASCO), Society of Breast Imaging (SBI) and
United States Preventive Services Task Force (USPSTF) all
recommend yearly mammographic screening beginning
at age 40 for the general population. Furthermore, the
Breast Imaging-Reporting and Data System (BIRADS)
optimizes our standardized lexicon terminology and
assessment, facilitating global communication.
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Digital breast tomosynthesis (DBT) is a new 3Dmethod of
screening approved by the United States Food and Drug
Administration (FDA) that captures images of the
compressed breast from multiple angles and combines
them to generate a 3D rendering of the breast. DBT can
depict cancers not visible on the standard mammogram,
improving sensitivity and specificity in all breasts while
also decreasing recall rates. Furthermore, it is associated
with only aminimal increase in low dose radiation and no
significant screening time difference, when compared to
2D mammography. DBT is rapidly being incorporated
into clinical practice, and the future may see it completely
replace 2D mammography [4].

A current topic of interest for many (including individual
women, radiologists and the government) is breast
density. Breast density refers to the proportions of fat
and fibroglandular tissue in a breast, which varies between
women and over time. Breast tissue can be categorized as:
predominantly fatty, scattered fibroglandular, hetero-
geneous or extremely dense. Increased breast density
(heterogeneous or extremely dense) is an independent
risk factor for breast cancer and can decrease sensitivity of
cancer detection on mammogram due to the super-
imposition of fibroglandular tissue [5]. Approximately
half of all states in the US have either drafted or enacted
breast density notification legislature requiring a radiolo-
gist to notify patients if they are found to have dense
breasts. In response, utilization of supplemental screening
techniques (including screening bilateral breast ultra-
sound or magnetic resonance imaging [MRI]) in women
with dense breasts has increased [6].

The addition of screening ultrasound to mammography
has been shown to detect an additional 3–4 cancers per
1000 high-risk women screened [7]. Screening ultra-
sound should supplement but not replace a mammo-
gram. It is sensitive, painless and does not use radiation.
Breast sonographers are trained to minimize inter-
performer variability. Ultrasound elastography is an
adjunct tool to gray scale and color Doppler, which
dynamically assesses the mechanical stiffness of tissue,
increasing the specificity for characterizing masses [8].
Three-dimensional automated breast ultrasound has
been developed to eliminate inter-performer variability
and also to optimize workflow, since the exams are time
consuming. CAD for 3D automated breast ultrasound is
also in development [9]. Contrast enhanced ultrasound
is currently being investigated to potentially assist in
increasing sensitivity and specificity [10].

Screening recommendations for women at high-risk
(e.g. >20% lifetime risk of breast cancer), determined
by risk assessment models that are predominantly based

on family history (e.g. Tyrer-Cuzick, Claus, BRCAPRO,
and BOADICEA), include a yearly screeningmammogram
and bilateral breast MRI. The stratification of risk
continues to evolve as more emphasis is placed on
patient characteristics, such as age and co-morbidities.
Studies are also currently evaluating the role of supple-
mentary screening in intermediate-risk women [11]. MRI
computer-aided detection is being investigated as a
possible means for improving detection sensitivity and
diagnostic accuracy [12]. Due to the high cost, MRI is less
widely used as a supplemental screening tool in the
general population. However, shorter MRI screening
protocols are being developed, which cost approximately
the same as a screening ultrasound. These protocols will
combine both short temporal resolution and high-spatial
resolution sequences.

The evolution of breast screening will continue to parallel
technologic and scientific advancement. The heterogene-
ous nature of breast cancer defined by different genotypes
and phenotypes has fueled the field of radiogenomics.
Radiogenomics involves correlating radiologic imaging
with genetic information. In parallel with the goal of
optimizing personalized medicine, this field will further
inform the development of risk-adjusted screening.

Surgery: advances in surgery
Sentinel lymph node biopsy (SLNB) has revolutionized the
surgical management for clinically node-negative breast
cancer patients. Studies performed in the late 1990s and
early 2000s established the SLNB procedure alone as
standard axillary staging for pathologically node-negative
disease [13,14], and reported rates of axillary recurrence
of <1% [15], substantially lower than the percentage of
disease left in situ given the7%SLNB false-negative rate [16].
The knowledge that not all microscopic axillary disease
becomes clinically apparent, and that rates of regional
recurrence have been declining with increased utilization
of adjuvant therapy, has led to the investigation of SLNB
for the management of node-positive patients as well.

Two RCTs compared SLNB alone to completion axillary
lymph node dissection (ALND) for patients with micro-
metastatic axillary sentinel lymph node (SLN) disease,
defined as <2 mm of tumor burden [17,18]. The
International Breast Cancer Study Group (IBCSG) 23-01
trial enrolled women with a primary breast tumor ≤5 cm
from 27 institutions, from 2001–2010. At a median
follow-up of 5 years, the axillary recurrence rate was <1%
in both surgical arms. Disease-free survival (DFS) and
overall survival (OS) were also similar among the SLNB
and ALND groups (DFS 88% vs 84%, respectively, log-rank
P = 0.16; OS 98% vs 98%, respectively, log-rank P = 0.73)
[17]. Similarly, a multicenter RCT from Spain randomized
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233 women with a tumor <3.5 cm and an SLN with
micrometastatic disease to SLNB alone or ALND. At a
median follow-up of 5.2 years, only four cases of any
disease recurrence were reported. There were two axillary
recurrences in the SLNB group and one axillary soft tissue
recurrence in the ALND group. DFS and OS were similar
between the surgical arms (log-rank, P = 0.33) [18].

ALND specimens and SLNs are examined differently by
pathologists. In the earlier trials, SLNs were evaluated with
serial sectioning followed by pathological evaluation with
both hematoxylin and eosin (H&E) staining and cytoker-
atin immunohistochemistry, which resulted in an in-
creased detection of micrometastatic axillary disease [19].
ACOSOG Z0010 evaluated the prevalence and significance
of immunohistochemistry-detected micrometastasis
among patients with T1-T2 clinically node-negative
disease. All women underwent lumpectomy and SLNB
with pathologic evaluation by H&E staining alone.
Immunohistochemistry was then performed on H&E-
negative SLNs and 10.5% were found to contain
immunohistochemistry-detected occult metastases. At a
median follow-up of 6.3 years, there was no significant
difference in recurrence or death between women with or
without immunohistochemistry-detected disease (5-year
DFS, 92% immunohistochemistry-negative SLN vs 90%
immunohistochemistry-positive SLN, P = 0.82) [20].
NSABP B32 also examined the prognostic significance of
immunohistochemistry-positive SLNs and, at 10 years of
follow-up, reported no significant difference in overall
survival between patients with immunohistochemistry-
positive or immunohistochemistry-negative disease [21].
Because immunohistochemistry-detected micrometastatic
disease does not impact recurrence or overall survival, the
use of routine immunohistochemistry for SLN evaluation
is not warranted.

These trials established the safety of SLNB alone for
micrometastatic disease, and led to guideline changes
omitting the routine use of immunohistochemistry for
SLN evaluation [22]. Given that the definition of
micrometastatic disease is an arbitrary cutoff of 2 mm,
studies next investigated the use of SLNB for women with
SLN macrometastatic (>2 mm) disease burden. ACOSOG
Z0011 randomizedwomenwith clinical T1-2N0M0breast
cancer whowere found to have 1–2 positive SLNs detected
by H&E alone to SLNB or to completion ALND. All
women were treated with lumpectomy and whole breast
radiation therapy, and 97% received systemic therapy. Of
the ALND group, 27% had additional positive lymph
nodes, so it is assumed that a similar percentage in the
SLNB group had residual diseased tissue. At a median
follow-up of 6.3 years, regional recurrences occurred in
<1% of each group (0.9% SLNB vs 0.5% ALND, P = 0.11)

[23]. ACOSOG Z0011 was practice changing. In this select
patient population treated with multimodality therapy,
the morbidity of ALND can safely be avoided by staging
the axilla with SLNB alone.

In addition to axillary management, recent advances
regarding margins in breast-conserving surgery have been
reported. Controversy has existed amongst surgeons and
radiation oncologists regarding the adequate negative
margin width in a lumpectomy specimen, and approxi-
mately 25% of all patients undergoing breast-conserving
surgery undergo re-excision for close or positive margins
[24,25]. A multidisciplinary consensus panel [26] recently
met and reviewed an updated meta-analysis of margin
width and local recurrence for women undergoing
lumpectomy with whole breast radiotherapy for invasive
carcinoma, reporting on over 28,000 patients [27].
Positivemargins, defined as “ink on tumor”, are associated
with an increase in local recurrence, and therefore re-
excision is appropriate. However, margins more widely
negative than “no ink on tumor” are not associated with a
significant reduction in local recurrence, and routine re-
excision to obtain more widely negative margins is not
recommended. Having a unified definition of negative
margins as “no ink on tumor” has the potential to reduce
unnecessary re-excisions, which will have significant
impact on cosmesis and healthcare costs.

Radiation oncology: advances in radiotherapy
Radiation therapy is an effective treatment for microscopic
residual disease after the surgical management of breast
cancer, and thereby reduces the incidence of locoregional
failure. Meta-analyses have established that the improve-
ments in local and regional control that result from
radiotherapy are also associated with reductions in distant
metastases and breast cancer-specific mortality [28]. The
utilization of adjuvant radiotherapy has enabled breast-
conserving therapy to become the standard approach for
most women who present with early-stage breast cancer
[29,30]. Additionally, higher-risk patients in the post-
mastectomy setting also benefit from radiotherapy to the
chest wall and regional lymph nodes, with significant
reductions observed in local-regional failure, distant
metastases, and increased OS [28,31–33].

The excellent local control rates of luminal A breast cancer
after breast-conserving therapy has led to the question of
whether adjuvant radiotherapy may be omitted in certain
low-risk breast cancer patient subsets [34]. There are 5 RCTs
that have evaluated the need for postoperative radio-
therapy in early stage, estrogen receptor positive (ER+)
breast cancer, undergoing breast-conserving surgery in the
setting of adjuvant hormonal therapy [35–39]. All of these
studies demonstrated an effect of radiotherapy in
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preventing local recurrence that was statistically superior to
the local control benefit of hormonal therapy alone.
However, the absolute reduction in local recurrence by
radiotherapy, particularly among elderly patients with ER+
breast cancer, was significantly less than had been
previously observed for unselected breast cancer patients.
For this reason, the routine use of adjuvant radiotherapy
for older women with cT1-2N0 ER+ breast cancer who
undergo breast-conserving surgery and adjuvant hormonal
therapy is no longer considered a standard of care.

A potential alternative to conventional whole-breast radio-
therapy in low-risk, early-stage breast cancer patients that
is currently under investigation is accelerated partial breast
irradiation (APBI), which has the additional advantage of
being delivered over a shorter time interval. There are large,
prospective randomized clinical trials (NSABP B-39/RTOG
0413 and the Canadian RAPID) that are currently ongoing.
Results are eagerly awaited for both toxicity and local con-
trol outcomes relative to whole breast irradiation, which
should establish the appropriate indications for APBI
utilization. The interim report of increased rates of adverse
cosmesis and late radiation toxicity with 3D-CRT APBI in
the RAPID trial [40] is a reason for caution in using this
approach outside of a clinical trial.

Radiotherapy is increasingly recognized as an equally
effective and less morbid alternative to ALND in cT1-2N0
patients who have 1–2 positive SLNs identified at the
time of surgery. ACOSOG Z0011 was the first trial to
demonstrate that an ALND was not required in such
patients, and adjuvant treatment with tangential field
whole breast radiotherapy (which frequently includes the
inferior axillary lymph nodes) results in excellent
regional control [41]. The EORTC AMAROS trial also
investigated cT1-2N0 patients with a positive SLNB, with
randomization either to ALND or axillary radiotherapy
[42]. This trial was notable for including patients who
underwent mastectomy as well as those who underwent
breast-conserving surgery. The interim results of this trial
have revealed very low 5-year axillary recurrence rates in
both treatment arms, with significantly less lymphedema
in the axillary radiotherapy arm relative to the ALND arm
(5-year incidence 14% vs 28%, respectively) [43].

Neoadjuvant chemotherapy is an established approach
for the management of locally advanced breast cancer
that is either unresectable or potentially cytoreduced to
enable breast-conserving surgery. However, there is also a
growing appreciation that the pathological response to
neoadjuvant chemotherapy has prognostic significance
for the likelihood of distant metastases and OS [44].
Retrospective analysis of the NSABP B18 and B27 trials
also identified a correlation between pathological

complete response to neoadjuvant chemotherapy and
reduced likelihood of both local and regional failure
[45]. Whether a patient with locally advanced breast
cancer who achieves a pathological complete response to
neoadjuvant chemotherapy can forgo post-mastectomy
radiation therapy (PMRT) remains an open and unan-
swered question. Retrospective data suggests that with-
holding PMRT in such patients may be associated with
increased rates of local-regional failure [46], although
these studies may be highly subject to selection bias.
Prospective randomized trials to address the utility of
PMRT in the neoadjuvant chemotherapy setting are
sorely needed, and will hopefully begin accruing patients
in the near future.

Medical oncology: advances in the medical
management of metastatic breast cancer
Outcomes for patients diagnosed with metastatic breast
cancer continue to improve, as our understanding of the
drivers of cancer growth continue to evolve hand in hand
with the development of novel targeted therapies.
Nowhere is this advancement more evident than in the
treatment of patients with human epidermal growth factor
receptor 2 (HER2)-positive breast cancer. In the last two
years, the FDA has approved two new agents for the
management of this subtype of breast cancer.

Pertuzumab is a humanized monoclonal antibody that
binds to HER2 at a distinct epitope from trastuzumab on
the extracellular domain, and inhibits the heterodimeriza-
tion of HER2 and other HER-family receptors, preventing
downstream signaling through the PI3K pathway and
consequent tumor growth. The CLEOPATRA trial rando-
mized 808 patients with HER2-positive metastatic breast
cancer to receive trastuzumab and docetaxel in combina-
tion with either placebo (control) or pertuzumab. Based
on improvement in median progression-free survival
(18.5 vs 12.4 months; hazard ratio (HR) = 0.62; 95%
confidence interval (CI), 0.51 to 0.75; P < 0.001) and
overall survival (HR = 0.66; 95% CI, 0.52 to 0.84; P =
0.0008) between the group receiving pertuzumab as
compared to the control group, this drug was approved
in June 2012 as first-line treatment for HER2+ metastatic
breast cancer. This agent also recently (September 2013)
became the first drug approved for the neoadjuvant
treatment of breast cancer under the FDA’s accelerated
approval program. Confirmatory results from additional
clinical trials will be needed tomaintain this approval [47].

Ado-trastuzumab emtansine (TDM-1) is a novel anti-
body-drug conjugate that links the monoclonal antibody
trastuzumab to the cytotoxic agent DM-1, a derivative of
maytansine with microtubule inhibitory properties.
Between February 2009 and October 2011 the EMILIA
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trial, a large multicenter phase III trial, randomized 991
patients with HER2+ locally advanced or metastatic
breast cancer to receive either the combination of
capecitabine 1000 mg/m2 oral twice daily (days 1–14)
and lapatinib 1250 mg oral daily or TDM-1 3.6 mg/m2

every 21 days. Treatment with TDM-1, as compared to
lapatinib and capecitabine, resulted in a statistically
significantly improvement in both median progression-
free survival (9.6 vs 6.4 months; HR = 0.65; 95% CI, 0.55
to 0.77; P < 0.001) and OS (30.9 vs 25.1 months; HR =
0.68; 95% CI, 0.55 to 0.85; P < 0.001) [48]. TMD-1 was
well-tolerated, with a toxicity profile which differed from
that commonly reported with a combination of lapatinib
plus capecitabine (primarily diarrhea, nausea, vomiting
and palmar-plantar erythrodysesthesia). Based on this
trial, this agent was FDA approved in February 2013 for
the treatment of patients with metastatic HER2-positive
breast cancer who previously received treatment with a
taxane and/or trastuzumab in the metastatic setting, or
whose disease recurred during or within six months of
completing their adjuvant therapy [48].

Unfortunately some patients will develop disease recur-
rence despite adjuvant therapy, and many patients with
metastatic disease do not respond to therapy, or develop
refractory disease. Endocrine therapy is an integral part of
both adjuvant and metastatic management of hormone
receptor-positive breast cancer. The activation of the
mammalian target of rapamycin (mTOR) signaling
pathway has been associated with the development of
resistance to endocrine therapy in patients with ER+
breast cancer. Based on this finding, it was hypothesized
that the addition of everolimus, an mTOR inhibitor to
exemestane (an aromatase inhibitor), may overcome
resistance to this fundamental therapy. BOLERO-2, a
multi-institutional randomized phase III trial, randomly
assigned 724 patients in a 2:1 ratio to receive either the
combination of everolimus and exemestane or exemes-
tane and placebo. The combination of everolimus and
exemestane improved median progression-free survival,
in comparison to single agent exemestane, when assessed
by both local investigators (6.9 vs 2.8 months; HR =
0.43; P < 0.001), and centrally (10.6 vs 4.1 months; HR =
0.36; P < 0.001). This trial supports the use of this
regimen to extend the benefit of endocrine therapy at
relapse or disease progression [49]. Several additional
combination therapies targeting cellular signaling path-
ways, associated with breast cancer progression (e.g. the
PI3K/AKT survival pathway) and the development of
resistance, are currently being investigated.

Conclusion
As screening and the surgical and medical management
of breast cancer continue to evolve, so too will the role

for radiotherapy. Novel molecular markers of biological
behavior will be identified and validated, and there may
be greater opportunities for risk-adaptive management.
Furthermore, as clinical outcomes for breast cancer
patients continue to improve, there is a growing
appreciation that minimizing the long-term morbidities
of therapy — such as cardiac toxicity, pneumonitis,
fibrosis, lymphedema, and the risk of secondary malig-
nancy — are also important and clinically relevant goals.
Novel technologies and medical interventions that
reduce the risk of such toxicities must be rigorously
evaluated to determine the best way to improve clinical
outcomes for breast cancer patients.
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