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The diagnosis and management of breast cancer are undergoing a
paradigm shift from a one-size-fits-all approach to an era of personalized medicine. Sophisticated diagnostics, including molecular imaging
and genomic expression profiles, enable improved tumor characterization. These diagnostics, combined with newer surgical techniques and
radiation therapies, result in a collaborative multidisciplinary approach
to minimizing recurrence and reducing treatment-associated morbidity.
This article reviews the diagnosis and treatment of breast cancer,
including screening, staging, and multidisciplinary management.
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n this article, we address current approaches to breast cancer
diagnosis and management. These approaches include screening
recommendations; diagnostic imaging and pathologic assessment
to determine the extent of disease; surgery and radiation treatment; and an array of systemic options, such as chemotherapy,
endocrine therapy, and targeted agents (Fig. 1). We also consider
the potential contribution of functional imaging to a new era of
personalized, tumor-specific treatment.
BREAST CANCER DIAGNOSIS
Screening

Breast cancer is generally diagnosed through either screening or
a symptom (e.g., pain or a palpable mass) that prompts a diagnostic
exam. Screening of healthy women is associated with the
detection of tumors that are smaller, have lower odds of metastasis,
are more amenable to breast-conserving and limited axillary
surgery, and are less likely to require chemotherapy (1). This scenario translates to reduced treatment-related morbidity and improved survival.
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The only screening modality proven to reduce breast cancer–
specific mortality is mammography (2). Screening mammography
leads to a 19% overall reduction in breast cancer mortality (3), with
less benefit for women in their 40s (15%) and more benefit
for women in their 60s (32%). As a result, screening mammography is recommended by the American Cancer Society beginning
at age 45, or sooner depending on individual preference. The potential negative aspects of screening mammography are falsepositive examinations, radiation exposure, pain, anxiety, and other
negative psychologic effects. Mammography has a 61% chance of a
false-positive result over a 10-y period for women commencing
screening between the ages of 40 y and 50 y. The risk of a falsepositive examination decreases with older age (3). The US Preventative Task Force cited a 15% breast cancer–related mortality
reduction for women who were 39–49 y old and a mortality-related
benefit from screening between ages 39 and 69. However, the task
force released a controversial report recommending only biennial
screening mammography for women who were 50–74 y old, excluding younger women to a large extent because of the high rate of
false-positive results (4). Mammography for women in the 39- to
49-y-old age group was recommended if indicated after the use of a
risk-based model of breast cancer screening, such as the models
developed by the Population-Based Research Optimizing Screening Through Personalized Regimens network (5), or if requested
by a patient.
The addition of digital breast tomosynthesis to a conventional fullfield digital mammography examination reduces false-positive results
and increases cancer detection (6). One concern about adding digital
breast tomosynthesis to screening is the approximate doubling of the
radiation dose over that of conventional full-field digital mammography alone (7). To address this issue, some institutions, such as ours,
reconstruct synthetic 2-dimensional images from 3-dimensional
tomosynthesis images; this process reduces the radiation dose by
approximately 45% (7). Initial clinical experience with synthetic
2-dimensional images has demonstrated no increase in recall
examinations, so that the most significant tomosynthesis benefit is
maintained (8). Still, the reduction of false-positive examinations after
tomosynthesis implementation has been modest (16/1,000) (6), and
practice changes such as a lower maximum acceptable recall rate of
9%–10% (currently it is 12%) and an increase in the biopsy threshold
from a 2% chance of malignancy to a 4% chance of malignancy (9)
could have a greater impact on reducing harm from screening.
Supplementing mammography with other imaging modalities for
higher-risk patients leads to the additional detection of mammographically occult cancers. A metaanalysis of 14 studies of high-risk
women found that MRI had a higher sensitivity for malignancy
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FIGURE 1.

Overview of multidisciplinary breast cancer management.

(84.6%) than mammography (38.6%) or ultrasound (39.6%) (10).
Further, the use of MRI as an adjunct to mammography had a higher
sensitivity for malignancy (92.7%) than the use of ultrasound as an
adjunct to mammography (52%) (11). As a result, for women who
have a lifetime risk of breast cancer of greater than 20%, breast MRI
as an adjunct to mammography is recommended by the American
Cancer Society. This group includes women with genetic mutations
that connote an increased risk of breast cancer and those with a
history of radiation therapy for Hodgkin lymphoma that included
the breast tissue. Ultrasound is a viable option for the screening of
high-risk women who cannot have breast MRI or women with
intermediate risk, such as those with dense breasts. The main limitations of screening ultrasound are a high rate of false-positive results and dependence on operator expertise (12). The high rate of
false-positive results (and the low positive predictive value) of ultrasound has not yet met the minimum standard recommended by the
Ultrasound Agency for Health Care Policy and Research (13). Concerning other screening modalities, some of which are discussed
elsewhere in this supplement, the current American College of Radiology appropriateness criteria state, “There is insufficient evidence
to support the use of [additional screening] imaging modalities such
as thermography, breast-specific gamma imaging, positron emission
mammography, and optical imaging” (14).
Pathologic Evaluation

Specimen Processing and Evaluation. In clinical practice, diseased tissue is usually obtained by fine-needle aspiration, core
biopsy, or surgical excision. A diagnostic challenge for pathologists
is the distinction of closely related diseases, such as atypical ductal
hyperplasia and in situ disease, in situ disease and microinvasion, or
ductal cancer and lobular cancer. Ancillary immunohistochemical
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and molecular tests can be used to assist the
characterization of ambiguous morphology
in many, but not all, cases. Features such
as tissue handling, ischemic time, cautery,
use of frozen sections, fixation, decalcification, and processing all are critical for the
quality of the histologic sections used for
microscopic evaluation and ancillary tests,
such as immunohistochemistry (IHC), in
situ hybridization, and molecular tests based
on reverse transcription–polymerase chain
reaction.
The size of the tumor is determined by
careful clinical and pathologic correlation.
When a breast cancer forms a distinct mass
outward from a point of origin, the size can
be easily assessed by imaging and gross
pathologic examination. When a tumor
arises in a poorly defined field of genetic
instability and there is intratumoral normal
tissue, accurate sizing can be challenging. In addition, finding and accurately
measuring small cancers detected by
advanced imaging can be difficult when
they are not visible on gross inspection of
the specimen, especially because the surgical specimen presented to the pathology
laboratory might greatly deviate from the
in vivo shape observed by the surgeon and
radiologist due to breast tissue elasticity.
Surgical specimens are typically marked with ink in 6 dimensions
according to the orientation given by a surgeon. However, margin
assessment after surgical resection is complicated by lack of marking

FIGURE 2. Invasive mammary cancer with heterogeneity of predictive
marker staining. (Top left) IHC shows intense HER2 staining in some sections of tumor. (Top right) On adjacent section, IHC shows ER-negative
staining of HER2-positive cells and ER-positive staining of HER2-negative
cells. (Bottom left) Higher-power view of HER2 staining. (Bottom right)
Fluorescence in situ hybridization for HER2 at interface of HER-positive
and HER-negative cells also demonstrates signal heterogeneity. This
patient was treated with chemotherapy and trastuzumab. Posttherapy
histology demonstrated robust viable tumor that was exclusively HER2negative (not shown).
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standardization and potential artifacts from cautery or specimen
handling.
Predictive Tumor Markers. Critical treatment decisions are made
on the basis of protein expression assays that are independent of
tumor morphologic characteristics. IHC analysis of paraffin sections
is routinely performed for the evaluation of estrogen receptor (ER),
progesterone receptor (PR), and Her-2/neu (HER2) status. Although
widely used to predict responses to targeted agents, histologic tumor
markers are limited by significant intratumoral variation, even within
a single biopsy specimen (Fig. 2). RNA and DNA can also be tested
in routine paraffin-embedded tissue samples, and in situ hybridization can detect HER2 amplification as a confirmatory test for IHC
or as a stand-alone assay (Fig. 2, bottom right). There is great
interest in other actionable targets in cancer genomes for precision
therapy using next-generation gene sequencing (15).
DNA microarrays and high-throughput reverse transcription–
polymerase chain reaction assays for multiple genes (e.g., 21 in
Oncotype [Genomic Health, Inc.] and 70 in MammaPrint [Agendia]) can be used to categorize breast cancers into several prognostic groups (16). Gene assays are used to predict the risk of distant
recurrence in early-stage breast cancer and to influence decisions
about systemic therapy. These tests rely heavily on the assessment
of ER and proliferation-related genes, such as Ki-67, and have
largely replaced the use of other, single markers of risk in clinical
practice. Still, as mentioned earlier, ER and PR expression can be
heterogeneous and cellular proliferative status can also be variable
within a single tumor (Fig. 3). Because any biopsy sample is subject
to sampling error, and sectioning of the entire tumor for the analysis
of predictive and prognostic biomarkers is not practical, imaging for
breast cancer biomarkers can play a pivotal role in providing a
global overview of gene expression. In addition to the markers
already mentioned, other cancer biomarkers and oncogenic molecular genetic abnormalities have been reported (17); however,
these are not yet widely accepted as the standard of care because
of continued standardization of analyses, assay protocols, and analytic methodologies (18).

Imaging and Staging

Physical examination, mammography, or ultrasound for the diagnostic work-up of a patient with newly diagnosed breast cancer is
usually sufficient for local–regional staging. MRI is sometimes recommended, especially when a patient is younger, a genetic mutation
or multifocal disease is suspected, or a mammogram or ultrasound
yields indeterminate findings. Although breast MRI does detect additional disease in the contralateral breast approximately 3% of the time
(19), metaanalyses of preoperative breast MRI have shown an increase
in rates of mastectomy (20) and no increase in local control after
breast-conserving surgery (BCS) and radiation treatment (21). Studies
of breast MRI have also shown a risk for overestimation of tumor size
(22). Further, it is possible that small additional cancers detected by
MRI would never be clinically significant or responsible for a local
recurrence because of adjuvant systemic or whole-breast radiation
treatments. MRI may play an important role in evaluating disease
extent when more limited radiation to the tumor bed or only regional
node irradiation is considered (23). In addition, breast MRI can be
obtained in patients receiving neoadjuvant chemotherapy to assess
responses and aid in surgical planning.
A chest radiograph and routine laboratory blood tests are sufficient for staging in a patient with clinical stage I or II breast cancer
and no specific symptoms of metastatic disease. For suspected advanced (stage IIIB/C or IV) disease, National Comprehensive
Cancer Network guidelines (version 1.2015) recommend either
chest, abdomen, and pelvis CT or chest CT with abdomen and pelvis
MRI as well as bone scan or sodium fluoride PET/CT. 18F-FDG
PET/CT is listed as optional for assessing stage IIIB/C or IV disease but is not indicated for the staging of stage I or II disease.
Supporting the use of PET to evaluate advanced breast cancer, a
metaanalysis of 5 studies (547 patients) demonstrated a sensitivity
for breast cancer of 0.97 (95% confidence interval, 0.93–0.99) and
a specificity of 0.95 (95% confidence interval, 0.90–0.97) (24).
BREAST CANCER TREATMENT
Surgery

FIGURE 3. Triple-negative invasive breast cancer demonstrating variations in proliferative status. (A and B) Two low-power views of Ki-67
IHC staining in single section from triple-negative tumor biopsy. (C and
D) Higher-power (20·) views with calculation of representative Ki-67
scores (11% and 70%). Ki-67 scores were highly variable, even though
these images were obtained from the same slide.

The primary means of local and regional breast cancer treatment
remains surgical intervention. During the first half of the 20th century, women diagnosed with breast cancer were commonly treated
by radical mastectomy, as first described by William Stewart Halsted
in 1894. Breast conservation surgery (BCS) was pioneered by
Fischer et al. (25) and Veronesi et al. (26), who reported that survival
with lumpectomy and radiation was equivalent to that with mastectomy in the treatment of early breast cancer. Improved breast cancer
screening resulted in diagnoses of nonpalpable cancers, necessitating
the development of a localization approach for surgical treatment.
Breast-Conserving Approaches. Wire localization of a breast
tumor is a mainstay of BCS. This procedure is routinely performed
by a breast imaging radiologist on the day of surgery. Placement of
the surgical incision on the breast is guided by cosmetic considerations and tumor location. A circumareolar location is ideal for a
tumor 1–2 cm from the areolar margin, but when a tumor is more
than 2 cm from the areola, an incision directly over the area of concern may be advantageous so that the lumpectomy site can be easily
identified if a margin reexcision is necessary. After the initial incision is made, the length of the localization needle is noted, and dissection can take place directly along the needle track.
Radioactive seed localization reduces the time the patient spends
in the hospital on the day of surgery and allows the surgeon to place
the incision over the site with the highest counts without having to
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account for the site of entry of the needle, which may be in a quadrant different than the tumor. Studies comparing radioactive seed
localization and wire localization demonstrated no significant
difference in operative times and a possible lower reexcision rate with
the seed localization technique (27).
In women with larger breasts, wide excision can be performed
with an oncoplastic procedure, which usually involves breast
reduction. This procedure was pioneered by Silverstein et al. for
the surgical treatment of in situ breast cancer with the goals of
obtaining surgical margins of more than 1 cm and avoiding wholebreast radiation (28). One caveat for this technique is that if there
are positive margins, then reexcision may be difficult because of
the rearrangement of tissue planes at the time of surgery. Therefore, patients should be counseled before choosing this option that
complete mastectomy may be necessary if clean pathologic margins (no invasive breast cancer on ink or DCIS farther than 2 mm
from ink) are not obtained.
Non–Breast-Conserving Approaches. For most women with
screening-detected and early-stage breast cancer, mastectomy is a
choice. However, mastectomy may be necessary for women who
have had radiation to the affected side (for prior breast cancer or
Hodgkin lymphoma) or for women with a relatively small breast in
the setting of a large primary breast cancer, extensive calcifications,
or multicentric disease. For women with a large primary breast cancer without extensive associated malignant calcifications, neoadjuvant
chemotherapy may downstage the primary cancer and make breast
conservation possible.
Most women electing mastectomy are candidates for immediate
reconstruction (29). The surgical approach differs for women who
do not elect reconstruction; a larger skin ellipse is removed. For
women undergoing immediate reconstruction, skin-sparing mastectomy with or without preservation of the nipple may be performed.
Nipple-sparing mastectomy is generally oncologically safe for in
situ or stage I and II invasive cancers (30,31). Some factors predicting
nipple involvement are a tumor size of greater than 5 cm, a distance
from the tumor to the nipple of less than 2.5 cm, negative ER and PR
status, and positive HER2 status (32). Patients with malignant calcifications extending to within 2 cm of the nipple or inflammatory
breast cancer are generally counseled against this procedure.
Axilla Staging Procedure. One of the major technical advances
in breast surgery was the introduction of sentinel lymph node
biopsy (SLNB) to replace the conventional axillary node dissection
described by Giuliano et al. in 1994 (33). SLNB is associated with a
significantly lower lymphedema risk (,2%–3%) than complete
axillary node dissection (15%–20%) (34). The procedure is more
than 98% accurate when results are negative, and further dissection
is not needed. When SLNB results are positive, complete axillary
dissection is not useful for improved local–regional control or survival in women who have no palpable adenopathy, 1 or 2 positive
sentinel nodes, and no gross extranodal extension, as shown by a
large randomized controlled clinical trial (American College of
Surgeons Oncology Group Z0011 trial) (35).
Breast radiologists often perform fine-needle aspiration of nonpalpable axillary nodes with suspect imaging morphology. Given
the results of the Z0011 trial, this approach poses a surgical
dilemma in the management of the axilla because most of the
involved patients would have been eligible for SLNB. Should these
patients have full axillary dissection if the fine-needle aspiration
results are positive, or should they still have SLNB if the results for
the axilla are clinically negative? These questions warrant further
investigation.
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SLNB may be used in the clinically node-positive patient after
a good response to neoadjuvant chemotherapy, with a few
caveats. The ACOSOG Z1071 trial demonstrated that SLNB is
feasible after neoadjuvant chemotherapy, with an overall rate of
false-negative results of 12.6% (36). The rates of false-negative
results decreased to 10.8% when both radiotracer and blue dye
were used and to 9.1% when there were at least 3 sentinel nodes
(36). In the SENTINA trial (37), one arm contained patients who
converted from clinically positive to negative results for the axilla
after neoadjuvant chemotherapy (arm C) and underwent SLNB
and then complete axillary node dissection. The overall rate of
false-negative results of SLNB was 14.2% when lymphatic mapping was performed by either radiocolloid or blue dye injection.
However, subset analyses revealed that the rate of false-negative
results was significantly lower when both radiocolloid and blue
dye were used (8.6%) and when at least 3 sentinel nodes were
removed (7.3%).
Medical Oncology

Several broad classes of drugs for treating breast cancer are available; tumor characteristics and disease extent determine the recommendation for systemic chemotherapy, endocrine therapy, or
HER2-directed therapy. For early-stage breast cancer, these features
are ER, PR, and HER2 status; lymph node involvement; and tumor
size. For stage IV disease, the receptor status and the locations of
metastatic sites are the main factors.
Chemotherapy. Adjuvant chemotherapy after definitive surgery is
generally recommended for patients with disease at high risk of
recurrence. The following clinicopathologic characteristics may be
indications for chemotherapy: ER-, PR-, and HER2-negative; HER2positive; larger tumor size; and positive lymph nodes. For patients
with negative results for lymph nodes and ER-positive tumors, RNAbased genomic testing can be used to better estimate the risk of a
distant recurrence as well as to identify patients who will benefit
most from chemotherapy (38). Genomic testing may also be considered for patients who have a limited number of positive lymph nodes
after SNLB or axillary dissection to determine whether chemotherapy is indicated (39). For patients with high-risk disease, cytotoxic
therapy should include both an anthracycline and a taxane. For lowrisk disease, anthracyclines are more commonly omitted. The
decision to use chemotherapy should be based on a balance of the
potential survival benefit with the patient’s comorbidities and risk for
complications.
HER2-Directed Therapy. For HER2-positive breast cancer, trastuzumab, a HER2-specific monoclonal antibody, improves the survival of patients with early-stage breast cancer and should be given
in addition to chemotherapy (40). Because of the increased risk of
heart failure with anthracycline- and trastuzumab-containing regimens,
nonanthracycline, taxane-containing regimens can be used (41,42).
No trials have compared the various HER2 regimens; therefore,
for patients with the highest risk, a standard regimen contains an
anthracycline followed by a taxane with trastuzumab. No matter
which chemotherapy is used, trastuzumab should be continued for
1 y (43), with cardiac monitoring every 3 mo. Clinicians can also
consider adding pertuzumab, a monoclonal antibody that is directed against a different area on the HER2 receptor than trastuzumab. The results of NCT01358877, a phase III, double-blind,
placebo-controlled trial in which patients with positive HER2 and
lymph nodes were randomized to receive adjuvant pertuzumab or
placebo along with standard adjuvant chemotherapy and trastuzumab, are pending.
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Endocrine Therapy. Patients with ER- or PR-positive breast cancer should receive endocrine therapy, such as an aromatase inhibitor. If there is concern about an increased risk of
osteoporosis or aromatase inhibitor intolerance, tamoxifen can be
prescribed. Until recently, tamoxifen was recommended for all
premenopausal patients. However, the results of the randomized 3-arm SOFT trial suggested that ovarian suppression plus
exemestane was superior to tamoxifen, but only in patients who
received chemotherapy (44). Because chemotherapy was administered at the discretion of the treating physician, the benefit of
ovarian suppression and exemestane was observed in patients
with the highest risk of relapse (positive lymph nodes, large
primary tumors, or HER2-positive disease). For premenopausal patients who do not receive chemotherapy, tamoxifen
alone remains acceptable. Not surprisingly, tamoxifen alone is better tolerated than ovarian suppression plus exemestane, although
only for the first 2 y. Endocrine therapy is recommended for at least
5 y; however, the results of the randomized ATLAS study indicated
a 3% additional improvement in breast cancer mortality with 10 y
of tamoxifen rather than 5 (45).
Neoadjuvant Therapy. There are a variety of indications for
neoadjuvant therapy: a tumor larger than 5 cm in a patient
desiring breast conservation, a tumor fixed to the chest wall,
locally advanced disease, and inflammatory breast cancer.
Chemotherapy regimens are dependent on the receptor subtype;
most will contain an anthracycline and a taxane. For HER2positive disease, trastuzumab and pertuzumab should be given
concomitantly with the taxane (46,47). For patients with locally
advanced disease in whom chemotherapy will be too toxic but
who still have curable breast cancer, neoadjuvant endocrine therapy
can also be considered (48).
Therapy for Metastatic Disease. Because metastatic disease is
not considered curable, the goal of therapy in the setting of metastatic
disease is to extend life while minimizing symptoms or side effects.
Patients with ER- or PR-positive and HER2-negative breast cancer
usually receive endocrine therapy several times before being placed
on single-agent chemotherapy. Recent data also support the addition
of palbociclib, an oral inhibitor of cyclin-dependent kinases 4 and 6,
to first-line letrozole (49) and second-line fulvestrant (50) in patients
with ER-positive metastatic disease. Patients with HER2-positive
metastatic breast cancer should receive a taxane along with trastuzumab and pertuzumab as first-line therapy (51). Later therapies can
include trastuzumab–emantine (52), lapatinib, or trastuzumab with
other single-agent chemotherapeutics. The only class of agents
available to patients with ER-, PR-, and HER2-negative breast cancer is chemotherapy.
Regardless of the treatment decision, the response to therapy in
patients with metastatic disease should be assessed at predefined
time intervals by clinical and imaging studies, including CT, bone
scan, or PET/CT.
Radiation

Prospective randomized trials have confirmed that long-term
mortality from breast cancer and overall patient survival are
comparable for BCS plus radiation treatment and for mastectomy
(53). BCS plus radiation treatment is also associated with very high
local control rates (90%–95%) in the preserved breast within 10 y
from treatment; these rates are comparable to those obtained with
mastectomy, with most women having a good or excellent cosmetic
result (54,55). The low rates of local recurrence in the modern era
are due to progress in the multidisciplinary care of breast cancer:

treatment of disease at an earlier stage because of detection by
screening; improved imaging enabling appropriate patient selection
for breast conservation; improved surgical techniques and margin
pathology assessment; and improved radiation techniques, which
may reduce marginal miss and radiation dose escalation, with a
tumor bed boost, when indicated. Additionally, chemotherapy or
endocrine systemic therapies, when indicated, are in widespread
use, as discussed above. Radiation also has a proven role in the
treatment of stage 0 breast cancer (ductal carcinoma in situ);
90%–95% long-term local control has been achieved with improved patient selection and surgical and radiation techniques
(56,57).
The past decade has seen considerable advances in the delivery of
postoperative radiation that aim to optimize the treatment for each
person’s anatomy and reduce acute or long-term toxicity. Threedimensional planning with a CT simulator and either field-in-field
3-dimensional conformal radiation therapy (forward planning) or
intensity-modulated radiation therapy (inverse planning) has replaced
the simple 2-dimensional planned breast tangents. By reducing dose
nonhomogeneity, these advances in techniques are associated with
lower rates of complications, such as acute skin desquamation,
edema, late fibrosis, or negative cosmetic effects on the breast
(58,59). In addition, techniques involving the prone position and
deep-inspiration breath holding are now used for left-side breast
cancer or larger breast size to reduce toxicity (particularly cardiac
dose sparing) (60,61).
Radiation After BCS. Randomized trials have confirmed that
recurrence rates with BCS alone are higher than those with BCS
plus radiation treatment, even in patients selected for favorable
clinical and pathologic features (62–64). In addition, there is a small
survival advantage of radiation in patients with invasive breast cancer. However, BCS without radiation may be an option for carefully
selected women. In early-stage invasive breast cancer, the combination of older age, small tumor size, negative results for lymph
nodes, and hormone sensitivity has been associated with a low risk
for local recurrence after BCS without radiation (65). In ductal
carcinoma in situ, BCS alone may be an option for tumors with a
small size, wide margins, and a low to intermediate grade (66).
With careful patient selection, subgroups of patients with these
characteristics may have acceptably low local recurrence rates even
without radiation (not likely to significantly affect the odds for
survival) and a high probability for salvage therapy of local recurrences. Trials have not consistently required MRI staging, which
could improve the detection of additional foci that are located away
from the primary tumor bed and that could lead to early recurrences
in patients not receiving radiation.
Regional Node Radiation. Radiation therapy has a role in the
regional control of nodal disease in many patients with high-risk
or node-positive stage II, and most patients with stage III, breast
cancer. The primary area at risk for regional recurrences in patients
with positive lymph nodes is the supraclavicular and high axillary
region. Radiation is currently directed to these areas on the basis of
pathology indications, such as the number of axillary nodes with
positive results, the ratio of axillary nodes with positive results to
those with negative results, the extent of axillary dissection, and
extensive lymphovascular invasion. Even though PET/CT has a
relatively low sensitivity for axillary disease (60%), the specificity is
very high (97%) (67).
The role of elective radiation of the internal mammary chain
remains controversial after 50 y of study. Studies of elective nodal
radiation have either yielded negative findings or resulted in only a
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1005) of hypofractionated WBI with a
concurrent boost that had the goals of
expanding the use of hypofractionation
by enrolling a patient population broader
than that enrolled in the existing hypofractionated WBI studies and further reducing
the treatment time to only 3 wk.
Accelerated partial breast irradiation
(APBI) represents a departure from
whole-breast irradiation because only the
FIGURE 4. Internal mammary node enlargement detected by breast MRI in 2 patients (A and B).
area around the primary tumor, including
Imaging detected abnormal internal mammary lymph nodes (arrows) on basis of size and enhancement.
a small margin, is targeted with radiation.
The major techniques used for APBI can
marginal disease-free survival benefit (67–69). Selection of patients be divided into external-beam radiation therapy and delivery of
for internal mammary node radiation is often recommended for radiation through sources placed inside temporary internal
subgroups at higher risk because of inner-quadrant tumor location catheters (brachytherapy) (78,79). Because of the much smaller
with positive axillary nodes, extensive lymphovascular invasion, or treatment volume, the radiation dose is increased and the treathormone receptor–negative tumors. The negative findings in these ment time is reduced, commonly twice a day for 10 fractions
trials of elective radiation may have been partly due to the random- over 1 wk. Not all patients with early-stage breast cancer are
ization of large numbers of patients without actual disease suitable for APBI; in past trials with promising 5-y results, eninvolvement. Imaging could be used to select patients with nodal rollment was generally limited to patients with small tumor sizes
involvement before intervention (Fig.4), but this approach has not and favorable histologic characteristics. The degree to which young
been used in prospective trials. PET/CT identifies occult lymph age or adverse pathologic features will influence local control with
node metastases in the internal mammary chain in approximately APBI is unknown. The National Surgical Adjuvant Breast and
10%–15% of patients, leading to altered radiation field selection in Bowel Project and the Radiation Therapy Oncology Group have
10%–16% of patients (71,72).
completed a phase III randomized study (NSABP B-39/RTOG
Postmastectomy Radiation. In women treated by mastectomy, 0413)—one of many worldwide that are awaiting follow-up and
radiation is recommended for adjuvant treatment when there are publication of results—testing APBI against whole-breast radiation
clinical or pathologic factors predicting an intermediate to high risk therapy, with endpoints of local control, survival, cosmetic outcome,
($10%) of local–regional recurrence (73). Randomized prospective and quality of life.
trials have confirmed a reduction in local–regional recurrence and
an improvement in survival with postmastectomy radiation in this
subgroup of women (74). In contrast, women with a low risk for
local–regional recurrence after mastectomy do not require radiation. Patients generally treated with postmastectomy radiation
include those who have 4 or more positive axillary nodes, T3
tumor size, positive resection margins, and locally advanced or
inflammatory breast cancer. Radiation is also recommended for
patients who have 1–3 positive nodes and other risk factors for
local–regional recurrence, such as lymphovascular invasion,
young age, high-grade tumors, or hormone receptor–negative
breast cancer (75).
Shortening Radiation Length. The past decade has seen advances
in techniques for the delivery of postoperative radiation that aim to
preserve high rates of local control but shorten overall treatment time,
reduce cost, and improve convenience of care. Hypofractionation
is the use of radiation treatments with fewer, larger doses than the
conventional radiation fraction sizes of 1.8–2 Gy/d.
Hypofractionated whole-breast irradiation (WBI) has been firmly
established as a standard of care for postlumpectomy radiation for
early-stage breast cancer, in large part because of the favorable
10-y results of 4 prospective randomized trials from Canada and FIGURE 5. Precision medicine is the future of cancer therapy. Structhe United Kingdom (75,76). These trials showed equal 10-y tural and functional information from imaging is combined with immulocal control as well as comparable or better cosmetic outcomes nohistochemical and genomic information to make personalized
and late toxicities with hypofractionation. One of the issues treatment decisions. (A) Breast cancer (arrow) is largely obscured on
regarding more widespread acceptance of WBI has been the mammography. (B) Variable uptake of gadolinium contrast agent on
heterogeneity of intratumoral blood flow.
relatively low accrual into the 4 major trials of certain subgroups breast MRI (arrow) indicates
(C) Variable uptake of 18F-FDG PET radiotracer (arrow) indicates hetof patients, such as those younger than 50 y and requiring a erogeneity of glucose metabolism in primary breast cancer. Extraaxillary
boost or systemic chemotherapy. Currently, approximately 20% nodal disease is also demonstrated (*). (D) This information is combined
of women are treated with WBI (77). The Radiation Therapy with that from immunohistochemical assays, and mRNA expression (E)
Oncology Group completed a phase III randomized trial (RTOG to determine a full tumor profile for treatment planning.
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CONCLUSION

Continued evolution of breast cancer diagnosis and management has resulted in a paradigm shift from standardized treatment
regimens to “precision medicine” targeting the unique genetic compositions of patients and tumors. The treatment of breast cancer
patients can be personalized by integrating analysis of standard
immunohistochemical markers and gene expression with information from anatomic imaging as well as targeted functional
imaging studies to tailor both treatment planning and response
assessment (Fig. 5).
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