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Preface

In 2002, Lippincott published the Manual of Breast Diseases, edited by Prof. Ismail Jatoi. That
book was expanded and a larger text entitled Management of Breast Diseases was published
by Springer in 2010, edited by Prof. Jatoi and Prof. Manfred Kaufmann of the
Goethe-University of Frankfurt. Professor Kaufmann subsequently retired, and the current text
is the second edition of the Springer text, with Prof. Achim Rody of the University Hospital
Schleswig-Holstein in Lübeck, Germany now serving as co-editor. Many of the chapters have
been extensively revised and numerous other authors have been added to the second edition of
this text. We hope that this updated text will continue to serve as a useful guide to the wide
spectrum of clinicians who treat benign and malignant diseases of the breast: surgeons,
gynecologists, medical oncologists, radiation oncologists, internists, and general practitioners.

Today, the management of breast diseases, and particularly breast cancer, is predicated
upon the results of large randomized prospective trials. The authors of the various chapters in
this text have highlighted the major trials that have contributed to our improved understanding
and treatment of breast diseases. Many of these trials have, in particular, revolutionized the
treatment of breast cancer. Indeed, there has been a very rapid decline in breast cancer
mortality throughout the industrialized world since 1990, due largely to the implementation
of the results of landmark randomized trials. For this progress to continue, we will need to
design innovative trials in the future, and recruit large numbers of women into those trials. We
should always be grateful to the thousands of women throughout the world who have par-
ticipated in clinical trials, and thereby enabled progress in the treatment of breast cancer.

We are deeply indebted to all the investigators who have contributed chapters to this text.
They have diverse interests, but all share the common goal of reducing the burden of breast
diseases. We would also like to thank the editorial staff of the Springer publishing company
for their continued assistance with updating this text. In particular, we are most grateful to
Portia Levasseur of the Springer publishing company. Without Portia’s persistence and dili-
gence, this second edition would not have been possible. We hope that clinicians will continue
to find this text to be an informative guide to the management of breast diseases.

San Antonio, USA Ismail Jatoi
Lübeck, Germany Achim Rody
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1Anatomy and Physiology of the Breast

Martha C. Johnson and Mary L. Cutler
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CTGF Connective tissue growth factor
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EGF Epidermal growth factor
EGFR Epidermal growth factor receptor
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IGF Insulin-like growth factor
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Ki67 A nuclear antigen in cycling cells
LH Luteinizing hormone
MMPs Matrix metalloproteinases
OXT Oxytocin
PR Progesterone receptor
PRL Prolactin
PRLR Prolactin receptor
PTH Parathyroid hormone
PTHrP Parathyroid hormone-related peptide
Sca Stem cell antigen
SP Side population
Stat Signal transducer and activator of transcription
TDLU Terminal ductal lobular unit
TEB Terminal end bud

This chapter is a review of the development, structure, and
function of the normal human breast. It is meant to serve as a
backdrop and reference for the chapters that follow on
pathologies and treatment. It presents an overview of normal
gross anatomy, histology, and hormonal regulation of the
breast followed by a discussion of its structural and func-
tional changes from embryonic development through post-
menopausal involution. This section includes recent
information on some of the hormones, receptors, growth
factors, transcription factors, and genes that regulate this
amazing nutritive organ.

From the outset, it is important to keep in mind that
information in any discussion of human structure and
function is hampered by the limited methods of study
available. Observations can be made, but experimental
studies are limited. Therefore, much of what is discussed in
terms of the regulation of function has, of necessity, been
based on animal studies, primarily the mouse, and/or studies
of cells in culture. Significant differences between human
and mouse mammary glands are summarized at the end of
the chapter.

The number of genes and molecules that have been
investigated as to their role in the breast is immense. In
discussing each stage of breast physiology, we have inclu-
ded a summary of the important hormones and factors
involved. Some of the additional factors that have received
less attention in the literature are included in Table 1.1 in the
appendix. Table 1.2 in the appendix is a list of important
mouse gene knockouts and their effects on the mammary
gland.

1.1 Gross Anatomy of the Breast

Milk-secreting glands for nourishing offspring are present
only in mammals and are a defining feature of the class
Mammalia [1]. In humans, mammary glands are present in
both females and males, but typically are functional only in
the postpartum female. In rare circumstances, men have been
reported to lactate [2]. In humans, the breasts are rounded
eminences that contain the mammary glands as well as an
abundance of adipose tissue (the main determinant of size)
and dense connective tissue. The glands are located in the
subcutaneous layer of the anterior and a portion of the lateral
thoracic wall. Each breast contains 15–20 lobes that each
consist of many lobules (Fig. 1.1). At the apex of the breast
is a pigmented area, the areola, surrounding a central ele-
vation, the nipple. The course of the nerves and vessels to
the nipple runs along the suspensory apparatus consisting of
a horizontal fibrous septum that originates at the pectoral
fascia along the fifth rib and vertical septa along the sternum
and the lateral border of the pectoralis minor [3].

1.1.1 Relationships and Quadrants

The breast is anterior to the deep pectoral fascia and is nor-
mally separated from it by the retromammary (submammary)
space (Fig. 1.1). The presence of this space allows for a
breast mobility relative to the underlying musculature: por-
tions of the pectoralis major, serratus anterior, and external
oblique muscles. The breast extends laterally from the lateral

2 M.C. Johnson and M.L. Cutler



Table 1.1 Additional factors that have been studied in the breast

Factor Experimental model Function References

Jak/Stat Various Signaling pathway used by PRL and other hormones Review
[323]

Leptin Cell culture Promotes mammary epithelial cell proliferation [324]

Hypoxia-inducible
factor (HIF) 1

Mice null for HIF 1 Required for secretory differentiation and activation and production and secretion of
milk of normal volume and composition

[146]

Notch signaling
pathway

Human epithelial cell
mammospheres in culture

Promotes proliferation of progenitor cells and promotes myoepithelial cell fate
commitment and branching morphogenesis

[325]

Wnt signaling
pathway

Human epithelial cell
mammospheres in culture

(May) play role in human mammary stem cell self-renewal, differentiation, and
survival

[326]

“ “ Rodents Mammary rudiment development, ductal branching, and alveolar morphogenesis [327]

GATA-3 Genetically altered mice Promotes stem cell differentiation into luminal cells and maintains the luminal cell type
and is required for lactational sufficiency

[175, 176]

Msx2 Genetically altered mice Transcription factor that promotes duct branching [131]

Tbx3 Humans with ulnar mammary
syndrome and genetically altered
mice

Required for normal mammary development [327]

Hedgehog
signaling pathway

Mice Involved in every stage of mammary gland development [328]

Hedgehog
signaling pathway

Genetically altered mice Repression is required for mammary bud formation [329]

Stat5 Humans and genetically altered
mice

Present in luminal cells and not myoepithelial cells. Regulates PRLR expression.
Promotes growth and alveolar differentiation during pregnancy and cell survival
during lactation

[256, 330]

Elf5 Mice Required for growth and differentiation of alveolar epithelial cells in pregnancy and
lactation

[331]

HEX, a homeobox
gene

Normal human breast and normal
and tumor cell lines

Amount in nucleus much higher during lactation. May play role in lactational
differentiation

[332]

Table 1.2 Selected mammary gland-related mouse gene knockouts

Gene knocked out Stage Effect of knockout Reference

LEF-1 Embryo Fails to form first mammary buds [333]

Tbx3 Embryo Fails to form first mammary buds [334]

Msx2 Embryo Arrests at mammary sprout stage [335]

PTHrP Embryo Failure of branching morphogenesis [336]

c-Src Puberty Fewer TEBs and decreased ductal outgrowth [337]

ERα Puberty Failed expansion of ductal tree [214]

PR Puberty Failed lobuloalveolar development [338]

PRL Virgin adult No lobular decorations [339]

Stat5 Pregnancy Incomplete mammary epithelial differentiation [340]

Jak2 Pregnancy Impaired alveologenesis and failure to lactate [341]

α-lactalbumin Lactation Viscous milk [342]

Whey acidic protein Lactation Pups die [343]

OXT Lactation Inability to eject milk [344]

CSF 1 Pregnancy Incomplete ducts with precocious lobuloalveolar development [345]

Cyclin D1 Pregnancy Reduced acinar development and failure to lactate [346]

1 Anatomy and Physiology of the Breast 3



edge of the sternum to the mid-axillary line and from the
second rib superiorly to the sixth rib inferiorly. An axillary
tail (of Spence) extends toward the axilla, or armpit.

For clinical convenience, the breast is divided into
quadrants by a vertical line and a horizontal line intersecting
at the nipple. The highest concentration of glandular tissue is
found in the upper outer quadrant. A separate central portion
includes the nipple and areola (Fig. 1.2). Positions on the
breast are indicated by numbers based on a clock face [4, 5].

1.1.2 Nerve Supply

Innervation of the breast is classically described as being
derived from anterior and lateral cutaneous branches of
intercostal nerves four through six, with the fourth nerve the
primary supply to the nipple [6]. The lateral and anterior
cutaneous branches of the second, third, and sixth intercostal
nerves, as well as the supraclavicular nerves (from C3 and
C4), can also contribute to breast innervation [6]. Most of

Fig. 1.1 Sagittal section through
the lactating breast

Fig. 1.2 Breast quadrants: UO
upper outer, UI upper inner, LO
lower outer and LI lower inner

4 M.C. Johnson and M.L. Cutler



the cutaneous nerves extend into a plexus deep to the areola.
The extent to which each intercostal nerve supplies the
breast varies among individuals and even between breasts in
the same individual. In many women, branches of the first
and/or the seventh intercostal nerves supply the breast.
Fibers from the third (most women [7]) and fifth intercostal
nerves may augment the fourth in supplying the nipple [8].

Sensory fibers from the breast relay tactile and thermal
information to the central nervous system. Cutaneous sen-
sitivity over the breast varies among women, but is consis-
tently greater above the nipple than below it. The areola and
nipple are the most sensitive and are important for sexual
arousal in many women [9]. This likely reflects the high
density of nerve endings in the nipples [10]. Small breasts
are more sensitive than large breasts [11], and women with
macromastia report relatively little sensation in the nipple–
areola complex [12].

While the apical surface of the nipple has abundant sensory
nerve endings, including free nerve endings and Meissner’s
corpuscles, the sides of the nipple and the areola are less highly
innervated. The dermis of the nipple is supplied by branched
free nerve endings sensitive to multiple types of input. Nipple
innervation is critical since normal lactation requires stimu-
lation from infant suckling [13]. The peripheral skin receptors
are specialized for stretch and pressure.

Efferent nerve fibers supplying the breast are primarily
postganglionic sympathetic fibers that innervate smooth
muscle in the blood vessels of the skin and subcutaneous tis-
sues. Neuropeptides regulate mammary gland secretion indi-
rectly by regulating vascular diameter. Sympathetic fibers also
innervate the circular smooth muscle of the nipple (causing
nipple erection), smooth muscle surrounding the lactiferous
ducts and the arrector pili muscles [14]. The abundance of
sympathetic innervation in the breast is evident following
mammoplasty, when postsurgical complex regional pain
syndrome (an abnormal sympathetic reflex) is relieved by
sympathetic blockade of the stellate ganglion [15].

When milk is ejected by myoepithelial cell contraction,
the normally collapsed large milk ducts that end on the nipple
surface must open up to allow milk to exit. The opening of
these ducts is likely to be mediated by neurotransmitters that
are released antidromically from axon collaterals in response
to stimulation of nerve endings in the nipple. This local reflex
may also promote myoepithelial contraction. In stressful
situations, neuropeptide Y released from sympathetic fibers
may counteract this local reflex, resulting in a diminished
volume of milk available to the infant [16].

1.1.3 Vascular Supply

Arteries contributing to the blood supply of the breast
include branches of the axillary artery, the internal thoracic

artery (via anterior intercostal branches), and certain poste-
rior intercostal arteries (Fig. 1.3). Of the anterior intercostal
arteries, the second is usually the largest and, along with
numbers three through five, supplies the upper breast, nipple,
and areola. The branches of the axillary artery supplying
breast tissue include the highest thoracic, lateral thoracic and
subscapular and the pectoral branches of the thoracoacromial
trunk [4]. Venous drainage of the breast begins in a plexus
around the areola and continues from there and from the
parenchyma into veins that accompany the arteries listed
above, but includes an additional superficial venous plexus
[17]. The arterial supply and venous drainage of the breast
are both variable. The microvasculature within lobules dif-
fers from that found in the denser interlobular tissue, with
vascular density (but not total vascular area) being higher in
the interlobular region than within the lobules [18]. Vascu-
larity of the breast, as measured by ultrasound Doppler,
changes during the menstrual cycle and is greatest close to
the time of ovulation [19].

1.1.4 Lymphatic Drainage

Lymphatics of the breast drain primarily to the axillary
nodes, but also to non-axillary nodes, especially internal
mammary (aka parasternal) nodes located along the internal
mammary artery and vein. Some lymphatics travel around
the lateral edge of pectoralis major to reach the pectoral
group of axillary nodes, some travel through or between
pectoral muscles directly to the apical axillary nodes, and
others follow blood vessels through pectoralis major to the
internal mammary nodes. Internal mammary nodes are
located anterior to the parietal pleura in the intercostal
spaces. Connections between lymphatic vessels can cross the
median plane to the contralateral breast [20].

There are 20–40 axillary nodes that are classified into
groups based on their location relative to the pectoralis
minor. From inferior to superior, (a) the nodes below and
lateral to pectoralis minor comprise the low (level I) nodes,
(b) those behind the pectoralis minor make up the middle
(level II) nodes, and (c) those above the upper border of
pectoralis minor constitute the upper (level III) nodes
(Fig. 1.4). Lymphatic plexuses are found in the subareolar
region of the breast, the interlobular connective tissue, and
the walls of lactiferous ducts. Vessels from the subareolar
lymphatic plexus drain to the contralateral breast, the inter-
nal lymph node chain, and the axillary nodes [4]. Both
dermal and parenchymal lymphatics drain to the same
axillary lymph nodes irrespective of quadrant, with lymph
from the entire breast often draining through a small number
of lymphatic trunks to one or two axillary lymph nodes [21].

Sentinel lymph nodes are those that are the first stop
along the route of lymphatic drainage from a primary tumor
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[22]. Much of the information about breast lymphatic drai-
nage has been derived from clinical studies aimed at iden-
tifying sentinel nodes and determining likely sites of
metastases (a topic beyond the scope of this chapter). These
studies often use the injection of radioactive tracer into a
lesion, but techniques vary as do results. It is generally
accepted that most breast tumors metastasize via lymphatics
to axillary lymph nodes. The degree to which metastasis
involves internal mammary nodes is debated. One study [23]
states that the rate of metastasis to internal mammary nodes
is less than 5 %, while another claims that over 20 % of
tumors drain at least in part to internal mammary nodes [24].

In women volunteers with normal breast tissue, isotope
injected into parenchyma or into subareolar tissue drained, at
least in part, into internal mammary nodes in 20–86 % of
cases [25]. Microinjection of dye directly into lymph vessels
of normal cadavers revealed that all superficial lymph ves-
sels, including those in the nipple and areolar regions, enter a
lymph node in the axilla close to the lateral edge of the

pectoralis minor (group I). Superficial vessels run between
the dermis and the parenchyma, but some run through the
breast tissue itself to deeper nodes and into the internal
mammary system [26]. Drainage to internal mammary nodes
from small breasts (especially in thin and/or young women)
is more likely to pass into internal mammary nodes than is
drainage from large breasts [27].

1.1.5 Gross Anatomic Changes Throughout
the Life span

The breast of the newborn human is a transient slight eleva-
tion that may exude small amounts of colostrum-like fluid
known colloquially as “witch’s milk.” Human female and
male breasts are indistinguishable until puberty [28]. Puberty
begins with thelarche, the beginning of adult breast devel-
opment. The age of thelarche is getting younger. Among
whites in 1970, the mean age was 11.5 years of age, but in

Fig. 1.3 Vascular supply of the breast. Arterial blood is supplied by
branches of the axillary artery (Lateral Thoracicand Pectoral Branch of
the Thoracoacromial Trunk). Additional blood supply is from Medial
Mammary Branches ofthe Internal Thoracic (Internal Mammary) artery

and from Lateral Branches of the Posterior Intercostal Arteries.Venous
drainage is via veins that parallel the arteries with the addition of a
superficial plexus (not shown)
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1997, it was 10 years of age. Among blacks, thelarche occurs
about one year earlier than in whites [29]. The first indication
of thelarche is the appearance of a firm palpable lump deep to
the nipple, the breast bud. It corresponds to stage II of the
Tanner [30] staging system. (Stage I is prepubertal; stage III
exhibits obvious enlargement and elevation of the entire
breast; stage IV, very transient, is the phase of areolar
mounding and it contains periareolar fibroglandular tissue;
stage V exhibits a mature contour and increased subcutaneous
adipose tissue). The human breast achieves its final external
appearance 3–4 years after the beginning of puberty [31].

Following puberty, the breast undergoes less dramatic

changes during each menstrual cycle (discussed in detail
later). The texture of the breast is least nodular just before
ovulation; therefore, clinical breast examinations are best
done at this time. In addition, the breast is less dense on
mammogram during the follicular phase. The volume of
each breast varies 30–100 mL over the course of the men-
strual cycle. It is greatest just prior to menses and minimal
on day 11 [32]. The breast enlarges during pregnancy and
lactation, and the postlactational breast may exhibit stria
(stretch marks) and sag. The postmenopausal breast is often
pendulous.

Fig. 1.4 Lymphatic drainage of the breast. Most drainage is into the
axillary nodes indicated as Level I, Level II and Level III, based on
their relationship to the Pectoralis Minor muscle. Level I nodes are

lateral to the muscle, LevelI I are behind it and Level III are medial to it.
Also note the Internal Mammary Nodes located just lateral to the edge
of the sternum and deep to the thoracic wall musculature
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1.2 Histology

1.2.1 Overview

The adult human breast is an area of skin and underlying
connective tissue containing a group of 15–20 large modified
sweat glands [referred to as lobes (Fig. 1.1)] that collectively
make up the mammary gland. The most striking thing about
breast morphology is its remarkable heterogeneity among
normal breasts, both within a single breast and between
breasts [33]. The glands that collectively make up the breast
are embedded in extensive amounts of adipose tissue and are
separated by bands of dense connective tissue (Fig. 1.5)
(suspensory or Cooper’s ligaments [6]) that divide it into
lobes [34] and extend from the dermis to the deep fascia.

The lobules within each lobe drain into a series of
intralobular ducts that, in turn, drain into a single lactiferous
duct (Fig. 1.6) that opens onto the surface of the nipple. The
part of each lactiferous duct closest to the surface of the
nipple is lined by squamous epithelium [35] that becomes
more stratified as it nears its orifice. In a non-lactating breast,
the opening of the lactiferous duct is often plugged with
keratin [4, 36]. Deep to the areola, the lactiferous ducts
expand slightly into a sinus that acts as a small reservoir
(Fig. 1.1).

The mammary gland is classified as branched tubu-
loalveolar, although true alveoli do not typically develop
until pregnancy. Individual lobules are embedded in a loose
connective tissue stroma that is highly cellular and responds
to several hormones [35]. Terminal ductal lobular units

Fig. 1.5 Low power micrograph
(50×) of an active (but not lactat-
ing) human breast. The dark line
outlines a portion of a lobule. Note
A the areolar connective tissue
within the lobule and between the
ductules, B the dense connective
tissue between lobules and C
adipose tissue. Some secretory
product has accumulated within
the ductules of the lobule

Fig. 1.6 Low power micrograph
(50×) of an active (but not lactating)
human breast. Arrows at A indicate
intralobular ducts (ductules) within
lobules. True acini are not present at
this stage. The arrow at B indicates
the lumen of a lactiferous
(interlobular) duct
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(TDLUs) are considered to be the functional units of the
human mammary gland. Each TDLU consists of an
intralobular duct and its associated saccules (also called
ductules). These saccules differentiate into the secretory
units referred to as acini or alveoli [37]. The alveoli are
outpocketings along the length of the duct and at its termi-
nus. A TDLU resembles a bunch of grapes [38] (Fig. 1.7).

Three-dimensional reconstruction of the parenchyma
from serial sections of human breast tissue [39] revealed no
overlap in territories drained by adjacent ducts. However, a
recent computer-generated 3-D model based on a single
human breast found that anastomoses do exist between
branching trees of adjacent ducts [40].

The ductwork of the breast has progressively thicker
epithelium as its tributaries converge toward the nipple. The
smallest ducts are lined with simple cuboidal epithelium,
while the largest are lined with stratified columnar epithe-
lium [41]. The epithelial cells have little cytoplasm, oval
central nuclei with one or more nucleoli, and scattered or
peripheral chromatin [36].

The entire tubuloalveolar system, including each saccule,
is surrounded by a basement membrane (BM) (Fig. 1.8).
Between the luminal epithelial cells and the BM is inter-
posed an incomplete layer of stellate myoepithelial cells. The
myoepithelial layer is more attenuated in the smaller bran-
ches of the ductwork and in the alveoli. Macrophages and
lymphocytes are found migrating through the epithelium
toward the lumen [42].

1.2.2 Nipple and Areola

The nipple and the areola are hairless [36]. Nipple epidermis
is very thin and sensitive to estrogen. Sweat glands and small
sebaceous glands (of Montgomery) are found in the areola
and produce small elevations on its surface. The skin of the
adult nipple and areola is wrinkled due to the presence of
abundant elastic fibers [4] and contains long dermal papillae.
Lactiferous ducts open on the surface of the nipple, and
parenchymal tissue radiates from it into the underlying con-
nective tissue. The stroma of the nipple is dense irregular
connective tissue that contains both radial and circumferen-
tial smooth muscle fibers. Contraction of the smooth muscle
fibers results in erection of the nipple and further wrinkling of
the areola [4]. Nipple erection can occur in response to cold,
touch, or psychic stimuli. Smaller bundles of smooth muscle
fibers are located along the lactiferous ducts [43].

1.2.3 Parenchyma

1.2.3.1 Luminal Epithelial Cells
Luminal epithelial cells carry out the main function of the
breast: milk production. The secretory prowess of the
luminal epithelial cells is impressive. They can produce three
times their own volume per day. Luminal epithelial cells
have scant cytoplasm and a central, oval nucleus with mar-
ginal heterochromatin. They are cuboidal to columnar, and

Fig. 1.7 Intermediate power micrograph (100×) of an active (but not
lactating) human breast. A Terminal Ductal Lobular Unit (TDLU) and

its duct are outlined. Note the abundant adipose tissue and dense
irregular connective tissue surrounding the TDLU
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each cell has a complete lateral belt of occluding (tight)
junctions near its apex and E-cadherin (a transmembrane
protein found in epithelial adherens junctions) on its lateral
surfaces [44]. During lactation, luminal cells contain the
organelles typical of cells secreting protein, as well as many
lipid droplets for release into milk [36].

1.2.3.2 Myoepithelial Cells
Myoepithelial cells surround the luminal cell layer (inset,
Fig. 1.8) and are located between it and the BM, which they
secrete [45]. In the ducts and ductules, myoepithelial cells
are so numerous that they form a relatively complete layer
[4, 46]. In alveoli, the myoepithelial cells form a network of
slender processes that collectively look like an open-weave
basket [35]. Myoepithelial cell processes indent the basal
surface of nearly every secretory cell [36] and contain par-
allel arrays of myofilaments and dense body features com-
monly found in smooth muscle cells. They also contain
smooth muscle-specific proteins and form gap junctions with
each other [47].

While myoepithelial cells exhibit many features of
smooth muscle cells, they are true epithelial cells. They
contain cytokeratins 5 and 14, exhibit desmosomes and
hemidesmosomes [48], and are separated from connective
tissue by a BM. Compared to luminal cells, they contain
higher concentrations of β-integrins (receptors that attach to
extracellular matrix (ECM) elements and mediate intracel-
lular signals) [49, 50].

Myoepithelial cells utilize the adhesion molecule
P-cadherin [44] (a transmembrane protein), the knockout of
which results in precocious and hyperplastic mammary gland
development in mice [51]. They also express growth factor
receptors and produce matrix metalloproteinases (MMPs)
and MMP inhibitors that modify ECM composition. Cell–
cell contacts between the myoepithelial cells and their
luminal cell neighbors allow for direct signaling [52] between
the two cell types, and their basal location positions them to
mediate interactions between the luminal cells and the ECM.

In addition to contracting to express milk toward the
nipple, myoepithelial cells establish epithelial cell polarity
by synthesizing the BM. Specifically, they deposit fibro-
nectin (a large glycoprotein that mediates adhesion), laminin
(a BM component that has many biologic activities), colla-
gen IV, and nidogen (a glycoprotein that binds laminin and
type IV collagen). Human luminal cells cultured in a type I
collagen matrix form cell clusters with reversed polarity and
no BM [50]. Introducing myoepithelial cells corrects the
polarity and leads to the formation of double-layered acini
with central lumina. Laminin [53] is unique in its ability to
substitute for the myoepithelial cells in polarity reversal [50].

Other roles of the myoepithelial cell in the breast include
lineage segregation during development and promoting
luminal cell growth and differentiation [45, 54]. They also
play an active role in branching morphogenesis [55] and
even exhibit a few secretory droplets during pregnancy and
lactation [31]. The myoepithelial cell rarely gives rise to

Fig. 1.8 Intermediate power micrograph (200×) of an active (but not
lactating) human breast. The arrows labeled A indicate basement
membranes (BM) surrounding individual ductules. The letter B is in the
dense irregular connective tissue surrounding this lobule. Note the pale

elongated nuclei of fibroblasts and the collagen fibers surrounding the
letter B. The inset indicated by the rectangle is enlarged in the lower
right corner. Arrows in theinset indicate myoepithelial cells and the
chevron indicates a luminal epithelial cell
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tumors itself [56] and is thought to act as a natural tumor
suppressor [45].

1.2.3.3 Stem Cells

Definitions and Terms

The idea of a population of mammary gland stem cells [57]
has existed since the 1950s. These cells would give rise
either to two daughter cells or to one stem cell and one
lineage-specific progenitor cell that would, in turn, give rise
to either luminal cells or myoepithelial cells [58].

A rigorous definition of a tissue-specific stem cell
requires that it meets five criteria [59]. It must (1) be mul-
tipotential, (2) self-renew, (3) lack mature cell lineage
markers, (4) be relatively quiescent, and (5) effect the
long-term regeneration of its “home” tissue in its entirety.
Much of the mammary cell literature takes liberty with these
criteria, often applying the term “stem cell” to cells that can
give rise to either (but not both) of the two parenchymal cell
types. Some still argue [60] that the existence of true human
mammary epithelial stem cells in adults has not been
unequivocally demonstrated.

Structure and Function of Mammary Stem Cells

A cell that stains poorly with osmium [61] in mouse mam-
mary epithelium has been equated to the mammary gland
stem cell. These cells are present at all stages of differenti-
ation and undergo cell division shortly after being placed in
culture, even in the presence of DNA synthesis inhibitors.
They do not synthesize DNA in situ or in vitro, but do
incorporate the nucleotide precursors needed for RNA syn-
thesis. In mice, stem cell daughter cells functionally differ-
entiate in explant cultures in the presence of lactogenic
hormones [62].

Stem cells are distinguishable phenotypically from
mammary epithelial progenitor cells. The progenitor cells
produce adherent colonies in vitro, are a rapidly cycling
population in the normal adult, and have molecular features
indicating a basal position. Stem cells have none of those
properties, and in serial culture studies, murine stem cells
disappear when growth stops [63]. Murine mammary gland
cells transplanted into host tissue will reconstitute a func-
tional mammary ductal tree that is morphologically indis-
tinguishable from the normal gland [64]. Furthermore, a
fully differentiated mammary gland can be derived from a
single murine stem cell clone [65, 66].

Identification of Mammary Stem Cells

If mature luminal human cells express certain markers and
myoepithelial cells express others, then epithelial cells with
little or none of either set of markers are likely to be more
primitive. If mammary gland cells are separated by flow
cytometry and subpopulations are plated on collagen matri-
ces, a subpopulation can be identified that produces colonies
containing both luminal and myoepithelial cells [67].

Human mammary stem cells are positive for both keratins
19 and 14 and are capable of forming TDLU-like structures
in 3-D gel cultures. They can give rise to K19/K14 +/−, −/−
(both are luminal), and −/+ (myoepithelial) cells, each of
which are lineage-restricted progenitors [68]. The embryonic
marker CD133 is detected in the mammary gland also
serving as a marker of mammary stem cells [69].

The ability of certain cells to pump out loaded Hoechst
33342 dye allows them to be separated by flow cytometry
into a “side population” (SP), claimed by some to be a
population of stem cells. However, in the mammary gland,
the evidence that the SP is enriched for stem cells is only
correlative. Cells have been identified as quiescent stem cells
based on their retention of BrdU incorporated during a prior
period of proliferation plus their lack of both luminal and
myoepithelial cell markers. Using this method, 5 % of the
cells in the mouse mammary gland are quiescent stem cells.
They express Sca-1 (a stem cell marker), are progesterone
receptor (PR) negative, and are located within the luminal
cell layer [70].

Lineage-tracing experiments can follow stem and pro-
genitor cell fate during development and tissue reorganiza-
tion in mice using promoters of genes linked to a specific
lineage ex: Elf5, the gene linked to luminal progenitors
driving visual markers. The results obtained with this
approach called into question the existence of bipotent
mammary stem cells, given the apparent disparity between
results obtained with transplantation versus lineage-tracing
assays. This suggested that tissue disruption and sorting of
cells prior to implantation may activate them or contribute to
their “stemness.” While it has been postulated that bipotent
stem cells detected in the embryo no longer function in the
postnatal animal, recent evidence detected bipotent stem
cells participating in epithelial differentiation in the adult
mammary gland [71].

Examples of Cells Referred to as Mammary Stem Cells:

• Human mammary epithelial cells with neither luminal
cell nor myoepithelial cell markers.
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• Subpopulations of mammary gland cells separated by
flow cytometry that produce colonies containing both
luminal and myoepithelial cells [67].

• Human mammary stem cells that are capable of forming
TDLU-like structures in 3-D gel cultures. They can give
rise to K19/K14 +/−, −/− (both are luminal), and −/+
(myoepithelial) cells, each of which are lineage-restricted
progenitors [68].

• Mammary cells that pump out loaded Hoechst 33342 dye
and separate by flow cytometry into a “side population”
(SP). However, in the mammary gland, the evidence that
the SP is enriched for stem cells is only correlative.

• Mammary cells that are quiescent, based on their reten-
tion of BrdU that was incorporated during a prior period
of proliferation, that also lack both luminal and myoep-
ithelial cell markers. By this method, 5 % of mouse
mammary epithelial cells are quiescent stem cells. They
also express Sca-1 (a stem cell marker), are progesterone
receptor (PR) negative, and are located within the lumi-
nal cell layer [69].

• Cell fate mapping studies in mice using multicolor
reporters indicated the presence of bipotent stem cells
that coordinate remodeling in the adult mammary gland
but demonstrate that both stem and progenitor cells drive
morphogenesis during puberty [71].

• Breast cancer stem cells (BCSCs) are defined as a subset
(1–5 %) of CD44+/CD24-/lin- cells from primary human
tumors that can form tumors in athymic mice [72]. These
cells typically express aldehyde dehydrogenase (ALDH)
which correlates with level of HER2 [73].

• CD133 is detected on stem cells in the mammary gland
[69]. It is identified as stem cell marker in multiple tumor
types including triple-negative breast cancer [74, 75],
often correlating with the level of vascular mimicry [76].

Location of Mammary Stem Cells

The concentration of stem cells in the human is highest in
ducts [68]. They tend to be quiescent and surrounded by
patches of proliferating cells and differentiated progeny [77].
Stem cells are believed to be the pale cells intermediate in
position between the basal and the luminal compartments of
the mammary epithelium. However, a cell line has been
isolated from the luminal compartment in humans that can
generate itself, secretory cells, and myoepithelial cells [55].

Classification of Mammary Stem Cells

Human stem cells and progenitors are classified into several
ways. One classification system is based on steroid hormone
receptors: Estrogen receptor (ER)α/PR-negative stem cells
function during early development, and ERα/PR-positive

stem cells are required for homeostasis during menstrual
cycling [77]. The existence of receptor (ER)α/PR- stem cells
suggests the need for paracrine mechanisms for regulation by
hormones, and in fact, ERα/PR + act as sensors to relay
hormonal cues to the (ER)α/PR- cells [78, 79]. In another
scheme, stem cells in nulliparous women are classified as
type one, while stem cells found in parous women are clas-
sified as type two. Parity-induced (type two) murine mam-
mary epithelial cells are able to form mammospheres in
culture and, when transplanted, establish a fully functional
mammary gland [80]. These cells reside in the luminal layer
of the ducts and contribute to secretory alveoli that appear in
pregnancy [81]. The nulliparous type is more vulnerable to
carcinogenesis [82]. A third scheme [83] classifies the
mammary progenitors into three types: (1) a
luminal-restricted progenitor that produces only daughter
cells with luminal cell markers, (2) a bipotent progenitor (the
“stem cell” described by other investigators) that produces
colonies with a core of luminal cells surrounded by cells with
the morphology and markers typical of myoepithelial cells,
and (3) a progenitor that generates only myoepithelial cells.

A special stem cell (like) type has been identified in
multiparous human females. It is pregnancy-induced, does
not undergo apoptosis following lactation, and is capable of
both self-renewal and production of progeny with diverse
cellular fates [84]. This cell type increases to constitute as
much as 60 % of the epithelial cell population in multi-
parous women and may be related to the parity-related
resistance to breast cancer [82].

Factors Regulating Stem Cells

The development of suspension cultures in which human stem
cells form “mammospheres” [85] has facilitated the study of
the various pathways regulating the self-renewal and differ-
entiation of normal mammary stem and progenitor cells [86].
A specific cell’s “stemness” decreases as that cell becomes
more differentiated. Stem cells can self-renew and proliferate
within their niche, where they are maintained in their undif-
ferentiated state by cell–ECMand cell–cell interactions. These
interactions involve integrins and cadherins, respectively.
Wnt/β-catenin signaling is a regulator of self-renewal in stem
cells [87, 88]. Wnt4 is a regulator of stem cell proliferation
downstream of progesterone as is RANKL, which has been
implicated as a paracrine mediator [89–91]. Chromatin regu-
lators can also affect the balance between self-renewal and
differentiation. For example, the histone methylation reader
Pygo2 is a Wnt pathway coactivator that facilitates binding of
β-catenin to Notch3 to suppress luminal and alveolar differ-
entiation by coordinating these pathways [92].
Lineage-tracing experiments determined that the Notch
pathway is critical in the luminal lineage. Notch3-expressing
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cells are luminal progenitors that give rise to ER+ and ER-
ductal progeny [93], which exhibit functional similarity to
parity-induced cells that contribute to secretory alveoli.

HER2 is required for early stages of mammary develop-
ment [94, 95] and it is an important regulator of CSCs [96].
It can be targeted by trastuzumab, and the success of tras-
tuzumab therapy in tumors where HER2 is not amplified is
thought to occur through targeting CSCs [97, 98].

Hormones and cytokines stimulate proliferation of stem
cells and this has implications for the development of breast
cancer [90]. Obesity is associated with the incidence and
mortality of breast cancer [99, 100], and cytokine-mediated
increase in stem cell number may be mechanistically
involved. Pituitary growth hormone, acting via IGF-1 as
well as through receptor-mediated JAK-Stat signaling, is
required for mammary development as is IGF-1 [101, 102].
IGF-1 treatment increases the number of mammary stem
cells in rodents, and IGF-1R expression correlates with the
risk of breast cancer in humans [103]. Leptin increases
mammary stem cell self-renewal, and its level in human
serum correlates with obesity [104]. An increase in the
number of cycling cells in normal breast tissue in pre-
menopausal women is associated with an increased risk of
developing breast cancer [105], suggesting that environ-
mental stimulation of human mammary progenitor cells may
contribute to the subsequent development of breast cancer.

1.2.4 Basement Membrane

The luminal cells of the mammary gland rest on a BM (except
where myoepithelial cell processes intervene). Components
of the mammary gland BM include collagen type IV, lami-
nin, nidogens 1 and 2, perlecan, and fibronectin [106–108].
All of these components are found within the BMs of ducts,
lobules, and alveoli in both the human and the mouse.

Many mammary epithelial cell functions require a BM
including milk production [109], suppression of pro-
grammed cell death [110], interaction with prolactin
(PRL) [111], and the expression of ERα needed to respond
to estrogen. Reconstituted BM (or collagen type IV or
laminin I) and lactogenic hormones can substitute for the
BM requirement for ER expression [112]. Precise contact
between epithelial cells and their underlying BM is critical
for the maintenance of tissue architecture and function. For
example, cultured mammary epithelial cells unable to anchor
normally to the laminin in their BM have disrupted polarity
and are unable to secrete β-casein, the most abundant milk
protein [113]. Laminin activates expression of the β-casein
gene [114]. In tissue culture, mammary epithelial cells
require laminin and specific β1-integrins for survival [107,
115]. Nidogen-1 connects laminin and collagen networks to
each other, is essential for BM structural integrity [107], and

promotes lactational differentiation [116]. Integrins are
essential for cell–BM interactions that are required for lac-
togenic cellular differentiation [117]. β1-integrin is required
for alveolar organization and optimal luminal cell prolifer-
ation [118] and, along with laminin, is required for end bud
growth during puberty [119]. The fibronectin-specific inte-
grin is localized to myoepithelial cells and is thought to be
required for hormone-dependent cell proliferation [120].

The ability to culture cells in 3-D using synthetic BM
culture systems, such as Matrigel™, has opened the door to
investigations of normal, as well as cancerous breast phys-
iology [121]. Normal mammary epithelial cells seeded into
Matrigel™ form small cell masses, develop apicobasal
polarity, secrete ECM components basally, and develop
apical Golgi and junctional complexes. The cell masses form
a lumen by cavitation involving the removal of central cells
by programmed cell death [122] and, in the process of
becoming differentiated, form tight junctions prior to
secreting milk [123].

1.2.5 Stroma

There are three types of connective tissue in the breast: loose
connective tissue within lobules (intralobular), dense irreg-
ular connective tissue between lobules (interlobular), and
adipose tissue (also interlobular) (Fig. 1.5). The dense con-
nective tissue contains thick bundles of collagen and elastic
fibers that surround the individual lobular units. Breast
stroma is not a passive structural support; epithelial–stromal
interactions play key roles in development and differentia-
tion. The intralobular loose connective tissue is in close
relationship to the ductules and alveoli of the mammary
gland and is responsive to hormones.

1.2.5.1 Cells in Breast Stroma
While cells found in the interlobular connective tissue are
primarily fibroblasts or adipocytes, the intralobular connec-
tive tissue also contains macrophages, eosinophils, lym-
phocytes, plasma cells, and mast cells.

Fibroblasts form a basket-like layer around the human
TDLU external to its BM [124] (Fig. 1.9). In the intralobular
connective tissue, fibroblasts have attenuated cytoplasmic
processes that form a network via cell–cell connections [33].
The connections serve to link the fibroblasts adjacent to the
BM with those found within the lobular stroma. Mammary
gland fibroblasts have ultrastructural features typical of
synthetically active cells. Other cells in the intralobular
connective tissue are interspersed within the fibroblast net-
work such that cell–cell interaction is facilitated. Intralobular
fibroblasts are CD34 (a marker for early stem-like cells)
positive [35].
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Two populations of human mammary gland fibroblasts
can be distinguished based on staining for the cell surface
enzyme dipeptidyl peptidase IV, an enzyme implicated in
breast cancer metastasis. Intralobular fibroblasts are negative
for this enzyme, but interlobular fibroblasts are positive
[125]. Human breast fibroblasts have the ability to inhibit the
growth of epithelial cells. If the ratio of fibroblasts to
epithelial cells is high, however, the fibroblasts enhance
epithelial proliferation [126, 127].

Adipocytes (Fig. 1.5) are common in the breast. High
breast density on mammogram (negatively correlated with
fat) is a risk factor for breast cancer [102]. In pregnant
women, the adipocytes are closer to the epithelium and the
number of fat-filled cells is markedly reduced throughout
pregnancy and lactation. Adding adipocytes to murine
epithelial cells in vitro enhances mammary cell growth and
seems to be required for the synthesis of casein.

Macrophages are localized near the epithelium during
certain stages of breast development and have been shown to
be critical for proper duct elongation. The macrophage
growth factor, CSF1, promotes murine mammary gland
development from branching morphogenesis to lactation
[128]. Macrophages may play a role in both angiogenesis
and the ECM remodeling required during morphogenesis
[129]. They are localized in close proximity to developing
alveoli during pregnancy and are present during involution,
where they likely help clear out milk lipid droplets and/or
apoptotic debris [130]. Eosinophils are present during

postnatal development, where they are believed to interact
with macrophages to induce proper branching morphogen-
esis [131].

Lymphocyte migration into the mammary gland during
lactation is facilitated by specific adhesion molecules located
on the endothelial cells. Lymphocytes themselves can be
found in milk. Plasma cells derived from B lymphocytes are
abundant in the stroma before and during lactation when
they secrete antibodies that are taken up by the epithelial
cells and secreted into milk [132].

Mast cells contain several potent mediators of inflam-
mation including histamine, proteinases, and several cyto-
kines. Nevertheless, the precise functions of mast cells are
still unknown [133]. Since mast cells are associated with
bundles of collagen in human breast stroma, they may play a
role in collagen deposition [134].

Recently, two additional stromal cell types have been
identified: the interstitial cell of Cajal (ICC) and the ICC-like
cell. These cells have two or three long, thin moniliform
processes [135] and establish close contacts with various
immunoreactive cells, including lymphocytes, plasma cells,
macrophages, and mast cells [136]. ICCs from the breast form
“intercellular bridges” in vitro [137]. They have caveolae,
overlapping processes, stromal synapses (close contacts), and
gap junctions. They also exhibit dichotomous branching.
Collectively, the ICCs make up a labyrinthine system that
may play a pivotal role in integrating stromal cells into a
functional assembly with a defined 3-D structure [138].

Fig. 1.9 High power micrograph
(400×) of an active (but not
lactating) human breast. Arrows
labeled A indicate nuclei of fibro
blasts surrounding a ductule.
Arrows labeled B indicate
collagen fiber bundles and the
ovals surround plasma cells
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1.2.5.2 Extracellular Matrix
The 3-D organization of the ECM affects many aspects of
cell behavior: shape, proliferation, survival, migration, dif-
ferentiation, polarity, organization, branching, and lumen
formation [131]. Two principal ways that the ECM can
affect cell behavior are to (1) harbor various factors and/or
their binding proteins to be released when needed and
(2) directly regulate cell behavior via cell–ECM interactions
[111].

Stromal fibronectin and its receptor, α5β1-integrin, play
an important role in ovarian hormone-dependent regulation
of murine epithelial cell proliferation. The fibronectin
receptor is more closely correlated with proliferation and
more rapidly regulated by estrogen and progesterone than is
fibronectin itself. Thus, it is likely that the receptor, rather
than fibronectin, is hormonally regulated. Mouse fibronectin
levels increase threefold between puberty and sexual matu-
rity and remain high during pregnancy and lactation [139].

Integrins, the major ECM receptors, link the ECM to the
actin cytoskeleton and to signal transduction pathways [140]
involved in directing cell survival, proliferation, differentia-
tion, and migration. They mediate interactions between
stroma and parenchyma. Specific integrin functions in the
human mammary gland have been reviewed elsewhere [141].

Proteoglycans, large heavily glycosylated glycoproteins,
are abundant in breast ECM and correlate with increased
mammographic density, a risk factor for breast cancer [142].
They are also important in coordinating stromal and
epithelial development and mediating cell–cell and cell–
matrix interactions. Several regulatory proteins in the
mammary gland bind to proteoglycan glycosaminoglycans,
including fibroblast growth factors (FGFs), epidermal
growth factors (EGFs), and hepatocyte growth factor
(HGF) [143].

1.3 Synopsis of Hormones and Other Factors
that Regulate Breast Structure
and Function

1.3.1 Hormones

This segment is a brief overview of reproductive hormonal
events in the female, particularly as they affect the breast.
Details of endocrine involvement in each phase of breast
development and function are discussed in Sect. 1.4.

The hormonal control of human reproduction involves a
hierarchy consisting of the hypothalamus, the anterior pitu-
itary gland and the gonads: the hypothalamic–pituitary–go-
nadal (HPG) axis. In the female, the main hormones
involved are (1) gonadotropin-releasing hormone (GnRH)
from the hypothalamus, (2) luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) from the pituitary, and

(3) estrogen and progesterone, steroid hormones derived
from cholesterol and made in the ovary (Fig. 1.10). The
levels of these hormones vary dramatically throughout each
menstrual cycle (Fig. 1.11), as well as during the various
stages of a woman’s lifetime.

GnRH causes the anterior pituitary gland to secrete LH
and FSH. The hypothalamus releases GnRH in a pulsatile
manner from axon terminals of neurons in the medial basal
hypothalamus [144]. Pulsatile release of GnRH into the
hypothalamo-hypophyseal portal system, which carries it
directly to the pituitary gland, is essential to its function.

LH and FSH promote new ovarian follicle growth during
the first 11–12 days of the menstrual cycle. The follicle, in
turn, secretes both steroid hormones, estrogen and proges-
terone. Estrogen and progesterone are transported in the
blood bound to proteins, primarily albumin and specific
hormone binding globulins [145]. Just before ovulation,
there is a sudden marked increase in both LH and FSH, a
surge that leads to ovulation and the subsequent formation of
the corpus luteum from the follicle.

Between ovulation and the beginning of menstruation, the
corpus luteum secretes large amounts of estrogen and pro-
gesterone. These hormones have a negative feedback effect
on secretion of LH and FSH in the pituitary gland, as well as
GnRH secretion in the hypothalamus (Fig. 1.11). Estrogen
primarily promotes the development of female secondary sex
characteristics, including the breast. Progesterone mainly
prepares the uterus for the receipt and nurture of the embryo
and fetus and prepares the breast for lactation. During
pregnancy, estrogen and progesterone are secreted primarily
by the placenta. The main effects of estrogen on the breast
are (1) stromal tissue development, (2) growth of breast
ductwork, and (3) fat deposition [145]. Progesterone is
required for lobuloalveolar differentiation of the breast
[146].

These steroid hormones bind to receptors that belong to a
superfamily of related receptors. The ER is an intracellular
receptor that functions as a DNA-binding transcription factor
[147, 148]. There are two forms of ER: ERα and ERβ that are
coded on different genes [149]. Estrogen-binding affinity is
high at both receptors and both are expressed in the breast. In
the normal human breast, ERα is expressed in approximately
15–30 % of luminal epithelial cells [150], whereas ERβ is
found in myoepithelial cells and stromal cells [147]. Estrogen
binds to the ER and the ER–estrogen complex translocates to
the nucleus of the cell, where it binds to DNA and effects
transcriptional changes leading to alterations in cell function.
ER signaling can also act in a non-classical pathway by
interacting with other transcription factors bound to pro-
moters of responsive genes [151]. ERα–estrogen complexes
activate gene transcription, while ERβ–estrogen complexes
can either activate or inhibit transcription [147, 152]. In mice,
binding of estrogen to ERα stimulates mammary cell
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proliferation in nearby cells, but ERα-positive cells them-
selves do not seem to proliferate and stem cells are ERα [153,
154]. However, in humans, some quiescent ERα- and
PR-positive cells are believed to be stem cells that act as
steroid sensors and stimulate proliferation in neighboring

ERα- and PR-negative cells [155]. It is also possible, how-
ever, that estrogen downregulates ERα in mammary epithe-
lial cells and that ERα-positive cells divide later, when they
are no longer identifiable as ERα-positive [156, 157]. The
dissociation of ER-positive cells and proliferating cells

Fig. 1.11 Graph of hormonal
levels in the menstrual cycle. The
upper panel of the graph indicates
levels of ovarian steroid
hormones. The lower panel
indicates levels of pituitary
gonadotropins

Fig. 1.10 Endocrine feedback loops in the hypothalamo-hypophyseal-gonadal axis
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implies that paracrine factors mediate the mitogenic activity
of estrogen [78, 150]. ERβ is important in alveolar differen-
tiation, specifically for the development of adhesion mole-
cules and zonulae occludentes required for lactation [158].

The PR (see review by Seagroves and Rosen [159]) comes
in two isoforms, PRA and PRB, that arise from a single gene.
PR knockout mice have demonstrated the critical role of
progesterone in both pregnancy-associated ductal branching
and lobuloalveolar development [160]. Estrogen induces the
expression of PRs [155], and 96–100 % of cells expressing
steroid receptors express both ER and PR [150, 155]. Pro-
gesterone bound to its receptor enters the nucleus where the
PR–progesterone complex binds to DNA [161]. In mice,
PRA expression is associated with progesterone-induced
lateral branching, whereas PRB is associated with alveolo-
genesis [162]. PRA expression is found in cells adjacent to
the ones that respond to progesterone by increased prolifer-
ation and/or differentiation. Thus, the actions of progesterone
are also likely to be mediated by paracrine factors [163–165].
Neuregulin, a member of the EGF family of proteins and
known for its role in neural development, promotes lobu-
loalveolar development and may be one such paracrine factor
[166]. Both luminal and myoepithelial cells express PRB,
and PRB-positive cells may be directly stimulated to prolif-
erate [167] by progesterone. When human postmenopausal
breast tissue is treated with estrogen, progesterone, or both,
epithelial cells proliferate, apoptosis declines, and expression
of ERα, ERβ, and PR decreases [168].

Hormones not made in the ovary are also important to
breast function, especially the neuroendocrine hormones
PRL and oxytocin (OXT). PRL, named for its ability to
promote lactation, is a polypeptide secreted in the anterior
pituitary gland. The hypothalamus-derived PRL inhibitory
hormone (dopamine) inhibits PRL secretion. PRL’s actions
are diverse, but it is an absolute requirement for normal
lactation. It promotes mammary gland growth and devel-
opment, as well as synthesis and secretion of milk [169,
170]. PRL signal transduction involves the PRL receptor
(PRLR, a transmembrane cytokine receptor whose expres-
sion is induced by estrogen [171]) and requires Jak2 and the
transcription factor Stat5 for developmental activity. Signal
transduction leading to the Stat protein activation is essential
in mammary morphogenesis as well as lactation. Stat5a and
Stat5b are essential mediators of lobular alveolar develop-
ment [172, 173]. Their loss does not affect ductal morpho-
genesis, but the expression of Elf5, the regulator of the
luminal lineage, is greatly inhibited [174]. The cytokines IL4
and IL13 activate Stat6 signaling in the mammary gland
contributing to the development of alveoli. Defects in this
pathway can be rescued in late pregnancy by elevated
GATA-3 [175, 176]. LIF activates Stat3 signaling required
for apoptosis during involution [177, 178], and other

contributors to Stat3 in involution include TGF-β3 [179] and
oncostatin M [180].

OXT is a peptide synthesized by neurons in the supraoptic
and paraventricular nuclei of the hypothalamus [181]. It
travels along the axons of these neurons to be stored in the
posterior pituitary, where it is released directly into blood.
OXT stimulates uterine contraction during labor and partu-
rition and acts on myoepithelial cells in the breast to eject
milk from alveoli into lactiferous ducts. Both PRL and OXT
releases are stimulated by the suckling reflex. The OXT
receptor is a G-protein-coupled receptor and has been local-
ized to human myoepithelial cells, even in non-lactating
glands [182]. Mammary gland OXT receptors increase near
parturition [10]. OXT has also been implicated in breast
development, mating, and maternal behavior. However,
OXT-deficient female rodents are fertile, mate normally,
conceive and deliver offspring, and appear to show normal
maternal behavior. Nevertheless, their pups die within 24 h
because the mothers are unable to nurse them [183].

Many other hormones are important to the breast devel-
opment and function, but their roles are less well understood,
including growth hormone (GH) [101]; androgens [184];
and thyroid hormone.

1.3.2 Other Regulators of Breast
Development

Amphiregulin, HGF, EGF, IGF, and FGF3 have all been
proposed as paracrine mediator(s) of estrogen effects [185,
186]. For example, amphiregulin is upregulated during
ductal elongation [187] and amphiregulin and HGF promote
ductal branching [166, 188–191]. EGF, a potent mitogen, is
expressed on human breast stromal fibroblasts, and EGF
receptors (EGFRs1) are found on epithelial cells [166]. EGF
is a potent mitogen that binds to its plasma membrane
receptor, and then, the EGFR–EGF complex is internalized
[192]. EGF is essential for mammary ductal growth and
branching (193 Kamalati, 1999 #374). Both EGF and HGF
work with transforming growth factor alpha (TGF-α),
another mitogen [194], to promote lobuloalveolar
development

IGF-I is important in pubertal ductal morphogenesis in
rodents, where it is believed to mediate the actions of GH
[195] and estrogen [196]. IGF-I and IGF-II can bind to

1EGFRs belong to the ErbB family of receptors, a group of receptors
that are interdependent from the binding of their ligands to the
activation of downstream pathways. Some ErbB-targeted therapies are
aimed at inhibiting multiple ErbB receptors and interfering with the
cooperation that exists between receptors. Members of the ErbB family
accept cues from multiple ligands, including EGF, TGF-α, amphireg-
ulin, and several neuregulins [157].
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several different receptors including IGF-IR, the insulin
receptor (IR), and EGFR. In fact, the mitogenic action of
IGF-I may require EGFR [197]. Both IFG-I and IGF-II bind
to IGF-binding proteins (IGFBPs) that modulate their
actions. The binding proteins bind the IGFs to matrix pro-
teins and to cell membranes, providing a local pool that
enhances their availability. Within the breast, IGFs are
believed to function both as endocrine and as
autocrine/paracrine factors [196].

A recent addition to the list of growth factors important in
breast development is connective tissue growth factor
(CTGF). CTGF promotes lactational differentiation and its
expression can be induced by glucocorticoids in the murine
breast cell line HC11, a cell line established from a
mid-pregnant mouse mammary gland. Neither estrogen nor
progesterone regulates CTGF expression, but it is expressed
in the mouse mammary gland during pregnancy and lacta-
tion [198]. CTGF is also present in normal human breast
epithelial cells and stromal cells [199].

1.4 Mammary Gland Structure and Function
Throughout Life

1.4.1 Prenatal Development of the Breast

1.4.1.1 Events of Prenatal Breast Development
It is especially important to understand the prenatal devel-
opment of the breast, since initial carcinogenic events may
occur in this period [200–202]. Studies of prenatal human
breast development have, of necessity, been observational
and not experimental. They are based on postmortem anal-
yses of difficult-to-obtain human specimens. Mechanisms of
differentiation have largely been inferred from studies on
animals, primarily the mouse. Very early development of the
mouse mammary gland and the factors that regulate it [in-
cluding Wnt, FGF, TBX3, and parathyroid hormone-related
protein (PTHrP)] have been recently reviewed [203], but the
initial cues that induce the formation of the human breast
remain unknown [58].

Complicating matters in the study of human breast
development is the heterogeneity of staging systems. Some
are based on physical measurements and others on the date
of last known menses. This heterogeneity makes interstudy
comparisons difficult, at best. In addition, there is dramatic
intrabreast variability at any given time with respect to
developmental progress [204]. Stages of human breast
development include (dates are approximate, overlapping,
and highly variable) the following: ridge, 4 weeks—prolif-
eration of epithelial cells [127], disk, 6 weeks—globular
thickening, cone, 7 weeks, bud, 8 weeks, branching, 10–
12 weeks, canalization, 16 weeks, vesicle, 20–32 weeks,
and newborn [205, 206].

Typically, the first indications of human mammary glands
are two parallel band-like thickenings of ectodermally
derived epidermis: the mammary line or ridge that in the [35]
5–7 weeks old [207] embryo extends from axilla to groin.
The most convincing evidence that this ridge is actually the
precursor to the human breast is the fact that supernumerary
nipples and breasts locate along that line [33]. Only part of
the thoracic region of each ridge normally persists and forms
a nodule [33]. This epithelial nodule penetrates the under-
lying mesenchyme and gives off 15–24 sprouts, each of
which, in turn, gives rise to small side branches [207].
Epithelial–mesenchymal tissue interaction involves exten-
sive cross talk between parenchyma and stroma and is req-
uisite for normal breast development [208]. The epithelial
ingrowth is made up of solid cords of primitive
glycogen-rich cells surrounded by a basal lamina. Each
sprout will later canalize to form a lactiferous duct. The
primary bud is initially about the size of a hair follicle and
contains two distinct epithelial cell populations, central and
peripheral. Concentric layers of supporting mesenchyme
surround the bud. Hair follicles do not form in the area near
the breast bud, possibly due to lateral inhibition [33].

As secondary outgrowths vertically penetrate the mes-
enchyme [33], each projection has a slender stalk with a
bulbous end and is covered by a continuous BM [194]. The
papillary layer of the dermis encases the growing cords and
gives rise to the vascularized fibrous tissue around ducts and
within the lobules. The deeper reticular layer becomes
interlobular connective tissue and suspensory ligaments [35].

The cellular constituents of the secondary outgrowths are
morphologically similar, but immunologically diverse.
Immunohistochemical staining for luminal and myoepithe-
lial cell markers reveals a gradual progression to the adult
phenotypes [204]. At 28 weeks, the primordial breast cells
still stain positively for both luminal and myoepithelial
markers [209]. Between 20 and 32 weeks, differentiation of
mesenchyme into fat within the dense connective tissue
stroma occurs.

Prenatal branching morphogenesis is accompanied by
canalization via apoptosis of centrally located cells [210]. By
the end of the fetal period, the secondary outgrowths are
canalized and distinct luminal and myoepithelial cell popu-
lations are present (Fig. 1.12).

Late in the fetal period, the original invagination site of
the primary bud evaginates to form the nipple [35]. Prior to
parturition, the lumens of the mammary gland ductal tree are
distended with secretory products of the epithelial cells, but
the extent of this activity varies greatly from individual to
individual as well as from lobule to lobule within a single
breast. Typically, luminal cells already contain fat droplets,
rough endoplasmic reticulum, and apical membranes with
blebs and pits characteristic of secretory cells. Underlying
myoepithelial cells are structurally mature with numerous
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hemidesmosomes anchored to a tortuous BM. Their orien-
tation, in contrast to the luminal cells, is parallel to the BM
[211]. Myoepithelial cells late in gestation contain typical
smooth muscle markers and are positive for Ki-67, a nuclear
marker that indicates proliferation [204].

1.4.1.2 Hormonal Regulation of Prenatal Breast
Development

Human female and male mammary glands develop similarly
in utero (not so in some animals [212, 213]) and this phase of
breast development is thought to be autonomous, in the sense
that it does not require hormonal input [208]. This statement
is based partly on the observation that fetal mice lacking
receptors for estrogen, progesterone, GH, or PRL exhibit
normal prenatal mammary gland development [131, 214].

However, several observations point to an endocrine
input in prenatal breast development. Toward the end of
gestation, the alveolar epithelium becomes active and it
makes the “witch’s milk” seen in newborn infants. This
event is attributed to the release of fetal pituitary PRL from
maternal and placental steroid inhibition. Also, human fetal
serum PRL rises in late gestation and peaks at term [215],
and the PRLR is present in fetal breast tissue [210]. ERα is
present in human mammary epithelial cells beginning in the
30th week of gestation [216], a time of high mammary
epithelial cell proliferative activity. PR expression is also
present in the fetus, but both ER and PR expressions are
highly variable during this period [217]. ERα and PR are
both upregulated shortly before birth [216]. In addition,
some claim that after week 15, human breast development is

influenced by testosterone [35]. Near term, the breast can
respond to maternal and placental steroids and to PRL.

1.4.1.3 Genes, Transcription Factors,
and Growth Factors During
Prenatal Breast Development

BCL-2, an inhibitor of apoptosis, is expressed maximally in
fetal breast and absent in the epithelium of the normal adult
breast. At week 18 of gestation, BCL-2 is highly expressed
in the basal epithelial cell layer and surrounding mes-
enchyme and is thought to play a role in preventing apop-
tosis and allowing for cell population expansion [218].
BRCA1, a tumor suppressor gene, is expressed at a high level
in human fetal breasts between week 21 and 26 of gestation
and is closely associated with differentiation [219].

TGF-α is expressed in the developing breast where it
promotes both proliferation and differentiation [194]. It is
localized to the developing stroma and the epithelial bud.
TGF-β is seen in the ECM throughout prenatal development
and modulates cell–ECM interaction [35], inhibiting cell
proliferation [131, 194, 220, 221]. BM inhibits the expres-
sion of TGF-β [222]. Tenascin-C, known to regulate rodent
mammary cell differentiation in culture [223] and promotes
growth in fetal tissues, is present around the neck of the
human breast bud (a highly proliferative region) [35]. Dur-
ing the prenatal period, as in other life stages, EGF and its
receptor may mediate estrogen effects. PTHrP is required for
the formation of mammary specific mesenchyme [131] and
appears to modulate stromal function during fetal branching
morphogenesis [224].

Fig. 1.12 Low power
micrograph (50×) of a fetal
human breast. A few ducts are
present, but adipose and dense
irregular connective tissues
predominate
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1.4.2 Breast Development from Birth
to Puberty

1.4.2.1 Events in Breast Development from Birth
to Puberty

Studies [225, 226] of newborn infants and young children
indicate that the mammary gland remains active after birth
and even produces casein during the first 2 months. Lobules
are well formed and some contain secretions. Ducts end in
short ductules lined with two layers of cells: an inner
epithelial and an outer myoepithelial. Specialized intra- and
interlobular connective tissues are similar to those in the
adult breast [33].

During the first 2 years of life, branching and terminal
lobule development continues. By 2 years of age, however,
the lobules have completely involuted (although myoep-
ithelial cells remain) [209]. Between 2 years and puberty,
breast development essentially just keeps pace with body
growth [206], and during this time, epithelial proliferation is
consistently low [217].

There are four stages of lobule development in the human
mammary gland [227]. Type 1 lobules consist of clusters of
6–11 ductules and are present prior to puberty; type 2 lob-
ules have more ductules, develop during puberty, and are
characteristic of the inactive breasts of nulliparous women;
type 3 lobules have still more ductules (up to 80) and
develop during pregnancy; and type 4 lobules are charac-
teristic of lactating breasts and are never found in nulliparous
women. Women at various life stages have different per-
centages of each lobule type and each type is thought to give
rise to specific kinds of pathologies [228].

1.4.2.2 Hormones in Breast Development
from Birth to Puberty

During fetal life, although the breast does not require hor-
mones to develop, it is exposed to placental hormones,
especially estrogen and progesterone. These hormones pro-
mote growth, but inhibit PRL, which is required for the
mammary gland to become functional. At birth, the release
of infant PRL from the inhibitory maternal and placental
hormones frees PRL to promote milk secretion. As a result,
80–90 % of infants (female and male) secrete “witch’s
milk.”

Breast size in infants is related to circulating PRL levels
[229]. Preterm infants have higher PRL levels between
weeks two and six after birth than during the first week
[229]. Between eight and 16 weeks of age, children of both
genders have a surge of reproductive hormones, including
estrogen. Three-month-old girls have higher estrogen levels
than boys, and the amount of breast tissue is positively
correlated with estrogen levels [230]. PRs are expressed in
5–60 % of mammary epithelial cells for up to 3 months

postpartum [216]. Collectively, these observations seem to
indicate that the child’s own gonadal secretions may be
active in the breast in early postnatal life.

1.4.2.3 Other Regulatory Factors in Breast
Development from Birth
to Puberty

TGF-α is present in the infant breast in both the luminal
epithelium and interlobular stroma. It is concentrated in
epithelia of terminal buds and lobular buds. TGF-α disap-
pears from the breasts of male newborn infants after 4 days,
but persists in females for up to 25 days postpartum [194].
The proliferation marker, Ki-67, is present in infant breast
bud epithelium, predominantly in the neck region of terminal
buds, but not in infants older than 25 days (coinciding with
the disappearance of TGF-α). TGF-β (the growth inhibitor)
[231] localizes to the stromal tissue near the epithelium in
neonates. It declines after three months of age [194]. BCL-2
is found in luminal cells, but no longer is found in myoep-
ithelial cells or fibroblasts, from 28 weeks of gestation
through puberty [217].

1.4.3 Puberty

1.4.3.1 Events in the Breast During Puberty
The mammary gland is unique among glands in that it
undergoes most of its branching during adolescent rather
than fetal development. Branching in puberty, as in the fetus,
involves cross talk between epithelium and stroma during
which patterns of side branching are determined by stromal
cues [131]. The mammary gland duct system develops into
its mature lobuloalveolar arrangement in a sequential man-
ner. Ducts elongate, their epithelia thicken, and the adjacent
connective tissue increases in volume. In mice, club-shaped
structures called terminal end buds (TEBs) form at the end of
the ducts. They are formed by stem cells and have the
greatest proliferation rates [232]. Each TEB is the leading
edge of a growing duct, as it advances, branches, and then
forms alveolar buds.

The TEB is made up of a single outer layer of undiffer-
entiated cap cells and multiple inner layers of “body” cells.
Cells in the trailing edge of the cap cell layer differentiate
into myoepithelial cells. Lumen formation in the segment
trailing the TEB involves apoptosis [233], with as much as
14 % of internally located cells undergoing apoptosis con-
currently. Subsequent branching is both via TEB bifurcation
and more proximal lateral branching [234].

Branching during puberty is highly variable. The previously
blunt-ended ductal termini undergo dichotomous branching,
while lateral buds form more proximally. The primary ducts
extend into underlying tissue from the nipple, giving rise to
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segmental ducts, subsegmental ducts, and terminal ducts (in
order). The terminal ducts give rise to acini. The acini arising
from one human terminal duct and surrounded by intralobular
connective tissue collectively make up a TDLU [33]. During
puberty, stem cell numbers increase [235]. By age 15, human
breast structure is established centrally, but continues to expand
peripherally. By age 18, parenchymal architecture is typical of
the nulliparous adult [33].

Within the stroma, undifferentiated mesenchymal cells
attach to the under surface of the basal lamina in the mid-
section of each end bud and form a monolayer outside of the
myoepithelial cell layer. The mesenchymal cells will even-
tually become fibrocytes synthesizing collagen and other
ECM molecules [236]. Large quantities of adipose tissue are
deposited within the dense inter- and intralobular connective
tissue during this time, although dense irregular connective
tissue remains the predominant tissue type at the end of
puberty in humans.

While significant glandular differentiation occurs in
puberty, the process continues for at least another 10 years
[35], but the most dramatic phases of parenchymal breast
development must await pregnancy. Between puberty and
the first pregnancy, the mammary gland is resting or inactive
(Fig. 1.13). There is some debate as to whether any true
secretory units develop prior to pregnancy. There is, how-
ever, agreement that the lobules of the resting breast consist
essentially of ducts and that a few alveoli may be present
during the late luteal (postovulatory) phase of menstrual
cycles. It is an issue that is moot, since ducts, as well as
alveoli, are capable of secretion. Over the next few years,
clusters of 8–11 alveolar buds are found within each TDLU.
Later cyclic hormonal variations result in smaller, but more
numerous alveolar buds.

1.4.3.2 Hormonal Regulation of the Breast
During Puberty

Puberty is initiated by the maturation of the HPG axis and
results in the hormonally driven outgrowth of the mammary
epithelial tree [234]. A gradual increase in GnRH secretion
by the hypothalamus, which does not secrete it in significant
amounts during childhood [145], promotes ovarian steroid
production by the way of LH and FSH. Changes during
puberty result from the surges of both pituitary and ovarian
hormonal activities.

During the first 1–2 years following menarche, when
cycles are often anovulatory, the breast is exposed to the
unopposed actions of estrogen. This period is a window
during which ductal growth occurs [237]. Estrogen respon-
siveness and control are essential for normal pubertal breast
development [238], and serum estrogen levels parallel breast
development during this period [210]. Duct epithelial
thickening, elongation, and branching are all promoted by
estrogen. So are the expansion and differentiation of stromal
and adipose tissue [131, 237]. Not surprisingly, ERs are
found in both epithelium and stroma. Estrogen is so potent
that women with the gonadal dysgenesis of Turner’s syn-
drome, who normally do not develop breasts, will do so if
treated with estrogen [239].

During puberty (as is true in all life stages), the lobules
with the greatest degree of proliferation consistently have the
highest numbers of both ER- and PR-positive cells and the
highest proliferation rates. There is a progressive decrease in
both proliferation and steroid receptor expression as lobules
(and their cells) become more differentiated [240]. GH and
its receptor are essential for mammary gland development
during puberty in the rodent [101, 241]. In fact, GH may be
the pituitary hormone most central to mammary

Fig. 1.13 Low power
micrograph (50×) of an inactive
human breast. The letter A
indicates adipose tissue. The
arrows at B indicate lobules. Note
the low number of ductules in
each lobule, as compared to the
lobules in the active breast at the
same magnification in Fig 1.5,
and the lobules of the pregnant
breast, also at the same
magnification in Fig 1.15
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development at this time and probably acts by the way of
stromal IGF-I [241]. Two other hormones participating in
pubertal breast development are glucocorticoids and vitamin
D3.

1.4.3.3 Other Regulatory Factors in the Breast
During Puberty

Factors important to breast development during puberty
include transcriptional target genes and locally produced
factors that mediate the effects of the major mammogens.
IGFs are important to the survival of mammary gland cells
during puberty and are known to suppress apoptosis [242].
Other factors include immune mediators, such as CSF-1 and
eotaxin (important in the recruitment or production of
macrophages and eosinophils, respectively), cell adhesion
and axonal guidance proteins, ECM-remodeling enzymes
(e.g., MMPs and their inhibitors), and TGF-βs (inhibitors of
duct development) [243].

1.4.4 The Adult Premenopausal Breast

1.4.4.1 Cyclic Events in the Premenopausal
Adult Breast

Early in each menstrual cycle, ducts are cord-like with little
or no lumen. The midcycle increase of estrogen causes
luminal cells to get taller, lumens to form, and secretions to
accumulate in ducts and alveoli. Ductule cells undergo
secretory differentiation during the luteal phase [36], while
the stroma becomes more vascular [13] and accumulates
fluid. Premenstrual enlargement and discomfort are attrib-
uted to this hyperemia and edema.

Mammary proliferative rates are higher in the luteal phase
as measured by thymidine labeling [244], number of mitotic
figures [245], and the percentage of cells that stain for Ki-67.
When samples are controlled for both menstrual dates and
progesterone levels, the proliferative index is found to be
more than twice as high in the luteal phase than in the fol-
licular phase. The apoptosis index does not differ signifi-
cantly between phases of the cycle [246].

Morphological changes [245] divide the menstrual cycle
into four phases. In stage 1 (days 0–5), it is difficult to
distinguish between the luminal and myoepithelial layers.
Both cell types have round nuclei and minimal amounts of
pale cytoplasm. Sharp luminal borders with eosinophilic
intraluminal secretions are common, but apoptosis and
mitosis are mostly absent. The stroma is slightly edematous.
In stage 2 (days 6–15), it is easier to distinguish epithelial
and myoepithelial layers and many lobules show myoep-
ithelial cell vacuolation. There are no mitoses or apoptotic
bodies, and there is no stromal edema or infiltrate. In stage 3
(days 16–24), lobules are larger and each lobule contains
more ductular units. Two distinct layers of epithelial cells are

easily distinguished. Myoepithelial cells are more vacuo-
lated, and luminal cells are more oval and basophilic. Mitotic
and apoptotic cells are both detected, and edema and infil-
trate are again found in the interlobular stroma. In the last
stage (days 25–28), vacuolization is extensive and luminal
cells have cytoplasmic basophilia and prominent nuclei with
large nucleoli. The most characteristic features of this final
stage are frequent mitotic figures and increased apoptotic
activity. While this phase of the cycle demonstrates more
apoptosis, there are still only a small number of scattered
cells undergoing the process [247]. Stromal edema is
extensive, and there are more inflammatory cells.

During the preovulatory period (days 0–14; stages 1 and 2),
epithelial cells exhibit few microvilli and sparse secretory
organelles. In the postovulatory phase (days 15–28; stages 3
and 4), luminal cells have prominent microvilli and more
rough endoplasmic reticulum, secretory vacuoles, and
glycogen [248]. Several BM components vary in amount
during the menstrual cycle, including laminin, fibronectin,
collagen types IV and V, and proteoglycans, all of which are
lowest in mid-cycle. Collagen types I, III, VI, and VII do not
exhibit cyclic variation [249]. Immunoglobulin secretion
within the human mammary gland exhibits cyclic fluctuations
[250], specifically levels of IgA and the secretory component;
both are highest in the preovulatory phase of the menstrual
cycle. However, there is conflicting evidence that
immunoglobulin levels may be constant throughout the cycle
[244].

Mammary gland development in each cycle never fully
regresses to the starting point of the preceding cycle. Each
cycle results in slightly more development and new budding
until about the age of 35. The progressive increase in the
number of lobules is accompanied by an increase in the size
of each lobule and a reduction in the size of individual
ductules and alveoli within the lobules.

1.4.4.2 Hormones Regulating the Adult
Premenopausal Breast

The part of the menstrual cycle exhibiting the highest rate of
epithelial proliferation in the breast is the luteal phase. The
luteal phase is also the period during which both estrogen
and progesterone levels are highest [155, 210] (Fig. 1.11).
When breast tissue from non-pregnant women is xenografted
into mice, treatment with estrogen (at high, i.e., luteal,
levels) is the best inducer of epithelial proliferation [155].
Estrogen stimulates both DNA synthesis and bud formation
[206].

Proliferation is highest during the luteal phase and, hence,
the hormonal milieu at this time favors proliferation in the
breast. The ERs and PRs in the human breast vary with the
stage of the menstrual cycle, but there is disagreement as to
when, in the cycle, levels for each receptor are high and low
[251]. One study states that ER-positive cells are most
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abundant during day 3 through day 7 and PR-positive cells
are most abundant during the following week (days 8–14)
[252], while another study found both ER- and PR-positive
cells most abundant in the second week (days 8–14) of the
cycle [253].

Estrogen at low (i.e., follicular) concentrations induces
PR expression, and cells expressing ERα are also
PR-positive. ERα/PR-positive cells may act as steroid sen-
sors, secreting paracrine factors that, in turn, regulate the
proliferative activity of adjacent ERα/PR-negative cells
[155]. Local levels of estradiol in the normal human breast
are highest during the luteal phase when plasma proges-
terone levels are also high. Progesterone may promote the
local conversion of estrogen precursors into potent estradiol
in normal breast tissue [254]. EGFR is also maximally
expressed in the luteal phase and is found primarily in
stromal and myoepithelial cells [255].

1.4.4.3 Other Factors Regulating the Adult
Premenopausal Breast

Stat5 is activated at a basal level in non-pregnant human
breast epithelial cells and is specific to luminal cells and
absent in myoepithelial cells. It regulates PRLR expression
and may prevent apoptosis in differentiated epithelial cells. It
is maintained in a state of activation by PRL [256].

1.4.5 Pregnancy

1.4.5.1 Events in the Breast During Pregnancy
In pregnancy, as in other phases of breast structure and
function, there is remarkable heterogeneity among lobules;
some are quiescent, while others proliferate. During early

pregnancy, distal ducts branch and create both more lobules
and more alveoli within each lobule [251]. During the first
trimester, there can be as much as a 10-fold increase in the
number of alveoli/lobule. Breast enlargement in this phase of
pregnancy is due to both cellular hypertrophy and hyper-
plasia [257] (Fig. 1.14). Luminal epithelial cells differentiate
into cells with typical secretory cell morphology. At the
same time, the epithelial and adipose compartments of the
mammary gland shift their lipid metabolism in a concerted
way, such that fatty acid availability to the epithelial cell is
increased [258]. Some adipocytes may actually transdiffer-
entiate into epithelial cells.

By mid-pregnancy, lobuloalveolar structure is established
and ductules differentiate into alveoli. Each lobule contains a
mixture of alveolar and tubular end pieces that have budded
off from the terminal portion of the duct system, and many of
these end pieces are still solid knots of cells [259]. The
lobules now include some that can be classified as type 3
(described earlier) [227].

In the last trimester, epithelial cells are full of lipid dro-
plets and adipophilin (lipid droplet-associated protein)
expression is increased. Luminal cells also have prominent
endoplasmic reticulum, hypertrophied Golgi, and swollen
mitochondria. Enzymes characteristic of lactation are present
[257]. Although luminal cell differentiation into secretory
cells is advanced, it is not yet maximal. The secretory pro-
duct (colostrum) filling the lumens has a high antibody
content and is more similar in composition to blood plasma
than to milk [36]. Breast enlargement in the third trimester is
both due to this distention of acini by colostrum and due to
an increase in stromal vascularity. Fat and connective tissues
at this stage have now largely been replaced by parenchyma
[251]. The remaining fibrous connective tissue has been

Fig. 1.14 Low power micro-
graph (50×) of a pregnant human
breast. Note the huge number of
ductules in each lobule and the
dense irregular connective tissue
separating the lobules. There is
little adipose tissue
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infiltrated with plasma cells, lymphocytes, and eosinophils
[43].

Nulliparous women have lobules that are less differenti-
ated than those of parous women. Among parous women,
those who were pregnant before the age of 20 have a greater
persistence of the more differentiated lobule type [206].
Changes in the breast that occur during pregnancy, specifi-
cally the complete differentiation of type 3 lobules, are
permanent, and each subsequent pregnancy results in the
accumulation of additional differentiated lobules [227]. In
animal models, exposures to the high levels of estrogen and
progesterone typical of pregnancy induce long-term alter-
ations in gene expression in mammary epithelial cells. These
alterations may induce a decrease in growth factors and an
increase in apoptosis [260] and may contribute to the
widespread phenomenon of pregnancy-induced protection
against cancer. Breast tissues of postmenopausal parous
women express numerous genes in both parenchyma and
stroma that differ from those expressed in postmenopausal
nulliparous women [261].

1.4.5.2 Hormones in the Breast During
Pregnancy (Fig. 1.15)

The placenta secretes estrogen and progesterone and takes
over this function from the corpus luteum as pregnancy
continues into the second and third trimesters. Near the end
of pregnancy, maternal estrogen levels are as much as
30-fold greater than before conception. Progesterone levels
increase about tenfold during pregnancy [145]. Estrogen,
with the help of progesterone, prepares the mother’s breasts

for lactation by promoting breast enlargement and growth of
the duct system. Progesterone also promotes lobuloalveolar
differentiation at this time [163]. However, estrogen and
progesterone both inhibit the actual secretion of milk by the
breast during pregnancy.

The xenograft model in which human mammary epithe-
lial cells are seeded into collagen gels containing fibroblasts,
and then placed under the renal capsule of athymic nude
mice, has been a fruitful tool for examining hormonal reg-
ulation of human mammary gland development [127].
Normal human ductal structure develops in the graft.
Treatment of host mice with diethylstilbestrol (DES), a
synthetic estrogen, increases the number of ducts per unit
area. Continuous treatment with DES induces expression of
PR in luminal cells and downregulates epithelial ERα.
Estrogen plus progesterone treatment induces epithelial PR,
and then, progesterone downregulates its own receptor.

When the host mice become pregnant, mammary
epithelial cells proliferate, the human ducts become dis-
tended with secretions, and the apical cytoplasm of luminal
cells is vacuolated. Both β-casein and fat globule protein are
increased [127]. PR knockout mice have shown that
pregnancy-associated ductal side branching and lobuloalve-
olar development require PRB expression [160].

During pregnancy, the trophoblast also secretes human
chorionic gonadotropin (hCG). Levels of this hormone rise
dramatically in early pregnancy, peak in the eighth to tenth
week after fertilization, and then fall to a constant level that
is maintained until parturition (Fig. 1.15). hCG causes the
corpus luteum to secrete massive quantities of estrogen and

Fig. 1.15 Graph of hormonal
levels during pregnancy
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progesterone that are required to maintain the endometrium.
Peak levels of hCG coincide with the highest levels of
proliferation in the mother’s breast. Human breast tissue
implanted into nude mice that were then impregnated shows
the same concurrence of proliferation and hCG levels.
Implants in non-pregnant mice can be stimulated to prolif-
erate in a dose-dependent manner by exogenous hCG, but
only if ovaries are intact, implying that hCG acts indirectly
by increasing ovarian steroid production [262].

Even a single pregnancy carried to term (especially by a
young mother) can protect against breast cancer. Pregnancy
exposes the breast to a unique hormone profile including
prolonged progesterone elevation, human placental lactogen
(hPL, aka human chorionic somatomammotropin), altered
glucocorticoid secretion, and increased levels of estrogen
and PRL [263]. There are multiple pregnancy-induced per-
manent changes in the breasts of parous women, including
lower levels of PRL [264], a more differentiated gland with
greater complexity of secretory lobules and less proliferative
activity [227], an altered gene expression profile involving
over 70 genes (in rodents) [265], and increased innate
immune response proteins and DNA repair proteins [261]. In
rats, it has been shown that hCG can substitute for preg-
nancy in its protective benefit. Furthermore, both pregnancy
and treatment with hCG create the same (protective) geno-
mic signature [266]. Some believe that this transformation
occurs in the stem cell population, changing stem cells from
a less differentiated “stem cell 1” to a more differentiated,
less vulnerable “stem cell 2” [267]. hPL is a general meta-
bolic hormone that is made by the placenta in quantities
several times greater than the other placental hormones
combined. Secretion of hPL begins about three weeks after

fertilization and continues to rise throughout the rest of
pregnancy. It enhances the effect of estrogen [127].

Asis true inother lifestages,severaladditionalhormonesare
important to breast development in pregnancy. PRL from the
mother’santeriorpituitaryrisesfromthefifthweekofpregnancy
untilbirth,atwhichtimethelevelsofPRLare10–20-foldhigher
thanbefore conception. Estrogen, progesterone, PRL,GH, and
thyroid hormones are all essential to duct elongation and
branching,aswellas toalveolarbudding[210].

1.4.5.3 Other Regulatory Factors in the Breast
During Pregnancy

FGFs [268] promote growth and alveolar differentiation
during pregnancy, and CTGF/CCN2 is expressed during this
time, possibly promoting lactational differentiation just as it
does in epithelial cells in culture [198]. BRCA1 protects
genomic stability and is expressed in rapidly proliferating
tissues such as the mammary epithelium during pregnancy
[269], where it favors differentiation at the expense of pro-
liferation [270].

1.4.6 Lactation

1.4.6.1 Events in the Lactating Breast
During lactation, mammary lobules enlarge further and
acinar lumens dilate, filled with a granular material and fat
globules. Lobule size still varies significantly within the
gland, at this time probably reflecting variations in milk
secretory activity. The lactating breast is very similar to the
breast of a pregnant woman, except that secretory products
have markedly distended the ducts and acini [43] (Fig. 1.16).

Fig. 1.16 Low power
micrograph (50×) of a lactating
human breast. Note the dilated
ductules (now acini), many of
which are filled with milk. The
vasculature is abundant in the
interlobular connective tissue
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Myoepithelial cells increase in number during pregnancy,
but their differentiation is not complete until the onset of
lactation when the number of myofilaments increases dra-
matically and contractile activity begins [10].

The luminal epithelium in the lactating breast has the
expected secretory machinery: rough endoplasmic reticulum,
a moderate number of rod-shaped mitochondria, and Golgi
complexes lateral and apical to the nucleus [36]. The
membrane-bounded secretory vesicles contain extremely
electron-dense protein granules (casein) suspended in a less
dense fluid, presumably containing lactose and non-casein
whey proteins [36, 271]. Endocytic vesicles seen throughout
the luminal cell are thought to be involved in transcellular
transport of immunoglobulins and other substances. Abun-
dant lipid droplets are not membrane-bounded, occur in a
variety of sizes, and contain fatty acids from the blood as
well as some synthesized within mammary cells [36].

The lactating breast has increased density on MRI, con-
sistent with increased glandular volume. There is diffuse
high signal intensity on T2-weighted images, reflecting the
high water fraction within milk [272].

1.4.6.2 The Process of Lactation
Placental hormones hPL, estrogen, and progesterone are
withdrawn at parturition, and maternal PRL, like fetal PRL,
is freed of their inhibitory effects allowing the functional
differentiation of the mammary gland to proceed. A 2–
3-week period of secretion ensues before the appearance of
fully mature milk.

In humans, transplacental transport of immunoglobulins
provides humoral immunity to the newborn for the first
weeks of life. This protection is complemented by IgA and
lactoferrin, a protein with antimicrobial properties, in the
colostrum. These proteins are able to cross the epithelium
lining the infant digestive tract intact [273].

Beginning about 36 h after parturition, milk volume
increases more than tenfold [274]. Tight junctions in the
breast are tightly closed during lactation [123], and this
decrease in permeability is accompanied by an increase in
milk secretion. In the transition to mature milk, concentra-
tions of sodium and chloride fall and lactose concentration
increases, changes dependent on the closure of mammary
epithelial tight junctions [275].

Milk composition varies during lactation and even
between suckling episodes. Usually, milk is about 88 %
water, 7 % carbohydrate (mainly lactose), 3.5 % lipid
(mainly triglycerides), and 1.5 % protein (mainly lactalbu-
min and casein). Milk also contains important ions (sodium,
potassium, chloride, calcium, and phosphate), vitamins, and
IgA antibodies [276], as well as other antimicrobial sub-
stances such as cytokines and complement [277]. Human
milk has several components not found in cow’s milk,
including lactoferrin, growth factors, long-chain

polyunsaturated fatty acids, and glycoconjugates. The
advantages of breast milk over formula feeding are many,
including immune benefits and better mental development
[278]. Formula-fed infants have a different growth pattern
and a greater risk of obesity than do breast-fed infants [279].
However, the touted advantages of lower cancer risk and
lower blood pressure later in life, as well as the claim that
over half of the infant deaths in North America are due to a
failure to fully breast-feed, may be exaggerated [280–282].

The lactating breast can be viewed as a lipid-synthesizing
machine. In mice, lipid secretion over a 20-day period is
equal in weight to the entire lactating mouse [283]. In
humans, maternal body fat and milk fat concentration are
positively related. Low milk fat is correlated with increased
milk volume, perhaps because infant demand is higher
[284].

Secretory processes in the mammary gland involve five
mechanisms: merocrine secretion, apocrine secretion, trans-
port across the apical membrane, transcytosis of interstitial
molecules, and paracellular transit [274]. The two main
mechanisms utilized by the luminal epithelial cells during
lactation are merocrine and apocrine secretion.

Proteinaceous material is secreted by the merocrine
method. Proteins destined for release into the lumen are
synthesized in the rough endoplasmic reticulum, shuttled
through the Golgi apparatus, and carried by secretory vesi-
cles to the surface membrane with which they fuse, empty-
ing only their contents into the lumen. Protein secretion in
the breast is primarily constitutive [274]. Most of the cal-
cium in milk is also likely released via exocytosis of
Golgi-derived secretory vesicles. Additional transport from
the cytoplasm to the surface is mediated by a calcium
ATPase [285].

Lipid droplets are released from the cell by apocrine
secretion, even though the loss of cytoplasm is slight [43].
The total amount of membrane lost over time, however, is
extensive [36] and must be replaced by the endoplasmic
reticulum—Golgi system [286]. The membrane released into
the milk has two functions: It is the main source of phos-
pholipids and cholesterol for the infant, and it prevents
released fat globules from coalescing into larger globules
that might be difficult to secrete [274].

Specific transport mechanisms for sodium, potassium,
chloride, calcium, and phosphate ions are all present in the
breast. Sodium, potassium, chloride, and water directly
permeate the cell membrane [287]. There is a glucose
pathway across the apical membrane [288], and apical
pathways also provide a means for the direct transfer of
therapeutic drugs into milk [289]. Lactose secretion is pri-
marily responsible for the osmotic movement of water into
milk.

Transcytosis of interstitial molecules is one means
whereby intact proteins can cross the mammary epithelium.
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Immunoglobulins enter milk via this mechanism [290]. IgA
is synthesized by plasma cells and binds to receptors on the
basal surface of the mammary alveolar cell. The IgA–re-
ceptor complex is endocytosed and transported to the apical
surface where the receptor is cleaved, and the cleaved por-
tion is secreted along with the IgA. Other proteins, hor-
mones, and growth factors are thought to be secreted by
similar mechanisms [274]. Once the IgA enters the newborn
gut, it is also transcytosed across that epithelium [290].

The paracellular pathway allows the passage of sub-
stances between epithelial cells. During lactation, however,
the passage of even small molecular weight substances
between epithelial cells is blocked by the very tight junctions
mentioned earlier. Neutrophils, however, can apparently
diapedese between epithelial cells to reach the milk after
which the tight junctions reform behind them. It is important
that the tight junctions are leaky both during pregnancy and
following involution. This allows secretory products to leave
the gland (presumably preventing distention) and protective
molecules to enter the milk space in the former case and
products of mammary cell dissolution to be cleared from the
breast in the latter [274].

1.4.6.3 Hormones During Lactation and Nursing
As mentioned earlier, progesterone promotes the functional
differentiation of the breasts: budding of alveoli and transi-
tion of luminal epithelial cells into cells capable of milk
secretion. PRL is essential for the functional differentiation
of the breast following parturition, and pulsatile release of
PRL is essential for successful lactation [58]. During labor,
the levels of β-endorphins increase and stimulate the release
of PRL [291]. PRL enhances the development of tight
junctions [275] and is one of several hormones important for
lactation that are secreted in the breast itself [292] (GH is
another [293]). After birth, maternal PRL levels fall, but a
surge of PRL secretion occurs during each nursing episode.
Unlike OXT release, which can occur in response to a
baby’s cry, the burst in PRL secretion requires the suckling
stimulus [294]. Women with low levels of PRL during
pregnancy have difficulty lactating [295]. GH, parathyroid
hormone, and insulin also promote lactation.

Each time the baby nurses, neural impulses transmitted to
the hypothalamus result in the release of OXT. OXT, in turn,
causes myoepithelial cells to contract and express milk from
the alveoli into the lactiferous ducts, a process known as
milk “letdown.” However, psychogenic factors can inhibit
the “letdown” reflex [145, 294] since the hypothalamic
neurons that synthesize OXT receive inputs from higher
brain centers and afferent somatic signals from the breast.

The short-term regulation of milk synthesis is related to
the degree to which the breast is emptied in each feeding and
perhaps to the frequency of feeding; thus, it is coupled clo-
sely to infant appetite [296]. After several months of

breast-feeding, especially if the infant is also being fed solid
foods, FSH and LH levels will rise and reestablish the
menstrual cycle. However, prior to that time, PRL inhibits
LH and FSH secretion, preventing ovulation and mediating
the contraceptive effect of breast-feeding [145]. Even if
nursing remains the sole source of infant nutrients, the
secretory capacity of the breast eventually diminishes.
Theories abound as to why this occurs, including secretory
cell aging or a programmed developmental response related
to maternal endocrine changes and/or target cell adaptations
[297].

1.4.6.4 Other Regulatory Factors During
Lactation

Clusterin, a glycoprotein involved in epithelial differentia-
tion and morphogenesis, is upregulated at the end of preg-
nancy. Blocking clusterin production in mice results in a
decrease in the levels of milk production [298]. Alcohol
consumption, often recommended to mothers with lacta-
tional difficulty, has been shown to increase PRL, but it
decreases OXT, with the net effect of reducing milk yield
[299].

1.4.6.5 Effects of Lactation on the Nursing
Mother

While the breast and its hormonal milieu are important in the
production of milk, lactation, in turn, has effects on the
mother’s body. These effects are highly variable. Most
reports indicate that postpartum weight loss does not differ
between lactating and non-lactating women, nor does
regional weight distribution. Pregnancy promotes fat depo-
sition in a gynoid subcutaneous distribution (buttocks and
thighs), and postpartum weight loss is from the same
regions, returning proportions to pre-pregnancy ratios [300].

PRL inhibits GnRH secretion and it also inhibits the
action of GnRH on the pituitary and antagonizes the action
of gonadotropins on the ovaries. As a result of these inter-
actions, ovulation is inhibited. Thus, ovaries are inactive and
estrogen and progesterone outputs fall. Nearly half of the
menstrual cycles after menses resume are still anovulatory.
Nevertheless, 5–10 % of women who are breast-feeding
become pregnant [301].

New mothers are often anxious to lose the weight gained
during pregnancy. Slow weight loss (about 1 lb/week) does
not have an adverse effect on milk volume or composition if
proper nutrition is maintained and nursing is on demand.
Maternal plasma PRL concentration generally increases
under conditions of negative energy balance and may protect
lactation [302].

1.4.6.6 Calcium Metabolism During Lactation
Since milk is rich in calcium, the mammary gland needs a
steady supply of calcium and mechanisms to secrete and
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concentrate it in milk. Mothers are in negative calcium
balance during lactation. In spite of the fact that calcium is
toxic to cells, mammary epithelial cells must transport large
amounts of it from extracellular fluid, through their cyto-
plasm into milk. The huge amount of calcium leaving the
mother results in the mobilization of skeletal calcium and a
reduction in her bone mass. The increased bone resorption
has been attributed to falling estrogen levels and increased
PTHrP levels during lactation. Mammary epithelial cells
secrete PTHrP into the circulation, directly participating in
the dissolution of bones [303]. Amazingly, the calcium lost
during breast-feeding is fully restored within a few months
of weaning and women who breast-feed do not have
long-term deficits in bone calcium [304].

1.4.7 Postlactational Involution

There are three overlapping stages to postlactational invo-
lution [130]. The first phase is reversible (by suckling [305])
and includes secretion cessation and loss of alveolar cell
phenotype. The second involves alveolar cell apoptosis and
phagocytosis, and the third is characterized by the regrowth
of stromal adipose tissue.

While the size and secretory activity of the human
mammary gland decline slowly as the infant begins to eat
other foods, scientific understanding of postlactational
involution is based primarily on laboratory animal studies
where weaning is artificially abrupt and early (however,
apoptosis also occurs in gradual weaning [305]). In these
animals, secretion continues for a day or so and glands
become so distended with milk that cells and alveolar walls
rupture. Milk accumulation in the lumens of ducts and
alveoli, as well as within the luminal epithelium itself,
inhibits milk synthesis. A reduction in the volume of
secretory cells and further inhibition of secretion ensue
[206]. Immediately before postweaning apoptosis, the con-
formation of β1-integrin changes to a non-binding state
[107], disrupting the cell–ECM interaction and leading to a
loss of the differentiated lactational phenotype [306].
Lactation-associated genes are inactivated (e.g., for
β-casein), and involution-associated genes (e.g., for stro-
melysin) are activated [307]. This phase ultimately involves
hundreds of genes [308, 309].

Dedifferentiation and apoptosis will occur even if the
animal becomes pregnant, suggesting that tissue remodeling
is necessary for subsequent lactation [305]. Apoptosis, the
actual death process, involves a loss of cell junctions and
microvilli, nuclear chromatin condensation, and margina-
tion, nucleolar dispersion, folding of nuclear membrane, and
nuclear fragmentation [310]. As much as 80 % of mammary
epithelial cells undergo apoptosis [311].

Autophagy, a mechanism whereby a cell destroys its own
organelles [312], is intense in the luminal epithelium during
involution. Lysosomal enzymes increase and remain high,
while other enzymes decline. Vacuoles contain organelles in
various stages of degradation [36]. Cell autolysis, collapse of
acini, and narrowing of tubules, as well as macrophage
infiltration, occur in parallel with the regeneration of con-
nective tissue [206]. Degenerating cells and debris are likely
removed by the macrophages [313], although viable alveolar
epithelial cells also phagocytose their apoptotic neighbors
[314]. The large number of apoptotic cells is cleared quickly
and efficiently [311]. Myoepithelial cells generally persist
[36].

During postlactational involution, inflammatory pro-
cesses are suppressed and ECM-degrading MMPs increase,
as does the ratio of metalloproteinases to their inhibitors
[130, 306, 315]. Both the BM and the stromal matrices are
degraded [316, 317] in rodents, but BMs remain intact in
cows and goats [305].

Although breast vascularity increases throughout life in
nulliparous women, it is reset at a level below baseline
subsequent to lactation [318] in women who have given
birth. But, from the end of lactation to the onset of meno-
pause, breasts of parous women contain more glandular
tissue than those of nulliparous women [206].

IGFBP may initiate apoptosis by sequestering IGF-I, an
important cell survival factor in the mammary gland [242,
319, 320]. TGF-β3 also may be an apoptosis initiator for
alveolar cells [190] and is upregulated by milk stasis at the
beginning of weaning [311].

1.4.8 Postmenopausal Involution

The permanent cessation of the menstrual cycle, menopause,
occurs naturally with the decline of hormonal production
between the ages of 35 and 60. Ovarian steroid production
ceases almost completely. Following menopause, the breast
regresses, with a decline in the number of more highly dif-
ferentiated lobules and an increase in the number of less
differentiated lobules (Figs. 1.17 and 1.18). Since parous
women begin menopause with a higher number and per-
centage of the more differentiated lobule type, the post-
menopausal events in the two groups differ in extent [33].

In postmenopausal involution, in contrast to postlacta-
tional involution, lobules and ducts are both reduced in
number. Intralobular stroma (loose connective tissue) is
replaced by collagen, while glandular epithelium and inter-
lobular connective tissue regress and are replaced by fat.
Periductal macrophages containing lipofuscin are often seen
in postmenopausal breast. Eventually, all that remains are a
few acini and ducts embedded in a fatty stroma containing
scattered wisps of collagen. Fibroblasts and elastic fibers
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decline in number [43]. A positive side effect of the
replacement of dense stroma with fat is the more effective
use of mammographic screening in postmenopausal women,
since the dense tumors contrast to the fat [33]. The epithe-
lium of some ducts may proliferate, and that of others may
secrete and convert interrupted ducts into cysts [257]
(Fig. 1.18).

1.4.9 Concluding Comments

The breast is studied by clinicians primarily due to its
pathologies, especially cancer, and these will be addressed in

the remainder of this text. In this chapter, we have attempted
to provide a synopsis of current understanding of its normal
structure and function. It is a unique and fascinating organ. It
is the only gland that completes the majority of its devel-
opment after birth as it undergoes dramatic, complex and
hormonally regulated changes during puberty. It varies
moderately during each menstrual cycle, prepares for its
primary function during pregnancy, and reaches its most
differentiated status only following parturition. Involution
ensues following each cycle of pregnancy, parturition, and
lactation, though permanent changes occur after the birth of
even a single child that can be protective against cancer. The
breast regresses after lactation to a much less differentiated

Fig. 1.17 Low power
micrograph (50×) of a
postmenopausal involuting
human breast. As in the fetal
breast (Fig 1.12) there are few
ductules, abundant adipose tissue
and dense irregular connective
tissue

Fig. 1.18 Low power
micrograph (50×) of a
postmenopausal involuting
human breast. Note the large
cysts common in involuted
breasts
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state and may repeat this cycle over several more pregnan-
cies and births. Once the ovary ceases to produce adequate
estrogen and progesterone, the breast involutes, reverting to
a structure not unlike that of a prepubertal child. We hope
that this rather cursory review of normal breast biology
serves as adequate foundation for the subsequent chapters
and a reminder that the normal human breast is truly a fas-
cinating and wonderful organ2,3 (Table 1.1).
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Appendix

A Brief Comparison of Murine
and Human Breast

Differences between human and murine breasts include the
following: (1) The mouse has a well-defined “fat pad”
stroma into which its ductwork grows. Human stroma is
much more fibrous. (2) The functional unit of the human is
the terminal ductal lobular unit (TDLU), which has the
appearance of a bunch of grapes arising from a stem (duct)
and is embedded in loose connective tissue. The comparable
mouse structure is the lobuloalveolar unit. It also contains
alveoli and ductwork. However, during murine develop-
ment, the terminal end bud (TEB), a solid bulbous structure,
is most often referred to in the literature. (3) Male mouse
mammary glands regress prenatally under the influence of
androgens, but infant human breasts are indistinguishable by
gender. (4) Estrogen receptor alpha (ERα) is found in
epithelia and stroma in the mouse, but while expressed in

human breast epithelial cells, it has not been documented in
human breast stroma. (5) The mouse has five pairs of
mammary glands, each pair regulated by slightly different
factors, while the human has just one pair (Table 1.2).
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2Congenital and Developmental
Abnormalities of the Breast

Kristin Baumann and Telja Pursche

2.1 Embryology

Development in the prenatal breast is characterized by two
main processes: formation of a primary mammary bud and
development of a rudimentary mammary gland [1]. Forma-
tion of the glands in the embryo starts independent of gender
in an identical way. Embryogenesis in the first trimester runs
largely hormone independent [2, 3], whereas in the second
trimester regulatory factors are important for development [4].

During the 4th and 6th week of gestation, two ridges
called the mammary crests or milk lines are formed out of a
pair of epidermal ectoderm. The ridges extend in a line
between the fetal axilla and inguinal region, but rapidly
regress except in the thorax. The primary bud forms by
penetration in the chest wall mesenchyme. Out of this,
diverse secondary buds rise and develop into lactiferous
ducts and their branches. The fibrous stroma and fat of the
mammary gland develop out of the surrounding mes-
enchyme. The small ducts and alveoli are formed out of the
lactiferous ducts.

At the beginning of the second trimester, the nipple–
areolar complex (NAC) starts to form out of differentiated
mesenchymal cells. Hair follicles and sweat glands differ-
entiate. By 20 and 30 weeks, canalization of the branched
epithelial tissues is induced by placental sex hormones.
Between 32 and 40 weeks, differentiation of the parenchyma
into alveolar and lobular structures takes place. A shallow
mammary pit is formed by depression of the epidermis,
becoming the NAC onto which the lactiferous ducts open.
At 34 weeks, the breast bud becomes palpable, sized
approximately 3 mm at 36 weeks of age and 4–10 mm by
40 weeks.

In exploring data concerning breast development, most
sources agree that the secondary processes end in rudimen-
tary lobular structures or end buds [1, 5, 6]. Contrary to this,
some assume that there cannot be found any evidence of
lobules breast at birth, only ductal structures with sur-
rounding stroma [7].

2.2 Early Development
of the Mammary Gland

In the neonate, the breast is usually palpable with variation
in amount of tissue and no significant difference between the
genders [8]. From four to seven days, postpartum neonates
may show a unilateral or bilateral breast enlargement and/or
transient secretion of colostral milk under the influence of
maternal estrogens, also known as witch’s milk [9].

The nipples evert soon after birth by proliferation of the
underlying mesoderm and the pigmentation of the areolae
increases [10]. Until puberty, the breast remains largely
quiescent, independent of gender.

Nodular growth of one or both breasts in either gender
before puberty is quite usual; up to 90 % of neonates may
have palpable breast tissue that typically resolves sponta-
neously within few months [11]. Tumors of the infantile
breast are benign in most cases. Nevertheless, observation is
recommended due to rarely malignant occurrence [12].

One has to consider that biopsy of the pre-pubertal breast
may irreversibly cause disruption of breast development [13],
and therefore, application should be used with restrictions.

2.3 Thelarche

The physiological breast development in females is called
thelarche, normally occurring at the age of eight years as a
result of rising levels of estradiol. Estrogen stimulates ductal
growth and branching, whereas progesterone influences lob-
ular and alveolar development. Androgens as testosterone and
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dihydrotestosterone limit breast development [11]. Prolactin
stimulates the alveolar buds. Increase of volume and elasticity
of the connective tissues, vascularity, and fat deposition
occurs resulting in progressive enlargement of the breasts.

The breast expansion normally lasts approximately until
25 years of age. This should be taken into consideration
concerning interventional options including neoplasms and
malformations. It has to be pointed out that every breast
trauma (including iatrogenic intervention) before completed
development can lead to developmental disorders.

2.4 Anatomy of the Breast

Superficial to the pectoralis major muscle on the anterior chest
wall, the human breast is vertically located between the second
anterior rib to the sixth anterior rib and horizontally between
the lateral edge of the sternum and the mid-axillary line.

The breast tissue is formed by mammary gland, fat tissue,
blood vessels, lymphatics, and nerves. The surface of the
breast is attached by suspensory fibrous ligaments, called
Cooper’s ligament. These ligaments pass through the mam-
mary gland from the superficial fascia to the deep fascia
overlying the pectoralis major muscle. The extension of the
breast varies in females, lasting from the midline to the near
the mid-axillary line. Based on the embryological develop-
ment, the maximum percentage of mammary gland is situated
in the upper outer quadrant of the breast. Characteristically,
the breast shows an elliptical base and a hemispheric shape.

The architecture of the breast is built by lactiferous ducts
and lobes which are arranged radially around the nipple–
areolar complex (NAC), opening on the nipple.

Functionally, the milk production takes place in the lobes,
whereas the transport of the lactation products occurs by the
ducts. Anatomically, each lobe consists of 20–40 lobules,
containing 10–100 alveoli. During the lactation period, milk
accumulates in the so-called lactiferous sinus, representing
the excretory duct of each lactiferous duct. Breast par-
enchyma consists of connective tissue, including lymphatic
and vascular components as well as fat.

Vascular supply of the breast is performed by the internal
mammary and lateral thoracic arteries supplemented by lat-
eral and anterior cutaneous branches of the intercostal
arteries and subdermal vessels. The venous drainage pri-
marily leads into the axilla and then further flows into the
internal thoracic, lateral thoracic, and intercostal veins.

The lymphatic drain of the breast ends up in the regional
lymph nodes, composed of axillary, supra-, and infra-
clavicular lymph nodes as well as the internal mammary
lymph node chain, intrathoracic located in the parasternal
space.

Innervation of the breast gland and overlying skin is
performed mainly by the fourth lateral intercostal nerve.

2.5 Premature Thelarche

Premature thelarche is defined as premature breast tissue
development unilaterally or bilaterally without other signs of
sexual maturation. Common premature thelarche occurs
between 6 and 24 months of age [14]. Most girls undergo
puberty appropriately. Premature thelarche is in approxi-
mately 18 % of girls, the first manifestation sign of central
precocious puberty [15]. Continued clinical observation
every six months is recommended to distinguish from that
differential diagnosis.

Higher levels of estrogen were found in girls with pre-
mature thelarche, measured by ultrasensitive bioassays
compared to controls [16].

The etiology of premature thelarche is multifactorial.
Endocrine disruptors, genetic, and nutritional factors can be
proofed. It has been shown that some girls with exaggerated
or fluctuating thelarche show an activating mutation in the
GNAS gene, codifying for alpha subunit of G stimulating
protein (Gsalpha) [16, 17].

Typical benign idiopathic thelarche is a self-limiting
condition without need for treatment. If a precocious puberty
is suspected, the referral to a pediatric endocrinologist is
strongly recommended.

2.6 Accessory Breast Tissue:
Polymastia/Polythelia

Based on the embryological development, accessory breast
tissue can occur in the realm of the former embryonic milk
line (Fig. 2.1). Occurrence is most often sporadic with an
average in the general population between 0.22 and 6 % and
a higher rate in women compared to men [18].

A distinction is drawn between polythelia, the most
common type of accessory breast tissue and polymastia.

Polythelia describes the existence of supernumerary
nipples or nipple–areolar complexes. It can be found in both
males and females and may occur at any point along the
embryonic milk line between axilla and groin. An associa-
tion with nephrourologic abnormalities exists in sporadic
cases [18, 19]. High blood pressure and conductive or
rhythm disturbances represent cardiovascular problems
which are associated with polythelia [19]. Surgery is
requested for esthetic reasons or due to discomfort.

Polymastia describes the presence of supernumerary
breasts along the former milk line which may appear with or
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without nipples or areolae. The axilla is a common site of
ectopic breast tissue [19] (Fig. 2.2); rarely, aberrant breast
tissue can also be found at face, neck, torso, vulva, and lower
extremities [18].

Symptomatic manifestation often occurs during menstrual
periods or pregnancy when the breast tissue becomes tender,
enlarged, or lactates. Reasons for surgical excision would
include discomfort due to tenderness, milk secretion [19], or
perhaps purely for esthetics.

2.7 Underdevelopment of the Mammary
Corpus

Female breasts are typically not equal in size, especially
during development, for unknown reasons. The left breast is
statistically more often larger [20].

Depending on the underlying developmental disturbance,
several forms can be discriminated [21]. The various
developmental forms are addressed below.

2.7.1 Breast Hypoplasia

Hypoplasia can occur unilaterally, causing an asymmetric
body image or bilateral. In some cases, it is associated with
complex developmental syndromes such as the Poland
syndrome, which is described later in this text.

Besides congenital causes, a variety of acquired reasons
can lead to breast hypoplasia such as hormonal disorders or
tumors. Iatrogenic causes, including medication, operations,
radiation, and trauma, can also lead to hypoplasia [22, 23].

Depending on severity, breast hypoplasia may cause
physical discomfort and significant psychological burden,
especially in adolescence.

For the treating physicians, it is a huge challenge to
determine the optimal timing for surgical intervention. The
wishes of the adolescent girl for early adjustment must be
considered in contrast to the risk of postoperative

Fig. 2.2 Woman with
polymastia with accessory
axillary breast tissue

Fig. 2.1 Schematic illustration of the former embryonic milk line,
where accessory breast tissue may appear
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asymmetrical growth that may necessitate additional surgery
and increase the risk of morbidity.

Still, many surgeons recommend protracting treatment
until the breast development has finished or at least the
patient shows stable adult weight and breast volume for one
year [24, 25].

Generally, treatment of unilateral breast hypoplasia con-
tains augmentation of the affected breast but remains a
reconstructive challenge. Autologous versus heterologous
techniques as one- and two-stage procedures with prior
expansion of the overlying skin envelope should be carefully
weighed against each other. The advantage of autologous
reconstruction contains better long-term results but

acceptance of longer operation time and additional donor site
morbidity (Figs. 2.3, 2.4, 2.5 and 2.6).

2.7.2 Amastia/Athelia

Once the mammary ridges fail to develop or disappear com-
pletely [26], hypoplasia of mammary tissue results in varying
specificity. Congenital disorders concerning breast develop-
ment can be discriminated into amastia, amazia, and athelia.

• Amastia describes the complete absence of breast tissue,
nipple, and areola.

Fig. 2.3 Young woman with
right breast micromastia

Fig. 2.4 Young woman with
right breast micromastia
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Fig. 2.5 Young woman with
right breast micromastia

Fig. 2.6 a Young woman with
right breast micromastia.
b Postoperative result after
performing right breast
augmentation
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• Amazia is defined as the absence of one or both of the
mammary glands without impairment of nipple and are-
ola [27].

• Athelia is the congenital lack of one or both nipples.

Causes can be congenital as well as iatrogenic. The first
case of amastia was reported in 1939 by Froriep. Because of
the rare occurrence, data refer to only few cases. There are
three subgroups of amastia. (1) congenital ectodermal
defects leading to bilateral amastia; (2) unilateral amastia;
and (3) bilateral amastia with variable associated anomalies,
including hypertelorism, anomalous pectoral muscles, cleft
palate, upper limb deformities, and abnormalities of the
genitourinary tract [28].

Associations between special congenital syndromes and
amastia or athelia have been reported. This includes ecto-
dermal dysplasia, the Mayer–Rokitansky–Kuster–Hauser
syndrome, where a failure of development of the Müllerian
duct leads to accompanying vaginal-uterine agenesis
[29, 30], as well as the Poland Syndrome (see Sect. 2.7.3).
Exclusive occurrence of athelia is extremely rare. It is
described in some various congenital syndromes.

Surgical correction is normally performed in several steps,
for instance, the procedure commences with tissue expansion
and finishing with placing the definitive implant or use of
autogenous tissue such as abdominals or gluteal flaps.

2.7.3 Poland Syndrome

In 1841, Alfred Poland described a rare congenital anomaly
characterized by unilateral underdevelopment or absence of
the pectoralis major muscle. It was first named in 1962 by
Clarkson [31]. It may occur with different gravity, with
range from mild to severe which makes the classification
difficult. Ribs, sternum, other muscles of thorax and abdo-
men, skin, breast, and nipple can all be abnormal, missing,
or underdeveloped [32–35].

Most often, occurrence is sporadic with an incidence
ranging from one in 20,000–30,000 live births [12, 35].
Males and the right side are more often affected with a ratio
of 3:1 [32, 36].

One possible classification was described by Hartrampf,
who defined three classes occurring since the 1980s
(Table 2.1).

The cause of Poland syndrome is unknown. Etiology is
hypothesized to be related to an intrauterine interruption of
the embryonic blood supply to the subclavian arteries at
about the 46th day of embryonic development, disrupting
normal development of the chest wall and upper limb
[35, 38]. The range of signs and symptoms that occur in
Poland syndrome may be explained by variations in the site
and extent of the disruption.

Another theory postulates an abnormal migration of
embryonic tissues. Development of the primitive limb bud that
later forms the pectoralis muscle takes place in the 9-mm
embryo; later, the bud splits into clavicular, pectoral, and sternal
components in the 15-mm embryo. An explanation for Poland
deformity could be defective attachment or failure of attach-
ment of that bud to the upper rib cage and sternum [39, 40].

The aim of surgical reconstruction treatment is to conceal
the deformity and create an esthetic, natural appearing
décolleté and breast according to the unaffected opposite side.

Possible techniques include the use of breast implants,
tissue expanders, and autologous tissue (pedicled or free).
While planning the reconstruction, one ought to consider that
volume discrepancies might lead to displacement of the NAC
and a new symmetric inframammary fold has to be formed. If
necessary, a contralateral adjustment of breast might be
indicated to achieve an esthetic and satisfactory goal.

2.7.4 Tubular/Tuberous Breast

Rees and Aston [41] first shaped the term tuberous breast,
describing a hypoplastic breast deformity with a narrowed

Table 2.1 Classification of
Poland syndrome

Class I Class II Class III

Hypoplastic breast √

Hypoplastic NAC √

Hypoplastic pectoralis muscle √

Hypoplastic breast or absence of breast √ √

Hypoplastic NAC or absence of NAC √ √

Absence of pectoralis muscle (sternocostal portion) √ √

Thoracic skeleton abnormalities minimal √

Thoracic skeleton abnormalities distinct √

Others √

Source Data from Hartrampf [37]

46 K. Baumann and T. Pursche



breast base diameter, malposition of the constricted infra-
mammary fold, and herniation of breast tissue through the
areola (Fig. 2.7).

Due to the reduced transverse breast diameter and base
constriction, the breast seems to herniate into the NUC. This

unique appearance caused the descriptive term “Snoopy-nose
deformity” [42].

The condition may be unilateral or bilateral. In many
cases, there exists a significant asymmetry between both
breasts. Exact incidence and etiology remains unknown.

Fig. 2.7 Young woman with
tubular breast deformity,
characterized by a narrowed base
diameter and pseudo-herniated
breast tissue through the enlarged
nipple–areolar complex (NAC).
a anterior view, b right, and c left
facing lateral view
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Classifications graduate the different occurrence of mal-
formation. An example is shown in Table 2.2.

Regarding reconstruction, this deformity remains a chal-
lenge. While planning the concept of surgery, all abnormal
elements in breast shape have to be taken into consideration.

Depending on tissue volume, autologous reconstruction
with internal flaps or combinations with heterologous
materials such as implants or expanders are used.

Furthermore, the ideal timing for surgery should be
identified and the possible advantage of a two-stage

reconstructive approach should be debated for gradually
expanding the skin envelope.

In order to correct the tuberous breast deformity, surgical
objectives include remodeling of the existing breast tissue to
expand the base circumference and when indicated, also the
skin. Incision of the tethering bands releases the constriction
through the base of the breast, allowing the breast to
re-expand. Conclusively, the inframammary fold has to be
reformed at a lower, anatomically correct position [44, 45].
Taking a peri-areolar access allows modification of the

Table 2.2 Classification of tuberous breast

Type I Hypoplasia of the lower medial quadrant

Type II Hypoplasia of the lower medial and lateral quadrants sufficient skin in the subareolar region

Type III Hypoplasia of the lower medial and lateral quadrants deficiency of skin in the subareolar region

Type IV Severe breast constriction with minimal breast base

Source Data from von Heimburg [43]

Fig. 2.8 Schematic illustration
of the operational technique of
tubular breast (modified
according to Puckett and
Mandrekas [46, 49]). a Tubular
breast frontal, peri-areolar
approach. b Tubular breast side
view. c Tissue flap from the deep
superior portion of the breast.
d Elevation of glandular flap
tissue and forming a new
inframammary fold by extending
the skin envelope. e Glandular
flap tissue divided vertically to
dispense the constriction and fill
out the lower pole. f Reduction of
the areola. g Breast contouring,
e.g., by using an implant if
needed
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areolar diameter as well as expansion and dilatation of breast
tissue for increased breast base diameter.

For compensation of deficient breast volume, a tissue
expander or implant can be placed under the divided breast
tissue [43, 48–50] (Figs. 2.8 and 2.9).

2.8 Inverted Nipples

An inverted nipple is defined as a condition where a part or
the complete nipple is covered below the level of the areola.
In some cases, the nipple might temporarily protrude after

stimulation, whereas in others the retraction persists.
Depending on the constellation of how easily the nipple can
be pulled out, the grade of breast fibrosis, and the degree of
damage caused to the milk ducts, severity codes can be
defined.

This state was primarily described in 1840 by Cooper.
Nipple inversion appears with a reported prevalence ranging
from 1.8 to 3.3 % quite frequently [51, 52] and occurrence is
most frequently bilateral [52, 53]. The cause is congenital in
most cases or can be caused by, e.g., repeated inflammation
and breast surgery or can occur after sudden and major
weight loss. Some syndromes such as Robinow syndrome

Fig. 2.9 Schematic illustration
of the operational technique of
tubular breast (modified
according to Ribeiro [47]).
a Tubular breast frontal,
peri-areolar approach. b Tubular
breast side view. c Forming a
tissue flap petiolate to the
pectoralis muscle and forming a
new inframammary fold by
extending the skin envelope.
d Breast contouring by turning
over the tissue flap
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and carbohydrate-deficient glycoprotein syndrome go along
with inverted nipples [54, 55].

The clinical presentation of patients with inverted nipples
(Fig. 2.10) is characterized by a relatively short lactiferous
duct which is attached to the nipple via dense and highly
inelastic connective fibers [51, 56]. That condition may
result in psychological, esthetic, and functional problems
such as inconvenience with breast-feeding.

The first adjusting operation was reported by Kehrer in
1879. Over time, numerous methods have been proposed to
correct this deformity. Commonly, techniques forming
bilateral triangular dermal flaps crossing under the nipple in
modified forms are used [57–60]. Figure 2.11 illustrates the
use of subcutaneous turnover flaps for creation of a tent
suspension-like effect [61]. Nevertheless, a remaining
problem portrays the postoperative incomplete correction as
well as a high rate of recurrence. Further problems can
include change in nipple sensory, vascular compromise,
scarring, and obliterated ducts with defective lactation.

2.9 Hyperplasia of the Breast

Hyperplasia of the breast, also called macromastia or
gigantomastia, describes a rare medical condition with
growing of excessive breast tissue (Fig. 2.12).

Breast hypertrophy might be caused by abnormally ele-
vated hormone levels or increased end organ hypersensi-
tivity toward female sex hormones, growth factors or
prolactin, or a combination of both [62]. Histologically,
hypertrophy of breast tissue represents a benign situation,
which can occur unilaterally or bilaterally. Depending on
etiology and chronological occurrence, different subgroups
can be described.

Associated symptoms contain bra grooving, pain of
shoulder, neck and back, postural problems, breathing dif-
ficulties while in supine position, and skin necrosis [63].

Juvenile (or virginal) hypertrophy describes a rare con-
dition of an atypical and rapid breast growth during puberty
often defined as a 6-month period of extreme breast

Fig. 2.10 Woman with inverted
nipple

Fig. 2.11 Schematic illustration of an operative technique, showing
the use of subcutaneous turnover flaps to create a tent suspension-like
effect [61]. a Two bilateral de-epithelized subcutaneous triangular flaps
are formed. Subcutaneous tunneling below the areolar level by vertical
blunt dissection is performed. b The triangular flaps are rotated about

90° and then crossed through the vertical slit. c Postoperative view. The
space under the nipple is filled by reposition of the flaps in the vertical
direction and fixation. Finally, nipple skin and surrounding areolar skin
is re-draped
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enlargement, followed by a longer period of slower, but
lasting breast growth [63, 64]. Occurrence can be unilateral
or bilateral. Serum levels of estrogen, progesterone, gona-
dotropins, and growth hormone are normal in previous
studies [65]. Pharmacotherapeutic attempts include drugs
such as tamoxifen, danazol, or bromocriptine to control this
condition [66, 67]—safety and efficacy still unknown [68].
More common is to perform volume reduction mammo-
plasty as soon as the breast growth is completed (Fig. 2.13).

Cause of adolescent macromastia is multifactorial and
usually idiopathic. It is normally associated with hormonal
imbalances or obesity and develops throughout puberty with
steadily ongoing breast growth. It can have significant
long-term medical and psychological impacts.

Gravid-induced gigantomastia describes a very rare con-
dition that is similar to virginal hypertrophy, where excessive
breast growth occurs during pregnancy [69, 70]. It is related
to breast hypersensitivity to elevated circulating hormone
levels such as estrogen and prolactin. Bromocriptine can be
used as a therapeutic option after delivery to induce breast
involution by lowering secretion of prolactin [71].

Drug-induced gigantomastia can occur after taking sev-
eral medications or drugs such as hormonal therapy, corti-
costeroids, marijuana, D-penicillamine, cimetidine, and the
antiepileptic sulpiride. It can result in unilateral or bilateral
hyperplasia. An optional treatment for D-penicillamine-
induced gigantomastia has been reported with danazol [72].
Medications either stimulate hormones or act locally. If

Fig. 2.12 Two women with
bilateral gigantomastia from
a lateral view and b anterior view
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possible, the first attempt should cease the potentially trig-
gering medication to reverse gigantomastia.

2.10 Gynecomastia

The excessive development of male breast tissue is a com-
mon phenomenon and appears in 32–65 % of healthy men
[73–75] (Fig. 2.14).

Deriving from the Greek, the term gynecomastia combi-
nes gyne (woman) and mastos (breast), describing a
female-like enlargement of the male breast which leads to
glandular proliferation [11].

Gynecomastia appears in 75 % of all cases bilateral and
asymmetric [76]. It is often clinical asymptomatically but
may also cause local pain or psychical disturbance.

The classification of gynecomastia is based on the amount
of glandular tissue. Division has to be made between the
glandular, true gynecomastia, and simple fatty gynecomastia
which is often found in obese man, also known as
pseudo-gynecomastia. In true gynecomastia, glandular tissue
can be palpated and verified via ultrasound.

The pathological process involves a relative increase in
the ratio of free estrogen to androgen locally in the breast
[74, 77]. Etiological factors can range from physiologic to
pathologic conditions; several illnesses (e.g., hyperthy-
roidism; benign Leydig cell tumor, liver, and renal failure) or
medication (e.g., spironolactone and drugs) could be causal.
Possible causes of gynecomastia are shown in Table 2.3.

In newborns, bilateral proliferation of breast tissue is
induced by maternal and placental estrogens, resolving
within a few weeks after birth.

During adolescence—usually at 13 or 14 years of age—a
physiological pubertal gynecomastia appears, lasting up to
6 months. Causal is a relative increase in estrogens derived
mostly from peripheral aromatization of testicular and
adrenal androgens. In late puberty, testicular testosterone
production increases, resulting in spontaneous regression
[78].

In any case, careful taking of a patient’s history, as well
as physical examination, should be utilized to evaluate and
define the cause. The differential diagnosis of breast cancer
should always be taken into consideration. If suspected,
mammography, mamma sonography, and diagnostic fine
needle or core biopsy should be performed, showing a 90 %
sensitivity and specificity for distinguishing benign from
malignant [79].

Laboratory diagnostics should include hCG (human
chorionic gonadotropin), luteinizing hormone (LH), testos-
terone, and estradiol [75]. Due to the circadian rhythm of
hormone secretion, measurement is recommended in the
morning at time of the maximum release.

As soon as hypogonadism—which is increasing in
elderly patients—is detected, a symptomatic therapy with
testosterone should be performed.

Without question, if drug-induced gynecomastia is sus-
pected medication should be stopped or adapted if possible.

A therapeutic approach is the use of tamoxifen, a selec-
tive estrogen receptor modulator. A daily orally dose of
20 mg tamoxifen for up to 3 months shows good results in
randomized and not randomized trials. Regression of
gynecomastia is shown in up to 80 % of patients. It has to be
qualified that data on tamoxifen therapy are limited due to
small cohorts. Adverse side effects, including epigastric

Fig. 2.13 Postoperative result of
bilateral reduction mammoplasty
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distress and a post-traumatic deep-vein thrombosis, are
rarely reported [80, 81].

Use of anastrozole, an aromatase inhibitor did not show
more effectiveness than placebo in boys with pubertal
gynecomastia [82].

If gynecomastia persists more than 12 months, a fibrosis
remodeling takes place. Therefore, the effect of endogen
treatment by testosterone or tamoxifen is limited.

Indications for surgical intervention include psychosocial
stress and pain as well as cosmetic discomfort. Therapeutic
interventions include liposuction, breast tissue resection, and
reduction mammoplasty considering size of hypertrophic
tissue and expertise of the surgeon. Aim is to remove the
hypertrophic glandular tissue and not only fat. Sometimes a
combination of methods can be effective. In particular,

liposuction can be used after open excisional surgery for
contouring the chest wall to achieve a nice shape [83, 84].

2.11 Conclusion

In their entirety, breast deformities or developmental breast
disorders represent a small group of patients. Nevertheless,
people affected by these body shape malformations often
suffer from relevant psychological strain, which can cause
isolation and withdrawal from social situations. In our
increasingly sexualized society, idealized archetypes gain
progressive influence. Therefore, an obstacle for receiving
support may be the avoidance of consulting a physician due
to embarrassment.

Fig. 2.14 Adolescent male
presenting with bilateral
gynecomastia

Table 2.3 Causes of
gynecomastia

Physiologic • Antiandrogens
• Antibiotics
• Antihypertensive agents
• Gastrointestinal (GI) agents
• Hormones
• Illicit drugs
• Psychiatric drugs

Decreased androgen production • Primary (testicular) hypogonadism
• Secondary (central) hypogonadism

Decreased androgen effect or synthesis • Androgen insensitivity syndrome
• 5α-reductase deficiency
• 17-β-hydroxysteroid dehydrogenase deficiency

Increased estrogen production • Adrenal tumor
• Testicular tumor
• hCG-secreting tumor
• Familial aromatase excess syndrome

Other • Liver disease
• Thyrotoxicosis
• Obesity
• Renal disease
• Malnutrition

Source Data from Morcos and Kizy [77]
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Plenty of these deformities are congenital and result from
false processes in development. Therefore, underlying sys-
temic disorders or syndromes should be excluded. Other
breast deformities are iatrogenic, so the potential damage of
surgery to the developing breast must be considered when
contemplating an intervention on the chest of an infantile or
adolescent patient.

The aim of the reconstructive breast surgeon includes
preservation of breast structures while achieving improved
symmetry for better appearance. Even if exact symmetry
cannot be achieved, self-esteem is often much improved
after accomplished surgery. At the present time, plenty of
therapeutic options exist. Individualized counseling has to be
achieved, leading to a unique concept for all patients.

Knowing all that one should, however, keep in mind:
breasts are sisters, not twins!
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3Nipple Discharge

Jill R. Dietz

3.1 Introduction

Nipple discharge is the presenting complaint of approxi-
mately 5% of women seeking medical care for a breast
problem [1, 2]. While the majority of these patients will have
a benign process, nipple discharge can be the sole presenting
sign of cancer in 1 % of patients [3]. Historical reports
suggest malignancy rates up to 24 % [4] in these patients,
but with improved imaging and overall earlier detection,
current rates are 3–7 % [5]. The evaluation and treatment of
nipple discharge vary greatly in practice and in the literature,
causing confusion for both patients and physicians. Differ-
entiating between physiologic and pathologic nipple dis-
charge is critical in order to identify patients in need of a
diagnostic work-up and treatment plan.

3.2 Anatomy and Physiology

A review of the anatomy and physiology of the human
mammary ductal system and nipple anatomy is helpful in
understanding the etiology of nipple discharge. There has
been a resurgence of attention to nipple anatomy secondary
to the popularity of nipple-sparing mastectomy. There are
rarely terminal ductal lobular units (TDLUs) in the nipple
itself so it is more often a conduit for discharge than the
source of primary cancer [6].

The female breast has approximately 15–20 lobes that
radiate from the nipple. Each lobe is comprised of glands
(lobules) and branching milk ducts. The breast milk is pro-
duced in the TDLUs, which empty into a branching ductal
network that leads to the proximal duct. The proximal ducts
converge toward the areola and empty into the nipple. The
mammary ducts are lined by actively dividing epithelial cells

that slough on a regular basis. The nipple orifices of non-
lactating women are usually blocked by a keratin plug that
prevents the leakage of normal ductal secretions.

During pregnancy, the ductal system proliferates and
secretions are produced in response to large increases in
estrogen, progesterone, and prolactin (which is released by
the anterior pituitary gland). After parturition, lactation is
promoted by persistently elevated levels of prolactin, and
rapidly declining levels of estrogen and progesterone. The
nursing infant causes further release of prolactin via the
suckling reflex, thus stimulating milk production. These
same hormones that promote and sustain breast-feeding can
also contribute to physiologic nipple discharge in nonlac-
tating women. Pathologic discharge is caused by a growth or
proliferation of the mammary ductal epithelial lining.

3.3 Definition

Nipple discharge is fluid that flows or is expressed from the
mammary ducts and is present in a small percentage of
women. Nipple secretions are found within the ductal system
and are by-products of the epithelial cells that are undergo-
ing cellular turnover. These physiologic secretions are gen-
erally not evident to most women because they are blocked
by the keratin plug and eventually reabsorbed. Goodson and
King found secretions, or nipple aspirate fluid (NAF), in up
to 81.2 % of asymptomatic women by using a suction
aspirating device [7]. Studies have confirmed that the ability
to aspirate nipple secretions is influenced by age, race,
parity, and hormonal status but is successful in the majority
of patients [8, 9]. Although nipple secretions are considered
normal, the mammary ducts are the origin of most breast
cancers, making the fluid secreted by the ducts a point of
interest for researchers.

Many studies have been done on aspirated nipple secre-
tions examining cellular changes and biochemical compo-
sition [8, 10–12]. NAF contains cholesterol and other
steroids, estrogens and other hormones, immunoglobulin,
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lactose, fatty acids, and alpha-lactalbumin. Exogenous
compounds such as caffeine, nicotine, pesticides, and other
drugs are also found in nipple secretions. Lang and Kuerer
have compiled an extensive list of compounds found intra-
ductally by various studies [13]. The color of NAF, which
can vary from white to dark green, is related to the choles-
terol, lipid peroxide, and estrogen content [14]. The normal
cellular make up of NAF consists of foam cells, a few
epithelial cells, and other cells of hematogenous origin [15].

When secretions become abundant or persistent enough
that they discharge spontaneously from the duct orifice, they
are known as nipple discharge. Nipple discharge is generally
categorized as “physiologic” or “pathologic” discharge.
Physiologic discharge can be caused by exogenous or
endogenous hormones, medications, direct stimulation,
stress, or endocrine abnormalities. Although the cause of the
hormonal influence may be pathologic, as is the case with
prolactinoma, the ductal system itself has no abnormality, so
the resultant discharge is classified as physiologic. Most
physiologic discharge is bilateral, nonspontaneous, and
involves multiple ducts. These characteristics result from the
central effect of an outside influence on the breast. The color
of the discharge can vary from milky to yellow, gray, brown,
or dark green depending on the composition and cause of the
physiologic discharge. As with NAF, darker-colored dis-
charges are associated with higher levels of estrogens and
cholesterol [16] (Fig. 3.1). Because there is rarely an intra-
ductal pathologic abnormality involved with this type of
discharge, localization procedures, breast biopsies, or surg-
eries are not necessary.

Pathologic nipple discharge or PND is caused by an
abnormality of the duct epithelium. It is typically unilateral
and from a single duct. The discharge is spontaneous or at

least easily expressible. The patient often notices the dis-
charge after a warm shower that likely removes the keratin
plug. The pathologic lesion often causes ductal obstruction
and dilatation so that the fluid which collects in the duct is
subsequently released when the plug is removed or the duct
is expressed. The color of the discharge is usually clear,
serous, or bloody, although pathologic nipple discharge can
present as other colors (Fig. 3.2). This type of discharge
tends not to be affected by the menstrual cycle or hormonal
status. While some women seek care when they first notice
the discharge, many will delay until the discharge becomes
socially embarrassing or bloody. Although the majority of
these women will have a benign etiology for their nipple
discharge, all patients with PND need a thorough evaluation
to rule out malignancy as the source.

3.4 Incidence

Approximately, 5 % of women presenting for breast care
have a complaint of nipple discharge [17, 18]. The incidence
is likely underreported since many women do not seek
medical care for this symptom. Women who have physio-
logic discharge, an otherwise normal exam and normal
imaging, have a very low chance of having a malignancy
[19, 20].

Patients with nipple discharge have a higher relative risk
for cancer than the asymptomatic population. While the vast
majority of patients with pathologic nipple discharge have
benign proliferative lesions as the etiology, breast cancer is
found to be the cause of the nipple discharge in 4–21 % of
cases [1, 3, 21–27]. Those patients with nipple discharge
associated with a mass or skin change have an even higher

Fig. 3.1 Classic presentation of
physiologic nipple discharge
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relative risk of cancer. One study showed that the incidence
of carcinoma for patients with discharge and a mass was
61.5 % as compared to 6.1 % for patients with discharge
alone [2].

While most patients with pathologic nipple discharge
have normal mammograms, many studies have shown that
an abnormal mammogram in patients with pathologic nipple
discharge is associated with an increased risk for cancer [21,
27–30]. As should palpable masses, suspicious radiologic
findings should be evaluated by stereotactic or core needle
biopsy prior to duct excision. This will diagnose a malig-
nancy in some patients, allowing for definitive surgical
treatment. If minimally invasive biopsy is not available, then
the mammographic abnormality will need to be evaluated at
the time of duct excision.

Bloody or guaiac positive discharge also increases a
person’s risk of cancer, although most cases of bloody nipple
discharge are benign, and cancer has been found to be the
cause of discharge of milky and serous fluid [3]. A recent
report showed that the malignancy rate for bloody PND was
14 % compared to 6 % for nonbloody discharge [31].
Advanced age or postmenopausal status, imaging abnor-
mality, and mass have also been shown to increase the risk
of breast cancer being the cause of the pathologic discharge
[25].

The number of breast cancer cases presenting as nipple
discharge has dropped over the last few decades. Copeland’s
series of patients in the 1950s reported that 25 out of 67
(37 %) patients with nipple discharge had breast cancer [32]
whereas more recent studies of patients undergoing duct
excision for pathologic nipple discharge tend to have cancer
rates between 5 and 10 % [19, 25, 26]. The decrease in the
incidence of cancer presenting in this way is likely due to the

earlier detection of breast cancer with improved imaging
techniques and increased screening, which shifts diagnosis
to earlier stage disease. Another possibility is that minimally
invasive biopsy of imaging and clinical abnormalities is
being performed to establish a preoperative cancer diagnosis,
thus moving these patients out of the category of women
undergoing surgical biopsy for the diagnosis of nipple
discharge.

Even though the most significant cause of nipple dis-
charge is cancer, most cases have a benign etiology. Many
studies do not differentiate the exact histology of benign
lesions, although it is clear that papillomas or papillomatosis
are responsible for a large percentage of pathologic nipple
discharge. Other reported causes are duct ectasia, epithelial
hyperplasia, and fibrocystic changes [3, 21, 28]. Localizing
techniques increase the diagnostic yield of duct excision:
The percentage of proliferative lesions increases, while
fewer cases of duct ectasia and fibrocystic changes are
found. This suggests that there is a proliferative ductal
process accounting for most, if not all, cases of pathologic
nipple discharge [25, 26, 29].

3.5 Characteristics and Etiology

Discharge from the nipple can present as a spectrum of
signs, from a tiny opaque drop during breast examination to
alarming bloody discharge that stains the patients clothing.
The presentation and history are important in categorizing
the discharge as either “physiologic” or “pathologic.” Even
though some causes of bilateral multiduct discharge are from
a pathologic source, such as a pituitary adenoma, the effect is
central and not the result of a ductal abnormality. These

Fig. 3.2 Classic presentation of
pathologic nipple discharge
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discharges are better categorized as physiologic or “non-
pathologic” discharge. This grouping system is helpful in
determining both the evaluation and treatment necessary for
that patient. Table 3.1 shows the classic presentation of each
type of nipple discharge.

Physiologic nipple discharge has various presentations
and etiologies. Table 3.2 reviews the most common causes
of nonpathologic nipple discharge. Over 75 % of nipple
discharges are physiologic in nature and do not require
surgical intervention [1]. The evaluation and treatment of
physiologic nipple discharge should be focused on identi-
fying the external factor that is stimulating the breasts.

Galactorrhea is physiologic discharge from the nipple that
resembles breast milk but occurs in a patient who is not
lactating. The discharge is a thin, watery milk-like substance
that usually arises from both breasts. The most common
scenario is a postpartum woman who continues to discharge
from one or both breasts long after she has stopped
breast-feeding. She may have some concern regarding the
discharge and may attempt to repeatedly express the fluid.
The continued stimulation of the nipple causes further dis-
charge perpetuating the cycle. Other sources of nipple
stimulation such as the friction of clothing, or nipple
involvement during intimacy, can also aggravate the symp-
tom. Again, explaining to the patient the likely etiology of
the discharge and reassurance is usually sufficient.

Thin, milky discharge can occur around menarche and
menopause when the breasts are exposed to extreme hor-
monal variation. The discharge is self-limited and simply
requires reassuring the patient. Nipple discharge can also be
seen in newborns as a result of maternal hormones that cross
the placental barrier prior to parturition. After delivery, the
precipitous drop in estrogen and progesterone levels asso-
ciated with the high neonatal prolactin levels causes stimu-
lation of the infant’s breast tissue. This discharge, commonly
referred to as “witches’ milk,” lasts only a few weeks [33].

Galactorrhea can result from an increase in prolactin
levels. Most often, the levels are elevated due to medication,
although the most significant cause is a pituitary adenoma
that secretes prolactin. Prolactinoma should be expected if
the patient has the classic triad of symptoms: amenorrhea,
galactorrhea, and infertility. The tumor arises from the
anterior pituitary gland and can become quite large causing
symptoms of diplopia from compression of the optic chiasm.
If a prolactinoma is suspected, a prolactin level should be
drawn, which will be abnormal (>30 ng/mL). Screening
nipple discharge patients with prolactin levels is not
cost-effective, considering fewer than one in one thousand
cases are due to a pituitary adenoma [34]. If a tumor is
found, it can be successfully treated with a dopamine ago-
nist, which will also eliminate the discharge. Occasionally,
surgical excision of the tumor may be necessary.

Other rare causes of galactorrhea are listed in Table 3.3
along with the categories of medications that have been
known to cause nipple discharge [35]. Thoracic surgery or
chest trauma has been reported to cause nipple discharge.
The injury stimulates the afferent thoracic nerves and the
hypothalamic-pituitary axis resulting in increased prolactin
release, which in turn stimulates nipple discharge [36].

Opalescent physiologic discharges, which are multicol-
ored and nonserous, emanate from one or both breasts and
usually from multiple ducts. The discharge may only be
evident with vigorous expression by the patient, or may be
very easily expressed and copious. Creamy white, tan, or
yellow discharge may present next to a duct producing a
brown, dark green, or blackish discharge. Although this type
of discharge is often alarming to the patient because the dark
color is assumed to be blood, it is quite unlikely for it to be
associated with an intraductal lesion. A tissue test, where the
discharge is placed on a thin white tissue, often results in
absorption of the drop, which then proves the discharge is
green. It can be difficult to differentiate green discharge from
guaiac positive discharge on hemoccult testing. When duct
excision is done for this type of discharge, histology often
shows normal breast tissue, duct ectasia, or fibrocystic
changes. Most patients with physiologic discharge are
willing to be followed after being reassured of its benign

Table 3.1 Characteristics of pathologic and physiologic nipple
discharge

Characteristic Physiologic Pathologic

Laterality Bilateral Unilateral

#Ducts Multiple One

Spontaneity Expressed Spontaneous

Color Multicolored, milky, gray,
green, brown, yellow

Bloody,
serous, clear

Consistency Sticky, thick Watery,
copious

Table 3.2 Causes of nonpathologic nipple discharge

Hormonal

Pregnancy/postlactational

Mechanical stimulation

Galactorrhea

Duct ectasia

Bloody discharge of pregnancy

Infection (Zuska’s disease)

Montgomery gland discharge

Fibrocystic change
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nature. On a rare occasion, the patient may request surgery
to eliminate copious discharge. If the discharge is associated
with pain and fibrocystic changes, the patient should be
informed that it is not likely that the surgery will decrease
her pain. It may also result in decreased nipple sensation and
the inability to breast-feed, particularly if bilateral excisions
are performed. If an underlying cause for the nipple dis-
charge can be identified, then it can be addressed, such as a
medication change or cessation of hormones.

Communication of cysts with ductal structures appears to
be responsible for nipple discharge in some instances. In
these situations, the cyst, often presenting as a mass, may
disappear with the onset of discharge. Whenever a patient
presents with nipple discharge and an associated mass, the
mass must be evaluated. In this case, aspirated cyst fluid
characteristics will likely correlate to the nipple discharge,
and no further evaluation is necessary. A ductogram may
show communication with the cyst. Although this is an
interesting finding, a ductogram is not necessary if there is

clinical evidence that the cyst is related to the discharge. If
the problem persists, many patients prefer excision to control
the discharge.

Some breast infections present with purulent and
malodorous nipple discharge. This condition is treated like
other breast infections. Large abscess cavities may be
apparent and should be drained. Cellulitis in association with
nipple discharge may be indicative of a deep abscess cavity.
If it is unclear whether an abscess has formed, an ultrasound
may be useful. Otherwise, conservative treatment with an
antibiotic that has adequate gram-positive coverage is an
appropriate initial therapy. The discharge itself may be a
useful source to test for microbiology and sensitivities.
Zuska’s disease is a condition of chronic periareolar abscess
with sinus formation and can result in intermittent nipple
discharge and infection. Excision of the entire ductal system
on the effected side, including the sinus tract, is often
associated with the fewest recurrences [37]. Because this
problem occurs almost exclusively in smokers, major duct
excision in this setting is also associated with a higher
incidence of ischemic necrosis and other complications.
A smoking cessation program may reverse this cycle of
chronic infection or at least decrease the complications if
duct excision is performed.

Duct ectasia is a condition, which results in poor emp-
tying of ductal secretions, stagnation, and inflammation of
the ducts. The associated nipple discharge can present
spontaneously or require vigorous expression to elicit a
thick, white discharge. Bilateral, multiduct involvement
varying in color is the most common presentation. The
drainage is thought to be secondary to increased glandular
secretions due to chronic inflammation [38].

Fibrocystic disease: Several series report that fibrocystic
disease is a common histologic finding in many duct exci-
sion specimens from patients with pathologic nipple dis-
charge. Series using localization techniques have very high
proliferative lesion retrieval rates, which suggest that most
cases of pathologic discharge are caused by intraductal
abnormalities and not fibrocystic change [25, 29, 39]. In
cases where fibrocystic change or normal breast tissue is
reported, it is important to ensure that all the excised tissues
are analyzed or that the correct tissue was excised. Some
papillomas are only 1–2 mm in size and could easily be
missed with the sampling error of serial sectioning. A high
suspicion for a missed proliferative lesion should remain
when the histologic diagnosis of fibrocystic change is
reported for duct excision specimens.

Occasionally, women who are in their third trimester of
pregnancy or who are postpartum will experience bloody
nipple discharge. While it is common to have a milky

Table 3.3 Causes of galactorrhea (hyperprolactinemia)

Physiologic:
Postlactational
Mechanical stimulation

Chest wall abnormalities
Chest trauma or surgery
Burns
Herpes zoster
Spinal cord injury

Tumors
Pituitary
Hypothalamic tumors
Craniopharyngiomas, meningioma
Ectopic prolactin (bronchogenic carcinoma)

Acromegaly
Metabolic
Chronic renal failure
Hypothyroidism
Cushing’s disease

Idiopathic
Medication induced
Lactogenic drugs
Estrogens, progestins, androgens
Long-term opiate use (e.g., morphine, cocaine)
Anesthetics
Phenothiazines (e.g., Compazine®, Thorazine®)
Antidepressants (e.g., Elavil®, Prozac®, Paxil®)
Monoamine oxidase inhibitors (e.g., Nardil®, Parmate®)
Antipsychotics (e.g., Clozaril®)
Antihypertensives (e.g., Aldomet®, Calan®)
Butyrophenones (e.g., Haldol®)
Thioxanthenes (e.g., Navane®)
Benzodiazepines (e.g., Valium®)
Other prescribed drugs (e.g., Tagamet®, INH, Danocrine, Reglan®)
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discharge at this time, bloody discharge is rare, often uni-
lateral, and may be expressible from multiple ducts. The
bloody discharge is often noted after an abrupt increase in
breast size associated with the pregnancy. In women, who
have asymmetrical breast growth during pregnancy, bloody
nipple discharge is more often associated with the larger
breast [40]. The bloody discharge can accompany normal
lactation and is often found during pumping. She may be
concerned about breast cancer or the blood harming her
nursing infant. The bleeding is usually minimal and
self-limited and is unlikely to cause a problem for the
nursing infant. The majority of case reports describe reso-
lution of bleeding by the third month after delivery. Cyto-
logic evaluation of nipple discharge in pregnant or
postpartum patients often reveals abnormal appearing cells
that are the result of normal epithelial changes during lac-
tation. These cells may be falsely interpreted as arising from
cancer; therefore, cytologic examination of this discharge
must be interpreted with caution. This bloody discharge
during pregnancy and lactation is an unusual circumstance in
which it may be reasonable to postpone or at least delay
further evaluation. It must be appreciated that if the dis-
charge is associated with a mass or persists as a unilateral,
single duct discharge, then further evaluation is needed.

Montgomery gland discharge presents from the large
areolar sebaceous glands known as Montgomery’s tubercles
and is not truly the nipple discharge. This type of discharge
usually occurs at times of extreme changes in hormonal
status such as menarche or menopause. The discharge has
characteristics of physiologic discharge as it is commonly
found coming from many glands and is either serous or
opaque in nature. This type of discharge requires reassurance
unless infection occurs. In this case, antibiotic therapy and,
occasionally, excision of the infected gland are indicated.
There are rare reports of duct communication to the Mont-
gomery glands causing nipple discharge. This presents as
pathologic discharge from the tubercle of the areola [41].

Nipple discharge in the male patient is treated similar to
that in females. Puberty in adolescents, and the same drugs
and medical conditions that stimulate gynecomastia in men
can cause nipple discharge. The evaluation should include
mammography in addition to careful history and physical
examination. Any suspicious mass or mammographic
abnormality should be biopsied. In one study of 6200
patients, Leis found that 5 out of 24 (20.8 %) men diagnosed
with cancer had nipple discharge as the presenting symptom.
Evaluation is mandatory for male patients with PND, espe-
cially when associated with a mass, because of the increased
risk of cancer and decreased survival rate of male patients
with invasive breast cancer [21].

Pathologic nipple discharge is caused by an intraductal
abnormality and is therefore typically a unilateral finding.
Although it is possible for the pathology to involve more
than one ductal system, the typical presentation is consistent
discharge from a single duct orifice. The discharge can be
watery clear, serosanguinous, dark brown old blood, or
bright blood. Occasionally, reports of carcinoma with other
types of discharge, such as milky, have been reported, but
this is distinctly unusual [20, 42]. Table 3.4 reviews the
common etiologies of pathologic nipple discharge.

Papilloma: (Fig. 3.3) A large percentage of pathologic
nipple discharge is attributed to papillomas or papillomato-
sis. Papillomas are often found centrally in the subareolar
region. Solitary papillomas arise from the larger ducts
compared to the smaller, often multiple papillomas, which
are more peripherally located and arise from the TDLUs.
Peripheral papillomas can occur bilaterally and have a higher
recurrence rate after excision than the solitary central variety.
Multiple, peripheral papillomas present with pathologic
nipple discharge less frequently than central papillomas
[36, 43].

In the past, there has been much controversy over whe-
ther papillomas are premalignant. It is generally accepted
that central, solitary papillomas have little malignant
potential although they should be completely excised to
avoid recurrence [44]. In contrast, papillomas arising in
small, more peripheral ducts can be associated with cancer.
Ohuchi reconstructed ductal excision specimens from
patients with pathologic nipple discharge and found that
cancer was associated with 37.5 % of peripheral papillomas
but not with central papillomas [45]. Hou et al. showed that
70 % of malignancies found on duct excision for nipple
discharge were located over 2 cm from the nipple [46].
Patients with nipple discharge, who are found to have
peripheral lesions on ductography, should be considered for
a preoperative localizing procedure to guide the surgeon
during surgical biopsy. These patients should also have
careful follow-up since the risk of recurrence or develop-
ment of cancer is higher than that for central lesions [4].

Table 3.4 Causes of pathologic nipple discharge

Papilloma

Papillomatosis

Papillary cancer

Ductal carcinoma in situ

Invasive ductal carcinoma

Ductal epithelial hyperplasia

(?) Cysts/fibrocystic disease/duct ectasia
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Carcinoma: (Fig. 3.4) One percent of all breast cancers
present with nipple discharge as the only symptom [3].
Approximately, one in ten cases of pathologic nipple dis-
charge will have cancer as the etiology and the incidence
increases if the discharge is bloody. The rationale for
investigation in patients with pathologic nipple discharge is

to rule out cancer as the source. While there are a number of
diagnostic tests available that correlate with the malignant
potential of a lesion, no single test can rule out carcinoma, so
duct excision is recommended. Imaging abnormalities or
suspicious clinical findings should be worked up and biop-
sied to assist in establishing a diagnosis.

Fig. 3.3 Histologic section
through an intraductal papilloma
showing the vascular stroma with
epithelial lining

Fig. 3.4 Histologic
representation of ductal
carcinoma in situ
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3.6 Diagnostic Evaluation

Many diagnostic tests are available to evaluate patients with
nipple discharge. Before embarking on any of these, a full
history must first be taken, including the patient’s age,
gynecologic and sexual history, and use of medication and
hormones. Pertinent medical history such as previous
endocrine problems or chest trauma should also be ascer-
tained. The characteristics of the discharge must be noted,
including laterality, spontaneity, number of ducts involved,
color, and consistency. PND is a clinical diagnosis based on
presentation. Physical exam should include a breast exam,
assessing for palpable masses, lymphadenopathy, skin
changes, and nipple inversion or lesions. The information
obtained from a careful history and a confirming physical
exam will frequently lead to a diagnosis and limit the tests
needed prior to duct excision.

3.7 Mammography

If it is determined that the patient has physiologic nipple
discharge, no additional procedures are needed. Mammog-
raphy is reserved for patients in the appropriate age group
and risk categories if physiologic discharge is the presenting
symptom. All patients with pathologic nipple discharge
should undergo mammographic evaluation regardless of age.
Still, mammography is often normal in cases of discharge
associated with cancer. Fung found that only 2 out of 15
patients with cancer causing nipple discharge had mammo-
grams suggestive of malignancy [47]. Mammography might
identify a separate or associated lesion that may alter the
course of management. Mammographic abnormalities

associated with nipple discharge increase the likelihood of a
malignancy [28]. If a mammographic abnormality is visu-
alized, this finding takes precedence and a stereotactic or
ultrasound-guided core biopsy should be performed. If a
minimally invasive biopsy is not done, then a needle local-
ization excisional biopsy should be performed at the duct
excision to include the imaging abnormality.

3.8 Ultrasound

Ultrasound has been used for patients with pathologic nipple
discharge to view dilated ducts. This technique has also been
used with saline lavage of the discharging duct to dilate and
obtain cytology from the duct under echographic guidance
[48, 49]. Chung compared ultrasound to ductography and
found that ultrasound is superior for defining small 0.5 cm
lesions and to evaluate multiple ductal systems.
Ultrasound-guided localization of the lesion is particularly
helpful in cases of failed cannulation during ductography.
Ductography remains superior to ultrasound for visualizing
the extent of abnormality within a ductal system and for
detection of microcalcifications [50, 51]. The addition of US
to ductography has the highest sensitivity and specificity;
however, even if both of these tests are negative, malignancy
cannot be excluded [52].

High-resolution ultrasound is performed at 13–15 MHz
and has a higher sensitivity for the diagnosis of intraductal
pathology than conventional ultrasound (75 vs. 30 %).
Although it has a lower specificity than conventional ultra-
sound performed at 7.5 MHz, high-resolution ultrasound
appears to be better for evaluating proximal ducts [53, 54]
(Fig. 3.5). If an identified peripheral lesion can be visualized

Fig. 3.5 Ultrasound of a dilated
duct showing an intraductal lesion
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by ultrasound, needle localization or ultrasound-guided fine
needle aspiration (FNA) may be performed. The sensitivity
of cytologic examination of ultrasound-guided FNA is only
50 %; however, duct excision is warranted to remove the
lesion [55]. Two recently published studies looked at
patients with nipple discharge who underwent ultrasound-
guided percutaneous Mammotome excision of their intra-
ductal abnormalities. Both of these studies report that 95 %
of patients were discharge free after the procedure. Thorough
pre-biopsy work-up and patient selection are critical for this
procedure to be successful [56, 57].

3.9 MRI

Magnetic resonance imaging is being used more often as an
additional diagnostic tool for breast diseases. It is particu-
larly useful in young women with dense breast tissue where
more conventional tests such as mammography and ultra-
sound have a lower sensitivity. MRI has a higher sensitivity
than standard ductography but still cannot reliably differen-
tiate benign from malignant disease [58–60]. MR can be
helpful if other localizing techniques such as ductoscopy or
ductography are not available [61]. MR ductography has
been developed as an additional tool for patients with
pathologic nipple discharge and can be useful for identifying
the extent of the disease. While expense is an issue, it is not
as invasive as conventional ductography and does not have
the problem of failed cannulation. Fusion imaging of MR
ductography and contrast-enhanced MR mammography can
provide useful information on the extent of disease, and size
and shape of the lesion. This is helpful for resection planning
and in suspected cancer cases where breast conservation will
be attempted [62–64].

3.10 Occult Blood

Testing nipple discharge for occult blood has been evaluated
in many studies. Bloody or heme-positive discharge has
been associated with an increased incidence of cancer. In
one large series, discharge was tested for occult blood using
a Bililabstix reagent strip. All patients with the eventual
diagnosis of cancer tested positive even though less than half
were grossly bloody [3]. Since there are reports of cancers
identified in nonbloody discharge, if the discharge is char-
acteristically pathologic, it should be evaluated even if it is
hemoccult negative.

3.11 Cytology

Many physicians will send nipple discharge for cytologic
evaluation. In a large screening study where cytology was
performed on over 20,000 patients with nipple discharge,
only 0.2 % patients were either positive or suspicious for
malignancy. In this same series, 61 of 404 detected cancers
had nipple discharge. In these 61 cases, cytology findings
were as follows: 24 negative, 18 positive, 7 suspicious, and
12 atypical for a sensitivity of 60.7 % [65]. The ability to
detect malignancy by cytologic examination of nipple dis-
charge ranges from 45 to 82 % [20, 21, 66–68]. Nipple
discharge cytology has a 0.9–2.6 % false-positive rate [21,
68] (Fig. 3.6).

A recent study from the CAP Interlaboratory Comparison
Program queried pathologists with a brief history and slides
of nipple discharge. The results indicated a high 12.8 %
false-positive rate and a 3.4 % false-negative rate, confirm-
ing the difficulties in relying on cytologic results in this
condition [69]. Cytology alone should not be used to

Fig. 3.6 a Nipple discharge cytology showing benign ductal cells and proteinaceous material. b Nipple discharge cytology showing malignant
cells
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determine if surgical excision is necessary because of the
high false-negative and false-positive rates. In cases of
positive nipple cytology and mammographic changes sug-
gestive of malignancy, a diagnostic surgical procedure may
be justified [70]. If the mammographic abnormality is
biopsied preoperatively and a cancer diagnosis is estab-
lished, then a thorough work-up and definitive diagnosis can
be performed. For patients with pathologic nipple discharge
and no mass or mammographic abnormality, a biopsy should
be done regardless of cytologic findings.

Cytology examination is not recommended for pregnant
patients due to the difficulty in differentiating normal from
abnormal proliferative changes. Positive cytology in cases of
pathologic nipple discharge or nipple lesions can be helpful,
but in cases in which the clinical evaluation is suspicious
without positive cytology or if cytology is positive without a
corresponding high level of clinical suspicion, tissue biopsy
is required. A negative cytology report in the setting of
clinical nipple discharge could erroneously reassure the
patient who still needs further evaluation.

3.12 Biochemical Markers

Several researchers have addressed the role of biochemical
markers in nipple discharge in an attempt to diagnose breast
cancer. Certain LDH isoenzyme levels have been found to
be elevated in the nipple discharge of patients with breast
cancer. The test is relatively simple and inexpensive but is
associated with a false-negative rate in cases where a cancer
is in another area of the breast and not associated with the
discharge [71]. Immunoassays for CEA have been done

using small nitrocellulose-backed disks placed on the nipples
of cancer patients. Nipple secretions from 94 % of the
patients with cancer had significantly higher levels of CEA
than from those without cancer. This difference was not
apparent in healthy controls [72]. Several studies of NAF
and abnormal discharge using immunoassays for CEA show
similar trends whereas others show no difference [73–75].
Using a modified breast pump to obtain NAF, Sauter found
that decreased levels of prostatic specific antigen (PSA) were
associated with an increased breast cancer risk [9]. In a
recent study, Liu found that basic fibroblast growth factor
(bFGF) from nipple fluid was significantly increased in
breast cancer patients over controls [76]. Sauter’s group has
also looked at proteomic analysis of ductal fluids using
SELDI-TOF mass spectrometry showing differential
expression between women with and without breast cancer
[77]. These tests using nipple discharge or secretions may
aid in the diagnosis of breast cancer and are promising for
future screening and diagnosis but are currently not accurate
enough to rule out carcinoma or negate the need for biopsy
in patients with nipple discharge.

3.13 Ductal Imaging

Ductography or galactography has proven useful for pre-
operative localization of intraductal lesions [78, 79]
(Fig. 3.7). Due to the significant false-negative rate, how-
ever, the decision to operate should not be based solely on
the ductogram results [23]. The ability of ductography to
distinguish between benign and malignant disease remains
limited [51, 80]. A recent study reported an increase in the

Fig. 3.7 Ductogram showing the
typical lobulated appearance of a
benign intraductal papilloma
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duct excision yield of neoplastic growths from 67 to 100 %
by using preoperative ductography [79]. This procedure is
easily performed by inserting a 30-gauge blunt-tip needle
into the discharging duct orifice and instilling 0.1–1.5 mL of
water-soluble contrast. Mammograms are taken in two views
and will show a filling defect or duct cutoff in most
circumstances [22]. In cases where the ductal lesion is far
from the nipple, ductography can be combined with preop-
erative needle localization to assist the surgeon with the
excision [79, 81]. Other techniques combine preoperative
ductography with methylene blue dye injection to assist the
surgeon in removing the lesion [79, 82].

Standard ductography via the nipple is not possible in
many patients who have had previous duct surgery with
retained or new duct lesions or for patients who have dilated
ducts that cannot be accessed through the nipple. In these
cases, percutaneous ductography has been described using
ultrasound guidance. This procedure allows for identification
and localization of the lesion to assist with surgical excision
[83].

3.14 Surgical Evaluation and Treatment

Surgery for pathologic nipple discharge can be less than
satisfying procedure. Duct excision is typically performed
blindly because the intraluminal pathology cannot be visu-
alized directly during surgery. Duct excision can cause
decreased sensation to the nipple and prevent the ability to
breast-feed depending on the extent of dissection. The sur-
geon must judge the amount of tissue to be excised so as to
assure adequate removal of the lesion without unnecessary
destruction of normal breast tissue. Benign or normal
pathology findings could result from not excising the lesion,
from the pathologist not identifying the lesion within the
specimen, or possibly from a truly negative pathology.

Various techniques for surgical removal of the mammary
ducts have been described. A major duct excision removes
all or most of the subareolar ductal tissue through either a
circumareolar or radial incision [21, 84]. Traditionally, this
approach was used for pathologic nipple discharge prior to
the availability of localizing procedures. It is still useful in
cases of copious physiologic discharge for which the patient
requests surgery or for cases where localizing attempts are
unsuccessful or show multiple duct involvement. After the
incision is made, the ducts are encircled and tied off as they
enter the nipple. The subareolar tissue is coned out for
several centimeters to remove all apparent ductal tissues.
The recurrence rate of nipple discharge after this procedure
is very low, although the proliferative lesion retrieval rate is
less than for more directed techniques [19]. The circum-
areolar incision and more extensive subareolar tissue resec-
tion necessary to perform a major duct excision may disrupt

the nerve supply to the nipple and leave the patient with
numbness, nipple retraction, and the inability to nurse on
that side. Care must be taken to avoid cautery burn to the
undersurface of the nipple to limit the possibility of nipple
necrosis [84].

A more limited or segmental duct resection can be per-
formed by cannulating the discharging duct with a probe.
The tissue is removed from around the probe deep within the
breast. The goal is to remove an entire ductal system from
the nipple to the terminal duct-lobular unit. This is useful in
cases where localizing attempts have failed and the location
of the lesion is unknown or for deep lesions. A circumareolar
incision is commonly made in the quadrant of the dis-
charging duct [85]. A flap is created undermining to the
nipple, and the dilated or blue duct is encircled. It is
important to dissect into the nipple to remove the proximal
duct tissue to prevent recurrent discharge [84]. A useful
adjunct to this procedure is preoperative ductography com-
bined, if necessary, with needle localization for a deep
abnormality. The proximal duct is removed with the assis-
tance of a probe or blue dye while the deep lesion is iden-
tified by excising the tissue around the localizing wire [81].
Duct excision using a lacrimal probe guide has the advan-
tage of identifying the proximal portion of the discharging
duct. The probe may, however, enter the wrong duct at a
bifurcation or be unable to be advanced to the level of
pathology.

Microdochectomy is a procedure, which removes the
abnormal duct while preserving surrounding normal breast
tissue [25, 86]. The technique involves identifying and
cannulating the discharging duct preoperatively by ductog-
raphy. Blue dye is then injected into the abnormal ductal
system through the cannula placed during the preoperative
ductogram. The duct is dissected from the nipple toward the
deeper ducts removing only the blue-stained duct tissue.
This technique is described with a transareolar incision,
which is a radial incision through the nipple, or a small
curvilinear incision within the areola or at the areolar edge
can be used as well [78, 87]. This technique has the benefit
of removing the discharging duct while preserving the nor-
mal ducts in an effort to limit sensation loss and retain the
ability to breast-feed.

3.15 Mammary Ductoscopy

Mammary ductoscopy allows for direct visualization of the
intraductal lesion by passing a small endoscope through the
nipple into the ductal system after the duct orifice is dilated.
This technique is becoming more widely used especially in
cases of pathologic nipple discharge and reports the highest
proliferative lesion rates of all localizing techniques [29, 88–
91]. The visual component alone of ductoscopy cannot
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adequately differentiate benign from malignant lesions [92].
Other studies show excellent sensitivity (98 and 96 %) with
ductoscopy and cytology or intraductal biopsy, which can
help with planning resection [39, 93].

The ability to enter the ductal system and directly visu-
alize ductal abnormalities has distinct advantages. The
intraductal pathology can be visualized during the time of
surgical excision and the scope itself can direct the surgeon
to the lesion (Fig. 3.8). Intraoperative visualization of the
lesion enables adequate removal of the abnormality while
preserving surrounding normal tissue. Ductoscopy enables
the surgeon to identify the abnormality within the specimen
and assists the pathologist in locating the lesion [94].
Mammary ductoscopy may limit the extent of surgery nec-
essary to excise intraductal pathology, as well as help in
identifying the lesions to be removed including lesions
within the nipple itself, which can be left behind, and mul-
tiple deeper lesions, which occur in 25 % of cases, more
accurately [29]. Intraductal biopsy tools are becoming
available, which will provide histology samples of intra-
ductal pathology [95]. A recent study used such tools to
successfully remove 22 of 26 intraductal papillary lesions in
an office setting. Short-term follow-up showed no recurrent
discharge in these patients. [96] A recent Japanese study
successfully removed 24 lesions in 75 patients with PND
(29.3 %) negating surgical excision. One patient is subse-
quently developing DCIS and one developed recurrent dis-
charge from multiple papillomas [97].

3.16 Follow-up

Anywhere from 5 to 20 % of duct excision cases will turn
out to be malignant. As preoperative evaluation becomes
more thorough, and malignant cases are identified preoper-
atively, this number declines. The treatment of breast cancer
presenting as nipple discharge has traditionally been mas-
tectomy. Many series suggest that intraductal cancer pre-
senting as nipple discharge is more extensive and has a
higher recurrence rate than DCIS in other areas of the breast
[46, 98–100]. Ito found that in 26 patients with nonpalpable
breast cancer associated with nipple discharge that were
treated with duct-lobular segmentectomy, only one patient
had microscopic residual disease found in the follow-up
mastectomy specimen. These findings suggest that seg-
mental duct resection is an adequate surgery for nonpalpable
cancers presenting with nipple discharge [101]. If cancer is
found at the time of duct excision for PND, then MRI may
be useful for determining the extent of disease. Reexcision,
which is often needed to obtain clear margins, will also help
determine residual disease.

Carcinoma of the ipsilateral breast following duct excision
has been reported in a number of series [3, 28, 46]. Many of
these patients were found to have benign disease or no
pathologic diagnosis at the original surgery. In these cases, it
is likely that the lesion causing the discharge was not
removed during the first procedure. These cancers typically
present as masses rather than recurrent nipple discharge

Fig. 3.8 Intraductal images through the mammary ductoscope. a Normal duct bifurcation. b Intraductal papilloma
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because of the interruption of the ductal system at the time of
the original duct excision. Close follow-up is essential for
patients with nipple discharge in which no proliferative lesion
was seen on analysis of the specimen, and for patients with
peripheral papillomas. Patients undergoing breast conserva-
tion who have in situ carcinomas as the cause of their nipple
discharge should also have postoperative radiation therapy
and close mammographic and clinical follow-up [46].

Nipple discharge, in the majority of patients, is physio-
logic and usually does not require further evaluation.
Spontaneous, clear or bloody, single duct discharge should
be worked up with imaging modalities and most of these
patients need excision to rule out carcinoma. While tech-
nology is rapidly advancing and we have many options
available for ductal evaluation, none of these can satisfac-
torily rule out malignancy as the cause of the discharge.
There are a few reports that suggest surveillance in patients
with PND and negative extensive work-up is feasible;
however, most studies advocate for excision [102–105].
Therefore, at this time, excision of the affected duct is still
considered standard of care. The preoperative and excisional
techniques you will utilize in this patient population will
depend somewhat on the availability of equipment and
expertise at your institution. It is clear, however, that
localized excisions result in a greater lesion identification
rate. Figure 3.9 illustrates the algorithm used at University
Hospitals Seidman Cancer Center for the evaluation of
nipple discharge. As imaging and biopsy techniques become
more advanced, many nipple discharge patients will be able
to forgo surgical excision altogether without compromising
their diagnosis.
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4Mastalgia

Amit Goyal and Robert E. Mansel

Mastalgia is a common breast symptom that may affect up to
70 % of women in their lifetime [1]. It is most common in
women aged 30–50 years. Breast pain may be bilateral,
unilateral, or in part of one breast. While most patients
experience mastalgia of mild or moderate severity and
accept this as a part of the normal changes that occur in
relation to the menstrual cycle, a proportion (10–20 %)
experience severe pain that causes distress, affects their daily
lives, and leads them to seek treatment [2]. The severity of
pain associated with cyclical mastalgia can be substantial,
similar in magnitude to chronic cancer pain and slightly less
than that associated with rheumatoid arthritis [3].

In a study of 1171 premenopausal women attending a
gynecology clinic, 69 % reported regular premenstrual dis-
comfort, 11 % had moderate-to-severe cyclic mastalgia, and
36 % had consulted a doctor about the symptoms. Breast
pain interfered with usual sexual activities (48 %), physical
activities (37 %), social activities (12 %), and school activ-
ities (8 %) [4].

4.1 Etiology

The etiology of cyclical mastalgia has not been established.
Some evidence has implicated elevated estrogen levels, low
progesterone levels, or an abnormal estrogen/progesterone
ratio [5]. The cyclical nature of pain, swelling, tenderness,
and nodularity together with postmenopausal cessation
suggests a relationship between the symptoms and estrogen
effects [6, 7]. However, measurement of estrogen,

progesterone, and prolactin levels has not shown consistent
abnormalities. There is no correlation of water retention,
psychological factors, or caffeine intake with mastalgia. The
role of iodine deficiency, alterations in levels of fatty acid in
the breast, and fat intake in the diet remains unclear.

4.2 Classification

Mastalgia can be separated into four main groups, cyclical
mastalgia, non-cyclical mastalgia, chest wall pain, and
non-chest wall pain [8] (Table 4.1). History will often reveal
the temporal association of cyclical mastalgia with the
menstrual cycle, but the best way to assess whether pain is
cyclical is to ask the patient to complete a breast pain chart
(Fig. 4.1). This is especially useful in patients who have had
a hysterectomy. A pain chart quantifies patient’s symptoms
and has the added advantage of assessing effectiveness of
therapy. Two-thirds of women have cyclical pain, and the
remaining third have non-cyclical pain.

4.3 Cyclical Mastalgia

Cyclical breast pain usually occurs during the late luteal
phase of the menstrual cycle and resolves at the onset of
menses (Table 4.1). Patients with cyclical pain are by defi-
nition premenopausal and most often in their thirties. Many
women normally experience premenstrual discomfort, full-
ness, tenderness, or heaviness of the breast 3–7 days before
each period in relation to the menstrual cycle. Tender
lumpiness in breasts and increased breast size at this time,
which regresses postmenstrually, are equally normal.
Patients with cyclical mastalgia typically suffer increasing
severity of pain from mid-cycle onward, with the pain
improving at menstruation. The pain is usually bilateral,
described as heaviness with the breast being tender to touch,
and it commonly affects the upper outer quadrant of the
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breast. The pain may radiate to the axilla and down the
medial aspect of the upper arm. The pain varies in severity
from cycle to cycle but can persist for many years. Cyclical
mastalgia is relieved by menopause. Physical activity can
increase the pain; this is particularly relevant for women
whose occupations include lifting and prolonged use of the
arms. The impact of mastalgia on quality of life is often
underestimated. Cyclical mastalgia is distinct from premen-
strual syndrome (PMS), which is characterized by physical,
psychological, and emotional symptoms associated with the
menstrual cycle. The two may occur together or indepen-
dently. Although mastalgia is a well-documented symptom
in PMS, PMS is not necessarily present in women with
cyclical mastalgia [9].

4.4 Non-cyclical Mastalgia

Non-cyclical breast pain is unrelated to the menstrual cycle
and occurs in both pre- and postmenopausal women.
Patients are usually in their forties. Pain may be continuous

but is usually described as having a random time pattern.
The pain is often localized and described as “burning” or
“drawing.” The pain may be due to a tender cyst, periductal
mastitis, stretching of Cooper’s ligaments, trauma (including
breast biopsy or surgery), sclerosing adenosis, Mondor’s
disease, and cancer [8]. The majority of patients, however,
are found to have no cause to explain their mastalgia despite
thorough investigations.

4.5 Chest Wall Pain

Musculoskeletal pain is almost always unilateral, brought on
by activity, and can be reproduced by pressure on specific
area of the chest wall. Women known to have spondylosis or
osteoarthritis are more likely to have musculoskeletal pain
rather than true breast pain. Pain arising from the chest wall
may be mistakenly attributed to the breast. Pain that is
limited to a particular area and characterized as burning or
knifelike in nature may arise from the chest wall. Several
distinct types of pain can be distinguished, including

Table 4.1 Classification of mastalgia

Breast pain Cause

Cyclical pain Hormonal stimulation of normal breast lobules before menses

Non-cyclical pain Stretching of Cooper’s ligaments
Pressure from brassiere
Fat necrosis from trauma
Hidradenitis suppurativa
Focal mastitis
Periductal mastitis
Cyst
Mondor’s disease (sclerosing periphlebitis of breast veins)

Non-breast pain

Chest wall pain Tietze’s syndrome (costochondritis)
Localized lateral chest wall pain
Diffuse lateral chest wall pain
Radicular pain from cervical arthritis

Non-chest wall pain Gallbladder disease
Ischemic heart disease

Source From The New England Journal of Medicine, Santen RJ, Mansel R, Benign breast disorders, Vol. 353, pp. 275–85 [8] © 2005
Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society

Fig. 4.1 Cardiff breast pain chart
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localized or diffuse lateral chest wall pain, radicular pain
from cervical arthritis, and pain from Tietze’s syndrome
(costochondritis). In Tietze’s syndrome, the pain is often felt
in the medial quadrants of the breast overlying the costal
cartilages, which are the source of the pain. It has a chronic
time course, and on examination, one or several costal car-
tilages are tender and feel enlarged.

4.6 Non-chest Wall Pain

This group consists of patients who have pain due to a
non-breast cause, such as gallstones and angina.

4.7 Mastalgia and Breast Cancer

Cancer is an uncommon cause of breast pain. Breast pain
associated with cancer is non-cyclical, unilateral, and well
localized. Breast cancer is found in 2–7 % of patients pre-
senting with pain as the primary symptom [10–14]. It is not
clear whether breast pain increases the risk of subsequent
breast cancer. Two case–control studies and one cohort
study [15–17] have shown a significant increase in breast
cancer risk in women with cyclical mastalgia. Plu-Bureau
et al. [17] studied 210 premenopausal women diagnosed to
have breast cancer who were matched with 210 controls
from the same geographic area on age, education level, and
age at first full-term pregnancy. The previous history of
cyclical mastalgia was found to be associated with an
increased risk of breast cancer (relative risk adjusted for
family history of breast cancer, prior benign breast disease,
age at menarche, oral contraceptive use >2.12). Similar
findings were reported by the authors in a cohort study of
247 premenopausal women diagnosed to have benign breast
disease [15]. They showed that the breast cancer risk
increased with increasing duration of cyclical mastalgia.
Goodwin et al. [16] studied 192 premenopausal women with
a node-negative breast cancer and 192 age-matched pre-
menopausal controls. Breast tenderness scores were signifi-
cantly higher premenstrually in patients with breast cancer.
The odds ratio of breast cancer for severe tenderness was
3.32. However, it is documented that women presenting to
physicians with symptoms have higher mammographic and
biopsy interventions, which may lead to a diagnosis bias in
these studies.

In contrast, Khan et al. [18] found that women who
experienced breast pain were less likely to have breast
cancer. They analyzed data of 5463 women attending a
breast care center in New York. Eight hundred and sixty-one
of thousand five hundred and thirty-two women who

reported breast pain at their initial visit were diagnosed with
breast cancer. Odds ratio after adjustment for age and
additional risk factors was 0.63.

Further evidence is needed to define the association
between mastalgia and breast cancer. Clinical examination
of the breasts and assessment of the patient’s individual risk
of breast cancer should be the main determinants of offering
diagnostic breast imaging to patients with mastalgia.

4.8 Psychosocial Factors

Traditional surgical view that pain in the breast is largely an
expression of psychoneurosis was challenged by Preece
et al. [19] who found that women with mastalgia had similar
anxiety, and depression and phobia to women with varicose
veins. The psychological morbidity in varicose vein and
mastalgia patients was significantly lower than that of psy-
chiatric patients, except for few patients with breast pain
who failed to respond to treatment.

Other studies have found that women with mastalgia have
increased anxiety and depression compared with asymp-
tomatic women [20]. It is not clear whether psychological
distress contributes to or is a consequence of mastalgia. The
emotional symptoms are significantly higher in women with
severe mastalgia. The anxiety and depression in women with
severe mastalgia are comparable with those of women with
newly diagnosed breast cancer on the morning of their sur-
gery [21]. Those who respond to treatment have a significant
improvement in psychosocial function, but patients refrac-
tory to treatment continue to have high levels of distress
[21].

More recently, Colegrave et al. [22] found that women
with breast pain had increased anxiety, depression, somati-
zation, and history of emotional abuse compared to women
with breast lumps alone, suggesting psychosocial factors
contribute to mastalgia. Relaxation therapy by listening to
relaxation audio tape can improve symptoms of mastalgia
[23].

4.9 Clinical Assessment and Investigations

A careful history is necessary to exclude non-breast condi-
tions. Clinical examination must be performed to exclude a
mass lesion in the breast and define breast tenderness and
chest wall tenderness. Breast lump should be evaluated by
“triple assessment,” which includes palpation, imaging, and
percutaneous core needle biopsy or fine-needle aspiration
cytology. Chest wall should be examined by lifting the
breast with one hand while palpating the underlying muscles
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and ribs with the other hand (Fig. 4.2). Lateral and medial
chest wall tenderness can be elicited by rolling the patient to
her side, allowing the breast to fall away from the chest wall
(Fig. 4.2). If no mass is identified, further investigation is not
indicated and the patient should be reassured that there is no
sinister cause for her symptoms. The impact of the pain on
the patient’s quality of life should then be determined.
Severe mastalgia tends to interfere with work, hugging
children, and sexual relationships. If treatment is being
considered, patients should be asked to complete a pain chart
(Fig. 4.1) for at least 2 months to allow identification of the
pattern of pain and to assess the number of days of pain in
each menstrual cycle.

4.10 Treatment

4.10.1 Cyclical Mastalgia

The primary indication for treatment is pain, which interferes
with everyday activities.Manywomenwhopresent to hospital
do so because they are worried that mastalgia may indicate
breast cancer. Reassurance that cancer is not responsible for
their symptoms is the only treatment necessary in up to 85 %
of women with cyclical mastalgia [24]. The key to effective
management of patients with mastalgia is a “listening physi-
cian” who can express empathy and understanding for the
impact that breast pain has on women’s lifestyle. Some
women can improve their pain with simple measures such as
wearing a well-fitting bra to support the pendulous breasts.
Antibiotics are ineffective for mastalgia and should be used
only when a specific diagnosis of periductal mastitis or lac-
tational infection has beenmade. Diuretics, vitamin E, vitamin
B6, caffeine reduction, and progestogens (oral or topical) have
not been shown to be of value in cyclical mastalgia [25–31].
Women who start oral contraceptive or hormone replacement
therapy may report breast pain, which usually settles with
continued therapy. Some patients who are taking an oral
contraceptive find that their breast pain improves after stop-
ping the pill and changing tomechanical contraception, but no
individual oral contraceptive has been shown to specifically
cause mastalgia. The use of oral contraceptives and hormone
replacement therapy has not been systematically studied, but
for persistent symptoms, the use of alternative preparations,
preparations that contain low-dose estrogen or stopping
medication, may produce relief.

Evening primrose oil has been used, at oral doses of 1–
3 g daily; however, two recent randomized trials have found
that its efficacy does not differ from that of placebo [31, 32].
Evening primrose oil’s prescription license in the UK was
revoked in October 2002 due to lack of efficacy over pla-
cebo. One small randomized trial found improvement in
premenstrual breast swelling and tenderness with low-fat
(15 % of total calories) and high-carbohydrate diet [33]. This
diet may be difficult to sustain, and further research is nee-
ded before low-fat diet can be recommended to reduce breast
pain. There has been a growing interest in phytoestrogens,
herbal agents, and nutritional supplements for the treatment
of breast pain. Isoflavones were found to be effective in
cyclical mastalgia in a small randomized trial [34]. Agnus
castus was well tolerated and was effective in controlling the
symptoms of cyclical mastalgia in a placebo-controlled,
randomized trial of 97 women suffering from cyclical
mastalgia [35]. These studies need to be repeated in larger
numbers to clarify the therapeutic value of these alternative
approaches in breast pain.Fig. 4.2 Examination techniques to elicit chest wall tenderness
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Topical non-steroidal anti-inflammatory drugs (NSAIDs)
are well tolerated and effective in treating breast pain and
should be considered for pain control in those who prefer
topical therapy. In a randomized controlled trial, diclofenac
gel was found to be superior to placebo in premenopausal
women with cyclical or non-cyclical mastalgia [36].

The efficacy of bromocriptine (dopamine agonist) has
been confirmed in randomized trials and in a recent
meta-analysis [37], but it is not used these days because of
frequent and intolerable side effects (nausea, dizziness,
headache, and postural hypotension).

Goserelin (Zoladex®), a potent synthetic analog of
luteinizing hormone-releasing hormone (LHRH), induces
reversible ovarian suppression with castrate levels of ovarian
hormones being attained within 72 h [38–40]. In a ran-
domized controlled trial, we found that goserelin injection
was superior to sham injection in treating severe mastalgia
[41]. However, side effects (vaginal dryness, hot flushes,
decreased libido, oily skin or hair, and decrease in breast
size) are common, and thus, goserelin should be kept in
reserve for patients who are refractory to other forms of
treatment. Goserelin can be used to induce a rapid relief of
symptoms in patients with severe mastalgia, and the
response can be maintained with alternative therapies.

Danazol is a synthetic androgen that has antigo-
nadotrophic effects on the pituitary. It prevents luteinizing
hormone surge and inhibits ovarian steroid formation.
Danazol relieves breast pain and tenderness, and the
response is usually seen within 3 months [42, 43]. However,
side effects occur in 30 % of patients and result in discon-
tinuation of treatment in a significant number of patients
[44]. Danazol has superior efficacy compared with bromo-
criptine [45]. The side effects of danazol treatment (weight
gain, deepening of the voice, menstrual irregularity or
amenorrhea, hot flashes, depression, headaches, and muscle
cramps) can be limited by reducing the dose once the
response has been achieved. The response can be maintained
with doses as low as 100 mg daily, given on days 14–28 of
the menstrual cycle [42].

Tamoxifen has proven to be effective in the treatment of
both cyclical and non-cyclical mastalgia in randomized
controlled trials [46, 47]. Tamoxifen 10 mg daily has equal
efficacy but fewer adverse effects compared with 20 mg
daily [48]. Its use is limited to no more than 6 months under
specialist supervision as tamoxifen is not licensed for
mastalgia in the USA or the UK. Common side effects with
10-mg daily regimen are menstrual irregularities, hot flashes,
weight gain, vaginal dryness, and bloating. The incidence of
thromboembolic events, endometrial cancer, and cataracts
with short-term treatment for mastalgia is unknown.
Tamoxifen is cheaper and has higher response rates and less
side effects compared with danazol [49].

4-hydroxytamoxifen (4-OHT) is a potent antiestrogenic
metabolite of tamoxifen with much higher affinity for
estrogen receptors than tamoxifen. A percutaneous gel for-
mulation of 4-hydroxytamoxifen (Afimoxifene®) has been
found to be superior to placebo in the treatment of cyclical
mastalgia in a phase II randomized trial [50]. Topical
application avoids high systemic exposure to 4-OHT com-
pared with oral tamoxifen, thus potentially reducing the risk
of systemic side effects. Further studies are needed before
Afimoxifene® can be recommended for mastalgia.

There is insufficient evidence on the role of surgery in the
treatment of mastalgia, and surgical intervention should be
approached with great caution. Retrospective data from
Cardiff found that mastectomy in contrast to localized exci-
sion needs to be performed for symptom relief [51]. Surgery
should be reserved for a minority of women who suffer from
intractable symptoms and in whom non-breast causes of pain
have been excluded. A multidisciplinary team approach
involving the surgeon, psychologist, and breast care nurse is
required when offering surgery to these women. The women
should be counseled to inform them of the potential com-
plications and the risk of persistence of symptoms.

4.10.2 Non-cyclical Mastalgia

When pain is truly arising from the breast, the approach
outlined for cyclical pain is used. Musculoskeletal pain often
responds to oral or topical NSAIDs. Patients with persistent
localized chest wall symptoms can be effectively treated by
injection of a combination of local anesthetic and steroid into
the tender site. Injection of local anesthetic confirms the
correct identification of the painful area by producing
complete disappearance of the pain.

4.11 Management Algorithm

The protocol followed in Cardiff Breast Unit is outlined in
Fig. 4.3. Most patients can be reassured and discharged from
the clinic if breast examination is normal. Imaging
(mammogram/ultrasonography) is only done based on the
patient’s breast cancer risk and examination findings.
Patients requesting treatment are given lifestyle advice (e.g.,
wear well-fitted bra) and asked to record their pain in the
Cardiff Breast Pain Chart and return to the clinic in
3 months. First-line treatment includes the use of topical or
oral mild analgesic agents such as paracetamol and NSAIDs.
Patients with persistent symptoms after 3 months of treat-
ment are started on tamoxifen, at a dose of 10 mg daily for
three to 6 months. Treatment failures are started on danazol,
at a dose of 200 mg daily (reduced to 100 mg a day after
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relief of symptoms) or only during the luteal phase of the
menstrual cycle. Non-responders with severe pain are started
on goserelin depot injection, 3.6 mg/month for 6 months. If
the outlined treatment plan is followed, about 70–80 % of
patients should experience substantial relief of symptoms.
Non-hormonal contraception is essential with tamoxifen and
danazol because both have deleterious effects on the fetus.
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5Management of Common Lactation
and Breastfeeding Problems

Lisa H. Amir and Verity H. Livingstone

Lactation is a physiologic process under neuroendocrine
control; breastfeeding is a technical process by which milk is
transferred from the maternal breast to the infant. Success
depends on maternal health, adequate mammogenesis,
unimpeded lactogenesis, successful galactopoiesis, effective
milk transfer, and appropriate quality and quantity of daily
milk intake. Each phase of lactation and breastfeeding is
influenced by multiple predisposing, facilitating, or imped-
ing biopsychosocial factors: puberty, pregnancy, childbirth,
breast stimulation and drainage, maternal milk ejection
reflex, maternal and infant breastfeeding technique, fre-
quency and duration of suckling, and the pattern of breast
use. All these factors are influenced by other factors such as
maternal knowledge, attitude, motivation, mood, and health;
infant health and behavior; and support from family, friends,
and healthcare professionals.

The concept of breastfeeding kinetics as developed by
Livingstone conveys the idea that there is a dynamic inter-
action between a breastfeeding mother and her infant over
time [1]. Most disorders of lactation are iatrogenic due to
impeded establishment of lactation or inadequate ongoing
stimulation and drainage of the breast. Most breastfeeding
difficulties are due to the lack of knowledge, poor technical
skills, or lack of support. Almost all problems are reversible.
Prevention, early detection, and management should become
a routine part of the maternal and child health care.

5.1 Prenatal Period

Prenatal breastfeeding goals are to assist families to make an
informed choice about infant feeding, prepare women cog-
nitively and emotionally for breastfeeding, identify and
modify risk factors to lactation and breastfeeding, and offer
anticipatory guidance. These goals can be achieved by
providing prenatal breastfeeding education and by per-
forming a prenatal lactation assessment [2, 3].

5.1.1 Informed Choice

Health professionals must assist families in making an
informed decision by discussing the recommended infant
feeding guidelines, including the benefits of breastfeeding
and the risks of breast milk substitutes [4–6]. The World
Health Organization recommends exclusive breastfeeding
for the first 6 months, with the introduction of comple-
mentary foods and continued breastfeeding for up to 2 years
or beyond [7, 8]. Dettwyler [9] has examined the relation-
ships between age at weaning and life history variables, such
as length of gestation, body weight, and eruption of molars,
among nonhuman primates. She estimates that if humans
followed primate patterns rather than cultural customs,
children would continued to be breastfed for somewhere
between 2.5 and 7 years [9].

5.1.2 Benefits of Breastfeeding

To the Infant

• Human milk is species-specific; it is the ideal nutrition
because the protein and fat contents are uniquely suited
to the needs of the infant. It also provides protection
against iron and vitamin deficiencies [10].
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• Breast milk contains more than 100 biologically active
ingredients. It offers immunologic protection to an
otherwise immunodeficient neonate [11]. The entero-
mammary immune cycle provides specific maternal
antibodies to infant antigens [12]. It protects against otitis
media, gastroenteritis, respiratory tract infections, urinary
tract infections, other bacterial and viral diseases, and
necrotizing enterocolitis [13–20].

• Breastfeeding provides a close interaction between
mother and infant and helps the two develop a strong,
positive, emotional bond, which has long-term psycho-
logical advantages [21].

• The action of breastfeeding facilitates correct jaw and
dental development [22].

• Breastfeeding may prevent overweight and obesity in
children and adults [19, 23, 24] and is associated with
lower blood pressure [25].

To the Mother

• Breastfeeding provides psychological satisfaction and
close maternal bonding between mother and infant [26].
It offers a regular opportunity to sit and relax during the
often exhausting early parenting period [27].

• Women who do not breast-feed are at increased risk of
developing premenopausal breast cancer [28] and pos-
sibly ovarian cancer [29].

• Using breastfeeding as the sole nourishment activity
causes lactation amenorrhea, which is an effective and
reliable method of contraception and child spacing [30].

• It reduces postpartum anemia.

To Society

• Breast milk is a natural resource that is replenished and
does not leave waste.

• The future of a society depends on the health of its
children.

• Breastfeeding is the most health-promoting,
disease-preventing, and cost-effective activity mothers
can do.

5.1.3 The Hazards of Infant Formula

Inadequate nutrition: Infant formula may contain inadequate
or excessive micronutrients. They lack essential fatty acids
known to be vital for myelination and proper brain and
retinal development. Some brands of formula contain excess
vitamin D [31].

Bacterial contaminants: Powdered infant formula is not a
sterile product [32, 33]. The most serious bacterial

contaminant, Enterobacter sakazakii, can cause rare, but
life-threatening neonatal meningitis, bacteremia, and necro-
tizing enterocolitis [32, 34].

Contaminants: A variety of other contaminants—includ-
ing excessive aluminum, lead, and iodine—have been
identified, and many brands of formula have been withdrawn
due to these discoveries [35–37].

Impaired cognitive development: Several well-controlled
studies have reported significantly lower intelligence quo-
tient scores and poorer development in children who lack
breast milk in their diet [38–41].

Allergies: More formula-fed infants develop atopic der-
matitis [42].

Morbidity and mortality: The added risk of bottle-feeding
can account for 7 % of infants hospitalized for respiratory
infections, and in the USA, formula-fed infants have a ten-
fold risk of being hospitalized for any bacterial infection.
They have more than double the risk of contracting lower
respiratory tract infections, and otitis media is up to 3–4
times more prevalent [43, 44]. Formula-fed infants have a
higher incidence of childhood cancers and inflammatory
bowel diseases in adulthood [45–47]. Formula feeding
accounts for 2–26 % of insulin-dependent diabetes mellitus
in children [48, 49].

Costs: It costs approximately $1000–$2300 to formula
feed an infant for 12 months (depending on the type of
formula used) [50]; therefore, many infants in low-income
families are at risk for receiving low-cost and inappropriate
alternative fluids and the early introduction of table foods. It
is also time-consuming to purchase and prepare formula.
Lack of breastfeeding results in increased healthcare costs
[51, 52].

5.1.4 Prenatal Education

Breastfeeding is a learned skill that should be taught pre-
natally; physicians can use models in their offices to help
reinforce the learning process [53]. Industry-developed lit-
erature on infant feeding should not be distributed because it
gives mixed messages to breastfeeding families [54].

5.1.5 Prenatal Lactation Assessment

Lactation is essential for the survival of most mammalian
species and can be considered the final stage of the repro-
ductive cycle. Mammogenesis begins in the embryo and
continues throughout life, with active growth phases during
puberty and pregnancy. It is controlled by a complex hor-
monal milieu. Clinical signs of successful mammogenesis
are breast growth, increased breast sensitivity, and the
excretion of a colostrum-like fluid by the end of pregnancy
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(lactogenesis I [55]). Failure of mammogenesis presents
clinically as a lack of, or an abnormality, in breast growth
and development during puberty or pregnancy.

5.1.6 Screening for Risk Factors

During the prenatal period, physicians have an opportunity
to screen women for certain biological, psychological, and
social risk factors that might interfere with mammogenesis,
successful lactation, or breastfeeding. A formal prenatal
lactation assessment should be performed in the third tri-
mester as a routine component of antenatal care for all
women.

5.1.6.1 Maternal Biological Risk Factors
for Successful Lactation

• Anatomically abnormal breasts, including hypoplastic or
conical breasts, may never lactate adequately because of
insufficient glandular development associated with the
failure of mammogenesis [56, 57].

• Breast surgery, in particular reduction mammoplasty,
may interfere with glandular or lactiferous duct function
[58, 59].

• Certain endocrinopathies, including thyroid, pituitary and
ovarian dysfunction, and relative infertility, may interfere
with lactation [60, 61].

• Chronic maternal illnesses, such as diabetes mellitus,
systemic lupus erythematosus, and hypertension, may
cause maternal fatigue but usually do not affect lactation.

• Women with physical disabilities usually can breastfeed,
but they may have to be given guidance and assistance
with regard to safe, alternative nursing positions.

• Complications of pregnancy such as gestational diabetes,
pregnancy-induced hypertension, and preterm labor may
result in early maternal infant separation, which can
interfere with the initiation of lactation. Antenatal
expression of colostrum may be useful when potential
neonatal hypoglycemia is anticipated [62].

• Maternal infections such as hepatitis B and C, human
immunodeficiency virus (HIV), or cytomegalovirus may
be transmitted to the infant in utero, but the added viral
load through breast milk is probably clinically insignifi-
cant [63]. In industrial countries, it would seem prudent
to advise HIV-positive women not to breast-feed [64].

• Women who use illicit drugs, such as amphetamines,
cocaine, or heroin, should be informed about the risks
and counseled about abstinence [65]. If the use continues,
the women should be advised not to breastfeed. Maternal
smoking is not advisable; however, the risks of smoking
and artificial feeding are greater than the risks of smoking
and breastfeeding [66, 67]. Breastfeeding should

therefore be recommended in spite of smoking. Moderate
use of alcohol should not be a contraindication to
breastfeeding [65].

• A previous unsuccessful breastfeeding experience may
herald future problems.

• Previous or chronic psychiatric disorders, including
depression, may recur in the postpartum period and
interfere with maternal parenting abilities. These mothers
need extra help during the early postpartum period.

5.1.6.2 Infant Biological Risk Factors
for Successful Lactation

Several infant factors interfere with the establishment of
lactation and breastfeeding. These include neonatal illness,
which necessitates early maternal/infant separation and
sucking, swallowing, or breathing disorders. Some factors
can be identified or predicted prenatally.

5.1.6.3 Psychological Risk Factors
There is interplay between the many forces that influence a
woman’s choice of feeding methods [68–70].

Beliefs: Many women have preconceived ideas about
feeding their infants. They may have anxieties and concerns
over their ability to breastfeed, they may believe their breasts
are too small or their nipples too large, or they may fear the
consequences of altered breast appearance. They may have
had previous unsuccessful breastfeeding experiences or
family members who offer negative advice. It is important to
clarify beliefs surrounding breastfeeding.

Attitudes: The physician should explore the woman’s
attitudes toward breastfeeding, returning to work, and
breastfeeding in public. Prenatal exploration of these areas
helps families start addressing their own attitudes.

Knowledge and skills: The physician should explore the
woman’s knowledge by asking what she knows about infant
feeding and how she is planning to feed her infant.

5.1.6.4 Social Risk Factors
Women are more likely to succeed in breastfeeding if they
have support from their family and friends. In the prenatal
phase, the goal is to help to foster a positive emotional
environment among family, friends, and community.

Family support: Throughout history, women have been
supported in their decision to breast-feed by grandmothers,
sisters, close friends, or doulas. Nowadays, with the disin-
tegration of the traditional family, lack of support often
culminates in abandonment of breastfeeding [71, 72].

Peer support: Single teenaged mothers experience con-
siderable peer pressure to continue the carefree life of youth,
and they may opt for the perceived freedom of bottle-feeding
rather than the commitment to breastfeeding. Peer support
programs have been shown to be an effective way of helping
to increase the duration of breastfeeding [73].
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Community support: Many women are embarrassed about
breastfeeding in public. A prenatal discussion around the
issue of breastfeeding in public may help. Employment
outside the home need not be a reason for stopping breast-
feeding; planning, flexibility, and good childcare can support
a mother to maintain lactation during prolonged hours of
separation.

5.1.7 Prenatal Breast Examination

After reviewing the woman’s history, a careful breast
examination should be performed.

5.1.7.1 Size and Symmetry
It is not until pregnancy that the full maturation of the
mammary glands occurs. Lactogenic hormones, including
estrogen, progesterone, prolactin, insulin, thyroid, and
growth hormones, trigger the development of the mammary
epithelial cells, acinar glands, and lactiferous ducts. By
16 weeks of gestation, lactation can occur. The breasts
usually enlarge by at least one bra cup size or about 200 mL
during pregnancy or in the first month postpartum [74, 75].
Variations in breast appearance or asymmetry may indicate
lactation insufficiency and therefore should be noted; future
milk synthesis should be closely monitored. Scars give clues
to potential glandular, ductal, or nerve disruption.

5.1.7.2 Nipple Graspability
For infants to latch and suckle effectively, they should be
able to grasp the nipple and areola tissue and form a teat. The
areola can be gently pinched to assess its elasticity and
graspability. Nipples may protrude, pseudoprotrude, remain
flat, pseudoinvert, or truly invert. They may be large or
small. There is no evidence to support nipple preparation
such as nipple stretching exercises or the use of nipple shells
because the anatomy of the nipple and areola is not altered
by prenatal exercises [76]. The action of sucking by the
infant helps to thaw out the nipple and form a teat during the
process of breastfeeding. It is only true inverted nipples that
may impede correct latching and suckling. The Niplette
(Avent, Suffolk, England) was designed to help correct
inverted nipples prenatally [77]. Cutting off the needle end
of a 20-mL syringe and reversing the plunger can make a
simplified version [78]. The flange end of the syringe can be
placed over the nipple and gentle suction applied to draw out
the nipple slowly. There are no data to confirm that the
syringe works, but clinical experience suggests that it may

be useful in helping to make the nipple area more graspable
[78]. There is no need to apply lotions or oils to the breasts
to soften the skin, and normal daily bathing with soap is
recommended.

5.1.8 Anticipatory Guidance

After completing a careful history and physical examination,
the following anticipatory guidance should be offered.

• Avoid medicated or interventional labor. Soon after
natural childbirth, infants exhibit an instinctive rooting
behavior to locate and latch onto the breast. Medications
and complications of childbirth may interfere with this
neurodevelopmental behavior [79, 80].

• Initiate breastfeeding or breast pumping as soon as pos-
sible following complete delivery of the placenta because
it is thought that early breast stimulation initiates lacta-
tion [27, 81], although evidence is conflicting [75].

• Breast-feed or pump on demand, every 2–3 h because
regular breast drainage and breast stimulation facilitate
lactogenesis [82, 83].

• Practice rooming and bedding in for 24 h per day.
Maternal–infant separation impedes regular breast drai-
nage and stimulation [84–86].

• Combined mother and infant nursing care facilitates
patient-centered teaching [87].

• Relieve engorgement early to prevent involutional atro-
phy of lactocytes [88].

• Avoid routine supplementation because it causes “breast
confusion” by removing an infant’s hunger drive, thereby
decreasing breast stimulation and drainage [89, 90].

• Avoid rubber nipples and pacifiers. If infants are
demonstrating hunger cues by sucking, they are hungry.
Offering a pacifier is not an appropriate maternal
response to these infants’ cues. The infant should suckle
on the breast frequently to establish successful lactation
[81, 91].

• Exclusive breastfeeding ensures that the infant receives
adequate colostrum, including secretary immunoglobulin
A (IgA) and other unique hormonal factors that con-
tribute to the infant’s health, growth, and development
[12].

• Avoid formula because it predisposes the neonate to
potential allergies and other risk factors associated with
artificial foods. The immature gut is not designed to
digest cow milk or soya milk [92].
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• Review the availability of community resources post-
partum; close follow-up in the postpartum period is
crucial for successful breastfeeding [4].

5.2 Intrapartum Period

5.2.1 Establishing Lactation

Breastfeeding should be considered the fourth stage of labor;
childbirth is not complete until the infant is latched on to the
breast and suckling, thus triggering lactogenesis. Soon after
delivery, neonates exhibit a natural locating reflex and can
find the nipple themselves, if permitted. Once the nipple is
located, they root, latch onto it, and suckle instinctively.
Studies have shown that this process may take 60–120 min
and that the locating and suckling instinct can be impaired if
foreign objects are inserted into neonate’s mouths soon after
birth or if the infant is sedated secondarily to maternal
medication [93, 94].

Early suckling is crucial for four reasons. Firstly, it allows
an imprinting to occur as the neonate learns to grasp and
shape a teat and suckle effectively while the nipple and
areola are still soft and easily grasped. Secondly, the neonate
ingests a small amount of colostrum, which has a high
content of maternal secretary IgA, which acts as the first
immunization to the immunoimmature neonate. Thirdly,
following parturition and the delivery of an intact placenta,
the inhibitory effects of the hormones of pregnancy are
removed, and the prolactin receptors in the mammary gland
become responsive. Lastly, early suckling stimulates the
release of lactotrophs, including prolactins, which trigger the
onset of milk synthesis. Frequent episodes of breast stimu-
lation cause surges of prolactin, which maintain lactogene-
sis. Clinical signs of successful lactogenesis are fullness of
the breasts postpartum with the production of colostrum
initially and then a gradual change to transitional milk and
mature milk within about 36–48 h [95].

Galactopoiesis is the process of ongoing milk synthesis.
It follows successful mammogenesis and unimpeded lacto-
genesis. The rate of milk synthesis varies throughout the day
and between mothers. It is controlled by regular and com-
plete drainage and is primarily an autocrine (i.e., local)
action. Recent studies suggest that ongoing milk synthesis is
inhibited by the buildup of local suppressor peptide called
feedback inhibitor of lactation (FIL) [96]; regular suckling
removes this inhibition [97, 98]. Prolactin surges stimulate
the breast alveoli to actively secrete milk, and oxytocin
causes the myoepithelial cells surrounding the glands and
the ductules to contract and eject milk down the ducts to the
nipples. These contractions effectively squeeze the fat
globules across the cell membrane into the ducts. As a feed

progresses, the quality and quantity of milk produced
change. The fore milk, at the beginning of the feed, is
composed mainly of milk that has collected between feeds,
and it has lower fat and higher whey content than hind milk.
The fat content increases as the “degree of breast fullness”
decreases [99]. Serum prolactin levels should increase
several-fold following suckling; lack of a prolactin response
may be significant. Prolactin levels fall over the first 4–
6 weeks, and the suckling-induced prolactin surges are
markedly reduced by 3 months, virtually disappearing by
6 months, and yet lactation can continue [100, 101]. Current
understanding is that the requirement of blood prolactin for
lactation is permissive rather than regulatory [102].

5.2.2 Factors that Help to Establish Lactation

Following childbirth, mothers and neonates should remain
together, skin to skin, to allow the process of breastfeeding
to begin. Neonates instinctively know how to locate the
breast and suckle, but mothers must be taught.

The World Health Organization and the United Nations
Children’s Fund recognized the importance of successful
establishment of breastfeeding in the hospital, and they
launched the global Baby Friendly Hospital Initiative in
1992. This is an educational quality assurance program for
hospitals based on the joint statement “Protecting, Support-
ing and Promoting Breastfeeding—The Special Role of
Maternity Services,” which outlines ten simple steps
designed to protect these delicate physiologic processes
[103] (Fig. 5.1).

5.2.3 Factors that Interfere with Lactation

Insufficient maternal milk is the most common reason given
for stopping breastfeeding in the early weeks. The cause is
often iatrogenic resulting from mismanagement during the
critical early phase. Many maternal and infant factors con-
tribute to lactation failure, including premammary gland,
mammary gland, and postmammary gland causes.

5.2.3.1 Failure of Mammogenesis
In the normal course of events, mammogenesis begins in the
embryo and continues throughout life with active growth
phases during puberty and pregnancy. Mammogenesis is
controlled by a complex hormonal milieu that cannot be
covered in depth in this chapter. The hormones involved
include the pituitary hormones: prolactin, adrenocorti-
cotropic hormone, growth hormone, thyrotropin, follicle-
stimulating hormone, and luteinizing hormone. In addition,
steroid hormones from the ovary, adrenal glands, and pla-
centa, plus thyroid hormones and insulin, contribute to
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mammary growth and function either directly or indirectly
[75].

Failure of mammogenesis presents clinically as a lack of,
or an abnormality in, breast growth and development during
puberty, adulthood, or pregnancy and may be due to any or a
combination of the following factors:
Preglandular Failure
The most common cause of premammary glandular failure is
a deficiency of mammary growth-stimulating hormones, but
other possibilities include the presence of biologically
inactive hormones or antibodies to the hormones preventing
their normal action [104]. Pathological conditions associated
with disrupted production can be hypothalamic or pituitary
in origin. Destruction of the hypothalamus can occur as a
result of encephalitis, infiltration of tumor following lym-
phocytic hypophysitis, or idiopathic causes [105]. Pituitary
causes include space-occupying lesions, hyperplasia, empty
sella syndrome, acromegaly, pituitary stalk section, and
Sheehan syndrome [106]. A pregnancy-specific mammary
nuclear factor (PMF) has been identified, which is stimulated
by progesterone. PMF may suppress genes involved in
mammary gland development [107].
Glandular Failure
Glandular failure is defined as lack of mammary gland
response to normal lactogens during pregnancy. A PMF
imbalance or end-organ receptor failure, such as estrogen or
prolactin mammary gland receptor deficits, may occur. The
regulatory factors involved in the development of the
myoepithelial cells prior to lactation are not well understood.

5.2.3.2 Failure of Lactogenesis
Lactogenesis II, or the onset of copious milk secretion,
occurs close to parturition. It is under endocrine control of
the pituitary gland via prolactin and other lactogenic

hormones. The decline of placental hormones, particularly
progesterone, following delivery of an intact placenta,
associated with early and frequent suckling, is the major
triggers to establishing milk synthesis. Clinical evidence of
lactogenesis II is an increase in breast size, which occurs
about 60 h postpartum, but can range between 24 and 102 h
after birth [108]. Failure of lactogenesis presents clinically as
a lack of breast engorgement and lack of colostrum
production.
Preglandular
Preglandular causes of failure of lactogenesis include an
intrinsic lack of lactogenic hormones, biologically inactive
lactogens or lactogenic antibodies [109]. In addition to the
pituitary and hypothalamic pathologies, factors predisposing
to a reduction in pituitary hormone production in the post-
partum period, in particular prolactin, include drugs such as
bromocriptine and retained placental fragments [110]. The
latter demonstrates the inhibitory effect of estrogen and
progesterone on the initiation of lactogenesis.
Glandular
Glandular causes include a lack of mammary gland
responsiveness to lactogenic hormones, including plasma
membrane receptor deficits or faulty gene transcription
[111].
Postglandular
Postglandular causes relate to a delay in the initiation of
breastfeeding. The length of delay that becomes significant
has not been clarified, but it undoubtedly plays a role.
Unlimited access to the breast increases milk intake and
infant growth in the first 2 weeks [112]. The use of sup-
plementary feeding with formula, which is routine in some
hospitals, may have a detrimental effect on milk synthesis in
a mother who planned exclusively to breast-feed after hos-
pital discharge [113]. Unrelieved engorgement is also

Fig. 5.1 Ten steps to successful breastfeeding
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recognized as having a negative feedback effect on milk
synthesis. This condition may be due to the buildup of
inhibitor factors in the milk or to pressure effects by the milk
volume.

5.2.3.3 Failure of Galactopoiesis
The action of many hormones is involved in the maintenance
of lactation. Failure of galactopoiesis presents clinically as
lack of copious milk production. Causes of failure of
galactopoiesis include the following:
Preglandular
An intrinsic lack of lactogenic hormones is one cause.
Contributing factors to reduced milk synthesis include cer-
tain drugs (e.g., estrogen-containing contraceptives, pseu-
doephedrine [114]), heavy smoking, or superimposed
pregnancy.
Glandular
Glandular causes include unresponsiveness to lactogenic
hormones or secondary to failure of mammogenesis or
lactogenesis.
Postglandular
The most common cause of lactation failure is a delay in
early and frequent breast simulation and inadequate drai-
nage, which commonly occurs when mothers and infants are
separated because of existing or anticipated health problems.
Newborns usually suckle effectively when they are posi-
tioned appropriately at the breast; however, the maternal
physiological ability to lactate rapidly declines if both
breasts are not stimulated quickly following parturition and
drained every 2 or 3 h. There is a window for the initiation
of lactation, and studies have shown that the duration of
lactation correlates inversely with the time of the first breast
stimulation. The extrinsic lack of prolactin surges fails to
trigger and maintain lactation [115].

Inadequate drainage as a result of infrequent suckling or
ineffective breastfeeding techniques leads to the lack of
removal of the milk and a buildup of local inhibitor factors
in the retained milk, which shuts down ongoing milk syn-
thesis. Involution of the glands commences, leading to pre-
mature weaning. After delivery, there is considerable
vascular and lymphatic congestion in the breast tissue,
leading to a rise in intraductal pressure. If unrelieved, the
engorgement impedes the intraductal flow of milk and
reduces circulation, rapidly causing pressure atrophy at the
alveoli and inhibiting the establishment of a good milk
supply. Impairment to milk drainage as a result of lactiferous
duct outlet obstruction also may occur following mammo-
plasty or surgical reconstruction of the breast, although
newer surgical techniques attempt to maintain the integrity
of the lactiferous ducts [59, 116, 117]. Neifert et al. [58]
found a threefold increase in the risk of lactation insuffi-
ciency in women who had undergone breast surgery com-
pared to women without surgery. Where there was a

periareolar incision, the risk was five times greater than
when there was no history of breast surgery [58].

Breast fullness or engorgement may prevent infants from
latching effectively. This leads to sore nipples, caused by
tongue trauma, inadequate breast stimulation and drainage,
and insufficient milk intake by the infant. If the breast milk
intake is low, the infant remains hungry and may receive
formula supplement and become satiated. The net result is
milk retention, impeded lactogenesis, and maternal unhap-
piness. Hot compresses and manual expression of milk
before latching help to improve the attachment, and cold
compresses reduce swelling after feeds [118, 119].

The fluid requirements of healthy newborn infants are
minimal for the first few days. Neonates drink 7–20 mL of
colostrum per feed initially, and they do not require extra
fluids. Prelacteal and complementary feeds may upset the
process of lactogenesis by removing the neonate’s hunger
drive and decreasing the frequency of breast stimulation and
drainage [90, 120]. Night sedation may offer a temporary
respite, but the lack of breastfeeding at night can impede
lactogenesis because of irregular breast stimulation and
drainage.

If frequent efficient breastfeeding is not possible, for
example, if a mother is separated from her sick infant, she
should be shown how to express her milk regularly, either by
hand or by using a breast pump, to ensure complete breast
drainage and prevent milk stasis. Contrary to popular belief,
this does not lead to an excessive milk synthesis but prevents
early and irreversible involution. Mothers should pump at
least six times daily [121].

5.2.4 Milk Transfer

Milk is transferred from the breast by the infant during
breastfeeding, in combination with the maternal milk
ejection reflex. The rate of transfer of milk from the breast
to the infant depends on various factors, including milk
synthesis and the volume of pooled milk, the strength and
frequency of the milk ejection reflex, and the technical
process of breastfeeding [122]. The milk ejection reflex, or
letdown, is stimulated by oxytocin released from the pos-
terior pituitary following direct nipple stimulation and via
hypothalamic triggering. It causes smooth muscle contrac-
tions and propels milk through the ducts and out of the
nipple pores. The character of the reflex varies between
women and over time; some mothers have a well-
developed letdown, whereas others have a slow, irregular
reflex. With conditioning, oxytocin release occurs in
response to infant crying or as the mother prepares to feed
[100]. Confidence facilitates the ejection reflex, and anxiety
may impede it [123, 124].
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5.2.4.1 Factors that Help Milk Transfer
Basic Breastfeeding Skills
Breastfeeding is a technical process of transferring milk from
the breast. It depends on careful positioning and attachment
of the infant to the breast and on an intact suckling ability of
the infant. Parenting starts at birth; therefore, hospital staff
should encourage mothers to assume this role as soon
as possible. Mothers should be shown how to breast-feed
[87, 125].

Positioning: The mother should be sitting comfortably
with her arms and back supported and her feet raised on a
small stool. The infant should be placed on her lap, facing
the uncovered breast; a pillow may help raise up the baby.
The infant’s body should be well supported and straight,
with the infant snug against her body [126] (Fig. 5.2).
Breastfeeding is easier if two hands are used to start with.
The breast should be cupped with one hand underneath
using the thumb and fingers to shape the breast to form an
oval that matches the shape of the mouth, lifting the breast
up slightly while directing the nipple toward the infant’s
mouth. The other hand is used to support the infant’s back
and shoulders. The infant’s arms should be free to embrace
the breast and the body held very close to the mother,
stomach to stomach.

Attachment: The latching technique involves brushing the
nipple against the infant’s upper lip and waiting until the
infant roots, lifting his or her head and opening the mouth
wide. This often requires “teasing the baby” and encourag-
ing the mouth to open wider than before. When the mother
can see the gaping mouth, she should quickly draw the baby
forward over the nipple and onto areola tissue. The baby’s
bottom lip, jaw, and chin sink into the breast first, so that he
takes a good mouthful of breast [126]. The amount of areola
available to the mouth depends on the size of the areola and
on the neonate’s gape. It is incorrect to assume that all the
areola tissue should be covered. The lips should be everted
or flanged and placed well behind the nipple base. The chin
is extended into the breast, and the nose is adjacent to it.
Young infants do not have the ability to maintain their

position at the breast alone, and so the mother must continue
to sandwich her breast and support the infant’s back and
shoulders throughout the duration of the feed. Older infants
are able to latch and maintain themselves more easily and
suckle comfortably in an elbow crook.

Suckling: An infant who is correctly latched and has a
mouthful of soft breast tissue will draw the nipple and the
areola tissue to the junction of the hard and soft palate to
form a teat and then will initiate suckling. The more elastic
and extensible the breast tissue, the easier it is for the young
infant. A fixed, retracted, or engorged nipple and areola
tissue make it harder for this to occur. The jaw is raised, and
the gums compress the breast tissue; the tongue protrudes
over the lower gums and grooves and undulates in a coor-
dinated manner. The cheeks and tongue help to form a bolus
of milk. The jaw lowers, and the soft palate elevates to close
the nasopharynx; a slight negative pressure is created, and
the milk is effectively transferred and swallowed in a coor-
dinated manner [127, 128] (Fig. 5.3).

5.2.4.2 Factors Impeding Milk Transfer
The milk ejection reflex is a primitive one and is not easily
blocked. The effects of adrenaline can reduce it temporarily
if the mother is subjected to sudden unpleasant or extremely
painful physical or psychological stimuli. This could include
embarrassment or fear, inducing a stress reaction with the
release of adrenaline, which can cause vasoconstriction and
impede the action of oxytocin. Over time, however, this
inhibition seems to be overcome. The strength and frequency
of the ejection reflex depend on hypophysial stimulation of
the posterior pituitary and suckling pressure on the lactifer-
ous ducts, causing oxytocin release. The more the milk that
has pooled between feeds, the more is ejected with the initial
let down [100, 123].

Inefficient milk transfer may be the result of poor
maternal breastfeeding technique in positioning the infant at
the breast or in facilitating his or her attachment because of a
lack of knowledge or maternal or infant physical disabilities.
In addition, improper positioning and attachment lead to

Fig. 5.2 A positionally stable
baby (© Rebecca Glover,
reprinted with permission)
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decreased breast stimulation and inadequate drainage, which
result in decreased milk production and decreased milk
intake. Simple correction of the position and latch is often
the only remedy needed to improve the quality of the feed.

Inefficient milk transfer also may result from poor neo-
nate suckling technique either because of an inability to
grasp the nipple correctly or because of a suck, swallow, or
breath disorder. Large, well-defined nipples may entice the
neonate to suckle directly on the nipple, resulting in sore
nipples and ineffective milk transfer. Retrognathia, cleft lip
or palate, and an uncoordinated, weak, flutter, or bunched-up
tongue may interfere with effective sucking dynamics, often
because the jaw fails to compress the breast or the tongue
and cheeks are unable to create the necessary negative
pressure to draw in the milk [129]. These infants may benefit
from suck training, but clinical experience suggests that as
the mandible elongates and facial muscles strengthen, the
dynamics of sucking improve naturally [130]. Ankyloglossia
(tongue-tie) is an important cause of suckling difficulties.
The tethered tongue is unable to protrude over the gum and
cannot move upward; the teat is not stripped correctly, and
less milk is transferred. The nipple often becomes trauma-
tized and sore. The infant may not thrive, and milk pro-
duction decreases because of inadequate drainage. A simple
surgical release of the frenulum is required and should be
done as soon as possible when clinically indicated; after a
few weeks, it is often difficult to alter the way these infants
suckle [131–133]. Recently, a posterior tongue-tie has been
recognized as a cause of nipple pain [134]. In addition to
restricted tongue movement and elevation, palpation of
resistance at the base of the tongue indicates a posterior
tongue-tie [135].

5.2.5 Milk Intake

Over the first few days, the infant drinks small volumes of
colostrum of 7–20 mL per feed. This rapidly increases to
approximately 760–840 mL/day, with approximately seven
or eight feeding episodes. The milk intake per feed is about
80–120 mL. Breasts have a great capacity to yield milk and
can produce double this amount. If necessary, a woman can
feed from one breast exclusively [136].

5.2.5.1 Frequency
Infants are able to recognize hunger and should be fed
according to their cues. Most newborns breast-feed every
2–3 h, causing frequent surges of prolactin, which help to
ensure full lactation. Mothers who have a low milk supply
should be encouraged to breast-feed frequently to ensure
good drainage and stimulation.

5.2.5.2 Duration
Studies show that the duration of a breastfeed varies between
mother–infant pairs [137]. The rate of milk transfer is not
uniform. Some breastfeeding pairs have a rapid milk transfer
and, hence, a very short feed. This is because of the large
amount of milk that has collected in the breasts since the
previous feed and the well-established milk ejection reflex.
Others have long feeds because milk ejection is poor, the
breastfeeding technique is relatively ineffective, or milk
production is slow, and the pooled milk volume is low,
which consequently leads to a slowed milk transfer. Previ-
ously held beliefs that most of the feed is taken in the first
few minutes or that both breasts should be used at each feed
fail to recognize the uniqueness of each nursing pair.

Fig. 5.3 The essential mouthful
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5.2.5.3 Pattern of Breast Use
The quality and quantity of milk intake depend on the pat-
tern of breast use. Between feeds, milk is synthesized and
collects in the lactiferous ducts. This low-fat milk is readily
available at the start of each feed. As the feed progresses, the
volume of milk the infant drinks will decrease, but the
quality increases as more fat is passed into the milk. The
infant should remain at the first breast until the rate of flow of
milk is no longer sufficient to satisfy the infant. The second
breast should then be offered.

5.2.5.4 Factors that Help Milk Intake
To establish lactation, both breasts should be offered at each
feed. The removal of colostrum facilitates ongoing lactoge-
nesis. When lactation is well established, the first breast
should be comfortably drained before switching to the sec-
ond. This will prevent milk stasis and results in a balanced
milk production and optimum infant growth. Mothers with a
high milk yield may feed unilaterally, whereas mothers with
a slow rate of milk synthesis should feed bilaterally. When
the rate of milk transfer is rapid, the infant may gag, choke,
and pull away from the breast; frequent burping is recom-
mended in this situation, as is manual expression of some
milk before attaching the infant.

5.2.5.5 Factors that Impair Milk Intake
A “happy to starve” infant that sleeps for long periods may
fail to thrive because of inadequate daily milk intake.
A pause in feeding after a few minutes of sucking may be
interpreted incorrectly as the infant having had enough,
leading to early termination of the feed. A crying, discon-
tented infant may be given a pacifier to prolong the time
between feeds. A mother also may be under the impression
that only one breast should be used at each feed and choose
not to feed off the second side even though the neonate is
still hungry. Newborns frequently pause while feeding, and
these episodes may last several minutes. Problems arise
when a mother terminates a feed or switches to the other side
prematurely because this alters the quality and quantity of
the milk consumed.

5.2.6 Maternal Psychosocial Health

The psychological and social health of the mother is crucial
throughout all stages of breastfeeding. A mother who is
ambivalent about breastfeeding and who lacks support
may allow her infant fewer chances to suckle, thereby
inhibiting lactogenesis and galactopoiesis. A mother who

lacks confidence or knowledge may interpret any breast-
feeding infant problem as being due to insufficient milk; a
consequent move to bottle-feeding compounds the problem.
Lack of support from family and friends can negatively
influence her endeavors [72, 138].

5.2.7 In-Hospital Risk Assessment

Some mothers and infants are at high risk for lactation and
breastfeeding difficulties. As discussed previously, several
biopsychosocial risk factors can be identified prenatally, and
this information should be readily available in hospitals.
A routine in-hospital breastfeeding risk assessment should
be performed [139] (Fig. 5.4).

Newborns often lose weight within the first few days as
the result of normal physiologic fluid losses [140]. If
breastfeeding is successfully established, this weight loss
should be no greater than about 7 %. Excessive weight loss
may imply inadequate food intake and deserves a detailed
clinical breastfeeding assessment. The underlying cause is
usually easy to elucidate, and management can be directed
toward either increasing the rate of maternal milk synthesis,
improving milk transfer, or increasing the daily quantity or
quality of milk intake [1, 141].

If the neonate’s weight continues to fall, additional
calories must be provided either as the mother’s own breast
milk, pasteurized donor breast milk, or formula. Some
neonates have preexisting difficulties grasping and suckling
at the breast. In these situations, width-based rubber nipples
and thin silicone nipple shields are useful suck training
devices that encourage normal biomechanical jaw
excursions.

5.2.8 Hospital Discharge Planning

Hospital stays are short. Discharge planning enables a
physician to review the stages of lactation and breastfeeding
and allows early identification of potential or actual prob-
lems. All mothers should be taught the signs that their baby
is breast-feeding well and instructed to call for advice if they
have concerns (Fig. 5.5). If an infant has lost more than 7 %
of his or her birthweight at the scheduled hospital discharge,
or if the mother–infant pair has known risk factors for
breastfeeding difficulties, a delayed discharge or early
community follow-up for breastfeeding assistance would be
appropriate. All other mothers and infants should be reas-
sessed within 1 week of birth [142].
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5.3 Postpartum Period

5.3.1 Clinical Breastfeeding Assessment

Lactation and breastfeeding difficulties manifest in many
ways, including infant problems such as failure to thrive,
colic, fussiness, early introduction of supplements, or
maternal concerns such as breast discomfort, sore cracked
nipples, engorgement mastitis, or postpartum depression.
Different clinical complexes of symptoms and signs or
syndromes reflect the normal variations in maternal lactation
ability and infant breastfeeding ability. These symptoms and
signs are not diagnostic. Diagnosis and problem solving start
with a detailed history and physical examination of both

mother and infant, including breastfeeding history and
observation. Once the etiology and pathophysiology have
been elucidated, successful management depends on sound
knowledge of the anatomy of the breast, the physiology of
lactation, and the mechanics of infant suckle combined with
a clear understanding of breastfeeding kinetics [126, 143].

The rate of breast milk synthesis varies throughout the
day and between mothers. It depends on a variety of central
and local factors, including direct breast stimulation and
breast drainage [95, 144]. In clinical practice, approximately
15 % of mothers have a high rate of milk synthesis of
60 mL/h or more (hyperlactation), and about 15 % of
mothers have a low rate of synthesis of 10 mL/h or less
(hypolactation) (Fig. 5.6).

Fig. 5.4 In-hospital breastfeeding assessment
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5.3.2 Insufficient Milk Syndrome

The most common reason given for abandoning breast-
feeding in the early postpartum period is insufficient milk.
The etiology is multifactorial, but most causes are reversible

if the mother receives accurate breastfeeding management
advice early in the postpartum period. A small percentage is
irreversible (Fig. 5.7).

If the mother is having difficulties breastfeeding or if the
infant’s weight is continuing to fall or is more than 7 %

Fig. 5.5 Signs your baby is breastfeeding well

Fig. 5.6 Maternal milk synthesis
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below birthweight, a careful evaluation is required. This
involves a detailed clinical breastfeeding assessment incor-
porating maternal and infant history and breastfeeding his-
tory and includes a careful maternal and infant examination.
Observation of breastfeeding is required to assess position-
ing, latching, suckling, and swallowing. An accurate test
feed followed by estimating residual milk in the breasts by
pumping is helpful measurements when assessing maternal
milk yield and infant milk intake. Caution must be taken
when using standard office scales due to their unreliability in
measuring small volume changes [145]. Other causes of
infant failure to thrive, such as cardiac or respiratory prob-
lems, should always be considered.

In broad terms, management includes avoiding the pre-
cipitating factors, improving maternal milk synthesis by
increasing breast stimulation and drainage, improving milk
removal by correcting the breastfeeding technique, and
increasing the infant’s daily milk intake by increasing the
frequency and duration of breastfeeding. A small percentage
of neonates will require complementary feeds. Metoclo-
pramide (10 mg three times a day) and domperidone (20 mg
three times a day) are effective galactogogues when

increased prolactin stimulation is required [146, 147].
Mothers may need support and reassurance that partial
breastfeeding or mixed feeding is still beneficial.

5.3.3 Maternal Hyperlactation Syndrome

Hyperlactation may result in a characteristic clustering of
maternal and infant symptoms and signs. Milk stasis,
blocked ducts, deep radiating breast pain, lactiferous ductal
colic, inflammatory mastitis, infectious mastitis, and breast
abscess are common problems. Clinical experience has
shown that most mothers experiencing any or all these
symptoms have a high rate of milk synthesis and have large,
thriving infants, or else they have started to wean and are not
draining their breasts regularly. These symptoms and signs
are all consequences of a rapid rate of milk synthesis com-
bined with milk retention resulting from incomplete breast
drainage. They represent the clinical spectrum of the
maternal hyperlactation syndrome [148, 149] (Fig. 5.8). The
pathophysiology is analogous to the renal system; retention
of urine, due to incomplete bladder emptying, may result in

Fig. 5.7 Neonatal insufficient milk syndrome
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lower and upper urinary tract disease, including bladder
distension, spasms, ureteric colic, and hydronephrosis. This
problem may become complicated with ascending urinary
tract infections, including trigonitis, urethritis, cystitis,
pyelonephritis, and renal abscess.

Lactation problems occur when a mother with a high milk
output switches her infant from one breast to the other before
the first side has been adequately drained. A strong milk
ejection reflex causes a rapid letdown of a large volume of
pooled milk, and the infant quickly becomes satiated before
all the lactiferous ducts are drained. Incomplete drainage
may be aggravated by poor position and latch or by impaired
infant suckling [150]. When this occurs repeatedly, some of
the ducts and lobules constantly remain full.

5.3.3.1 White Spot
A small white spot may be visible on the nipple; such a spot
represents edematous epithelium blocking the nipple pore
and milk flow. In some situations, duct obstruction is due to
a small granule of casein milk precipitate [151]. Lactiferous
duct outlet obstruction can cause increased retrograde pres-
sure. Mothers may complain of sharp, “knifelike” cramps or
shooting pains deep in the breast, often between feeds,
because of ductal cramping or colic because of myoepithelial
smooth muscle contractions.

5.3.3.2 Milk Stasis
A firm, lumpy, slightly tender quadrant in the breast may be
felt because of milk stasis. Over time, if this area is not
drained, cytokines from the milk may seep into the inter-
stitial tissue, causing it to become inflamed and erythema-
tous, signifying an inflammatory mastitis [152, 153].

5.3.3.3 Acute Mastitis
It was recognized in 1940 that when a breach occurs in the
mucous membrane, such as a cracked nipple, superficial skin
infections could lead to a deeper cellulitis, adenitis, and
mastitis [154]. Livingstone et al. [155] found that 50–60 % of
sore, cracked nipples were contaminated with Staphylococcus
aureus or other microorganisms. Subsequent study showed
that 25 % of mothers with infected, sore nipples developed
mastitis if they were not treated aggressively with systemic
antibiotic [156]. A high rate of milk synthesis combined with
continuous poor drainage of a segment of the breast may result
in the stagnant milk becoming secondarily infected with
common skin pathogens via an ascending lactiferous duct
infection and leads to acute mastitis. Infectious mastitis also
may be caused by a blood-borne infection; however, that is
uncommon and more likely in nonpuerperal mastitis [157].
Puerperal mastitis has been found to affect 17 % of breast-
feeding women who present with breast pain, redness, lumps,
general malaise, chills or sweats, and fever [158].

5.3.3.4 Chronic Mastitis
Chronic mastitis, as in chronic urinary tract infections, may
be due to reinfection or a relapsed infection. Reinfection
occurs sporadically because of exposure to a new pathogen,
commonly transmitted from the infant. A relapsed infection
occurs shortly after completion of therapy; it signifies
inadequate primary treatment and failed eradication of the
pathogen. An underlying cause, such as a nidus of infection
deep in the breast tissue, should be considered. It is
hypothesized that lactiferous duct infections may lead to
stricture formation, duct dilation, and impaired drainage. The
residual milk remains infected.

Fig. 5.8 Maternal hyperlactation
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5.3.3.5 Breast Abscess
Inadequately treated mastitis and ongoing milk retention can
develop into a breast abscess. A high fever with chills and
general malaise, associated with a firm, well-demarcated,
tender, fluctuating mass, usually with erythema of the skin,
indicates abscess formation, although, in some instances,
systemic symptoms may be absent. Ultrasonography of the
breast and needle aspiration under local anesthesia is useful
diagnostic techniques for identifying collections of fluid or
pus and distinguishing mastitis from a galactocele or
inflammatory breast cancer [159–161].

5.3.3.6 Management Goals
Maternal hyperlactation syndrome can be prevented by
decreasing the rate of milk synthesis and preventing milk
retention by improving milk removal and breast drainage.
Decreased Rate of Milk Synthesis
Reducing breast stimulation and drainage can decrease the
rate of milk synthesis. Decreasing the frequency and dura-
tion of breastfeeding reduces prolactin surges, and milk
synthesis remains blocked via central inhibitory factors.
Decreasing the frequency of breast drainage results in milk
retention in the lactiferous ducts, and inhibitor peptides
collect and block ongoing milk production via a local neg-
ative feedback mechanism. In practical terms, the infant
should remain at one breast per feed until he or she is full
and spontaneously releases the breast. In this way, the vol-
ume of milk ingested is less, but the fat content and calorific
value increase as the feed progresses [162]. A higher fat
intake often satiates the infant for a longer period and
decreases the hunger drive. The interval between feeds is
lengthened and milk synthesis declines, whereas the second
breast remains full longer, and local inhibitor further reduces
milk synthesis in that breast. In a small number of mothers,
unilateral breastfeeding may result in overdrainage and can
contribute to the ongoing high rate of milk synthesis. In
these cases, bilateral breastfeeding and incomplete
drainage may result in a decline in overall milk synthesis
(e.g., 2–3 min on the first side followed by a good burp and
then 3–5 min on the second side). If milk supply does not
become manageable with one-sided feeding, the mother can
completely express both breasts on one occasion and then
feed from one breast for a block of time (e.g., 4–6 h) before
switching breasts [163].
Decreased Milk Retention
Regular breastfeeding facilitates milk removal and breast
drainage. When positioned and latched correctly, the infant
is usually effective at removing milk and draining each
segment. The modified cradle position allows the mother to
cup the breast with her hand and apply firm pressure over the
outer quadrant and compress retained milk toward the nipple
while the infant suckles. If the milk is flowing rapidly, the
mother should stop compressing the breast. Switching

breastfeeding positions and using the under-the-arm hold
allow thorough drainage of all segments and prevent milk
stasis. Breastfeeding should start on the fullest breast, and
the infant should remain on this breast until all areas feel
soft. As the pressure in the duct is relieved, breast pain and
discomfort lessen.
Removal of Obstruction
If a small white dot on the nipple becomes visible, indicating
a blocked nipple pore and outlet obstruction, gentle abrasion
or a sterile needle can be used to remove the epithelial skin
and relieve the obstruction. Occasionally, a small calculus or
granule will pop out suddenly, relieving the obstruction. On
firm compression, a thick stream of milk will often gush out,
indicating patency. Occasionally, breastfeeding is ineffective
at removing the thickened inspissated milk, and manual or
mechanical expression may therefore be necessary. The
mother should be shown how to compress her breast firmly
using a cupped hand, squeezing gently toward the nipple
while pumping to dislodge the milk or calculus. It may be
helpful to try massaging in front of the lump toward the
nipple, as if “trying to clear a pathway” (Smillie CM cited by
[164]). If the breast expression fails to relieve the obstructed
segment, a technique known as manual stripping can be
used [165]. This involves cupping the breast between the
finger and thumb and applying firm, steady pressure over the
tender section, starting from the periphery over the rib cage
and drawing the fingers and thumb slowly together toward
the nipple, and stripping out thickened milk or pus. This
procedure should be repeated several times. The skin must
be well lubricated before attempting to do this. Analgesia
may be necessary, but even with mastitis, the discomfort
lessens as the procedure continues. The intraductal pressure
is relieved as milk or pus is slowly extruded. Mothers must
be taught this technique and instructed to repeat the proce-
dure every few hours, standing in the shower, using soapy
fingers, until the breast feels softer and milk is flowing
freely.

If a breast abscess has formed, needle aspiration is pre-
ferred to incision and drainage under local or general anes-
thesia [160, 161]. Repeat needle aspiration may be required
[166]. In very large or loculated abscesses, incision may be
necessary. The incision should be radial, not circumferential,
to minimize duct severance. A large drain should be inserted,
and daily irrigations continued until the cavity closes. It is
important that the dressings be applied in a manner such that
the infant can continue to breast-feed or the mother should
use an efficient breast pump. Regular drainage prevents
further milk stasis and maintains lactation.
Treating Infection
Correct breastfeeding techniques and improved drainage of
milk are the sine qua non of treatment, but antibiotic therapy
may be necessary. Inflammatory mastitis occurs within 12–
24 h of milk blockage, leading to an infectious mastitis
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within 24–48 h. Under normal conditions, the milk leuko-
cyte count is less than 106 mL of milk, and the bacterial
count is less than 103 bacteria per milliliter. Within 48 h of
breast symptoms, the leukocyte count increases to more than
106 mL of milk, but the bacterial count remains low. This is
considered noninfectious inflammation of the breast, and
improved milk drainage will resolve the situation quickly
[152]. Infectious mastitis is defined as having a bacterial
count of more than 106 mL of milk. In clinical practice,
treatment is empirical. Breast pain and erythema associated
with flu-like systemic symptoms and a fever are highly
suggestive of infectious mastitis and require antibiotic ther-
apy if not resolving within 24 h [167]. Common bacterial
pathogens include S. aureus, Escherichia coli, group A β-
hemolytic Streptococcus with occasional Streptococcus fae-
calis, and Klebsiella pneumonia. In contrast, nonpuerperal
breast infections are mixed infections with a major anaerobic
component. Antibiotics of choice include penicillinase-
resistant penicillins such as dicloxacillin or flucloxacillin,
cephalosporins, sulfonamides, and clindamycin. A 10–
14-day course may be required. The breast milk excretion
of these antibiotics is minimal, and continuation of breast-
feeding is considered safe. Clinical improvement is usually
seen within 24–48 h, the erythema subsides, the fever
decreases, and breast pain improves [167]. A persistent
fluctuant mass may indicate abscess formation.
Prevention of Recurrence
Excessive milk retention can be prevented by correct
breastfeeding techniques, ensuring a proper latch, regular
drainage, and not skipping feeds. Mothers should avoid
pressure on the breast (e.g., from their finger on the breast, or
a seat belt, or tight clothing) as the milk ducts are easily
compressed [168]. Sleeping through the night, returning to
work, the introduction of breast milk substitutes such as
bottles of formula, the introduction of table foods, and
weaning are all typical periods when breastfeeds may be
missed. The resultant “breast confusion” can lead to inade-
quate drainage and milk retention. Mothers with a high milk
output should become skilled at palpating their breasts for
lumps, and the bra should be removed before feeding if it is
practical to do so. Areas of breast lumpiness or caking that
persist after breastfeeding may indicate milk stasis or a
blocked duct. Thorough expression of this residual milk
should relieve the situation and prevent secondary
complications.
Supportive Measures
Mastitis is an inflammatory process that can be complicated
by infection and produce systemic symptoms in an already
exhausted mother. Home help and bed rest are advisable,
and analgesia such as ibuprofen or acetaminophen may be
necessary. Hot compresses applied to the breast, before
breastfeeding or milk expression, encourage blood flow and
smooth muscle relaxation, which in turn helps milk transfer.

Cold compresses after feeds may decrease inflammation and
edema.

Anecdotal cases of maternal toxic shock syndrome have
been reported, and in rare circumstances, Staphylococcus
toxins can be ingested by the infant [169]. Continuation of
breastfeeding is always recommended. Weaning may lead to
increased milk stasis and abscess formation. If a mother
chooses to wean abruptly or if clinically indicated, a lacta-
tion suppressant such as cabergoline may be used (0.25 mg
twice daily for 2 days) [114, 170].

5.3.4 Sore Nipples

Sore nipples, particularly during the first few days of
breastfeeding, are a common symptom experienced by an
estimated 80 % of breastfeeding mothers. It is generally
accepted that transient nipple soreness is within normal
limits. Factors such as frequency and duration of breast-
feeding, skin or hair color, and nipple preparation do not
seem to make a difference in preventing tenderness.
Increasing or persistent discomfort is pathological and
requires careful evaluation. Detailed studies of infant suck-
ling at the breast have illustrated how tongue friction or gum
compression, resulting from inappropriate latch, can cause
trauma and result in superficial skin abrasions and painful
nipples [171, 172]. In many cases, repositioning can have a
dramatic effect and instantaneously remove the pain and
discomfort [173, 174]. However, recent research suggests
that some infants exert higher than normal intraoral vacuums
causing pain to their mothers [175].

A small percentage of women have naturally sensitive
nipples, which remain uncomfortable throughout the dura-
tion of breastfeeding, despite careful technique. They
experience sensitive nipples, even in their nonlactating state.
When nipple pain, excoriations, dermatitis, or ulceration
continues despite careful maternal breastfeeding technique, a
detailed history and physical examination are required to
elucidate secondary causes of sore nipples.

5.3.4.1 Nipple Trauma
To suckle correctly, an infant must grasp sufficient breast
tissue to form a teat, draw it to the back of the pharynx, and
initiate suckling in a coordinated manner using rhythmic jaw
compressions and a grooved, undulating tongue. Many
maternal nipple and infant oral anatomic anomalies can
interfere with effective latch and suckle, resulting in nipple
trauma and pain. Clinical findings such as maternal inelastic,
flat, pseudoinverted, or inverted nipples and infant cleft lip
and palate are easily identified. More subtle findings may
include infant retrognathia, which refers to a small or pos-
terior positioned mandible, or the Pierre Robin malforma-
tion, which combines severe micrognathia, or a posterior
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tongue with a relative ineffective activity of the muscles that
protract the tongue and ankyloglossia [129, 176].

Management includes using a semi-upright breastfeeding
position, which allows gravity to aid in jaw extension and
minimizes the degree of overbite and friction. Continuous
support and shaping of the breast throughout the feed with
hand support of the infant’s head and shoulders stabilize the
neck and jaw muscles. Heat and gentle manipulation of the
nipple may elongate it sufficiently to enable a correct latch. If
clinically indicated, frenotomy can release a tethered tongue
[177]. Over a period of a few weeks, a hypoplastic mandible
rapidly elongates, the facial muscles strengthen, the nipple
tissue becomes more distensible, the latch improves, and
nipple trauma and pain resolve.

5.3.4.2 Chapped Nipples
Dry, cracked nipples may be chapped due to loss of moisture
barrier in the stratum corneum because of constant wet and
dry exposure combined with nipple friction. Management
goals include avoiding further trauma by modifying breast-
feeding technique, avoiding excessive drying, and restoring
the moisture barrier. Moist wound healing allows the
epithelial cells to migrate inward and heal the cracks and
ulcers [178]. Moisturizers and emollients such as
USP-modified anhydrous lanolin applied to the nipples and
areolae after each feed are cheap and effective. In most sit-
uations, breastfeeding should continue during therapy; if
repositioning fails to modify or relieve the pain and dis-
comfort, it may be advisable to stop breastfeeding for 48–
72 h to allow healing to occur. The breasts should be
emptied every 3–4 h, and an alternative feeding method
should be used. It is inappropriate to try to mask the pain by
numbing with ice or using strong analgesia or nipple shields
because this will fail to correct the underlying cause and may
lead to further nipple trauma.

5.3.4.3 Bacterial Infection of the Nipple
S. aureus is frequently found distributed over the skin.
Natural barriers, such as the stratum corneum, skin dryness,
rapid cell turnover, and acid pH of 5–6, of the infant’s skin
usually prevent infection. For disease to result, preexisting
tissue injury or inflammation is of major importance in
pathogenesis. As in other clinical situations, when there is a
break in the integument of the skin surface, there is a pre-
disposition to a secondary infection because of bacterial or
fungal contamination, which may lead to a delay in wound
healing. Sore nipples associated with skin breakage,
including cracks, fissures, and ulceration, have a high chance
of being contaminated with microorganisms. The clinical
findings on the nipple and areola of local erythema, exco-
riations, purulent exudates, and tenderness are suggestive of
colonization with coagulase-positive S. aureus. Livingstone
et al. [155] showed that mothers with young infants who

complained of moderate-to-severe nipple pain and who had
cracks, fissures, ulcers, or exudates had a 54 % chance of
isolation of S. aureus. In some clinical situations, a blocked
nipple pore appears white and on culturing is found to be
contaminated with S. aureus. Most cases of cellulitis, mas-
titis, and breast abscess involve an ascending lactiferous duct
infection with S. aureus or β-hemolytic streptococcus.
Management includes careful washing with soap and water
of the nipples to remove crusting and the use of appropriate
antibiotics. Topical antibiotic ointments such as fusidic acid
(Fuccidin) or mupirocin (Bactroban) may be effective in
conjunction with systemic penicillinase-resistant antibiotics,
such as dicloxacillin, cephalosporin, or erythromycin in
penicillin-allergic patients [156]. Treatment should continue
for 7–10 days until the skin is fully healed. The source of the
infection is often from the infant’s oropharyngeal or oph-
thalmic flora. In persistent or recurrent infections, it may be
necessary to treat the infant as well [179].

5.3.4.4 Candidiasis
Candidiasis is commonly caused by Candida albicans and
less frequently by other Candida species. It may be a primary
or secondary skin infection. C. albicans is endogenous to the
gastrointestinal tract and mucocutaneous areas. Normal skin
does not harbor C. albicans; however, almost any skin
damage caused by trauma or environmental changes may
lead to rapid colonization by C. albicans. Isolation of the
organism from a diseased skin may not be the cause of the
disease but may be coincidental. C. albicans can be a sec-
ondary invader in preexisting pathological conditions and
may give rise to further pathology. Candidiasis should be
suspected when persistent nipple symptoms, such as a
burning sensation on light touch and severe nipple pain
during feeds, are combined with minimal objective findings
on the nipple [180]. Typical signs include a shiny or flaky
appearance of the nipple and areola associated with nipple
and breast pain [181]; the breast appears normal without the
inflammation and fullness associated with mastitis. A high
incidence of oral mucocutaneous candidiasis has been noted
in the newborn following vaginal delivery in the presence of
maternal candidal vulvovaginitis. Typical symptoms of
nipple/breast candidiasis often develop following maternal
antibiotic use [182, 183]. Clinical examination of the infant
is mandatory because C. albicans is passed from the infant’s
oral pharynx to the mother’s nipple, which, being a warm,
moist, frequently macerated epidermis, is easily colonized
and possibly infected when the integument is broken.
Diagnosis is based on clinical signs and symptoms [184,
185].

The treatment of cutaneous candidiasis includes careful
hygiene, removal of excessive moisture, and topical therapy
with broad-spectrum antifungal agents such as nystatin,
clotrimazole, miconazole, or 2 % ketoconazole. The creams
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should be applied to the nipple and areola after each
breastfeed for 10–14 days. In addition, other sites of can-
didiasis in both mother and infant, including maternal vul-
vovaginitis, intertrigo, or infant diaper dermatitis, should be
treated simultaneously with a topical antifungal cream. Oral
thrush in the infant should be treated aggressively with an
oral antifungal solution such as nystatin suspension 100,000
U/g. After each feed, the oral cavity should be carefully
painted and then 0.5 mL of nystatin suspension inserted into
the mouth by dropper for 14 days. In countries where oral
miconazole gel is available, this is used in the infant’s mouth
and on the mother’s nipples [186]. Oral fluconazole 3 mg/kg
daily for 14 days or oral ketoconazole 5 mg/kg daily for
7 days may be used for the treatment of oropharyngeal
candidiasis in newborns. Gentian violet 0.5–1 % aqueous
solution is cheap and effective if used sparingly under
medical supervision. Daily painting of the infant’s mouth
and mother’s nipples for about 5–7 days is usually sufficient.
Excessive use may cause oral ulceration [187]. Failure to
eradicate fungal infections is usually due to user, not med-
ication failure. Occasionally, more serious underlying med-
ical conditions such as diabetes or immunodeficiencies may
exist. Systemic antifungal agents may be required; regimes
vary from fluconazole 150 mg every second day for three
dose [186] to 200 mg loading dose, followed by 100 mg
daily for 14 days [143] (p. 282). In addition, topical corti-
costeroids may reduce nipple pruritus and erythema [188].
Foreign objects contaminated with yeast, including soothers
and rubber nipples, should be avoided or sterilized, if pos-
sible, to prevent reinfection. Lay literature is full of non-
pharmacologic treatments for candidiasis with little evidence
to support them. The healthcare provider is cautioned against
recommending regimens that are complicated. In an other-
wise healthy person, the immune defense mechanism can
control the growth of candida, assuming the skin integument
is intact and remains dry.

5.3.4.5 Dermatitis
Dermatitis of the nipple may be endogenous atopic eczema,
irritant contact, or allergic contact dermatitis [189, 190].
Contact dermatitis in the nipple is an eczematous reaction to
an external material applied, worn, or inadvertently trans-
ferred to the skin. It may be an allergic or an irritant
response. Patients may complain of dry, pruritic, or burning
nipples with signs of inflammation, erythema, and edema, or
excoriations, desquamation, or chronic plaque formation.
The typical description is of an itching, spreading rash.
Management includes careful avoidance of all irritants such
as creams, preservatives, detergents, and fragrances. Irrita-
tion from frequent expressing can be reduced by using a
lubricant, such as purified lanolin, on the nipples and areolae
prior to pumping. A potent topical corticosteroid such as
mometasone furoate can be applied thinly to the nipple and

areola after a feed once a day for up to 10 days [189, 190].
Regular use of emollients may prevent recurrence. Chronic
dermatitis is often colonized with S. aureus, which may
require topical or oral antibiotic therapy.

5.3.4.6 Paget’s Disease
Paget’s disease is an intraepidermal carcinoma for which the
most common site is the nipple and areola. It usually pre-
sents as unilateral erythema and scaling of the nipple and
areola and looks eczematous [191]. Unfortunately, the con-
dition is usually part of an intraductal carcinoma, and
treatment necessitates cessation of breastfeeding.

5.3.4.7 Vasospasm or Raynaud’s Phenomenon
Vasospasm, or Raynaud’s phenomenon, of the nipple
manifests as a blanching of the nipple tip with pain and
discomfort radiating through the breast after and between
feeds [192]. It may be associated with excoriated and
infected nipples. There may be a history of cold-induced
vasospasm of the fingers (Raynaud’s phenomenon).
Repetitive trauma to the nipple from incorrect latch or
retrognathia, combined with local inflammation or infection
and air cooling, can trigger a characteristic painful
vasospastic response. Correcting the latch and alternating
breastfeeding positions throughout the feed will prevent
ongoing nipple trauma. Avoiding air exposure and applying
warm dry heat to the nipples after feeds may help. Standard
pharmacologic therapy for Raynaud’s phenomenon can be
effective in reducing the vasospasms; oral magnesium
supplements and nifedipine are usually helpful [193, 194].
Local infections should be treated aggressively, and
breastfeeding stopped for several days if necessary to allow
healing to occur.

5.3.4.8 Psoriasis
Psoriasis may present as a pink, flaky plaque over the areola
as a result of skin trauma. There is usually an existing
psoriatic history. Standard treatment includes fluorinated
steroid ointments and keratolytic agents, which should be
applied after feeds and then washed off carefully before
feedings.

For many years, the medical and nursing literature has
recommended a variety of management approaches for sore
nipples, ranging from topical application of cold tea bags,
carrots, and vitamin E to lanolin, masse cream, antiseptics,
alcohol preparations, and air drying [195]. The efficacy of
each of these modalities has not been proven, however; in
fact, the latter is now thought to be detrimental by
abstracting water from the skin and precipitating protein,
which leaves the skin less pliable and more prone to fis-
suring. Healthcare professionals are cautioned against using
nontraditional adjunct management modalities for sore nip-
ples because of the risk of iatrogenic disease.
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5.3.5 Induced Lactation and Relactation

Given the growing understanding of the value of breastfeed-
ing in terms of nutrition and nurturing, women are seeking
information about breastfeeding and adoption [26]. Induced
lactation in the nonpregnant woman has been described for
many years in both scientific and lay publications and includes
the first reports by Hippocrates [196]. Auerbach and Avery
reported on 240 women who attempted to breast-feed adopted
children [197]. There are several anecdotally described
methods of inducing lactation and preparing for breastfeeding,
some of which can be started before the arrival of the infant.
Direct nipple stimulation has been described as the most
important component of inducing lactation and preparing to
breast-feed [197]. Nipple stimulation can be performed by
hand or by such mechanical means as an electric breast
pump. Hand stimulation has the advantage of being easy and
portable, but mechanical pumping stimulates greater milk
production in lactating women [198].

A variety of pharmacological lactotrophs and galacto-
gogues have been used to induce lactation [199, 200].
Estrogen and progesterone are used to promote mammoge-
nesis by stimulating alveoli and lactiferous duct prolifera-
tion. They inhibit milk synthesis by blocking the action of
prolactin on the mammary glands and therefore are used in
preparation for breastfeeding. Galactogogues such as phe-
nothiazine, sulpiride, and domperidone also have been
described [114]. They are dopamine antagonists and block
the inhibition of prolactin, which is a potent lactotroph.
Metoclopramide and chlorpromazine are commonly used
galactogogues but have many potential side effects, includ-
ing sedation, extrapyramidal symptoms, and tardive dyski-
nesia [201]. Domperidone has little effect on the central
nervous system and has fewer side effects [146]. Drug
excretion in breast milk is very limited and in combination
with low milk production probably does not pose a risk to
the infant. Relactation is often more successful than induced
lactation [202].

5.3.6 Medicines and Breastfeeding

Most drugs transfer into breast milk, but generally at low,
subclinical doses [203]. In general, if the medication is safe
to use in infants, it will be safe for the breastfeeding mother
[204]. Only a small number of medications are contraindi-
cated during breastfeeding: These include antineoplastic
agents, ergotamine, methotrexate, cyclosporine, and radio-
pharmaceuticals [205]. Physicians and mothers need to
consider the risks and benefits of any medicine. General
advice is to use topical/local medicines where possible,
choose drugs with shorter half-lives, and use drugs where
there is previous experience in lactating women. Information
is available about safe use of medicines while breastfeeding
(see Fig. 5.9 for list of resources).

5.4 Conclusion

As the prevalence of breastfeeding continues to increase,
health professionals will be expected to take a leadership
role in the promotion, protection, and support of breast-
feeding by providing appropriate guidance, diagnosis, and
breastfeeding management throughout the full course of
lactation. Information on medicines for breastfeeding
women is available [206]. See Fig. 5.9 for a list of resources.
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6Evaluation of a Breast Mass

Alastair M. Thompson and Andrew Evans

6.1 Introduction

Breast lumps are common in women of all ages and may
present clinically through a range of routes including the
following:

• A symptomatic breast lump detected by the patient or her
partner;

• A breast mass detected on incidental examination by a
clinical practitioner;

• Breast screening.

A breast mass in a man, gynaecomastia, is secondary to
systemic disturbance or medication or, rarely, male breast
cancer [1].

The breast is an adapted sweat gland. In the adult female,
the breast responds to cyclical changes under the influence
of oestrogen, progesterone and other hormones; thus, the
breast changes over a woman’s lifetime and on a monthly
basis during the reproductive years. The internal architecture
of the breast comprises glandular, stromal (collagen,
fibroblasts and infiltrating myeloid cells) and adipose tissues
based on the anterior chest wall. The arterial blood supply is
from the axillary vessels, the internal mammary artery and
intercostal perforating vessels with lymphatic drainage pre-
dominantly to the axillary lymph nodes.

The diagnosis of a breast mass should be termed triple
assessment, namely clinical (history and examination),
imaging (usually mammography and/or ultrasound) and
histopathological diagnosis (core biopsy or vacuum biopsy).
Applying the use of triple assessment aims to minimise the

impact of any one modality of diagnosis being less than
100 % sensitive and 100 % specific to diagnose or exclude
breast cancer; combining the three modalities means that
only 1 in 500 cancers may be initially missed.

This chapter focuses on the evaluation of a breast mass in
women from the perspective that a woman with a breast
lump will usually consider the lump to be a cancer until
proven otherwise. In well-organised health care settings, full
assessment and confident diagnosis can be achieved as a
single “one-stop” service. The approach presented therefore
aims to establish or exclude the presence of breast cancer
and thereafter define the nature of a breast mass and treat, if
required, any benign lesion identified. This model of
assessment of a breast mass requires multidisciplinary input
from breast clinicians, radiologists, pathologists and
technical/administrative staff working as a team.

6.2 Routes of Presentation

6.2.1 Symptomatic breast mass

Most commonly, a female patient or her partner has found a
new lump in one or both breasts. Due to the high level of
publicity about breast lumps, the patient will often be con-
cerned that she has breast cancer and therefore seeks rapid
review: in some healthcare settings, this will be to a qualified
doctor and in others an appropriately trained clinical spe-
cialist. However, whatever the route of self-presentation,
timely review in order to minimise the duration of anxiety is
desirable. In some countries, there are official targets which
stipulate that women should visit a specialist breast clinic,
for example within two weeks of presenting to a healthcare
professional. The efficacy of this approach is unproven and
indeed may skew the service provision. Similarly, encour-
aging regular breast self-examination may not improve early
detection of breast cancers but continues to be promoted in
much of the Western media. Instead, many organisations
promote breast awareness among women with the hope that
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breast cancer will be detected as a change in the appearance,
feel or perception of the breast at an early stage.

6.2.2 Screening

Building on three decades of experience in the Europe and in
North America, a number of countries currently have
screening programmes for breast cancer, usually in the form
of mammographic screening. National screening pro-
grammes may be based on balancing efficacy and financial
considerations. In general, imaging comprises digital
two-view mammography every 1–2 years, with the target
group for national breast screening programmes starting for
women aged 40–50 and continuing to the age of 70–
74 years or more. However, for mammographic screening,
there remains debate around the risks versus the benefits.
The benefits are a reduction in breast cancer mortality of at
least 20 % for women invited and at least 30 % for women
who attend regularly. This has to be balanced against the
harms of the over diagnosis and over treatment of indolent
ductal lesions unlikely to impact on the patient’s lifespan [2].

In young women with a family history putting them at
high risk or known gene carriers, magnetic resonance
imaging (MRI) is increasingly being used and now has an
evidence base for detecting breast cancers at an early stage.
However, there is no good evidence of mortality reduction,
especially in BRCA1 mutations carriers who have aggres-
sive triple negative cancers where early diagnosis may not
impact on mortality.

6.2.3 Incidental Detection of the Breast Mass
on Clinical Examination

This is more frequently a route of presentation in the older
women. Thus, it may be considered good practice that
women over the age of 50 undergoing general physical
examination should have a routine breast examination as part
of an annual healthcare assessment. Certainly, on admission

to hospital, all women should undergo clinical breast exam-
ination, as this may detect an incidental breast cancer and
potentially the cause of symptoms elsewhere in the body.

6.3 History of Presentation

The single best predictor of the probable underlying
pathology of a breast mass or breast lump is the age of the
patient (Table 6.1). Benign causes of a breast mass are most
common at a young age, and breast cancer is increasingly
common with age, particularly over the age of 65 years.

The presenting features of a lump (Table 6.2), as noted by
the woman or her medical examiner, should include a
number of key features which may give some hints as to the
underlying pathology. These include whether the lump is
single or multiple, any changes in the lump since first
noticed (for example with the menses) and any history of
trauma/bruising.

While associated features should be sought (Table 6.3), if
present, they often reflect a larger and or more advanced
breast cancer. Bleeding from the nipple (Fig. 6.1), skin
tethering of the cancer on the ligaments of Cooper, reflected
by indrawing of the nipple (Fig. 6.2), eczema of the nipple
or areolar (which may be eczema or intraepithelial malig-
nancy—Paget’s disease of the nipple) (Fig. 6.2), changes in
the skin (erythema, peau d’orange—the appearance of the
breast skin like that of an orange due to skin oedema). Skin
nodules (Fig. 6.3) and enlarged axillary lymph nodes
(Fig. 6.3) may be less common in an era of breast screening,
but it is important that these features are sought to guide the
clinical diagnosis, stage and future therapy.

Other relevant findings include an endocrine history,
including hormone replacement therapy or contraceptive
usage, gynaecological history, family history and other
medical/surgical history. The relevant features of the
patient’s history may be best recorded using a set proforma
in the clinic (for example Fig. 6.4) where the key features of
the patient’s present history and past medical history can be
readily reviewed.

Table 6.1 Patient age and likely
diagnosis of a breast mass

Age
(Years)

Features Diagnosis Management

15–70 Poorly defined lumpiness; may change with
menses (often bilateral)

Benign changes
“fibrocystic”

Reassurance

15–30 Smooth mobile lump: usually single Fibroadenoma Excision if patient
requests

35–55 Well-circumscribed lump(s) usually multiple,
may be bilateral

Cyst(s) Aspiration if
symptomatic

20–55 Painful, red, hot lump Abscess Drainage/antibiotics

40–90 Ill-defined craggy lump Cancer Dependent on
staging
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6.4 Clinical Examination

Clinical examination should aim to discern how many lumps
there are, the nature of the mass and any associated features
(Table 6.3). It is important for the practitioner to seek

permission from the woman to conduct a bilateral breast
examination and, particularly for male practitioners, to have
a female chaperone available. Breast examination is con-
sidered by some authorities to be an intimate physical
examination, and each woman should be accorded due

Table 6.2 Presenting features of
a breast lump—questions to ask

One lump or more than one lump?
Where is the lump?
How big is the lump?
Is it sore/tender/painful?
Is the lump hard or soft?

Does the lump change with the menses?

Are there any other features of the lump:
Skin changes
Nipple indrawing
Nipple discharge—one or multiple ducts;

– Axilla colour of discharge
– Axilla blood-stained or not

Is it mobile in the breast?
Is the lump fixed to the skin or chest wall?

Are there problems in the other breast?
Have you had a breast lump before?
Are there lumps elsewhere in the body?

Table 6.3 Associated features
of a breast lump

Skin changes: erythema
Peau d’orange
Skin tethering/puckering
Eczematous appearance
Ulceration

Nipple discharge
Nipple retraction/flattening
Pain (on palpation, all the time)
Palpable axillary lymph nodes—axilla

– Infraclavicular
– Supraclavicular
– Cervical

Fig. 6.1 Bleeding nipple
discharge. The discharge should
be examined for the number of
ducts from which it emanates, and
the discharge assessed for
cytology or the presence of blood
as appropriate
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respect. The manner in which the breast examination is
conducted is important in optimising the detection of
abnormalities in the breast [3].

The patient should be naked to the waist in a warm,
private, room. Breast examination should be conducted in a
logical and sequential fashion so that both the patient and the
practitioner are comfortable and any abnormalities will be

detected. Care must be taken to examine each breast in
succession, noting differences in symmetry between the two.
Usually, the normal breast is best examined first as the
appearance and texture of each individual woman’s breast
can be quite different from other women but is quite likely to
be similar to the contra-lateral side. Initial inspection to look
for skin dimpling or changes in the shape of the breast may
detect benign lesions such as a fibroadenoma, a cyst or a
breast cancer. If no immediately apparent abnormality is
detected, it may be appropriate to ask the woman to point to
the mass she feels.

Initial inspection may be with the patient sitting in an
upright position hands by her sides (Fig. 6.5). By asking her
to raise her hands, clinical abnormalities such as indrawing
of skin tethered to a cancer or nipple indrawing may be
accentuated (Fig. 6.6). Next, asking the woman to place her
hands on her hips and press in (contracting the pectoralis
muscles) may accentuate a deeply tethered cancer and hence
draw the eye to a tumour.

While obvious abnormalities (Figs. 6.2, 6.3 and 6.5)
merit further inspection and palpation with the patient in the
upright position, more detailed palpation may be best carried
out with the patient lying flat, with one pillow for comfort,
on an examination couch. The patient should be asked to
raise her arm behind her head to fix the breast in a relatively
static position. By palpation using a gentle rotating move-
ment with the flat of the fingers even small lumps may be
detected, using varying degrees of pressure to detect lumps
that are lying at different depths in the breast tissue [4].
Using the flattened fingers of one hand and a gentle rotating
movement, the whole breast on the normal side (including
the retroareolar tissues) may be palpated before moving to
the side with a clinical abnormality. Care should be taken to
record the position, shape and calliper measurement of the
size of the lesion(s) together with any other features (tender,

Fig. 6.2 Nipple retraction due to
cancer with areolar Paget’s
disease; note the small core
needle biopsy scar to the right of
the areolar

Fig. 6.3 Skin nodules from advanced breast cancer overlying a breast
mass; a nodal mass is also visible in the axilla
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red, single or multiple). Clinical examination has a 54 %
sensitivity to detect (rule out) breast cancer and a 94 %
specificity to rule in breast cancer [4].

In patients with a history of nipple discharge, the patient
may be asked to elicit the discharge by pressing on the
nipple or areolar, thus avoiding the practitioner hurting the

Fig. 6.4 Proforma for recording the relevant clinical history used in everyday practice. Note the CHI (Community Health Index) is the unique
patient identifier from which the patient’s age can be deduced
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patient. The number of ducts producing a discharge (single
or multiple?), the colour of the discharge (is it milky?, is it
obviously blood-stained? Figure 6.1) and testing for blood
using urinary dip sticks can be noted.

Following breast examination, bilateral axillary exami-
nation should be performed on each side in turn. This may be
most readily accomplished by asking the patient to sit up, and
for the examination of the right axilla, the practitioner takes
the patient’s right forearm, supporting the weight of the
forearm to relax the axilla. Using the fingers of the practi-
tioner’s left hand, the walls of the axilla and the apex of the
axilla can be gently palpated, and any lumps and their con-
sistency are noted. Thereafter, a similar arrangement can be
used for the left axilla (the practitioner taking the patients’ left
forearm in his or her left hand and examining the axilla with
the fingers of the right hand). Thereafter, the infraclavicular,

supraclavicular and cervical lymph nodes should be exam-
ined for lymphadenopathy often most comfortably performed
(for both patient and clinician) and any findings recorded on
the clinical examination sheet (Fig. 6.7).

6.5 Investigation

Investigation of a breast mass is conducted and recorded
(Fig. 6.7) following clinical history and examination using
imaging before core biopsy or vacuum biopsy as these latter
interventions may cause bruising which, in turn, makes it
more difficult to interpret the clinical and imaging appear-
ances. For example, post-biopsy discomfort, haematoma and
skin oedema can suggest an inflammatory breast cancer but
may be due to post-biopsy changes.

Fig. 6.5 Left breast cancer:
nipple retraction and skin
tethering

Fig. 6.6 Left breast cancer: skin
effects seen in Fig. 6.5 are more
prominent as the arms are raised
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6.6 Imaging

Standard initial imaging is to use bilateral two-view digital
mammography (craniocaudal (Fig. 6.8) and medio-lateral
oblique (Fig. 6.9) views), with additional coned or

magnified views (Fig. 6.10) of abnormalities as appropriate,
for women aged 35 years and older and ultrasound as the
primary imaging modality for women younger than
35 years. This somewhat arbitrary cut-off (some health care
systems use 40 years) is based on the higher breast density

Fig. 6.7 Proforma for recording the relevant examination findings and investigations (continuation of the proforma shown in Fig. 6.4)
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in younger women which may make it difficult to detect
even quite a large cancer. With increasing age, the breast
parenchyma is replaced by fatty tissue and breast cancer
becomes easier to detect in the older breast. Premenopausal
women should confirm they are not pregnant before under-
going mammography, although the likelihood to cause harm
to a foetus is low. Ultrasound should always be used in
addition to mammography in the older age group and,
similarly, if ultrasound detects what appears to be a malig-
nant lesion in a younger women, or clinical suspicion per-
sists, then mammography should be performed. On average,
ultrasound is more likely to definitively characterise a pal-
pable mass than mammography. Mammography has the
advantage of picking up associated DCIS in women with
breast cancer. It is important that the clinician marks on the
skin, the site of the palpable abnormality to enable the
sonographer to be sure that that any ultrasound lesion spa-
tially correlates with the palpable abnormality.

6.7 Breast Ultrasound

Ultrasound is performed using warmed gel to ensure contact
and good transmission between the probe and the patient’s
breast and may accurately measure a breast mass in multiple
dimensions. Ultrasound can identify whether a breast mass is
cystic (Fig. 6.11) or solid (Fig. 6.12), may identify multiple
pathologies (e.g. an intracystic cancer, Fig. 6.13) and can
also be used to demonstrate blood flow (using Doppler) and
stiffness (using elastography) in and around a breast mass
(Fig. 6.14). The ultrasound appearances can be categorised
for reporting (Table 6.4).

Ultrasound is particularly useful to delineate cysts
(Fig. 6.11) and to subsequently direct and confirm drainage
of a cyst. Ultrasound is also extremely useful to delineate a
fibroadenoma (Fig. 6.15). The typical picture of a carcinoma
with an irregular border and casting an acoustic shadow
(Fig. 6.12) is usually quite different to a fibroadenoma
(Fig. 6.15) and cysts (Fig. 6.11), and makes ultrasound
particularly useful in the clinic to indicate the likely
pathology of a lump. However, distinguishing between a
carcinoma and a fibroadenoma usually requires needle
sampling of such lesions.

Ultrasound is routinely used to examine the axilla and
regional nodal basins in women with a suspicious breast
mass (Fig. 6.16), and in combination with fine needle aspi-
ration cytology or core biopsy (see below) can diagnose
axillary metastases in up to 90 % of positive nodes and most
patients with a high axillary disease burden [5]. Women with
markedly abnormal nodes in their axilla should have the
infraclavicular and supraclavicular nodes examined and
biopsied if required.

Fig. 6.8 Craniocaudal mammograms showing a left breast cancer as a
stellate lesion which was clinically palpable. The horizontal guideline
allows ready comparison between the two breasts

Fig. 6.9 Medio-lateral oblique views of the same patient as in Fig. 6.8
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Fig. 6.10 Magnification views
of a breast mass showing the fine
microcalcifications associated
with ductal carcinoma in situ; an
additional coarse calcified area is
non-malignant

Fig. 6.11 Ultrasound of a breast cyst: note the smooth outline, fluid-filled lesion
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6.8 Mammography

Mammography may suggest the nature of a breast mass as
benign (e.g. breast cysts: smooth outlines with multiple
masses visible; Fig. 6.17) or malignant (stellate mass with

irregular outline; Figs. 6.8 and 6.9). Mammography is more
sensitive with increasing age as the breast density declines
and breast adipose tissue increases.

An abnormality on the mammograms is often visible on
two-view mammography (Figs. 6.8 and 6.9), but finer

Fig. 6.12 Ultrasound of a breast
cancer: note the irregular margin
and dense acoustic shadow in
contrast to Fig. 6.11 and
Fig. 6.15

Fig. 6.13 Ultrasound of a breast cyst within which there is an intracystic tumour
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details such as microcalcification may require magnification
views (Fig. 6.10) and may or may not correspond to a pal-
pable abnormality. While such fine details may indicate a
benign or malignant (DCIS) (Fig. 6.10) pathology, further
localisation and investigation will be required. Calcifications
are best biopsied using a vacuum-assisted biopsy device.
Whatever the findings, they can be annotated for future
reference and reporting (Table 6.5). Digital breast
tomosynthesis offers a computer-generated 3-D reconstruc-
tion of the breast and may have a particular role in detecting
small low-grade spiculated cancers otherwise obscured on
two-view mammography in a dense breast. The value of
such detection with regard to breast cancer mortality is
unknown.

Breast ultrasound and mammography are the mainstays
of radiological evaluation of a breast mass and may be
conducted at the time of clinical history and examination to
allow progress to needle biopsy of a lesion as part of a
one-stop diagnostic breast clinic.

6.9 Magnetic Resonance Imaging (MRI)

Magnetic resonance imaging (MRI) has been increasingly
adopted [6] particularly to image the breast in the presence
of silicone implants, screening women with a strong family
history or genetic-tested high risk of breast cancer and
monitoring women receiving neo-adjuvant chemotherapy.

Fig. 6.14 Ultrasound of a breast cancer demonstrating the vascularity of the cancer

Table 6.4 Ultrasound
classification for breast masses

Code Description

U1 Normal diffuse benign

U2 Single cyst

U3 Solid benign

U4 Suspicious of malignancy

U5 Malignant

U6 Multiple cysts
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MRI can also be used to assess size and focality in women
with breast cancer looking towards breast conservation
particularly in women with a lobular cancer; MRI can also
detect DCIS not visible on mammography (Figures 6.18,
6.19 and 6.20).

6.10 Other Imaging Techniques

Positron emission tomography combined with computerised
tomography (PET/CT) or MRI (PET/MRI) may be per-
formed as an investigation for breast cancer either to obtain

Fig. 6.15 Ultrasound of a fibroadenoma; note the ovoid appearance with the long axis parallel to the skin surface and the well-defined edges of
the lesion. Contrast the appearances to those of Fig. 6.12

Fig. 6.16 Ultrasound of a
malignant axillary lymph node
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Fig. 6.17 Bilateral cysts on
craniocaudal mammograms

Table 6.5 Mammographic
appearances of the breast

Code Description

R1 Normal

R2 Benign

R3 Indeterminate

R4 Probably malignant

R5 Malignant

Fig. 6.18 MRI demonstrating
mass secondary to DCIS (left half
of figure)
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functional imaging as a baseline for subsequent therapy or as
part of whole body imaging for metastatic disease. Although
the radiation dosages (for PET) or access to such facilities at
present may limit their use, PET may play a role in future in
the evaluation of locally advanced breast cancer or in the
evaluation of regional lymph nodes (including internal
mammary and mediastinal nodes) for metastatic disease.

6.11 Pathology Diagnosis

The third component of triple assessment after clinical
history/examination and imaging is histopathological diag-
nosis. Cytology is inferior to core biopsy in the diagnosis of
breast lesions and should not be used. Until recently, it was
used widely in the assessment of abnormal axillary nodes,

Fig. 6.19 MRI of invasive
breast cancer (left half of figure)

Fig. 6.20 Early enhancement of
MRI of patient in Fig. 6.19
demonstrating multifocality
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but recent comparisons with core biopsy have confirmed the
superiority of core biopsy in this clinical setting also [5].

While a palpable solid mass may be core biopsied “free
hand,” ultrasound guidance is preferable as accuracy is
greater. Biopsy using a 14-gauge needle following infiltra-
tion with local anaesthetic should be used to confirm the
diagnosis of a benign lesion such as a fibroadenoma
(Fig. 6.21) in women over 25 years and thus prevents the
need for excisional biopsy. Stereotactically guided core
biopsies can take an extremely accurate core sample from
lesions with radiological features such as microcalcification,

and subsequent specimen X-rays can confirm that the
microcalcification has been adequately sampled (Fig. 6.22).
Core biopsy also has the virtue of demonstrating tissue
architecture and thus distinguishing between DCIS and
invasive breast cancer.

More recently, vacuum-assisted biopsies (VAB) taken
under radiological guidance have the advantage of multiple
relatively large cores of tissue from the same small area and
may, under some circumstances, actually be able to excise a
lesion completely. Eleven- or nine-gauge VAB is the method
of choice for diagnosing microcalcification. Seven- or

Fig. 6.21 Core needle inserted
under ultrasound guidance into a
fibroadenoma for histological
confirmation of the diagnosis

Fig. 6.22 X-ray image of cores
from a core biopsy confirming the
calcification present in the
targeted mass is represented in the
cores
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nine-gauge VAB, usually under US control, should be used
for the percutaneous excision of papillomas, radials scars
and fibroadenomas if the patient requests removal. A marker
clip is often deployed to allow localisation if malignant
pathology is found.

Very rarely, it is impossible to establish a diagnosis
even with repeated core biopsy or VAB. In such cir-
cumstances, a diagnostic excisional biopsy of the lump
may be considered. This will require image-guided local-
isation, particularly on the background of a lumpy breast,
to ensure that the correct breast mass is excised
(Fig. 6.23) so that the diagnosis can be established.
However, routine use of excisional (and often incomplete)
surgical open biopsy of a palpable mass should no longer
be standard practice.

6.12 Patient Plan

Following triple assessment, it is thereafter important to
discuss with the patient whether any lump can be left alone,
should be excised or whether—if a diagnosis of cancer has
been made—staging tests should be performed prior to
definitive treatment. These decisions should be formally
recorded in the case record (Fig. 6.24).

6.13 Benign Breast Masses

The focus of this chapter on malignant breast masses reflects
the concerns of patients to exclude cancer and that of clin-
icians not to miss diagnosis of cancer. However, benign

Fig. 6.23 Needle localisation of
a breast mass to ensure the correct
mass is excised at the time of
surgery

Fig. 6.24 Needle aspiration of a
breast cyst yielding typical breast
cyst fluid
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breast changes and lumps are more common than breast
cancer. Only approximately one in twenty women attending
a symptomatic breast clinic will have a mass that turns out to
be malignant, and the management of benign breast masses
is thus an important component of clinical practice.

The same principles of triple assessment apply to all
benign breast masses as apply to a lump which turns out to
be malignant. The features of a benign breast lump can also
be described in a similar fashion with associated features
noted (Tables 6.1, 6.2 and 6.3). Following the diagnosis of a
benign breast mass, if no further intervention is required, a
written information booklet describing the benign findings in
the breast may be helpful to reinforce verbal reassurance.
Women should still be encouraged to seek re-evaluation if
any new mass or breast symptom appears in future—it is not
unknown for a woman to have sought and obtained appro-
priate reassurance for benign breast changes then at a later
date to find a new mass which turns out to be malignant.

6.13.1 Benign Nodularity

Many women notice changes in their breasts on a monthly
cycle, but may become worried if lumpiness or a breast mass
persists beyond 2 menstrual cycles (6–8 weeks), particularly
if associated with asymmetry between the two sides, even if
there is some cyclical change. The history and clinical
examination will often point to this variation in normal
breast which is in accordance with the expected responses to
endocrine fluctuations on a monthly basis in premenopausal
women. Premenstrual discomfort or pain may also highlight
the “normality” of this change. However, even with a low
clinical concern on history and examination, imaging (ul-
trasound or mammography as first line, dependent on the age
of the patient), if necessary, supplemented by core biopsy
may be required for reassurance of the patient and clinician.
This may be particularly useful if there is a family history of
breast cancer or if the patient is anxious about the changes
she has noted.

6.13.2 Changes Associated with Pregnancy
and Lactation

The breasts undergo enormous physiological and morpho-
logical changes during the early stages of pregnancy (and
indeed are one of the first symptoms a woman may note
when pregnant) which develop as pregnancy continues and
evolve during the post-partum period into the lactating
breast. Benign lumpiness is a common feature of the breasts
in pregnant women and when breast feeding. However,

pathological changes can occur, and breast cancer, which
may present as inflammatory breast cancer mimicking an
abscess (see below) while rare, should be considered and
new, focal breast lumps investigated by triple assessment
(using ultrasound rather than mammography due to the
pregnancy). Lactational cysts are not uncommon; aspiration
should lead to resolution though may need to be repeated if
the cyst refills.

6.13.3 Fibroadenoma

An aberration of normal development and involution
(ANDI), this smooth, non-tender mobile lump may be sin-
gle, lobulated or occasionally multiple. Ultrasound as part of
triple assessment may identify a typical appearance
(Fig. 6.15). Under the age of 25, typical ultrasound
appearances may provide sufficient reassurance that some
practices do not require needle sampling. In women over
25 years, core biopsy is the preferred diagnostic method and
avoids the need for excision. Excision (by surgery or vac-
uum device) or cryoablation may be performed if the patient
wishes.

6.13.4 Phyllodes Tumour

Phyllodes tumour (a biphasic stromal and epithelial lesion)
may appear on clinical and imaging evidence to be very
similar to a fibroadenoma. However, histology (core biopsy)
will demonstrate features (number of mitoses per high
powered field; morphological appearances) ranging from
benign, through borderline histology, to frankly sarcomatous
(hence the former term cystosarcoma phyllodes) or alterna-
tively classed as high- or low-grade variants. Excision with a
margin of normal tissue and follow-up for local recurrence
for 5 years thereafter is required.

6.13.5 Cysts

One in twelve women develops a symptomatic cyst in their
lifetime. A cyst may be single or multiple, and both mam-
mography (Fig. 6.17) and ultrasound (Fig. 6.11) are diag-
nostically useful. Aspiration both establishes the diagnosis
and treats the cyst. However, blood in the cyst aspirates or a
residual mass may be due to an intracystic cancer
(Fig. 6.13), so the remaining lesion requires core biopsy.
Cysts may refill, particularly if not completely aspirated, and
require repeated aspiration or, rarely, if large and recurring
after repeated aspiration, excision.
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6.13.6 Breast Sepsis

A breast abscess develops from tender, erythematous cel-
lulitis (mastitis) to present as a painful red, mass warm to the
touch which may occupy part or the entire breast. An
abscess occurs in two groups of women. In young,
breast-feeding mothers, Staphylococcus aureus is the usual
organism; the abscess usually sits adjacent to the areolar, and
early intervention with amoxycillin (or erythromycin if
penicillin allergic) at the cellulitic stage may prevent the
formation of an abscess. The differential diagnosis includes
inflammatory breast cancer, and so ultrasound evaluation is
useful to identify focal pus. Once formed, an abscess may be
drained under local anaesthesia using aspiration through a
wide-bore needle under ultrasound guidance and antibiotic
cover or, more rarely, by formal incision and drainage par-
ticularly if loculated. A subsequent mammary duct fistula
may emerge at the junction of the areolar and breast skin and
requires surgical excision. If possible, the mother should be
encouraged to continue breast feeding to reduce breast
engorgement.

In women aged 35–55, often smokers, multiple abscess
formation may occur throughout both breasts (Fig. 6.25) and
may not be confined to the nipple areolar area. The process
of duct ectasia with enlarged ectatic ducts surrounded by an
inflammatory infiltrate may lead to a slit-like nipple retrac-
tion (in contrast to the retraction seen with a cancer) and
creamy nipple discharge which may be blood-stained. Sub-
sequent inflammatory episodes with periductal mastitis may
progress to abscess formation. While the anaerobic bacteria
may respond to amoxycillin (or erythromycin and metron-
idazole) if treatment is commenced early, the repeated
development of abscesses which may require formal drai-
nage leaves a scarred, often discoloured breast (Fig. 6.25)

6.13.7 Intraduct Papilloma

Intraduct papilloma may imitate breast cancer by presenting
as a blood-stained nipple discharge from a single duct
(Fig. 6.1). Triple assessment should exclude other patholo-
gies, and the papilloma may be visible on ultrasound. If so,
this should undergo core biopsy. If core biopsy shows a
papilloma with no atypia, VAB biopsy is a good alternative
to surgical excision and usually results in cure of the dis-
charge. Cytology of the nipple discharge may reveal papil-
lary clusters of epithelial cells, and although ductoscopy has
some advocates, excision of the relevant duct under general
anaesthesia is advocated to establish the diagnosis and
exclude any evidence of malignancy which may be focal
within a papilloma.

6.13.8 Skin Lesions

Skin lesions may occur on the breast as elsewhere in the
body. An epidermoid cyst (formerly referred to as sebaceous
cyst) may give the impression of a small (usually < 1 cm)
breast mass; it is usually possible to demonstrate the intra-
dermal location, a visible punctum and may produce creamy
material. Epidermoid cysts are usually located adjacent to
the sternum or in the inframammary fold. In contrast, a
lipoma is usually 1–4 cm in size, deep to the skin and may
require triple assessment to distinguish it from other breast
masses. Additional breast tissue in the form of an accessory
breast tissue can present as a mass in the axilla or subcuta-
neous mass just inferior to the breast in the midclavicular
line. Assessment with ultrasound may establish the diagno-
sis. Accessory breast tissue rarely requires intervention
unless symptomatic.

Fig. 6.25 Multiple abscesses
and scars in a 50-year-old smoker
with periductal mastitis for
5 years
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6.13.9 Fat Necrosis

A woman presenting with a breast mass secondary to fat
necrosis is usually suggested by a history of trauma and
bruising post-injury with a palpable lump which takes sev-
eral weeks to resolve. On mammography, fat necrosis, if it is
longstanding, may have similar features to a breast cancer
with a stellate appearance. Most women with fat necrosis
have normal mammography. Ultrasound often shows char-
acteristic subcutaneous hyperechogenicity with central oil
cysts. Aspiration of oil from an oil cyst confirms the diag-
nosis and, if required, core biopsy can also be performed.

6.13.10 Other Lesions

Other breast lesions, usually detected by breast screening, such
as sclerosing adenosis or a radial scar, may mimic small breast
cancers on imaging but rarely present as a palpable breast mass.

In general, surgical excision of benign lumps, if required,
should try to use approaches which minimise scarring to the
breast, whether conducted under local anaesthetic or general
anaesthesia. This includes using a circumareolar incision
(with tunnelling to the lesion if required), submammary or

axillary approaches. In a larger breast, it may be necessary to
cut directly into the breast skin overlying a breast mass, and
then the skin tension lines of the breast should be used to
ensure scars heal with minimal cosmetic deficit.
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7Breast Cancer Epidemiology

Alicia Brunßen, Joachim Hübner, Alexander Katalinic, Maria R. Noftz,
and Annika Waldmann

7.1 Descriptive Epidemiology

Breast cancer affects women all over the world, but the
burden of disease is not equally distributed. Which countries
have a high burden of breast cancer? How many women per
year develop breast cancer and how many die from it? How
do incidence and mortality rates change over time and how
many women living today had breast cancer in the past
5 years? Answers to these questions are given in the fol-
lowing subsections on incidence, mortality and prevalence
of breast cancer.

7.1.1 Incidence

The World Health Organization estimates that 1.7 million
breast cancer cases occurred in 2012 among women
worldwide [1]. Breast cancer accounts for 25 % of all cancer
cases in women and is therefore the most frequent cancer1 in
women worldwide as well as in 140 countries [2]. Among
men and women overall, breast cancer is the second most
common cancer; only lung cancer has a higher incidence [1].

Breast cancer is more common in highly developed
countries. The global distribution of incidence rates is shown
in Fig. 7.1a. In more developed regions, the
age-standardized (world standard) incidence rate per
100,000 women (WASR) is 73.4 in contrast to 31.3 in less
developed regions. The incidence rate in women all over the
world is 43.1 (WASR). Highest incidence rates (WASR) are
observed in Northern America (91.6), Western Europe
(91.1) and Northern Europe (89.4), whereas lowest inci-
dence rates occur in Middle Africa (26.8), Eastern Asia
(27.0) and South-Central Asia (28.2) [1]. Among the coun-
tries of Eastern Asia, Korea and Japan have increased inci-
dence rates (WASR) of 52.1 and 51.5 per 100,000 women,
respectively. Around 43 % of new breast cancer cases are
diagnosed in Europe and Northern America and about 39 %
in Asia (see Fig. 7.2a) [1].

As outlined in Fig. 7.3a, in most areas of the world,
incidence rates have been increasing, but in some high
developed countries, incidence had reached a peak and
decreased in the past decade [2]. Based on population
forecasts, it is predicted that the estimated number of new
breast cancer cases will increase by the demographic effect
from 1.7 million cases worldwide (2012) to 2.6 million
cases in the year 2035 [1].

Breast cancer incidence increases with age. Whereas the
worldwide incidence is 14.0 per 100,000 women who are
15–39 years old, breast cancer is much more common in the
age of 65–69 (159.1/100,000) [1]. In the United States of
America (USA), the median age of breast cancer patients at
diagnosis is 61. A median age at diagnosis of 55–60 years is
typical in most Western countries [3, 4]. In contrast, breast
cancer patients in China show a lower median age at diag-
nosis of 50–54 years [5].

Breast cancer occurs in men as well, but male breast
cancer is a rare disease and accounts for about 1 % of all
cases of breast cancer cases in Europe and the USA [6–10].
For one male breast cancer, there are nearly 100–140 female
breast cancer cases [8, 10, 11].
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7.1.2 Mortality

Worldwide breast cancer is not only the most frequent
cancer, but also the most common cause of cancer-related
death among women just as in 101 single countries [2]. It is
estimated that 522,000 women died from breast cancer in
2012 worldwide. This equals a proportion of 15 % of all
cancer deaths in women [1, 2].

Age-standardized mortality rates (WASR) are higher for
breast cancer than for all other causes of cancer in both more
developed and less developed regions (breast cancer mortality
rates are 14.9 and 11.5/100,000, respectively). In more devel-
oped regions though, the absolute number and proportion of all

cancer deaths are higher for lung cancer (210,000 deaths,
16.3 %) than for breast cancer (198,000 deaths, 15.4 %).
Considering bothmen andwomen together, breast cancer is the
fifth most common cause of cancer-related deaths [1].

Disparities in the global distribution of breast cancer
mortality rates are not as big as differences in incidence rates
(see Fig. 7.4). Mortality rates (WASR) are lowest in Eastern
Asia (6.1) and Central America (9.5), while the highest
mortality rate occurs in Western Africa (20.1) [1]. A twofold
to fivefold variation of mortality rates is observed between
the countries worldwide [2].

About 35 % of breast cancer deaths occur in Europe and
North America and round 44 % in Asia (see Fig. 7.2b).

Fig. 7.1 Global distribution of estimated age-standardized breast cancer
incidence (a) and mortality rates (b) per 100,000 women (world standard
population) in 2012. (Reproduced and modified with permission from
Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C,

RebeloM,ParkinDM,FormanD,Bray,F.GLOBOCAN2012v1.0,Cancer
Incidence and Mortality Worldwide: IARC CancerBase No. 11 [Internet].
Lyon, France: International Agency for Research on Cancer; 2013.
Available from: http://globocan.iarc.fr, accessed on 19 February 2016. [1])
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While the age-standardized mortality rate (WASR) in Africa
(17.3) is higher than in Europe (16.1) and Northern America
(14.8), the crude mortality rate (CR) is much lower in Africa
(11.8) than in Europe (34.2) and Northern America (27.5).
Africa accounts for only 12 % of all breast cancer deaths
worldwide [1].

As shown in Fig. 7.3b, mortality rates declined in some
highly developed countries over the last two and a half
decades. This decline has been ascribed to improved detec-
tion and early diagnosis by population-based screening as
well as better treatment of breast cancer [2]. It is predicted
that in the year 2035, about 847,000 women will die from
breast cancer worldwide [1].

For an adequate understanding of the relative magnitude
of competing health risks, it is important to put the risk of
death from breast cancer into context with other leading
causes of death. Stroke and ischaemic heart disease account

together for about 26 % of all deaths in women worldwide
compared to 2 % of deaths caused by breast cancer [12].
This amounts to about 44,000 deaths from breast cancer in
the USA in 2012 [1]. In the United Kingdom (UK), relative
proportion of deaths attributable to breast cancer is highest in
women 25–49 years of age [13].

Breast cancer mortality rates rise highly with age. Most
women die from breast cancer in the age of 55–59 and in the
age of 75 or above. Median age at death from breast cancer
is 60–64 years in women worldwide [1]. While the median
age at death from breast cancer is higher in the USA
(68 years), breast cancer patients in China die in a younger
age (median = 55–59 years) [1, 3].

7.1.3 Prevalence

An estimated number of 6.2 million adult women (at the age
of 15 or older) who had breast cancer diagnosed in the
previous five years were alive in the year 2012. Worldwide,
1-year, 3-year and 5-year prevalence rates per 100,000
women are 56.3, 154.8 and 239.9, respectively. In more
developed regions, the 5-year prevalence rate is four times
higher compared to less developed regions (593.6 vs. 147.3)
and the highest 5-year prevalence rates are observed in
Western Europe (767.1) and Northern America (744.5).
About 46 % of 5-year prevalent breast cancer cases live in
Europe and Northern America and almost 37 % live in Asia.
Latin America and Caribbean (9 %) as well as Africa (7 %)
and Oceania (1 %) account for a much lower proportion of
the 5-year prevalent cases [1].

7.2 Risk Factors

Intense research into the risk factors of breast cancers has
been done for more than 100 years. Yields of that work
improve the understanding of breast cancer biology and help
to design optimal prevention and screening strategies. In the
following the most relevant factors are described, amended
by a broader overview of possible risk factors.

7.2.1 Sex and Age

While breast cancer affects both men and women, it is
basically a gynaecological disease (see Sect. 7.1.1) and
female sex is the major risk factor. According to its over-
whelming epidemiological relevance, the following over-
view focuses solely on female breast cancer.

Fig. 7.2 Proportions of 1.7 million estimated incident breast cases
(a) and of 522.000 estimated breast cancer deaths (b) in women by
major world regions in 2012 (Reproduced and modified with permis-
sion from Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S,
Mathers C, Rebelo M, Parkin DM, Forman D, Bray, F. GLOBOCAN
2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC
CancerBase No. 11 [Internet]. Lyon, France: International Agency for
Research on Cancer; 2013. Available from: http://globocan.iarc.fr,
accessed on 19 February 2016. [1])
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Considering the whole life span of a woman, age is the
second most important risk factor for breast cancer. Breast
cancer is exceptional in premenopausal women and rare
before the age of 25. Incidence rises by age. Women aged 65
and older are at sixfold higher risk than younger women
[14].

7.2.2 Genetic Predispositions

7.2.2.1 Family History
Familial clustering of female breast cancer has long been
thought to indicate the presence of inherited genetic condi-
tions that predispose to the disease. A large meta-analysis

Fig. 7.3 Trends of
age-standardized breast cancer
incidence (a–c) and mortality
(d–f) rates (world standard
population) per 100,000 women
in selected countries (Reproduced
and modified with permission
from Ferlay J, Soerjomataram I,
Ervik M, Dikshit R, Eser S,
Mathers C, Rebelo M,
Parkin DM, Forman D, Bray, F.
GLOBOCAN 2012 v1.0, Cancer
Incidence and Mortality
Worldwide: IARC CancerBase
No. 11 [Internet]. Lyon, France:
International Agency for
Research on Cancer; 2013.
Available from: http://globocan.
iarc.fr, accessed on 19 February
2016. [1])
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estimated the relative risk of women with at least one
affected first-degree relative (mother, daughter, sister) to be
2.1 (95 % CI, 2.0–2.2) [15]. The risk ratio increases with
increasing numbers of affected first-degree relatives. Com-
pared with women who had no affected relative, the ratios
are 1.80 (99 % CI, 1.69–1.91), 2.93 (CI, 2.36–3.64) and
3.90 (CI, 2.03–7.49), respectively, for one, two and three or
more affected first-degree relatives [16]. The strengths of the
risks vary according to both the age of the woman and the
age of the relative. The risk ratios are greatest at young ages,
and for women of a given age, are greater the younger the
relative was at diagnosis. The respective relative risks range
from 5.7 (99 % CI, 2.7–11.8), when both are aged < 40

years to 1.4 (CI, 1.2–1.7) and when both are aged ≥ 60
years [16]. Breast cancer in more distant relatives also
increases the risk. If the nearest affected relative is a second-
or third-degree relative, the estimated RR is 1.82 (95 % CI,
1.39–2.24) and 1.35 (CI, 1.07–1.64), respectively [17].

7.2.2.2 Molecular Genetic Substrates
In the last two decades, much research has been done to
identify the molecular genetic substrates of hereditary fac-
tors. Until now, about 90 genes or genetic loci have been
found to be involved in breast cancer susceptibility [18].
While most of genetic variants confer a low risk of breast
cancer, there is a small group of high-penetrance genes,

Fig. 7.4 Bar chart of
age-standardized breast cancer
incidence and mortality rates
(world standard population) per
100,000 women for WHO regions
in 2012 (Reproduced and
modified with permission from
Ferlay J, Soerjomataram I,
Ervik M, Dikshit R, Eser S,
Mathers C, Rebelo M,
Parkin DM, Forman D, Bray, F.
GLOBOCAN 2012 v1.0, Cancer
Incidence and Mortality
Worldwide: IARC CancerBase
No. 11 [Internet]. Lyon, France:
International Agency for
Research on Cancer; 2013.
Available from: http://globocan.
iarc.fr, accessed on 19 February
2016. [1])
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which are clinically relevant. Although pathogenic mutations
in these genes are rare, testing for them has proved its worth
in genetic counselling, determining eligibility for enhanced
screening and prevention strategies and as markers for tar-
geted therapy. Best known and most important high-risk
genes are BRCA1 and BRCA2, both involved in maintain-
ing DNA integrity. Pathologic mutations in them are
prevalent in only about 0.1 % of the population and increase
the risk of breast cancer by 10- to 20-fold, resulting in a
lifetime risk in women of 60–85 % and 40–85 %, respec-
tively [19]. Other germline mutations are even rarer. The
lifetime risk of cancer for TP53 mutation carriers is esti-
mated to be 73 % for males and nearly 100 % for females
with a high risk of breast cancer [20]. Other genes that
confer a moderate-to-high risk and therefore deserve atten-
tion in the clinical management of familial breast cancer
cases are CDH1, STK11 and PTEN. For these and other—
clinically less important—breast cancer susceptibility genes,
see Couch et al. [21].

However, taking these genes into account, a part of her-
itability remains unexplained. Nowadays, it is recognized
that breast cancer susceptibility is largely ‘polygenic’, that is
susceptibility is conferred by a large number of loci, each
with a small effect on breast cancer risk [22]. By use of
genome-wide association studies (GWAS), nearly 80 com-
mon genetic variants (single nucleotide polymorphisms, or
SNPs) associated with breast cancer risk have been identified
to date [21, 23]. Current research aims at the revelation of
overlaps between phenotypic risk factor that are under
genetic control and SNPs associated with breast cancer risk.

7.2.3 Anthropometric Measures

7.2.3.1 Adult Height
Adult height has been found to be positively related to breast
cancer risk in many epidemiological studies. In a recent
meta-analysis of prospective studies, the pooled relative risk
of breast cancer was 1.17 (95 % CI, 1.15–1.19) per 10 cm
increase in height [24]. The association has been related to
shared underlying genetic pathways, to environmental fac-
tors (e.g. energy intake and socio-economic status during
childhood and adolescence), to hormonal activity during
puberty and to the number of cells at risk of becoming
cancerous.

7.2.3.2 BMI and Body Fat Distribution
The relation between body mass index (BMI) and breast
cancer risk is complex and differs by menopausal status.
A pooled analysis of data from seven cohort studies found an
inverse nonlinear association between BMI and breast can-
cer risk in premenopausal women. Compared with women
with a BMI of less than 21 kg/m2, women with a BMI

exceeding 31 kg/m2 had a relative risk of 0.54 (95 % CI,
0.34–0.85). In postmenopausal women, the breast cancer
risk increased with increasing BMI, but no further increase
was found, when BMI exceeded 28 kg/m2; the relative risk
for these women was 1.26 (95 % CI: 1.09, 1.46) [25]. The
influence of fat distribution on breast cancer risk has been
investigated in several studies using different measures.
Most consistent results had been found in cohort studies for
postmenopausal women. Central body fat distribution has
been associated with an approximately twofold risk of breast
cancer compared with a more peripheral distribution of body
fat, independent of BMI [26].

7.2.4 Reproductive Factors

The risk of breast cancer is largely influenced by endocrine
factors. Early menarche and late menopause prolong a
woman’s exposure to oestrogens and other female hor-
mones. In accordance with this, it has been found that breast
cancer risk increases by a factor of 1.050 (95 % CI: 1.044–
1.057) for every year younger at menarche and indepen-
dently by a factor of 1.029 (95 % CI: 1.025–1.032) for every
year older at menopause [27].

Parity and breastfeeding lower the risk of breast cancer.
Parous women, i.e. women who gave birth to at least one
child, have an approximately 30 % lower risk of breast
cancer than nulliparous women [28]. The risk decreases with
the number of children. A reanalysis of individual data from
47 epidemiological studies in 30 countries demonstrated that
relative risk of breast cancer decreases by 4.3 % (95 % CI:
2.9–5.8) for every 12 months of breastfeeding in addition to a
decrease of 7.0 % (5.0–9.0) for each birth. Young woman’s
age at first birth is another protective factor, independent of
breastfeeding. The relative risk declines by 3.0 % for each
year younger that women were when their first child was born
[29].

7.2.5 Hormones

7.2.5.1 Endogenous Hormones
Compared to the strong body of evidence relating to repro-
ductive, largely hormone-related factors and breast cancer
risk, knowledge on direct associations between specific
endogenous hormone levels and breast cancer is limited.
Complex studies have found that high levels of both
oestrogens and androgens approximately double the risk,
when comparing the top quintile with the lowest quintile
[28]. Similar effects have been reported for insulin-like
growth factor 1 in premenopausal women [30]. The rele-
vance of other endogenous hormone levels, e.g. prolactin
and progesterone, is unclear.
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7.2.5.2 Exogenous Hormones
A meta-analysis of 44 breast cancer studies found that a
history of oral contraceptive use slightly but significantly
increases breast cancer risk compared with never oral con-
traceptive use (odds ratio (OR) 1.08; 95 % CI: 1.00–1.17).
There is a higher risk associated with more recent or current
use; the odds ratio for the use within the last 0–5 years is
1.21 (95 % CI: 1.04–1.41) [31].

The influence of hormone replacement therapy (HRT) on
breast cancer risk has been evaluated in a large number of
studies. The extensive body of evidence suggests that current
users of combined (oestrogen–progesterone) HRT have a
higher risk than never users, particularly when started close
to menopause. The risk excess increases with the duration of
use and dissipates within 2 years of cessation of treatment
[32]. The estimates of the increase in risk associated with
HRT vary across studies and could range from less than
1.2-fold to twofold [28]. For oestrogen-only therapy, the
evidence is inconsistent [33].

7.2.6 Breast Density and Benign Breast
Disease

Mammographic density, defined as per cent breast density
(mammary gland mass as a fraction of the total breast area),
is one of the strongest risk factors for breast cancer. Women
with a breast density of ≥75 % have an approximately
fivefold risk compared to women with little gland mass
(<5 %) [34]. History of benign breast disease is another
organ-related risk factor. Compared to women without his-
tory of benign breast disease, those with the history of
proliferative breast diseases with or without atypia have an
increased risk of developing breast cancer by factor
approximately 4 or 2, respectively. The risk conferred by
non-proliferative breast disease is small, if any [35].

7.2.7 Ionizing Radiation

Exposure to ionizing radiation may cause somatic DNA
mutations and, in succession, breast cancer. Epidemiologic
evidence is largely based on studies in women who were
exposed to atomic bomb explosions and women who
received obsolete diagnostic measures and treatments. The
magnitude of the effect strongly increases with radiation
dose and decreases with age at exposure. Although advanced
medical technologies result in lower exposure to ionizing
radiation, restrained use, especially in children and adoles-
cents, is necessary.

7.2.8 Diet and Lifestyle

There is consistent evidence for a positive dose–risk relation
between alcohol drinking and breast cancer. The increase in
risk for additional 10 g/day of alcohol amounts to approxi-
mately 10 % [36]. With regard to other dietary factors, the
evidence is limited. Meta-analyses reported that higher
intake of fruits [37] and dietary marine n-3 polyunsaturated
fatty acids (n-3 PUFA) [38] are associated with a lower risk
of breast cancer. A slight protective effect of carotenoid
intake is likely [39]. The effect of folate has not been finally
clarified yet. A higher folate intake is likely to decrease the
breast cancer risk in women who regularly drink alcohol
[40].

There is substantial evidence that physical activity
decreases the risk of postmenopausal breast cancer. A sys-
tematic review of 48 cohort and case–control studies
reported an inverse association between physical activity and
postmenopausal breast cancer with risk reductions ranging
from 20 to 80 %. For premenopausal breast cancer, the
evidence was much weaker [41].

7.2.9 Overview

An overview of the aforementioned and additional factors is
given in Table 7.1.

7.3 Prevention

7.3.1 Primary Prevention

The main strategies in primary prevention for breast cancer
include the modification, ideally the avoidance of the risk
factors (see Chap. 2). Lifestyle changes (weight control,
maintenance of physical activity and reduced intake of
alcohol) play a decisive role [42, 43]. As lifestyle changes
can be recommended to all women, other preventive inter-
ventions such as chemoprevention with selective oestrogen
receptor modulators (SERMs) or aromatase inhibitors
(AIs) are only suggested for women at high risk of breast
cancer (strong family history, BRCA1/2 gene, increased risk
through risk assessment models) [44]. The effect of
chemoprevention with SERMs and AIs for primary pre-
vention has been investigated in several randomized con-
trolled trials with the result of a significant decrease of the
incidence of invasive breast cancer (50 %) in high-risk
women [45, 46]. Still, the chemoprevention is not without
risk as SERMs like tamoxifen are associated with an
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increased chance of developing endometrial cancer, throm-
boembolic events and cataract, next to potential impacts on
quality of life [45].

The concept of risk-reduction surgery should only be
considered in women with high-inherited susceptibility for
breast/ovarian cancer especially in women with

Table 7.1 Summary of risk and
protective factors for female
breast cancer

Risk factor Direction and strength of
effect*

Well-confirmed risk factors

Age (65+ vs. <65 years) ↑↑

Family history
≥1 affected first-degree relative (mother, daughter, sister)
≥1 affected second- or third-degree relative

↑↑
↑

High-penetrance gene mutations ↑↑

Height ↑

High body mass index (premenopausal) ↓

High body mass index (postmenopausal) ↑

Younger age at menarche ↑

Older age at menopause ↑

Parity (vs. nulliparity) ↓

Young age at first birth ↓

Breastfeeding ↓

High endogenous hormone levels of oestrogens and androgens (top quintile
vs. the lowest quintile)

↑↑

Current or recent combined hormone replacement therapy (HRT) ↑

Mammographic breast density (of ≥75 % vs. <5 %) ↑↑

History of proliferative benign breast disease with atypia ↑↑

History of proliferative benign breast disease without atypia ↑

Ionizing radiation, especially before age 20 ↑↑

Alcohol use (≥10 g/day) ↑

Physical activity (postmenopausal breast cancer) ↓

Probable relationship exists, based on substantial data

Endogenous hormone levels of insulin-like growth factor 1 (75th vs. 25th
percentile)

↑

Current or recent oral contraceptive use ↑

High intake of carotenoids, marine n−3 polyunsaturated fatty acids and fruits ↓

High folate intake in women, who regularly drink alcohol ↓

Weak, if any relationship, based on substantial data

History of non-proliferative breast disease

Cigarette smoking

Coffee and caffeine intake

Past oral contraceptive use and past hormone replacement therapy
(HRT; >2 years)

Inconsistent findings or limited study today

High folate intake in women who do not drink alcohol

Oestrogen-only HRT

High endogenous hormone levels of prolactin and progesterone

Nightshift work

Source Modified from Hankinson et al. [82] by permission of Oxford University Press, USA
Arrows indicate the approximate magnitude of relation: ↑, slight to moderate increase in risk (relative risk
(RR): 1.01-1.99); ↑↑, moderate to large increase in risk (RR: ≥ 2.00); ↓, decrease in risk (RR: < 1.00)
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BRCA-1/BRCA-2 mutation. Even though studies report a
significant risk reduction in breast cancer incidence [43, 47,
48], the decision to undergo such an aggressive surgical
procedure remains complex and requires an extensive and
detailed counselling [48].

Risk assessment models for a women’s individual risk for
the disease are regularly used in the clinical setting, such as
the Gail model, Claus model and Tyrer–Cuzick model [49–
51]. Additionally to any risk assessment, a comprehensive
counselling on the individual preventive possibilities for
women at risk should be vital.

7.3.2 Secondary Prevention

Secondary prevention measures for breast cancer include
mammography screening, clinical breast examination
(CBE) and breast self-examination (BSE). Of these mea-
sures, only mammography screening has proven an effect on
breast cancer mortality [52].

Correctly applied clinical breast examination is an easily
applied and inexpensive method for breast cancer screening.
There is sufficient evidence for an association of CBE and
detection of smaller and earlier stage tumours, but no suffi-
cient data on the impact on breast cancer mortality [53].
A reduction in breast cancer mortality for BSE is only
reported in observational studies, as data from randomized
controlled trials are still insufficient [54]. Nevertheless,
training in BSE can lead to detection of smaller tumours and
thus to a possible impact on prolonged survival [55].

Breast cancer screening programs (BSC) exist worldwide
in an organized or opportunistic setting mainly for the age
group of women 50–69 years. Several expert groups such as
Cochrane Collaboration [56], UK Panel [57], Health Council
of the Netherlands [58] and US Preventive Services Task
Force [53] have evaluated the evidence of randomized
controlled trials and observational trials for benefits and
harms of breast cancer screening. A significant breast cancer
mortality reduction (about 20 %) could be shown in the age
group 50–69 years. In 2015, the International Agency for
Research on Cancer (IARC) published an independent
evaluation of the mammography screening on the basis of
RCTs and, in particular, observational studies [52], as some
of the aforementioned RCTs are in the focus of criticism due
to their age and further improvement in screening technique
and quality. In summary, the IARC confirms the sufficient
evidence that mammography screening for breast cancer has
an impact on a reduction in breast cancer mortality with up
to 40 % in women of the age group 50–69 years. Addi-
tionally, breast cancer mortality reduction was also reported
for the age group 70–79 years; however, the effect of breast
cancer mortality reduction in women 40–49 years is limited.
In terms of absolute numbers, great differences in results on

prevented breast cancer death by mammography screening
occur in the literature depending on the follow-up time used
[59]: 1–2 in 1000 women (10 years of follow-up) [60], 4 in
1000 women (25 years of follow-up) [57] and 7–9 in 1000
women (30 years of follow-up) [61].

Regarding possible harms of screening, the IARC also
stated sufficient evidence of overdiagnoses, false-positive
results and increased risk of radiation-induced breast cancer
due to mammography screening with a wide range in results
due to different study designs and statistical model.
The IARC concluded that the significant net benefit of
mammography screening for women in the age group 50–
69 years (reduction of breast cancer mortality) outweighs
possible harms and side effects [52]. This is in line with the
prior recommendations of the UK Panel [57], Health
Council of the Netherlands [58] and US Preventive Services
Task Force [53].

Evidence for a reduction of breast cancer mortality due to
other imaging techniques such as tomosynthesis, ultrasound
or MRI additionally to mammography screening is still
insufficient [52].

Counselling of women in the target group for screening
should include a balanced discussion on the potential ben-
efits and harms of mammography screening. For the future,
the results of risk-adapted screening programs could help to
improve the decision making for or against a screening
participation.

7.4 Prognosis

In the recent decades, the survival rates of breast cancer have
shown a significant increaseworldwide. The age-standardized
5-year net survival2 is 80 % or higher for women in 34
countries diagnosed with breast cancer in 2005–2009. In most
developed countries, 5-year survival has improved. Survival
is high in North America and Oceania (84–89 %), but
generally low in Europe with bigger geographic differences.
Low net survival is observed in South Africa (53 %),
Mongolia (57 %), India (60 %) and Malaysia (68 %) [62].

As breast cancer is a complex and heterogeneous disease
with a wide variety in morphology, molecular characteris-
tics, clinical behaviour and response to therapy, prognostic
factors such as tumour characteristics, demographic
information and biomarkers are of great importance in the
personalized oncologic patient care to predict outcomes as
recurrence and overall survival [63].

25-year net survival is the cumulative probability that cancer patients
would have survived 5 years or more after diagnosis when background
mortality was eliminated and differences in population mortality is not
entered in the comparisons.
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In breast cancer, the most useful prognostic factors are
mostly clinically based and include traditional factors such
as tumour size, lymph node status, presence of metastasis,
tumour histology, presence of peri-tumoural vascular inva-
sion and expression of molecular markers such as oestrogen
receptor (ER), progesterone receptor (PR) status and cell
membrane-bound tyrosine kinase receptor (HER2) [64, 65].
Some of the prognostic factors are combined in prognostic
indices such as the well-known TNM classification or other
validated tools such as scoring systems that have been
recently introduced to combine clinical parameters such as
age, tumour stage, hormone receptor status and tumour
grading to be used as prediction models for recurrence and
death of breast cancer, e.g. the Nottingham Prognostic Index
(NPI) and the Adjuvant Online (Adjuvant!). [66–68].

Tumour size and lymph node involvement (composed of
the TNM classification together with the presence of the
metastasis) are strong prognostic indicators for recurrence
rate and survival in breast cancer patients. [68]. While 5-year
relative survival of patients with localized breast cancer is
very high (99 %), locally or regionally advanced cancers are
associated with lower survival (80 %) and 5-year relative
survival of women with metastasized breast cancer is even
lower (23 %) [69]. Age-standardized 5-year net survival for
node-negative breast cancer is 92–98 % in Europe and the
USA, whereas large, node-negative tumours have lower
survival (84–93 %) [70].

Even though limited by the high degree of interobserver
variability, grading of the tumour is another recognized
prognostic marker [71]. Independent from the TNM classi-
fication, histological grading is associated with disease-free
and overall survival [72]. The mostly used grading system is
the semiquantitative Elston and Ellis modification of the
Scarff–Bloom–Richardson classification which ranges from
well to poorly differentiated (Grade I–III) to score tubule
formation, nuclear pleomorphism and mitotic rate of the
tumour [65, 72, 73].

Invasive breast cancers presenting an ER-positive and
PR-positive status have shown a better prognosis and longer
disease-free survival than ER-/PR-negative tumours. ER is
one of the most important molecular markers and is present in
around 75–80 % of breast cancers [74]. Although the prog-
nostic value of hormone receptors is only weak to moderate
[71, 75, 76], it is a strong predictor of response to hormone
therapy, especially in ER- and PR-positive tumours [65].

HER2 overexpression is present in approximately 20–
30 % of breast cancer [74]. Even though the presence of
HER2 is associated with an aggressive behaviour, high
recurrence and increase of mortality rate [65, 77], it is a
weak-to-moderate independent predictor of survival in
patients, at least for node-negative involvement [78, 79].

In addition to the traditional clinic pathological prog-
nostic factors in breast cancer patients, the use of intrinsic

molecular subtypes provides an improvement in prognosti-
cation and treatment decisions in the heterogeneous char-
acter of breast cancer [71, 80]. Intrinsic subtypes combine
routine histology and immunohistochemical evaluation and
are grouped into four subtypes [64, 74, 81]:

• Luminal A: ER-positive, HER2-negative, Ki-67 low and
PR high

• Luminal B:
– (HER2-negative)—ER-positive, HER2-negative and

either Ki-67 high or PR low
– (HER2-positive)—ER-positive, HER2 overexpressed

or amplified, any Ki-67 and any PR
• HER2-enriched: HER2 overexpressed or amplified, ER

and PR absent
• Basal-like: ER and PR absent and HER2-negative

Luminal tumours show a wide range of behaviours with
Luminal A tumours being described as less aggressive, but
more chemoresistant and bearing a higher risk of late
recurrence. In contrast, Luminal B tumours present with an
increased level of aggressiveness, but a higher sensitivity to
chemotherapy. HER2-enriched and basal-like tumours are
most responsive to chemotherapy, but are representing the
tumour group with the highest proliferation rates and most
aggressive potential, leading to early recurrence of the dis-
ease (mostly < 5 years) [74].
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8Breast Cancer Screening

Ismail Jatoi

Breast cancer screening is a major public health issue.
Although its potential impact on breast cancer mortality has
received much attention, screening has also had a huge
global impact on quality of life and healthcare expenditures.
In this chapter, we will review the evidence with respect to
breast cancer screening. Women who wish to consider breast
cancer screening should be informed about not only its
potential for benefit, but also its potential for harm.

Breast cancer screening has been one of the most con-
troversial topics in modern medicine. For instance, there is
considerable controversy as to what age breast cancer
screening should begin (40 vs. 50 years of age), at what age
it should stop, and even whether the overall benefits out-
weigh the risks. Although we generally associate breast
cancer screening with mammography screening, there are
several breast cancer screening methods available today, and
it is important that we evaluate these critically and base
screening recommendations on good evidence rather than
assumptions. In our society, there is a deeply rooted belief
that the early detection of cancer is invariably beneficial, and
evidence to the contrary is often viewed with skepticism.

Over the years, a few investigators have steadfastly
maintained that breast cancer is systemic at inception and
that screening would have little impact on reducing mortality
[1, 2]. Proponents of this paradigm argued that the early
detection and timely extirpation of the primary breast tumor
would not alter the natural history of the disease. Indeed, a
prominent physician once argued that we were missing the
forest (the systemic problem) because our efforts were pri-
marily directed at the tree (the breast tumor) [3]. However,
most clinicians never accepted this view. For many years,
the prevailing view has been that breast cancer begins as a
cell or clone of cells that multiply and grow in size [4]. At
some point during the growth of this breast mass, metastasis

occurs, and the resulting metastatic deposits lead to the death
of the patient. This paradigm led to the belief that the early
detection and treatment of breast cancer (before the onset of
symptoms) could significantly reduce mortality. Therefore,
considerable interest has focused on screening as a means of
reducing breast cancer mortality.

Today, there are five breast cancer screening methods that
are commonly utilized: mammography, clinical breast
examination (CBE), breast self-examination (BSE), mag-
netic resonance imaging (MRI), and ultrasound [5]. Various
studies have examined the efficacy of screening in reducing
breast cancer mortality, and this chapter reviews these
studies (Table 8.1). It is also important to note that breast
screening programs target large, healthy (asymptomatic)
populations, and very few women who undergo screening
will actually be diagnosed with breast cancer. Thus, the
potential risks of breast cancer screening must be weighed
against its potential for benefit. The risks and benefits of
breast cancer screening are emphasized in this chapter.

8.1 Cancer Screening Principles

Cancer therapy is generally directed toward patients who
have symptoms. However, proponents of screening have
long argued that the asymptomatic period in the natural
history of cancer represents a “window of opportunity” for
treatment [6]. The total preclinical phase (TPCP) refers to
the period from the initiation of cancer to the onset of
symptoms [7]. Generally, the beginning of the TPCP is not
known. However, the detectable preclinical phase (DPCP)
is a component of the TPCP and refers to the period when
the cancer is detectable with a screening test. The starting
point of the DPCP depends on the screening test used.
A screening test that detects cancer very early in its natural
history will be associated with a longer DPCP when com-
pared with a test that detects it later. The sensitivity of a
screening test refers to the proportion of patients with a
disease who have a positive result (true positive rate); the

I. Jatoi (&)
Division of Surgical Oncology and Endocrine Surgery,
University of Texas Health Science Center, 7703 Floyd Curl
Drive, Mail Code 7738, San Antonio, TX 78229, USA
e-mail: Jatoi@uthscsa.edu

© Springer International Publishing Switzerland 2016
I. Jatoi and A. Rody (eds.), Management of Breast Diseases, DOI 10.1007/978-3-319-46356-8_8

139



specificity of a test refers to the proportion of patients
without the disease who have a negative result (true nega-
tive rate) [8]. A longer DPCP is associated with a more
sensitive screening test. Prevalence refers to the total
number of persons who have a disease at a particular time;
incidence refers to the number of persons who develop a
disease over a period [9]. In any screening program, the
first screening round is referred to as the prevalent screen,
and the cancers detected are known as the prevalent can-
cers. The number of cancers detected during the prevalent
screen depends on the DPCP (i.e., a longer DPCP is
associated with a greater number of prevalent cases). Fol-
lowing the prevalent screen, the subsequent screening
rounds are known as the incident screens, and the cancers
detected are referred to as the incident cancers. Cancers
diagnosed between screening sessions generally present as
symptomatic cases and are referred to as interval cancers
[9]. Anderson et al. [9] showed that, as a group, the
prevalent cancers generally have a more favorable tumor
biology and better prognosis than cancers detected at the
incident screens. The interval cancers generally have the
worst prognosis [10].

Cole and Morrison argued that before the screening of
any cancer was initiated, three conditions had to be met [7].
First, there must be effective treatment for the cancer, and the
treatment must be more effective in screen-detected cases
than in clinically detected cases. Obviously, if there is no
available treatment for the cancer, then screening will pro-
vide no survival advantage. Additionally, if treatment is
equally effective in screen-detected and clinically detected
cases, then, again, screening will provide no survival
advantage. Second, there should be a high prevalence among
persons who undergo screening. A high prevalence is nec-
essary to justify the expense of a screening program. Lastly,

the cancer should have serious consequences (i.e., a high
mortality rate or significant morbidity).

Many investigators believe that breast cancer meets the
three conditions outlined by Cole and Morrison. Numerous
studies have been undertaken to determine the efficacy of
breast cancer screening in reducing mortality. However,
before discussing these breast cancer screening studies, we
must first consider the biases inherent in those studies. Three
biases merit particular attention: lead time, length, and
selection.

8.1.1 Lead-Time Bias

Screening detects cancers “early,” but this alone cannot jus-
tify screening. Screening can only be justified if it prevents or
delays the time of death from cancer. Survival refers to the
period from diagnosis of cancer to death. “Lead-time bias”
refers to the interval between the diagnosis of cancer by
screening and by usual clinical detection [11]. As screening
advances the time of breast cancer diagnosis, patients with
screen-detected cancers will appear to have better survival
rates than those with clinically detected cancers, even if
screening does nothing to delay death. As a result of
lead-time bias, screening may appear to prolong life, when it
simply extends the period over which the cancer is observed.
The effect of lead-time bias is illustrated in Fig. 8.1.

8.1.2 Length Bias

Slower growing cancers exist for a longer period in the
preclinical phase and are more likely to be detected by
screening. In contrast, faster growing tumors exist for a

Table 8.1 Evidence of mortality
benefit for the breast cancer
screening modalities

Screening modality Randomized controlled trials to assess
mortality benefit

Significant reduction in breast
cancer mortality

Mammography HIP
Malmo
Two-country
Stockholm

Gothenburg
Edinburg
CNBSS I
CNBSS II
UK age
trial

25 % in women aged 50 and older
(7–9 years of follow-up)
18 % in women aged 40–49
(>12 year of follow-up)

Breast
self-examination
(BSE)

St. Petersburg, Russia,
Shanghai, China

No proven benefit

Clinical breast
examination (CBE)

India Results not yet available

Ultrasound Japan Results not yet available

Magnetic resonance
imaging (MRI)

No randomized controlled trials to
assess mortality benefit

HIP health insurance plan; CNBSS Canada national breast screening study
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shorter period in the preclinical phase and are more likely to
be detected in the intervals between screening sessions. This
phenomenon is termed length bias [12]. Indeed, we now
know that there are differences in the biologic properties of
the mammographically detected (screen-detected) breast
cancers and those detected clinically. When histologic dif-
ferentiation, tumor necrosis, mitotic counts, estrogen and
progesterone receptors, histological type, DNA ploidy, and
S-phase fraction are compared, the mammographically
detected cancers are generally found to have a more favor-
able tumor biology [13].

8.1.3 Selection Bias

Women who are health conscious are more likely to vol-
unteer for periodic breast cancer screening. In general, these
women are more likely to eat nutritional foods, exercise
regularly, and maintain a healthy lifestyle. As a result, vol-
unteers have a lower mortality rate from all causes than
women who do not volunteer for breast cancer screening.
This is sometimes referred to as the healthy-screenee effect
[14]. Thus, studies that compare volunteers for breast cancer
screening with nonvolunteer controls are subject to a
selection bias. The lower mortality of women who undergo
screening might not necessarily be due to screening but due
to other factors associated with healthy volunteers. The
effect of selection bias was suggested in a case–control study
from the UK. Moss et al. compared volunteers and non-
volunteers for breast cancer screening [15]. Women from
two separate communities were compared. In one commu-
nity, women had the opportunity to undergo periodic
screening (screening district), whereas in the other commu-
nity, no screening program was available (comparison dis-
trict). These authors found that breast cancer mortality was
higher among the nonvolunteers of the screening district
compared with women in the comparison district. This dif-
ference in mortality was attributed to selection bias.

Various studies examined the efficacy of breast cancer
screening: case–control, retrospective, and prospective;
however, the best way to exclude the biases discussed here is
to conduct randomized prospective clinical trials with
all-cause mortality as the endpoint. Unfortunately, clinical
trials that use all-cause mortality as the endpoint require

huge numbers of subjects and are therefore not practical.
Thus, the breast cancer screening trials have used
cause-specific (breast cancer) mortality as a surrogate end-
point. These randomized prospective trials are discussed in
the following sections.

8.2 Mammography Screening

The distinction between diagnostic mammography and
screening mammography should be emphasized [16].
Diagnostic mammography is used to evaluate patients with
breast symptoms (such as a breast lump). In contrast,
mammography screening targets asymptomatic women. In
this chapter, we consider the merits of mammography
screening, and diagnostic mammography is discussed else-
where in this book.

The concept of mammography screening for asymp-
tomatic women has evolved over many years. Salomon, a
surgeon, is credited with initiating mammography in 1913,
using gross mastectomy specimens [17]. Subsequently, in
1930, Warren reported on the use of mammography in
patients [18]. The concept of mammography screening for
asymptomatic women was proposed by Gershon-Cohen
et al. [19] in the 1950s. In the 1950s and 1960s,
Gershon-Cohen et al. and Egan [20, 21] published reports
indicating that mammography could detect impalpable can-
cers in asymptomatic women. Soon after, randomized
prospective trials were initiated to determine the efficacy of
mammography screening in reducing mortality from breast
cancer.

Nine randomized prospective trials have examined the
efficacy of mammography screening [22]. These are the
health insurance plan (HIP) trial of New York, Swedish Two
County, Gothenburg, Stockholm, Malmo, Edinburgh,
Canadian National Breast Screening Study I (CNBSS I),
CNBSS II, and the UK age trial. A total of about 661,000
women have been enrolled in these nine trials, and
approximately 331,000 were below the age of 50 at the start
of these trials.

There is considerable heterogeneity with respect to the
design of these trials (Table 8.2). Some of the trials evalu-
ated the efficacy of screening with mammography and CBE,
whereas others evaluated the efficacy of screening with

Fig. 8.1 Breast cancer timeline
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mammography alone. In some, mammography screening
was undertaken with one view per breast, while other trials
included two views per breast. The screening interval in
these trials ranged from 12 to 33 months, and the ages of the
women enrolled ranged from 39 to 74 years. Additionally,
the randomization method varied (i.e., cluster or individual).

8.2.1 Health Insurance Plan Trial

The HIP trial was initiated in New York in 1963 and involved
60,696 women between the ages of 40 and 64 at entry [23].
Women were randomized either to undergo periodic
screening or to receive usual medical care. Screening con-
sisted of mammography and CBE. Analysis of the cancers
detected by screening in the HIP trial revealed the following:
45 % were detected by CBE alone, 33 % by mammography
alone, and 22 % by mammography and CBE. Thus, any
reduction in breast cancer mortality in the screened group
cannot be attributed to mammography alone. Indeed, any
mortality reduction in the study group may also mean that
CBE is an effective screening modality.

At 10-year follow-up, the HIP trial demonstrated a 29 %
reduction in breast cancer mortality in the screened group
[24]. This result also can be described in terms of a relative
risk (RR) reduction (RR of 1.0 indicates no difference
between the screened and control groups). Thus, after
10 years of follow-up, the RR of death from breast cancer in
the study group was 0.71 (95 % confidence interval (CI),

0.55–0.93). The CI does not cross 1.0, indicating that the
result is statistically significant.

There has been considerable interest in comparing the
effect of screening in women who were below and above
50 years at the start of the trials [25]. If these two subsets are
examined separately, differences emerge. In the HIP trial, at
10 years of follow-up, the RR of death from breast cancer
for women below the age of 50 in the screened group was
0.77 (95 % CI, 0.50–1.16), whereas for those above age 50,
it was 0.68 (95 % CI, 0.49–0.96). Thus, there was no sig-
nificant benefit to screening women below age 50, but for
those over age 50, periodic screening significantly reduced
breast cancer mortality. With further follow-up to 18 years,
however, the benefit of screening younger women in the HIP
trial begins to approach statistical significance, with RR of
death from breast cancer of 0.77 (95 % CI, 0.53–1.11)
compared with controls. This trend is seen in other trials as
well and is further discussed below.

8.2.2 Swedish Trials

Four randomized prospective trials on breast cancer
screening were conducted in Sweden: the Two County
(Kopparberg and Ostergotland), Malmo, Stockholm, and
Gothenburg trials [26]. These trials were initiated between
the years 1976 and 1982 and enrolled approximately
283,000 women between the ages of 40 and 74. In these
trials, women were randomized either to undergo periodic

Table 8.2 Characteristics of the randomized controlled trials of mammography screening

Trial Entry years Age at
entry

Screening method Randomization Screening
frequency

No. of
women

HIP 1963–1969 40–64 2-view MM and PE Individual Annually,
4 rounds

60, 696

Malmo 1976–1986 45–69 1-or 2-view MM Cluster: birth cohort 18–20 mo,
5 rounds

41, 478

Two-County 1977–1985 40–74 1-view MM Cluster: geographic 24–33 mo,
4 rounds

133, 065

Stockholm 1981–1985 40–64 1-view MM Cluster: birth cohort 28 mo,
2 rounds

59, 176

Gothenburg 1982–1988 40–59 2-view MM Individual (age <50 year)
Cluster (age >50 year)

18 mo,
4 rounds

49, 553

Edinburg 1978–1985 45–64 1-or 2-view MM and PE Cluster: physician 24 mo,
4 rounds

54, 671

CNBSS I 1980–1987 40–49 2-view MM and PE Individual: volunteer Annually,
5 rounds

50, 430

CNBSS II 1980–1987 50–59 2-view MM and PE versus PE Individual: volunteer Annually
5 rounds

39, 405

UK age trial 1991–1997 40–41 2-view MM at first year; 1-view
MM subsequently

Individual Annually 160, 921

HIP health insurance plan; CNBSS Canada national breast screening study; PE physical exam; MM mammography
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screening with mammography alone or to receive usual care.
CBE was used as a screening modality in the HIP, Edin-
burgh, and Canadian trials, but not in any of the Swedish
trials.

In 1993, Nystrom et al. [26] published an overview of the
four Swedish trials based on 5–13 years of follow-up. For
women of all ages, a significant reduction in breast cancer
mortality was seen in the screened group, with RR of 0.76
(95 % CI, 0.66–0.87). For women aged 40–49 at the start of
the trials, however, there was an insignificant reduction in
breast cancer mortality in the study group, with RR 0.87
(95 % CI, 0.63–1.20). In 1996, another overview was con-
ducted, with an additional 4 years of follow-up [27]. In that
overview, the benefit of screening for women aged 40–49 at
the start of the Swedish trials approached statistical signifi-
cance, with RR 0.77 (95 % CI, 0.59–1.01). A further
follow-up overview of the Swedish trials was reported in
1997 by Hendrick et al. [28]. In that study, the RR of breast
cancer death in the screened group was 0.71 (95 % CI, 0.57–
0.89) for women aged 40–49 years at the start of the trials.
Thus, with long-term follow-up, a statistically significant
benefit to screening younger women finally emerges in the
Swedish trials.

8.2.3 Edinburgh Trial

The Edinburgh randomized trial of breast cancer screening
recruited 44,288 women between the ages of 45 and 64 from
1978 to 1981 [29, 30]. This initial recruitment included
11,391 women between the ages of 45 and 49 at entry
(cohort one). Subsequently, an additional 10,383 women
were recruited in two cohorts during the periods 1982–1983
(cohort two) and 1984–1985 (cohort three) [31]. Thus, the
Edinburgh trial included a total of 54,671 women who were
between the ages of 45 and 64 at the start of the study.

The design of the trial was similar to that of the HIP trial.
Women were randomized either to undergo periodic
screening with mammography and CBE or to receive usual
care. For women of all ages, after 10 years of follow-up, the
RR of death from breast cancer in the screened group was
0.82 (95 % CI, 0.61–1.11). For women below age 50 at
entry, the RR was 0.78 (95 % CI, 0.46–1.31). Alexander
et al. [31] reported the results of 14 years of follow-up for all
women enrolled in the Edinburgh trial. The RR of death in
the screened group, when compared with the control group,
was 0.87 (95 % CI, 0.70–1.06). After adjusting for the
socioeconomic status of the general medical practices from
which the participants in the study were recruited, the rate
ratio was 0.79 (95 % CI, 0.60–1.02).

8.2.4 Canadian Trials

The CNBSS consisted of two separate randomized
prospective trials (CNBSS I and CNBSS II), both initiated in
1980 [32, 33]. The CNBSS I was specifically designed to
assess the efficacy of screening women below age 50 and
included 50,430 women between the ages of 40 and 49 at the
start of this study. Women were randomized either to
undergo periodic screening or to receive usual care.
Screening consisted of annual mammography and CBE.
After an average follow-up of 7 years, there was an
insignificant excess in breast cancer mortality in the screened
group, with RR 1.36 (95 % CI, 0.84–2.21). This insignifi-
cant excess in mortality persisted even after 10.5 years of
follow-up, with RR 1.14 (95 % CI, 0.83–1.56).

The CNBSS II examined the efficacy of screening women
who were between the ages of 50 and 59 at the start of the
trial. The design of the CNBSS II study was different from
that of the CNBSS I. Women were randomized to undergo
either screening with annual mammography and CBE (study
group) or CBE alone (control group). Surprisingly, after
7 years of follow-up, breast cancer mortality in the two
groups was nearly identical, with the RR of death in the
study group 0.97 (95 % CI, 0.62–1.52). Similar results were
reported after 13 years of follow-up; the number of breast
cancer deaths in the study and control groups was 107 and
105, respectively, and the cumulative rate ratio was 1.02
(95 % CI, 078–1.33) [34]. More recently, the twenty-five
years of follow-up results of the Canadian National Breast
Screening study were reported, and it was found that annual
mammography screening did not reduce breast cancer
mortality among women aged 40–59 [35]. These results
might be interpreted to mean that mammography screening
does nothing to reduce breast cancer mortality beyond that
which can be achieved by screening with CBE alone when
adjuvant therapy is freely available. The potential use of
CBE as a screening method is discussed later in this chapter.

8.2.5 UK Age Trial

To further assess the efficacy of mammography screening for
women aged 40–49, a randomized prospective trial was
undertaken in the UK [36]. This trial involved 160,921
women, of whom, a third received annual screening invita-
tions and two-thirds received usual care. Women were aged
40 or 41 at the start of the trial to ensure that all results were
based solely on mammography screening in women before
age 50. At 17 years of follow-up, there was no significant
reduction in breast cancer mortality in the screened group,
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with the RR of death being 1.02 (95 % CI, 0.80–1.30) [37].
Thus, the results of this study are consistent with those of
previous trials showing no significant benefit to mammog-
raphy screening in younger women.

8.3 Overview (Meta-analyses)
of the Mammographic Screening Trials

Several overviews (meta-analyses) of the mammography
screening trials have been published. Many have focused on
the results for women who were between the ages of 40 and
49 years at the start of the trials, but have not included the
results of the recent UK age trial, which is unlikely to sub-
stantively change the conclusions of earlier meta-analyses.
In 1995, Kerlikowske et al. [38] published a meta-analysis of
the eight randomized controlled trials and four case–control
studies on mammography screening that had been under-
taken up to that point in time. This meta-analysis showed
that, for women between the ages of 50 and 74 at the start of
the studies, a significant reduction in breast cancer mortality
was evident in the screened group after 7–9 years of
follow-up, with RR 0.74 (95 % CI, 0.66–0.83). Longer
follow-up did not alter the magnitude of this benefit. In
contrast, for women between the ages of 40 and 49 at the
start of these studies, the duration of follow-up did affect the
risk of death from breast cancer. For these younger women,
the RR of death from breast cancer in the screened group
was 1.02 (95 % CI, 0.73–1.27) after 7–9 years of follow-up
and 0.83 (95 % CI, 0.65–1.06) after 10–12 years of
follow-up. That same year, Smart et al. reported a
meta-analysis of all published and presented data on the
eight mammographic screening trials [39]. For women in the
screened group between the ages of 40 and 49 at the start of
the trials, the RR of death from breast cancer was 0.84 (95 %
CI, 0.69–1.02).

In 1996, an updated meta-analysis of the eight mammo-
graphic screening trials reported in Falun, Sweden [27]. In
that study, the RR of death from breast cancer in the
screened group for women aged 40–49 at entry was 0.85
(95 % CI, 0.71–1.01) compared with controls. The follow-
ing year, Hendrick et al. [28] published a meta-analysis of
the eight mammographic screening trials, with average
follow-up time of 12.7 years. For women aged 40–49 at the
start of the screening trials, a significant reduction in breast
cancer mortality was seen in the screened group, the RR
being 0.82 (95 % CI, 0.71–0.95). A subsequent
meta-analysis demonstrated that screening mammography
every 1–2 years in women 40–49 years of age results in a
15 % decrease in breast cancer mortality after 14 years of

follow-up [RR, 0.85 (95 % CI, 0.73–0.99)] [40]. Thus, the
various overviews indicate that a statistically significant
benefit of screening younger women emerges with longer
follow-up.

Clearly, these results indicate that the impact of mam-
mography screening differs between younger and older
women. For women who are over age 50 at the start of the
screening trials, a significant reduction in breast cancer
mortality is apparent after 7–9 years of follow-up, and longer
follow-up does not change the magnitude of that benefit. In
contrast, for women below age 50 at the start of the
screening trials, the benefit of screening emerges gradually,
with a significant reduction in breast cancer mortality
appearing after 12 or more years of follow-up.

Gotzsche and Olsen scrutinized data from eight ran-
domized controlled trials on mammography screening and
argued that most of these trials were flawed (with the
exception of the Canadian trials and the Malmo trial in
Sweden) [41]. These authors reported discrepancies in the
number of women randomized to the screened and control
arms of the studies and also differences in the mean ages
of women in the two arms of the studies. In their
meta-analysis, the authors only included trials that they
believed were adequately randomized, and concluded that
mammography screening had no effect on breast cancer
mortality (pooled RR 1.04, 95 % CI, 0.84–1.27). This
review was widely criticized [42, 43]. In 2006, Gotzsche
and Nielsen updated this controversial overview, and
included six trials in their meta-analysis (two trials that
they considered adequately randomized and four that were
considered as having suboptimal randomization) [44]. In
their updated overview, the authors concluded that mam-
mography screening reduces breast cancer mortality by
about 20 % (RR > 0.80, 95 % CI, 0.73–0.88). However,
the authors pointed out that the risks of mammography
screening were considerable. False-positive results were
far more common than true positives, and many women
who underwent mammography screening were likely
“overdiagnosed” as having breast cancer (“overdiagnosis”
is discussed later in this chapter).

A recent systematic review and meta-analysis of the US
Preventive Services Task Force (USPSTF) reported RR of
breast cancer mortality attributable to mammography
screening of 0.92 for women aged 39–49 (95 % CI, 0.75–
1.02), 0.86 for those aged 50–59 (CI, 0.68–0.97), 0.67 for
those aged 60–69 (CI, 0.54–0.83), and 0.80 for those aged
70–74 (CI, 0.51–1.28) [45]. Thus, although mammography
screening may reduce breast cancer mortality, the estimates
are not statistically significant at all ages and the magnitudes
of the effect are small.

144 I. Jatoi



8.4 Effect of Age on Mammographic
Screening

The effectiveness of mammography screening for women
aged 40–49 has been a topic of intense controversy for many
years. Several medical organizations have further fueled this
controversy by issuing guidelines on mammography
screening that were at odds with one another [46]. Despite
opposition from a few medical groups, mammography
screening for younger women has been widely recommended
in the USA. This is not necessarily the case in Europe,
however. Indeed, for many years, the USA has stood alone
among the major industrialized countries in encouraging
mammography screening for women between the ages of 40
and 49. There are several possible reasons for the difference
between the American and European positions on this issue
[47]. For instance, the “fee for service” healthcare system in
the USA may encourage the use of mammography screening
for younger women. Additionally, the medico-legal climate
in the USA may contribute to the greater willingness of
American physicians to recommend mammography screen-
ing for women below age 50. Yet despite the widespread use
of mammography screening for younger women in the USA,
the US breast cancer mortality rates continue to mirror those
of many industrialized countries that do not recommend
screening for this age group [48].

Why does it take longer to see a benefit for women who
are below age 50 at the start of the mammography screening
trials? There are several possible explanations [49]. One
possibility is that screening may detect very slow-growing
(indolent) tumors in younger women. Thus, a reduction in
breast cancer mortality may take longer to appear. Ker-
likowske has argued, however, that if this is the case, then
detecting these slow-growing tumors after age 50 perhaps
could provide the same reduction in risk of breast cancer
deaths [50]. Alternatively, screening might not be very
effective in younger women. Indeed, the delayed benefit of
screening younger women actually might be attributed to
screening these women after the age of 50. This possibility
was studied by de Koning et al. [51] using a computer
simulation model known as MISCAN (microsimulation
screening analysis). Their study suggested that most of the
reduction in breast cancer mortality for women who were
between the ages of 40 and 49 at the start of the screening
trials was, in fact, the result of screening these women
beyond the age of 50.

Another important question is why the effect of mam-
mography screening is different for women below and above
age 50. Some investigators have argued that there is no
rational basis for the abrupt change in the effectiveness of
mammographic screening at age 50 [52]. Yet age 50 corre-
sponds approximately to the age of the menopause, and the
biology and epidemiology of breast cancer differ in

premenopausal and postmenopausal women [53]. There is a
steep rise in breast cancer incidence until about age 50,
followed by a less rapid increase after that age [54]. We have
pointed out that there are important qualitative age interac-
tions with respect to the etiology, prognosis, and treatment
of breast cancer, and these interactions may suggest that
breast cancers in younger and older women are different
diseases, derived from different pathways [55]. A qualitative
age interaction is defined as the reversal of RRs or rates
according to age at diagnosis. Once thought rare, qualitative
age interactions are commonly reported in studies that
examine the etiology, prognosis, and treatment of breast
cancer [56]. For instance, nulliparity, obesity, and oral
contraceptives decrease breast cancer risk in younger women
but increase risk in older women [50]. Additionally,
high-risk tumors are common in younger women, whereas
low-risk tumors are more common in the elderly, with
bimodal peak frequencies at ages 50 and 70, respectively. By
this we mean that premenopausal women have a higher
proportion of larger tumors (>2 cm), node-positive tumors,
and estrogen receptor-negative tumors than do post-
menopausal women [55, 57]. Therefore, the results of the
mammography screening trials are consistent with the results
of other studies showing differences in the biology and
epidemiology of breast cancers in younger and older women.
Baines has drawn attention to the “mortality paradox”
associated with mammography screening in younger women
[58]. Baines points out that, during the initial years of
follow-up, many of the screening trials actually show an
increased number of deaths associated with mammography
screening in younger women, with a decrease in the number
of deaths evident after longer follow-up. In contrast, mam-
mography screening in older women is associated with an
immediate reduction in mortality.

Why might mammography screening be less effective in
premenopausal women than in postmenopausal women?
This question cannot be answered with any degree of cer-
tainty at the present time, but several possibilities should be
considered. As screening advances the time of breast cancer
diagnosis and allows for the early initiation of therapy, one
might speculate that postmenopausal women benefit more
from early therapy than do premenopausal women. Another
possibility is that the sensitivity of mammography might be
lower in premenopausal women, making it less effective as a
screening test. Finally, Tabar et al. [59] suggested that
tumors of premenopausal women grow more rapidly than
those of postmenopausal women. In fact, the incidence of
interval cancers (diagnosed between screening sessions)
appears to be greater in premenopausal than in post-
menopausal women. Thus, Tabar et al. suggest that reducing
the interval between screening sessions (from 2 to 1 year)
may improve the efficacy of mammographic screening for
younger women.
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8.4.1 Mammography Screening in Elderly
Women

Much interest centers on the optimal age for initiation of
mammography screening (40 vs. 50), while the upper age
limit for screening has received less attention. Although
organizations in the USA may recommend mammography
screening for women aged 70 and older, little data support
these recommendations [60]. Analysis of data from the
Swedish trials might be interpreted to mean that mammog-
raphy screening for women over age 70 is not effective [61];
however, meaningful conclusions cannot be drawn because
few women over age 70 were included in these trials.
Because a woman’s risk of developing breast cancer
increases with age, the efficacy of mammography screening
for older women remains an important issue. Using a
mathematical model (the Markov model), Kerlikowske et al.
[62] studied the effect of mammography screening in older
women. Their analysis suggests that mammography
screening after age 69 is moderately cost-effective and
results in a small gain in life expectancy for women with
high bone mineral density (BMD) but is more costly in those
with low BMD. These investigators calculated that, to pre-
vent one death, either 1064 women with high BMD or 7143
women with low BMI, would need to be screened routinely
from ages 69 to 79. Clearly, the risks and benefits of
mammography screening should be weighed carefully
before recommending it for older women. The risks of
screening are discussed later in this chapter.

Of the nine randomized trials that have examined the
efficacy of mammography screening, only the Swedish Two
County trial included women 70 years and older (women
were aged 40–74 at entry), but participation in this age group
was low and a subgroup analysis found no mortality benefit
for those aged 70–74 at entry [26]. Indeed, it seems unlikely
that older women would benefit significantly from mam-
mography screening, and the harms (discussed later in this
chapter) may outweigh any potential small benefits [63]. In
particular, the risk of overdiagnosis (discussed later in this
chapter) is quite substantial in older women, and this may
increase the risk of mortality from unnecessary treatments
[63]. Moreover, in the population, it takes approximately
10 years for the mortality benefit of mammography screen-
ing to emerge, and because older women have an increased
risk of death from other causes, few would be expected to
benefit from such a delayed effect of screening [64]. Also,
the benefits of screening diminish as treatments improved
(discussed later in this chapter), and in this era of modern
effective adjuvant systemic therapy, mammography screen-
ing is unlikely to provide any added benefit in the
elderly [65].

8.5 Screening Breast Ultrasound

Breast ultrasound (sonography) is primarily used to evaluate
specific abnormalities discovered either on CBE or mam-
mography. However, in recent years, there has been growing
interest in the use of screening ultrasound as a supplement to
mammography screening for women at increased risk for
breast cancer and for those with dense breasts [66]. It has
been suggested that ultrasound screening might be indicated
for women with dense fibroglandular breast tissue, where the
sensitivity of mammography is diminished. The American
College of Radiology Imaging Network (ACRIN) conducted
a large prospective evaluation of mammography screening
and ultrasound in approximately 2809 women who were at
increased risk for breast cancer and had heterogeneously
dense or extremely dense breast parenchyma in at least one
breast quadrant [67]. In this study, screening with mam-
mography and ultrasound was associated with a 55 %
increased breast cancer detection rate when compared to
screening with mammography alone. However, the addition
of screening ultrasound was associated with a substantial
increase in the number of false-positive results. To date, the
impact of screening ultrasound on breast cancer mortality is
not known. A large-scale randomized controlled trial is now
underway in Japan to assess the impact of screening with
both mammography and ultrasound on breast cancer mor-
tality [68]. In the Japan Strategic Anti-cancer Randomized
Trial (J-START), 72,998 asymptomatic women aged 40–49
were randomly assigned to undergo screening mammogra-
phy and ultrasonography (intervention group) versus
screening mammography alone (control) twice in two years
between 2007 and 2011 [69]. Recently reported results
indicate that sensitivity was significantly higher in the
intervention versus the control group, but specificity was
lower [69]. Longer follow-up will be required to determine
whether screening ultrasonography has any impact in
reducing breast cancer-specific mortality.

8.6 Screening Breast MRI

Several nonrandomized prospective studies have evaluated
annual MRI screening (in conjunction with mammography
screening) for women at increased risk for developing breast
cancer [70]. These studies have been undertaken in several
countries throughout the world. Women who participated in
these studies were BRCA 1 and BRCA 2 mutation carriers
and others with a strong family history of breast cancer. In
several of these studies, women were also sometimes
screened with mammography, breast ultrasound, and/or
CBE. These studies showed that the sensitivity of MRI
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ranged from 77 to 100 %, while the sensitivity of mam-
mography or ultrasound ranged from 16 to 40 %. Although
the sensitivity of MRI is greater than that of mammography,
its specificity is lower. Kriege et al. [71] reported that the
specificity of MRI was 88 % compared to 95 % for mam-
mography. Furthermore, there are no data indicating whether
or not the improved sensitivity of MRI screening translates
to a greater reduction in breast cancer mortality. In April
2007, the American cancer society (ACS) issued guidelines
for the use of MRI as an adjunct to mammography in breast
cancer screening [72]. The ACS panel recommended breast
MRI screening for BRCA mutation carriers, first-degree
relatives of known BRCA mutation carriers who have not
undergone genetic testing, women who have received radi-
ation treatment to the chest, such as for Hodgkin’s disease,
and women with an approximately 20–25 % or greater
lifetime risk of breast cancer.

8.7 Screening by Clinical Breast Examination

CBE can be used either for screening (detecting cancers in
asymptomatic women) or for diagnosis (evaluating breast
complaints). Screening by CBE differs from screening by
BSE in that it requires the use of trained personnel. Since the
advent of mammography screening, the role of CBE as a
screening modality has diminished. Indeed, there is evidence
to suggest that the increased use of mammography screening
in the USA generally has been accompanied by a decline in
the use of CBE as a screening modality [73]. Yet several
influential medical organizations, such as the American
College of Radiology, the ACS, and the American Medical
Association, recommend screening with CBE in addition to
mammography [74]. It is also important to note that about 5–
10 % of all breast cancers are detectable by CBE but not by
mammography [74]. Although the impact of screening by
CBE on breast cancer mortality has not been fully eluci-
dated, it seems premature to abandon screening by CBE.
Furthermore, screening programs should train their person-
nel to perform proper CBE.

CBE readily detects cancers larger than 1 cm [75].
Additionally, in the US breast cancer detection and demon-
stration project (BCDDP), 39 % of mammographically
detected cancers smaller than 1 cm also were detectable by
CBE [76]. Mittra et al. [75] suggested that careful screening
by CBE would fail to detect in situ cancers and 22 % of the
mammographically detected invasive cancers smaller than
1 cm. They argued that this advantage of mammography
over CBE is not likely to be clinically significant.

A large randomized prospective trial was initiated in the
Philippines in the late 1990s to assess the impact of screening
CBE on breast cancer mortality [77]. Women were ran-
domized to receive either a combination of screening by CBE

and instructions on the technique of breast self-examination
or usual care. Women were aged 35–64 at entry, and a total of
404,947 women were randomized (216,884 of these to the
intervention arm and 188,063 to the control arm). Five
rounds of screening were planned at intervals of 1–2 years,
and the primary endpoint of the study was mortality. How-
ever, the study was terminated in December 1997 (after the
first screening round) because of poor compliance among the
screen-positive women (many women with abnormalities
detected on CBE declined further investigations or
treatment).

It should be noted that four of the mammography
screening trials have also included CBE as a screening
modality: HIP, Edinburgh, and the Canadian NBSS I and II
[25, 30, 33, 34]. The results of these four trials suggest that
screening with CBE can effectively detect breast cancers.
Barton et al. [78] calculated that screening by CBE has a
sensitivity of approximately 54 % and a specificity of about
94 %.

In the HIP trial, women were randomized to screening
with mammography and CBE or no screening [25]. This
study was conducted during the early years of the develop-
ment of mammography, and a disproportionately large
number of cancers were detected by CBE. Overall, in the
HIP trial, 67 % of the cancers in the screened population
were detected by CBE. Of these, 45 % were detected by
CBE alone and 22 % by CBE and mammography. Only
33 % of the cancers were detected by mammography alone.
In the HIP trial, age seemed to influence the effectiveness of
CBE in detecting breast cancer. For women aged 50–59,
40 % of the cancers were detected by CBE alone and 42 %
by mammography alone; however, for women aged 40–49,
CBE was much more effective in detecting tumors than
mammography, with 61 % of cancers detected by CBE
alone and 19 % by mammography alone. Thus, CBE might
have contributed much to the reduction in breast cancer
mortality observed in the screened group of the HIP trial.

In the Edinburgh trial, women were randomized to
screening with mammography and CBE or no screening
[30]. In that study, 74 % of the cancers in the screened group
were detected by CBE, with 3 % detected by CBE alone and
71 % by mammography and CBE. Mammography alone
detected 26 % of the cancers in the screened population.
Thus, the Edinburgh trial also suggests that screening by
CBE is effective in detecting cancers.

In the CNBSS I, women aged 40–49 were randomized to
either screening with mammography and CBE or no
screening [33]. The results of the CNBSS I trial are con-
sistent with those of other trials, showing no benefit to
screening younger women during the first 7–9 years of
follow-up. In the CNBSS II, women aged 50–59 at entry
were randomized to either screening with CBE alone or CBE
and mammography [34]. While other trials showed a benefit
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to mammography screening for this age group, the
CNBSS II found that it provided no survival advantage. This
result might be interpreted to mean that mammography
screening contributes nothing to breast cancer mortality
reduction beyond that achievable with screening with CBE
alone when adjuvant systemic therapy is freely available. In
the CNBSS, CBE detected 59 % of the cancers in women
aged 40–49. Of these, 32 % were detected by CBE alone
and 27 % by CBE and mammography. For women aged 50–
59, 44 % of the cancers were detected by CBE, with 18 %
detected by CBE alone and 26 % detected by CBE and
mammography. The results of the CNBSS are therefore
consistent with those of the HIP trial, indicating that
screening by CBE is more effective in detecting cancers of
younger women.

Although screening by CBE is effective in detecting
breast cancer, its impact on breast cancer mortality is not
known. If screening by CBE could reduce breast cancer
mortality, it might be particularly useful in developing
countries, where mammography screening is not affordable
and breast cancer mortality rates are rising. As mentioned
previously, a large trial to assess the efficacy of screening
CBE on breast cancer mortality was initiated in the Philip-
pines in the late 1990s, but terminated because of poor
compliance [77]. However, another large trial was initiated
in India in 1998 under the direction of Dr. Indraneel Mittra
[79]. In the Indian trial, 120,000 women between the ages of
30–60 were randomized to either an intervention arm (con-
sisting of screening CBE, teaching of screening BSE, and
visual inspection of the cervix by trained female health
workers), or usual care. The women randomized to the
intervention arm received screening every 18 months for
6 years, with total follow-up period of 10 years. Mittra et al.
[80] have reported significant downstaging of tumors in the
screening arm of the trial. A similar downstaging of breast
cancers were reported in a cluster randomized controlled trial
initiated in the Trivandrum district in Kerala, India, in 2006
[81]. This trial included 115, 652 women aged 30–69 ran-
domized to screening CBE or no screening.

Mittra et al. [75] have argued that there is also a need for
a clinical trial whereby women are randomized to either
receive screening with mammography or CBE. They have
argued that there is compelling evidence to indicate that
screening with CBE is a potentially effective screening
modality, and that a direct comparison with screening
mammography is therefore warranted.

8.8 Screening by Breast Self-examination

Screening by BSE has been advocated since the early part of
the twentieth century [82]. Today, it is widely promoted by
various medical societies, breast cancer advocacy groups,

and the media as an effective screening tool (generally in
conjunction with mammography screening). Many hospitals
and clinics throughout the USA sponsor classes where
women are taught BSE techniques. BSE is a very appealing
screening method because it is inexpensive, self-generated,
and nonintrusive. Yet its efficacy in reducing breast cancer
mortality has never been demonstrated.

Two randomized controlled trials have examined the
efficacy of screening by BSE on breast cancer mortality.
The first of these was the World Health Organization trial
of BSE undertaken in St. Petersburg, Russia [83]. Women
in this study were recruited from 1985 to 1989. There
were 57,712 women from 14 randomly selected outpatient
hospitals who were taught BSE. Another 64,759 women
from another 14 outpatient hospitals served as controls.
Semiglazov et al. [83] reported the preliminary results of
this trial in 1992. The number of breast cancers detected
in the two arms of the study was nearly identical (190
cases in the BSE group and 192 in the control group), and
there was no significant difference in mortality between
the two groups. Additionally, no significant differences
were found between the two groups with respect to the
size of the primary tumor or incidence of nodal metasta-
sis. Of note, the BSE-trained group had a higher number
of excisional biopsies for benign lesions, the RR being 1.5
in the BSE group compared with controls (95 % CI, 1.1–
1.9). Semiglazov et al. [84] reported a further update of
this study in 1999 and again found no significant differ-
ence in the death rates between the BSE and control
groups.

Another BSE trial was initiated in Shanghai, China,
between 1989 and 1991 [85]. In that trial, 267,040 women
were randomly assigned on the basis of work sites (520
textile factories) to receive either intensive BSE instruction
(study group) or sessions on the prevention of low back
pain (control group). After 5 years of follow-up, the
number of breast cancer cases and the rate of breast
cancer mortality were nearly identical in the two groups.
Yet there was more than a twofold increase in the number
of breast biopsies in the BSE group compared with the
control group.

A meta-analysis of the Russian and Shanghai trials was
reported by Kosters and Gotzsche [79] from the Nordic
Cochrane Center. There was no statistically significant dif-
ference in breast cancer mortality between the BSE screen-
ing and control groups, RR 1.05 (95 % CI, 0.90–1.24).
However, almost twice as many breast biopsies with benign
results were performed in the BSE groups when compared to
the controls groups, RR 1.88 (95 % CI, 1.77–1.99). Thus,
screening by BSE is not without risk. There is evidence that
it can generate considerable anxiety among women. Fur-
thermore, false-positive and false-negative results may incur
considerable costs and risks.
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8.9 The Impact of Advances in Therapy
on the Efficacy of Screening

Improvements in breast cancer therapy might be diminishing
the benefit of breast cancer screening [65]. The historical
overview of the nine mammography screening trials seems
to support this notion. The HIP trial of New York, initiated
in 1963, showed that mammography screening reduced
breast cancer mortality by about 30 %, but none of the
subsequent mammography screening trials has matched
those results, despite improvements in breast imaging tech-
nology [65]. The three most recent trials (Canadian National
Breast Screening Studies I and II, and the UK age trial)
found no benefit to mammography screening at all [35, 37].
Two factors likely account for the diminishing benefit of
screening. First, there has been an increase in breast cancer
awareness which, over time, has resulted in smaller tumors
in the control arms of the screening trials. For example, it has
been reported that the average tumor size in the control arm
of the Swedish Two County trial was 2.8 cm, while it was
only 1.9 cm in the more recent Canadian trials [65]. Sec-
ondly, and perhaps more importantly, it is likely that
improvements in therapy have substantially reduced the
benefit of screening. Breast cancer adjuvant systemic therapy
was implemented in the 1980s and was freely available to
patients enrolled in the Canadian National Breast Cancer
Screening Study I and II and the UK Age trials, but not in
the earlier mammography screening trials. The failure of
mammography screening to show any benefit in these three
more recent trials may at least partly be attributable to the
availability of adjuvant systemic therapy for women enrolled
in those trials.

The benefit of cancer screening is closely intertwined
with the benefit of cancer therapy [65]. For screening to be
effective, the benefit of screen-detected cancers must be
more effective than that of clinically detected cancers. If
breast cancer were curable at every clinical stage or, alter-
natively, if therapy were ineffective, then screening would
offer no advantage. Moreover, as therapy improves, both the
relative and absolute benefits of screening will decline.
Thus, advances in breast cancer therapy would be expected
to reduce the effectiveness of breast cancer screening.
Consider, for example, a situation where mammography

screening reduces the risk of breast cancer death from 40 to
30 % over a 20-year period (a relative benefit of 25 % and
an absolute benefit of 10 %). Now let us also assume that an
adjuvant therapy regimen with a relative benefit of 20 %
becomes available. Patients who receive this therapy would
lower their risk of breast cancer death from 40 to 32 % over
a 20-year period. The effect of screening should now be
considered in the context of a 32 % risk of death over a
20-year period, and screening (if we assume that its relative
benefit remains constant at 25 %) would lower the risk of
death from 32 to 24 %. Thus, prior to the advent of this
particular adjuvant therapy regimen, the absolute benefit of
screening would have been 10 %, but after its introduction,
the absolute benefit of screening would decrease to 8 %.

However, the relative benefit of screening will also
diminish with improvements in therapy. Consider three
categories of breast cancer patients: those curable only with
screening, those curable with clinical detection, and those
who cannot be cured with either screening or clinical
detection. Improvements in therapy will increase the number
of patients curable following clinical detection, by
decreasing the numbers curable only with screening or not
curable at all. Thus, the relative benefit of screening will
decrease.

8.10 Potential Hazards of Screening

The randomized controlled trials discussed in this chapter
indicate that mammography screening can reduce breast
cancer mortality by about 25 % in postmenopausal women.
Additionally, screen-detected cancers are generally smaller
than those detected clinically and are therefore more amen-
able to treatment with conservative surgery (i.e., lumpec-
tomy, quadrantectomy, or segmental resection) than cancers
detected clinically. Furthermore, breast MRI might be a
particularly useful screening tool for women at high risk for
breast cancer (such as mutation carriers), because its sensi-
tivity is greater than that of mammography.

Yet there are certain hazards associated with breast cancer
screening. Five potentially harmful consequences of
screening merit consideration: lead time, false-positives,
radiation exposure, overdiagnosis, and cost (Table 8.3).

Table 8.3 Potential hazards of
screening

Lead time Advanced notice of a cancer diagnosis without tangible gain

Radiation exposure
(mammography)

Possible increased risk of breast cancer in patients susceptible to the effects
of low-dose radiation

False-positives Results in unnecessary breast biopsies

Overdiagnosis Adverse financial/emotional consequences of being falsely labeled as a
cancer patient

Cost Costs of breast cancer screening may divert resources away from more
mundane healthcare needs
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8.10.1 Lead Time

Screening advances the time of breast cancer diagnosis, but
this does not benefit all women. The randomized controlled
trials indicate that mammography screening in post-
menopausal women reduces breast cancer mortality by about
25 %. Thus, for most women, advancing the time of breast
cancer diagnosis by mammography screening does not
change the outcome. As a result of screening, many women
are simply given advanced notice of a cancer diagnosis with
no tangible gain. This “lead time” effect of screening (in the
absence of any tangible benefit) may have an adverse impact
on quality of life.

8.10.2 False-Positives

False-positives are cases that are reported as suspicious or
malignant on screening that, on further evaluation (such as a
breast biopsy), prove benign. False-positives have an
adverse effect on quality of life and result in additional
healthcare expenditures. For mammography screening, the
false-positive rate is much greater in the USA than in Eur-
ope, perhaps because of the fear of litigation in the USA,
resulting in a greater unwillingness of American radiologists
to commit themselves to a benign diagnosis [86].

Elmore et al. [87] calculated that, after ten mammograms,
a woman in the USA has about a 49 % cumulative risk of a
false-positive result. Overall, approximately 10.7 % of all
screening mammograms in the USA lead to a false-positive
result. For women between the ages of 40–49, the cumula-
tive risk is about 56 %, whereas for those aged 50–79, the
cumulative risk of a false-positive result after ten mammo-
grams is about 47 %. In contrast, the cumulative 10-year risk
of a false-positive mammogram in the Norwegian Breast
Cancer Screening program is about 21 % [88].

Evidence from the CNBSS II suggests that there are
fewer false-positives associated with screening by CBE [76].
In that study, women aged 50–59 were randomized to either
screening with CBE or screening with mammography and
CBE. No significant difference was found in the mortality
between the two arms of the study. The rate of biopsy of
benign breast lumps was 3 times higher with combined
screening, however, compared with screening with CBE
alone.

One study found that women are generally aware that
mammography screening can produce false-positive results
[89]. The study also indicated that most women consider
false-positives an acceptable consequence of mammography
screening and are willing to tolerate such results. Indeed, the
survey found that 63 % of all women thought that 500 or
more false-positives per life saved were reasonable, and
37 % were willing to tolerate as many as 10,000

false-positives per life saved. Yet analyses of data from the
US national health interview survey (NHIS) indicate that
false-positive mammograms have an adverse effect on the
quality of life [90]. In this random sampling of the US
population, women who had previously experienced false-
positive mammograms were more likely to report symptoms
of anxiety and depression.

8.10.3 Radiation Exposure

Bailar was one of the first to suggest that low-dose radiation
exposure from mammography screening might induce breast
cancer [91]. Subsequently, Beemsterboer et al. [92] devel-
oped a computer simulation model to estimate breast cancer
deaths caused from exposure to low-dose radiation and the
number of lives saved as a result of mammography screen-
ing. These estimates were based on data from the Swedish
mammography screening trials and the Netherlands breast
cancer screening program. In their model, the ratio between
the number of breast cancer deaths prevented with those
induced as a result of mammography screening for women
aged 50–69 was 242:1, assuming a 2-year screening interval
and a mean glandular dose of 4 mGy to each breast from a
two-view mammogram. When mammography screening
was expanded to include women aged 40–49, the ratio was
97:1. Thus, according to this model, the potential hazards of
low-dose radiation are greatly increased if mammography
screening is initiated below age 50.

Swift et al. [93] called attention to the potential hazards of
mammography screening in carriers of the gene for
ataxia-telangiectasia (AT). These carriers are at increased
risk for developing breast cancer after exposure to relatively
low doses of radiation. Approximately 1.4 % of all indi-
viduals are heterozygote carriers of the gene for AT, so the
population potentially at risk from the harmful effects of
low-dose radiation is large. Identifying these persons before
mammography screening would be a huge, expensive
undertaking and is probably not feasible. The amount of
radiation required to induce breast cancer in a heterozygote
carrier of the gene for AT is not clear. Some investigators
speculate that a total dose of 20 mGy would be required
[94]. If so, a carrier of the AT gene who undergoes mam-
mography screening every 2 years might accumulate a
hazardous dose of ionizing radiation over a 10-year period,
assuming a mean glandular dose of 4 mGy to each breast
from a two-view mammogram.

Women who carry mutations in the BRCA1 and BRCA2
genes have an increased risk of developing breast cancer.
Over the years, medical organizations have recommended
that BRCA 1 and BRCA 2 mutation carriers begin annual
mammography screening at the age of 25–30 [95]. These
recommendations did not consider, however, the potential
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hazards of low-dose radiation associated with mammogra-
phy screening. The BRCA 1 and BRCA2 genes are required
for DNA repair, and it has been suggested that women who
carry mutations in these genes might be very sensitive to the
effects of low doses of radiation [96, 97]. The cumulative
lifetime risk of radiation-induced breast cancer mortality is
higher in younger women, and a study suggests that there is
no net benefit for mammography screening in BRCA
mutation carriers who are younger than age 35 [98]. These
concerns make breast MRI a particularly attractive screening
option for young women who carry the BRCA 1 or BRCA 2
mutation. In contrast to mammography, there is no radiation
exposure associated with MRI screening.

8.10.4 Overdiagnosis

During the last 30 years, breast cancer incidence in the USA
has increased dramatically, partly because of the impact of
“overdiagnosis” attributable to mammography screening.
Peeters and colleagues defined overdiagnosis as “a histo-
logically established diagnosis of intraductal or invasive
cancer that would never have developed into a clinically
manifest tumor during the patient’s normal life expectancy if
no screening examination had been carried out” [99].
Long-term follow-up of the Malmo screening trial suggests
that about a quarter of the breast cancers detected with
mammography screening represent overdiagnosis [100].
A recent study suggests that, in the USA, nearly one-third of
all breast cancers would never have been diagnosed in the
absence of mammography screening [101]. This alarming
rate of overdiagnosis may have an adverse effect on quality
of life and it may even adversely impact mortality. Indeed,
overdiagnosis of breast cancer with mammography screen-
ing exposes women to the risk of unnecessary treatments and
this may produce a small excess in treatment-related
mortality.

To understand how screening might result in the over-
diagnosis of invasive breast cancer, consider the following
hypothetical situation. A 65-year-old woman with severe
coronary artery disease undergoes routine mammography
screening. As a result of that screening, an occult (nonpal-
pable) invasive breast cancer is discovered. This cancer is
treated with surgery, radiotherapy, and tamoxifen. One year
later, this patient dies of a myocardial infarction (MI). As
mammography screening advances the time of breast cancer
diagnosis by about 2–4 years, this patient’s breast cancer
probably would not have been discovered without screening.
She probably would have died of a MI, never knowing that
she had breast cancer and would have been spared the
treatments resulting from her cancer diagnosis. This example
illustrates how screening might unmask invasive cancers that
would not have become clinically symptomatic or pose a

threat to a woman’s normal life expectancy. Zahl et al. [102]
suggested that some of the occult invasive breast cancers
detected by mammography screening might ultimately have
undergone spontaneous regression.

However, an even greater problem associated with
mammography screening is the overdiagnosis of noninva-
sive (in situ) cancers [103]. Since the advent of mammog-
raphy screening, the incidence of ductal carcinoma in situ
(DCIS) has increased dramatically [104]. DCIS is rarely
palpable and therefore seldom detected by clinical exami-
nation. Most cases of DCIS are diagnosed by mammography
screening. Indeed, before the advent of mammography
screening, DCIS accounted for only 1–2 % of all breast
cancer cases in the USA [105]. In more recent years, DCIS
has accounted for more than 12 % of all breast cancer cases
and about 30 % of those discovered mammographically
[106].

Many clinicians have long assumed that DCIS is a
preinvasive cancer that, if left untreated, invariably pro-
gresses to invasive breast cancer. This assumption was based
on two observations. First, after simple excision of DCIS,
recurrences often occur, many of which are invasive breast
cancers. Second, DCIS often is adjacent to invasive breast
cancer, suggesting that DCIS was the precursor to the
invasive tumor. Evidence now suggests, however, that most
cases of DCIS would not progress to manifest breast cancers
clinically during a woman’s lifetime. Nielsen et al. [107]
reported the results of 110 medico-legal autopsies performed
at the Fredericksburg Hospital in Copenhagen, Denmark.
These autopsies were performed on women who had died of
accidents. DCIS was found incidentally in 15 % of these
women, a prevalence of 4–5 times greater than the number
of overt cancers expected to develop over a 20-year period.
Additionally, in two separate studies, Rosen et al. [108] and
Page et al. [109] retrospectively reviewed benign breast
biopsies and found numerous instances where the initial
pathologist overlooked DCIS. In both studies, only about
25 % developed clinically manifest invasive breast cancers
after 15–18 years of follow-up. Finally, in women with a
previous diagnosis of breast cancer, Alpers and Wellings
found DCIS in about 48 % of contralateral breasts at
autopsy, but only about 12.5 % of these women would be
expected to develop contralateral breast cancer over a
20-year period [110]. Together, these studies suggest that
perhaps only one of every four or five cases of DCIS
detected mammographically would progress to a clinically
manifest breast cancer during a woman’s lifetime.

8.10.5 Cost

Healthcare resources are often limited, particularly in
developing countries. Ideally, these resources should be
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distributed equitably across a wide range of healthcare pro-
grams to obtain the maximum benefit. Again, it is important
to emphasize that women who are invited to participate in
breast cancer screening programs are not “patients” and most
do not become patients. Yet breast cancer screening pro-
grams often use expensive technology. Resources directed
toward maintaining breast cancer screening programs could
lower resources available for more pressing and mundane
healthcare programs, adversely affecting the health of an
entire community. To put this matter into perspective, Kat-
tlove et al. [111] estimated, in 1995, the cost of potentially
saving one life over a 10-year period with mammography
screening. For women aged 40–49, the estimated cost of
screening was considerably higher when compared to the
cost of screening for women aged 50–59, which in turn was
higher than the cost for women aged 60–69. If healthcare
resources are limited, then age should be considered when
deciding how best to appropriate scarce resources. Addi-
tionally, it is important to consider that the cost-effectiveness
of CBE screening for breast cancer in developing countries
such as India may compare favorably with that of mam-
mography screening in the developed countries [112].

8.11 Conclusion

More is known about screening for breast cancer than for
any other type of cancer. In this chapter, the commonly used
breast cancer screening methods were discussed. These are
mammography, CBE using trained personnel, BSE, ultra-
sound, and MRI. Randomized controlled trials indicate that
mammography screening in postmenopausal women can
reduce breast cancer mortality by about 25 %; however, its
effect in premenopausal women is disputed. To date, no data
are available from randomized prospective trials comparing
the effect of screening by CBE with no screening on breast
cancer mortality. However, several mammography screening
trials incorporated CBE as a screening modality, and the
results of these trials suggest that CBE might be an effective
screening tool. A large, randomized, prospective study has
been initiated in India to study this possibility further. Thus
far, data from two large, randomized, prospective trials
indicate that screening with BSE has no effect in reducing
breast cancer mortality.

In the lay media, considerable emphasis is placed on the
potential benefits of breast cancer screening, and little
attention is paid to its potential risks. Women who volunteer
for breast cancer screening are generally healthy, and the
vast majority will derive no tangible gain from screening.
Many women seem to be poorly informed about the impact
of screening on their risk of dying of breast cancer. Black
et al. [113] surveyed 200 women between the ages of 40 and
50 with no history of breast cancer and found that these

women overestimated their probability of dying of breast
cancer by more than 20-fold and the effectiveness of
screening in reducing mortality by sixfold. Thus, a more
balanced presentation about breast cancer risk and the
effectiveness of screening is warranted. Not only should the
potential for benefit be discussed with each woman prior to
screening, but the potential risks outlined as well.

Yet it is also important to note that several recent studies
have suggested that breast cancer screening has contributed
to declines in population-based breast cancer mortality rates
[114, 115]. Inequalities in the use of screening (as well as
differences in the effectiveness of screening) might also
partly account for the widening racial disparity in breast
cancer mortality rates in the USA [116]. Clearly, a closer
scrutiny of population-based statistics is needed to better
discern the overall impact of breast cancer screening.
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9Breast Imaging

Anne C. Hoyt and Irene Tsai

9.1 Introduction

Mammography can be divided into two basic types:
screening and diagnostic. Screening mammography contin-
ues to be the primary imaging modality for breast cancer
screening and diagnosis. Diagnostic mammography is indi-
cated in the imaging evaluation of a patient with a breast
symptom. The introduction of digital mammography and,
more recently, digital breast tomosynthesis (DBT) ranks as
the most important technologic improvements in breast
imaging. 97 % of all certified mammography facilities in the
USA utilize digital imaging, and 29 % offer DBT, according
to certification statistics from the US Food and Drug
Administration (FDA) as of July 1, 2016. Advances in the
overall quality of mammography performance are related to
the efforts of programs established by both professional
societies and government agencies. Introduction of the
American College of Radiology (ACR) Mammography
Accreditation Program in 1987 [1] and the Mammography
Quality Standards Act in 1994 [2] are among the most sig-
nificant of these efforts. In addition, the ACR breast imaging
reporting and data system (BI-RADS) continues to improve
the communication of mammography results, monitoring
and tracking of patients and quality assurance activities, such
as the medical audit [3]. Owing to its importance and now
widespread international use, the BI-RADS-standardized
lexicon should be understood by referring physicians and
will be used throughout this chapter. The latest 5th edition of
BI-RADS includes breast ultrasound and magnetic reso-
nance imaging (MRI) [3].

Ultrasonography is the most important adjunctive imag-
ing modality for mammography. Like mammography,
ultrasonography also has undergone significant technical
improvements that have extended its contributions to breast
imaging. Other imaging modalities include breast MRI and
radionuclide imaging. Advances in imaging-guided breast
biopsy techniques led to the widespread use of stereotactic-
and ultrasound-guided breast core needle biopsy (CNB) as
the primary methods for breast biopsy.

9.2 Mammography

9.2.1 Screening Mammography

Screening mammography is an examination of an asymp-
tomatic woman to detect clinically occult breast cancer. The
standard screening examination includes two views of the
breast: a mediolateral oblique (MLO) and a craniocaudal
(CC) (Fig. 9.1) [4]. Screening mammography is the most
studied examination of all screening tests. The effectiveness
of screening mammography for mortality reduction from
breast cancer has been confirmed by evaluations of ran-
domized clinical trials (RCTs) [5]. While there is a general
agreement that screening mammography reduces mortality
from breast cancer in women over 50 years of age, there has
been considerable debate over the effectiveness of screening
mammography for women aged 40–49 [6]. Despite the
controversy, 1 in 6 breast cancers occur in women age 40–
49, 18 % of all breast cancer deaths occur among women
diagnosed in their 40s, 27 % of all person-years of life lost
(PYLL) are among women diagnosed between ages 40 and
49, and 70 % of women who died from breast cancer in their
40s at major Harvard teaching hospitals were among the
20 % of women who were not screened [7, 8]. A compre-
hensive study of the effectiveness of population-based ser-
vice screening of women aged 40–49 years found a 29 %
mortality reduction for women who attended screening [9].
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Organized service screening in 7 Swedish counties proved
that the reductions in breast cancer mortality were principally
due to mammography screening rather than advancements in
treatment [10]. In this large trial that included approximately
33 % of the population of Sweden, outcomes were compared
pre- and post-screening and then outcomes were compared
among women exposed to screening and among women
unexposed to screening. There was a significant reduction in
mortality after the introduction of screening compared to the
prescreening era. Mortality reduction was 40–45 % among
women actually screened compared to 30 % in the invited

population that includes women both exposed and unexposed
to screening. The breast carcinomas cases were contempo-
raneously diagnosed and treated and were thus not affected
by advancements in therapy over time. Therefore, most of the
mortality reduction in screened counties after the introduction
of screening could only be attributed to the availability of
mammography screening.

Mammography screening has been shown to decrease breast
cancer mortality across many study designs including ran-
domized control trials, case–control studies, incidence-based
mortality studies, and computer-based screening service

Fig. 9.1 Screening
mammograms. a Positioning for
the right mediolateral oblique
(MLO) projection. b Right
full-field digital mammography
MLO image. c Positioning for the
right craniocaudal (CC) view.
d Right full-field digital
mammography CC image
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models. When analyzing different study types, distinguishing
between the relative mortality reduction between women
invited to screen andwomenwho actually underwent screening
mammography is critical. Randomized controlled studies
compare women invited to screening (not women actually
screened) with those not invited. Thus, deaths from breast
cancer in women invited to screening but not attending mam-
mography count against the screened group (noncompliance).
Similarly, womenwho are invited to screening but who choose
to undergo mammography and avoid a breast cancer death due
to earlier detection are counted in the unscreened group (con-
tamination) [11, 12]. When compared to other study designs
and actual clinical practice, RCTs underestimate the benefit of
screening mammography due to noncompliance and contami-
nation. Meta-analyses of RCTs show an 18–22 % mortality
reduction in those invited to screen compared to the control
group (not invited to screen) [13–17]. In contrast, case–control
studies show mortality reductions of 31 % (invited to screen)
[18] and 48–49 % (screened) [18, 19]. Incidence-based
mortality studies show mortality reductions of 25 % (invited
to screen) and 38 % (screened) [18]. Canadian and European
service screening studies show a 38–40 % reduction in breast
cancer mortality among women actually screened [18, 20].
Computer-based studies (CISNET) showmortality reduction
of 40 % [21, 22].

Current screening guidelines for average-risk women
vary among the major organizations (Table 9.1). All agree
that screening mammography beginning at age 40 and
performed annually saves the most lives. In addition, all
organizations agree that benefits outweigh harms at all ages
and informed decision making including and understanding
of the benefits and limitations of screening is essential.
However, the differences in recommendations reflect the

different values that each group places on the relative
importance of benefits and potential harms of screening
mammography such as a false-positive mammogram (call-
back), benign biopsy, potential overdiagnosis, and/or anxi-
ety. The American College of Radiology (ACR), Society of
Breast Imaging (SBI), National Comprehensive Cancer
Network (NCCN), and American College of Obstetrics and
Gynecology (ACOG) recommend annual mammography
screening beginning at age 40. The American Cancer
Society guidelines, updated in 2015, now recommend
annual mammography for women of ages 45–54 with the
opportunity to start annual screening between the ages 40–
44, biennial or annual mammography for women 55 and
older, and for screening to continue as long is the patient is
able and life expectancy is more than 10 years. The age to
begin screening was selected by the ACS based upon the
5-year absolute risk of breast cancer, which is similar in
women aged 45–49 and women aged 50–54, but greater
than the risk in women aged 40–44. The traditional com-
parison of 10-year age-groups (age 40–49 vs. age 50–59)
obscured the change in disease burden that begins closer to
age 45 rather than age 50 [23]. The United States Preven-
tative Task Force (USPSTF) released new recommendations
regarding breast cancer screening in 2016. The USPSTF
recommends biennial screening for women aged 50–74. The
decision to screen women aged 40–49 should be individu-
alized. “For women in their 40s, the benefit still outweighs
the harms, but to a smaller degree; this balance may there-
fore be more subject to individual values and preferences
than it is in older women. Women who place a higher value
on the potential benefit than the potential harms may choose
to begin screening between the ages of 40 and 49” [24].
The USPSTF suggests screening continue until age 74. They

Table 9.1 2016 breast cancer screening guidelines

Organization Age to begin Screening interval Stopping age

ACR,
ACOG,
NCCN,
NCBC

40 Annual ACR: Continue screening as long as health is good
and life expectancy is at least 5–7 years, and there is
willingness to undergo additional testing
ACOG: Shared decisions 75 + NCCN: Consider
comorbidity and therapeutic decisions

ACS, ASBS,
ASCO

45, with option to begin at age 40 Annual 40–54;
biennial 55+ with
option to continue
annually

Continue screening as long as health is good and life
expectancy is at least 10 years

USTFPF,
AAFP, ACP

50, the decision to begin screening
between ages 40 and 49 should be
individualized based on the risk and
values

Biennial, 40+ 74, insufficient evidence to recommend for or against
screening

Source Modified from Smith RA. Guidelines for Breast Cancer Screening: A Rosetta Stone for Radiologists. Los Angeles Radiologic Society
Summer Seminar in Breast Imaging; 2016 July 16
ACR American College of Radiology, ACOG American Congress of Obstetrics and Gynecology, NCCN National Comprehensive Cancer
Network, NCBC National Consortium of Breast Centers, ACS American Cancer Society, ASBS American Society of Breast Surgeons, ASCO
American Society of Surgical Oncology, USPSTF United States Preventative Services Task Force, AAFP American Academy of Family
Physicians, ACP American College of Physicians
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cite a lack of sufficient evidence to recommend for or
against screening mammography in women 75 and older.

The widespread use of mammography in the USA led to
the detection of smaller, earlier stage tumors. This resulted in
revision of the American Joint Committee on Cancer
(AJCC) staging system for breast cancer [25]. Since most
cancers were being detected at Stage 1 (invasive tumors
≤2 cm), the AJCC subdivided Stage 1 into these subcate-
gories: (1) Tis: carcinoma in situ (preinvasive), (2) T1mic:
microinvasion ≤1 mm, (3) T1a: >1–5 mm, (4) T1b:
>5 mm–1 cm, and (5) T1c: >1–2 cm. The Chair of the
Committee made this statement: “The need for substantial
changes in the staging system for breast cancer stemmed
from continuing developments in breast cancer diagnosis
and management. First, with the widespread use of screening
mammography, most breast tumors are now first detected
when they are very small…”

9.2.2 Diagnostic Mammography

Diagnostic mammography, sometimes called problem-
solving mammography, is indicated when there are clinical
findings such as a palpable lump, localized pain, nipple dis-
charge, or an abnormal screening mammogram that requires
additional workup [26]. The diagnostic examination involves
a complete workup tailored to a symptomatic patient or one
with abnormal findings on a screening examination.

Diagnostic mammograms should always be performed
when a biopsy is being considered for a palpable lump in a

woman 30 years or older. The purpose of mammography
prior to the biopsy is to better define the nature of the clinical
abnormality and to find unexpected lesions, including mul-
tifocal carcinoma or intraductal component of an invasive
carcinoma. The diagnostic mammogram could also reveal
that the finding is benign and does not require a biopsy. An
example of the latter would be a typical fibroadenoma or an
area of fat necrosis due to the previous surgery. To correlate
the clinical and imaging findings, a marker (e.g., radiopaque
“BB” or other) is often placed over the area of clinical con-
cern prior to performing the mammogram (Fig. 9.2a). The
diagnostic workup may include additional views of the
breast, spot compression and/or magnification techniques,
tomosynthesis views, correlative clinical breast examination,
and ultrasonography (Fig. 9.2b). With some exceptions, a
radiologist should be on site to supervise the performance of
a diagnostic examination and should discuss the results
directly with the patient at the conclusion of the examination.

9.2.3 Digital Breast Tomosynthesis

DBT was approved for clinical use in conjunction with con-
ventional digital mammography by the US Food and Drug
Administration (FDA) in 2011. In DBT, the breast is posi-
tioned and compressed in the same manner as conventional
digital mammography. However, instead of a single exposure,
multiple very low-dose projection images are obtained while
the X-ray tube moves through an arc of 10°–20°. The total
dose of all of the projection images is essentially the same as a

Fig. 9.2 Palpable mass. a Digital left MLO view. A metallic “BB”
marker (arrow) was placed over the palpable mass prior to performing
the image. An oval, partially circumscribed and partially obscured mass
(asterisk *) is present and corresponds to the palpable abnormality.

b Ultrasound over the palpable mass revealed an oval solid mass,
parallel to the skin surface (“wider-than-tall”), with circumscribed
margins, consistent with a fibroadenoma
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single conventional digital mammographic exposure, the lat-
ter of which can be obtained during the same acquisition. The
tomosynthesis projection images are then processed into a
stack of 1-mm-thick tomographic images. The radiologist can
then scroll through the 1-mm-thick tomographic images and
examine the breast tissue layer-by-layer, removing the
superimposed fibroglandular tissue. The process, which is
akin to paging through a book, allows for the detection of
breast tumors that otherwise may have been hidden by
superimposed breast tissue (Fig. 9.3).

Multiple studies have shown that conventional digital
mammography combined with DBT improves the detection
of invasive breast cancers by approximately 40 % and
decreases recall rates (fewer false positives) by approxi-
mately 15 % compared to conventional digital mammogra-
phy alone. These findings apply to women of all breast
densities in all age categories [27–32].

The limitations of DBT include higher costs, longer
interpretation times, and when first FDA approved, a dou-
bling of the radiation dose due to the requirement that DBT
be performed in conjunction with conventional digital
mammography. In 2013, software used to create a synthetic
mammogram in place of a conventional digital mammogram
received approval by the FDA, thus cutting the radiation
dose in half with a dose essentially identical to a conven-
tional digital mammogram. This synthetic view is a

summation or composite view of the 1-mm tomographic
images and effectively eliminates the need to obtain the
conventional digital mammogram [33].

9.2.4 The Mammography Report

Prior to 1990, many radiologists and training programs
had developed their own terminology and methods for
reporting mammograms. Referring physicians often com-
plained that the terminology was confusing, conclusions
were equivocal, and recommendations were unclear. The
American College of Radiology Breast Imaging and
Reporting System (BI-RADS®) was a response to complaints
from referring physicians about these problems [3]. The
BI-RADS reporting system uses standardized descriptors and
final assessment categories that are linked directly to rec-
ommended management protocols. In its development, there
was input from the American College of Surgeons, College
of American Pathologists, American Medical Association,
National Cancer Institute, Centers for Disease Control
and Prevention, FDA, and American Cancer Society. The
BI-RADS standardized report includes six components: (1)
the reason for the examination, (2) the overall breast tissue
composition, (3) the description of the findings using stan-
dardized BI-RADS terminology, (4) comparison to prior

Fig. 9.3 Digital breast tomosynthesis allows identification of an
otherwise mammographically occult breast cancer. a Conventional
digital 2D mammogram shows no suspicious finding. b 1-mm-thick
tomographic image shows an underlying highly suspicious spiculated
mass in the upper breast that was obscured on the digital 2D

mammogram by overlying breast tissue. c Photographic enlargement of
the abnormal area shows the spiculated mass. d Corresponding
ultrasound confirms the presence of an irregularly shaped solid mass
with angular margins. Ultrasound-guided core needle biopsy shows
invasive lobular carcinoma

9 Breast Imaging 161



examinations, if appropriate, (5) the final assessment cate-
gory, and (6) management recommendations.

9.2.4.1 Reason for the Examination
Examples include “screening,” “palpable mass,” “additional
workup of a screening detected abnormality,” and “6-month
follow-up of a probably benign finding.”

9.2.4.2 Breast Tissue Composition
Since the sensitivity of mammography is directly related to
the relative amounts of fat and fibroglandular tissue in the
patient’s breast, it is important for the referring physician to
be aware of the overall breast tissue composition. The
overall breast tissue composition can range from almost
entirely fatty to extremely dense tissue. Breast cancers tend
to be white (radiodense) on mammograms. Fatty tissue
provides an excellent background (dark), in which to detect
small breast cancers (white). On the other hand, dense tissue
(white) can obscure or mask breast cancers (white). The four
categories of breast tissue composition are as follows:
(A) almost entirely fatty, (B) scattered areas of fibroglandular
density, (C) heterogeneously dense which may obscure
small masses, and (D) extremely dense which lowers the
sensitivity of mammography (Fig. 9.4).

9.2.4.3 Description of Findings
Normal, benign, and suspicious findings are described using
a standard lexicon. The descriptors reflect the probability of
malignancy. Masses and calcifications are the most common
abnormalities found on mammograms, and the BI-RADS
descriptors of these abnormalities are found later in this
chapter.

9.2.4.4 Comparison to Prior Examinations,
if Appropriate

Sometimes, final assessments cannot be reached until com-
parison to prior examinations is performed to evaluate for
change or stability of a finding. However, when a finding has
either unequivocally benign characteristics, or unequivocally
suspicious features, then comparison to prior studies may be
irrelevant.

9.2.4.5 Assessment Categories
and Management

The BI-RADS final assessment is currently placed into
one of seven categories (categories 0–6) (Table 9.2). The
mammography report ends with (1) a final assessment
and (2) its associated management recommendation. If
the report includes both a mammography examination
and an ultrasound examination, there should be an
overall assessment that summarizes the more actionable
BI-RADS category for the two examinations. In other
words, if the mammogram was “negative” (BI-RADS 1),
but the ultrasound examination showed a “suspicious”
mass, the overall assessment would be “category 4—
suspicious.”

BI-RADS Category 0—“incomplete, need additional
imaging evaluation and/or prior mammograms for com-
parison”—is reserved for screening examinations that
require additional workup before a final assessment can be
made. Additional workup usually involves diagnostic
mammography views and/or breast ultrasound. This cate-
gory could also refer to the need for comparison to prior
images, if available, to evaluate for interval change before a
final assessment can be issued.

Fig. 9.4 Four BI-RADS descriptors for breast density (presented in
right MLO digital mammograms). a Type A—almost entirely fatty.
b Type B—scattered areas of fibroglandular density. c Type C—

heterogeneously dense which may obscure small lesions. d Type D—
extremely dense which lowers the sensitivity of mammography
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BI-RADS Category 1—Negative: There is nothing to com-
ment on.
BI-RADS Category 2—Benign. This means the examination
is negative except for some typically benign finding(s).
BI-RADS Category 3—Probably benign. This is used for
findings that have a high probability of being benign (≤2 %
suspicion for malignancy).
BI-RADS Category 4—Suspicious. This includes abnor-
malities that do not have definite morphology of cancer but
have enough concern to urge a biopsy. BI-RADS subdivides
these into three subcategories: 4A (low suspicion: 2–10 %
likelihood of malignancy), 4B (intermediate suspicion: 10–
50 % likelihood of malignancy), and 4C (high suspicion:
50–94 % likelihood of malignancy) [3].
BI-RADS Category 5—Highly suggestive of malignancy.
These cases show classic findings of breast cancer (≥95 %
likelihood of malignancy).
BI-RADS Category 6—Known Biopsy-Proven Malignancy.
These cases consist of biopsy-proven malignancies, in which
no other actionable finding is identified, typically used to
assess treatment response in patients with known
malignancy.

Assigning a BI-RADS assessment category (0–6) to each
mammography report provides a user-friendly mechanism
for tracking and monitoring mammography patients, which
does not require an understanding of medical terminology.
Thus, office staff supervised by a healthcare provider can
verify that the breast imaging recommendations are carried
out.

The assignment of a final assessment to each examination
also facilitates outcome analyses, such as the medical audit
of a mammography practice or a community screening
project. The medical audit is an MQSA-mandated annual
quality assurance activity to determine the effectiveness of a
mammography program. The audit compares the mam-
mography interpretation to the outcome of a biopsy or 2-year
follow-up [34]. For this purpose, the mammography

examination must be categorized as positive or negative for
cancer, and the outcome is based on the result of biopsies or
clinical follow-up that verifies whether or not cancer was
present.

If the final assessment for a screening mammogram is
negative (category 1) or benign (category 2), the interpre-
tation is categorized as negative for the medical audit. If the
final assessment is probably benign (category 3), suspicious
(category 4), or highly suggestive of malignancy (category
5), the interpretation is considered positive for the medical
audit. A clinical follow-up or a biopsy will determine whe-
ther or not the imaging interpretation was correct.

9.2.5 Describing the Location
of an Abnormality

When there is a palpable finding in the breast that is referred
for imaging evaluation, it is very important that the referring
healthcare provider provides the exact location of the pal-
pable finding identified on the clinical examination
(Fig. 9.5). Often, the patient does not know the location of
the finding you are concerned about when she arrives for her
imaging examination.

These are current recommendations for indicating the
area of concern based on your clinical examination (your
responsibility) and on the breast imaging reports (the radi-
ologist’s responsibility):

1. Right versus left breast.
2. Quadrant location: right upper outer (RUO), right upper

inner (RUI), etc.
3. Clock-face location: RUO 10:00, LUO 2:00, etc.
4. In addition, it is really helpful if you provide the distance

from the nipple (FN) of the area of concern. A palpable
finding you are concerned about in the left upper outer
breast at 2:00 could be anywhere from 1 to 10 cm from
the nipple depending on the breast size.

Table 9.2 BI-RADS report final
assessment categories

Category Definition

0 Incomplete—need additional imaging evaluation and/or prior mammograms for comparison

1 Negative

2 Benign finding

3 Probably benign

4 Suspicious abnormality
4A: low suspicion for malignancy
4B: Moderate suspicion for malignancy
4C: High suspicion for malignancy

5 Highly suggestive of malignancy

6 Known biopsy-proven malignancy
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9.2.6 Masses

A mass is defined as a space-occupying lesion that is seen on
at least two mammographic projections [3]. An “asymmetry”
is an area of fibroglandular-density tissue that is seen only on
one view. In BI-RADS, masses are described by their shape
and margins (Fig. 9.6). The shape can be oval, round, or
irregular. Oval and round masses are usually benign. An
irregular shape suggests a greater likelihood of malignancy.
The margins of masses are the most important indicator of
the likelihood of malignancy [35]. The margins can be
described as circumscribed, microlobulated, obscured
(≥25 % of the margin is hidden by superimposed tissue),
indistinct (ill-defined), or spiculated. Circumscribed margins
favor a benign etiology, and the likelihood of malignancy for
a circumscribed mass is very low, probably less than 2 %
[36–38]. Additional workup may be necessary to verify that
the margins are completely circumscribed. This workup
usually involves additional projections of the mass and
magnification spot compression views. Ultrasound is often
necessary to determine whether a round or oval circum-
scribed mass is cystic or solid. If the mass is a simple cyst,
no further workup is needed. If it is solid, the shape, the
margins, and the clinical findings should be further evalu-
ated. A solitary, nonpalpable, completely circumscribed
solid mass is often managed with a 6-month follow-up to
establish that it is stable (not growing). If available, the
previous examinations should be compared. If stable, con-
tinued mammography surveillance is recommended for at
least 2 years [39]. The presence of multiple circumscribed
masses is even stronger evidence of benignity, indicating
multiple cysts, fibroadenomas, or benign intramammary
lymph nodes [40], and follow-up in 1 year is often sufficient.
If one of the masses is “dominant,” biopsy is indicated.
Dominant masses would include those that are significantly
larger, not circumscribed, growing or palpable. Microlobu-
lated margins increase the likelihood of malignancy. If the

mass is partially obscured by nearby fibroglandular tissue,
additional imaging should be done to show the margins as
completely as possible. The finding of an indistinct margin is
suspicious for malignancy. A spiculated margin has lines
radiating from its border, and this finding is highly sugges-
tive of malignancy. An area of radiating spicules in the
absence of a central mass is called an architectural
distortion.

The density of a mass compared with normal fibroglan-
dular tissue provides another clue as to its etiology. In
general, benign masses tend to be lower in density than
carcinomas; however, the density of a mass is not always a
reliable sign for differentiating benign from malignant [41].

9.2.7 Calcifications

Calcifications are described on mammograms by their
morphology and distribution (Fig. 9.7). Based on their
morphology, calcifications can be divided into two groups:
(1) Typically benign calcifications include skin, vascular,
coarse, or “popcorn-like,” large rod-like, round, rim, dys-
trophic, suture, and milk-of-calcium types; (2) suspicious
morphology calcifications include amorphous, coarse
heterogeneous, fine pleomorphic, and fine linear or
fine-linear branching. The likelihood of malignancy for
amorphous, coarse heterogeneous, and fine pleomorphic
calcifications is 13–29 %; thus, they should be reported as a
category 4B. While the likelihood of malignancy for fine
linear or fine-linear branching calcifications is 70 %, a cat-
egory 4C designation is appropriate.

Calcifications are also characterized by their distribution
and include diffuse, regional, grouped, linear, and segmental
descriptors. Diffuse calcifications are distributed randomly
through both breasts and are almost always benign. Regional
calcifications occupy a larger a volume of breast tissue and
span 2 cm or greater, and are also likely benign. Grouped

Fig. 9.5 Describing the exact
location of a clinical or imaging
finding. a Laterality, quadrant,
and clock-face location.
b Distance from the nipple
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calcifications can be benign or malignant and range from as
small as 5 calcifications within 1 cm of each other and as a
large as >5 calcifications within 2 cm of each other [3, 42].
Linear calcifications are arranged in a line, and this distri-
bution suggests an intraductal location, thus raising the
suspicion of malignancy. Segmental calcifications are trian-
gular in distribution with the apex toward the nipple. This
distribution suggests deposits in a duct and its branches,
further raising the possibility of malignancy, including
multifocal carcinoma (Fig. 9.8).

9.2.8 Indirect and Secondary Signs
of Malignancy

Other important findings that can be described in the
BI-RADS report include indirect or subtle signs of malig-
nancy, such as a new or developing asymmetry or an
architectural distortion [43, 44]. Other secondary signs of

malignancy include skin thickening, nipple retraction, and
axillary node enlargement.

A new or developing asymmetry is identified by com-
parison with prior examinations and requires additional
workup, which may include additional mammography
views, ultrasound, and biopsy. Asymmetrically distributed
fibroglandular tissue may be a normal variant, but could be
subtle sign of underlying malignancy (Fig. 9.9).

An architectural distortion is described as radiating spi-
cules without a central mass and may be difficult to perceive
(Fig. 9.10). Both benign and malignant entities, including
surgical scar, radial scar, and invasive carcinoma, may pre-
sent as an architectural distortion on mammograms.

Skin thickening also can be seen with benign conditions,
including postradiation change, mastitis, inflammatory
breast carcinoma, lymphatic obstruction, and fluid-overload
states, such as congestive heart failure and renal failure.

New skin or nipple retraction is often a sign of an
underlying malignancy. In addition, unilateral axillary

Shape: Margins:

Oval Circumscribed

Obscured

Round Microlobulated

Indistinct
Irregular

Spiculated

(b)(a)

(d)(c)

Fig. 9.6 BI-RADS standardized
description of masses. a Shape
varies from oval and round (most
likely benign) to irregular (most
likely malignant). b Margins vary
from circumscribed (most likely
benign) to spiculated (most likely
malignant). c Round mass with
circumscribed margins.
d Irregular mass with spiculated
margins. Biopsy revealed
invasive ductal carcinoma
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Fig. 9.7 BI-RADS standardized description of calcifications. Based
on their morphology, calcifications are categorized as typically benign
(a), including skin, vascular, coarse/popcorn-like, round, rim, and milk
of calcium. Suspicious calcifications (b) include amorphous, coarse

heterogeneous, or fine linear/fine-linear branching. Based on their
distribution (c), calcifications are described as diffuse (not suspicious),
regional (low suspicion), grouped (variable), linear (moderate to high
suspicion), or segmental (high suspicion)

Fig. 9.8 Extensive fine-linear branching microcalcifications in a segmental distribution (a–d). Biopsy showed ductal carcinoma in situ (DCIS)
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Fig. 9.9 a Right MLO and b left MLO synthetic mammograms show an asymmetry (arrow) in the left lower breast. Additional workup
confirmed the asymmetry represented normal asymmetric breast tissue and had been stable for more than eight years

Fig. 9.10 Architectural distortion. a Right MLO digital mammogram shows an area of architectural distortion (arrow) in the inferior breast.
b Spot compression views confirmed the persistence of the architectural distortion. Biopsy revealed invasive breast carcinoma
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lymph node enlargement can result from a breast primary
cancer, metastases from other cancers, or inflammatory
conditions.

9.2.9 Potential Adverse Consequences
of Screening

Referring healthcare providers should be aware of the pos-
sible adverse consequences of mammography screening, the
likelihood of each and strategies to lower their likelihood.
Potential adverse consequences of mammography include
excessive biopsies, inadequate communication of results,
anxiety associated with the need for additional views, pain
and discomfort, false reassurance, and delay in diagnosis.

In the process of detecting as many early breast cancers as
possible, a certain number of biopsies will be done for
benign mammographic abnormalities. The positive predic-
tive value of biopsies done for mammographic abnormalities
(number of cancers detected/ number of biopsies) can vary
significantly from one facility to another. The recommended
positive biopsy rate for experienced interpreting physicians
is 25–40 % [34]. The average in US facilities is close to
20 % [45]. Failing to communicate mammography results
has been a relatively common problem in the past [46]. The
failure to communicate results can lead to delay in diagnosis
and treatment of breast cancer. The failure to communicate
results in a timely fashion can lead to unnecessary anxiety in
women. In addition to the formal report to the referring
healthcare provider, women are notified of their results by
the mammography facility. The Mammography Quality
Standards Act requires that this notification is direct (no
intermediary), in writing and in lay language for patients [2].

Substantial anxiety can be generated when a woman has
to return for additional or repeat mammographic views.
These extra views should be done as soon as feasible to
reduce anxiety. Staff should be supportive and available to
answer any questions.

When properly performed, mammography may be
uncomfortable but rarely painful. If women have unneces-
sary pain and severe discomfort, they may not return for
future screening examinations. Therefore, mammography
should be performed using proper breast compression, so
that women feel as little pain and discomfort as possible.
Routine mammography should not be done when the breast
is tender or in the week before menstruation for women who
have breast pain associated with menses [47–49].

False reassurance occurs when a woman ignores a pal-
pable abnormality because of a previous negative screening
mammogram. Palpable abnormalities in women aged 30 or
older should be evaluated with diagnostic mammography
and breast ultrasound. Delay in diagnosis occurs when a
clinical finding is not acted on because imaging studies turn

out to be negative. Referring healthcare providers should
inform women that a negative mammogram should not delay
the evaluation of a clinically suspicious breast lump or other
suspicious clinical finding. A lump or other abnormal clin-
ical finding that develops after a negative screening exami-
nation should be evaluated as soon as possible and not
delayed until the next screening examination.

9.2.10 False-Negative Mammograms

A false-negative mammogram is one that is interpreted as
negative, but cancer is diagnosed within 1 year. Five med-
ical specialties were named in 87 % of all breast cancer
medical malpractice claims: radiology, obstetrics/
gynecology (Ob/Gyn), internal medicine, and general sur-
gery. In all cases that went to completion (closed claims),
43 % of those named in the claim were radiologists, with the
most common causation being error in diagnosis. Ob/Gyn
surgeons were associated with the second highest percentage
of closed claims at 16 %. The average indemnity paid for
claims involving radiologists and Ob/Gyn surgeons was
$433,668 and $443,458 respectively [50].

Causes of false-negative mammograms include dense
breast tissue, suboptimal technical quality, errors in inter-
pretation, and failure of communication [51]. The most
common cause of a false-negative mammogram is dense
fibroglandular tissue [52]. The sensitivity of mammography
decreases with increasing tissue density, though this effect
may be partially mitigated by the use of DBT (Fig. 9.3).

The use of proper technical factors is particularly crucial
in detecting breast cancer, especially in evaluating a woman
with dense breast tissue. Suboptimal positioning and
underexposure increase the risk of a false-negative mam-
mogram. Using dedicated equipment, adequate compression
and proper exposure can optimize the mammographic
examination.

9.3 Breast Ultrasound

Breast ultrasound is an essential adjunct to mammography
for the workup and diagnosis of palpable and mammo-
graphically detected abnormalities. Historically, breast
ultrasound was used to differentiate solid and cystic masses.
In the past decade and a half, advances in ultrasound tech-
nology have led to high-resolution ultrasound equipment and
to the identification of sonographic features to help differ-
entiate benign and malignant solid masses [53–55]. In
addition to lesion characterization, breast ultrasound is used
to guide interventional breast procedures, including cyst
aspiration, CNB, fine needle aspiration, and preoperative
needle localization.
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9.3.1 Technical Advances

State-of-the-art breast ultrasound equipment systems utilize
linear array, high-resolution transducers with advanced
processing algorithms yielding superior image quality.
Innovative techniques include shear-wave elastography
(SWE), spatial compounding, and tissue harmonic imaging.
Shear-wave elastography, which provides data on the stiff-
ness of a lesion, in combination with other diagnostic
ultrasound techniques, can be useful in differentiating benign
from malignant lesions. Spatial compounding obtains mul-
tiple simultaneous images at different angles, which are then
superimposed into a single compound image, resulting in
reduced artifacts. Clinically, this translates into clearer
visualization of cystic contents, improved contrast resolution
and tissue differentiation, enhanced delineation of anatomic
margins, and improved depiction of internal architecture of
solid lesions [54, 55]. Tissue harmonic imaging minimizes
artifacts leading to better lesion conspicuity and margin
depiction when compared to conventional sonographic
imaging [56, 57]. Power Doppler technology allows for
visualization of vascular structures, including tiny, low-flow
vessels, which may surround or penetrate breast tissue and
masses. Knowledge of lesion vascularity is important in
planning interventional procedures and is helpful in char-
acterizing solid breast masses and certain breast conditions
(e.g., mastitis and Mondor’s disease).

9.3.2 Normal Anatomy

Breast ultrasound reveals the breast anatomic structures from
the skin surface to the chest wall (Fig. 9.11). Normal skin

measures less than 3 mm and is composed of two parallel
echogenic (white) lines separated by a thin, hypoechoic
(dark) band. Just deep to the skin lies the subcutaneous fat
followed by the interwoven bands of fibroglandular tissue
and breast fat. Both subcutaneous and breast fat are mildly
hypoechoic (gray), whereas the fibroglandular tissue is
hyperechoic (light gray to white). Deep to the fibroglandular
tissue is the retroglandular fat, which lies against the chest
wall. The chest wall is composed of the more superficial
band of the pectoralis muscle, the ribs laying deep to the
pectoralis muscle, and the parietal pleura. The pectoralis
muscle, ribs, and pleura have characteristic sonographic
features that are easily and reliably identified. The lung
parenchyma is not sonographically visible as the ultrasound
beam does not propagate well through air.

9.3.3 Cystic Masses

Breast ultrasound can reliably identify cystic masses. The
BI-RADS descriptors for the three types of cystic masses are
as follows: (1) simple cyst, (2) complicated cyst, and
(3) complex cystic and solid mass.

The sonographic features of a simple cyst are a round or
oval shaped, anechoic (black with no internal echoes) mass
with circumscribed margins and increased posterior
enhancement (Fig. 9.12). Increased posterior enhancement
means it appears as if a flashlight is shining through the back
of the cyst. Because cysts develop within the terminal duct
lobular unit of the breast, it is not uncommon to see clusters
of cysts or coalescing cysts. Simple cysts need no further
workup unless a cyst aspiration is indicated. Indications for
cyst aspiration include a painful cyst, a large cyst that

Fig. 9.11 Normal breast
anatomy on ultrasound. The skin
(S) is represented by horizontal
echogenic lines. Below this, there
is a layer of hypoechoic
subcutaneous fat (F). This is
followed by alternating bands of
fibroglandular tissue (G). The
retromammary fat lies on the
chest wall. The pectoral muscle
(P), ribs (R), and thoracic cavity
(T) are deep to the retromammary
fat
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compromises mammographic imaging, patient anxiety, or a
debris-filled complicated cyst that needs to be aspirated to
rule out a solid mass.

It is not uncommon to identify a “cyst” with fine internal
echoes, such as a debris-filled cyst. These cystic masses do not
fulfill the criteria for a simple cyst and are called complicated
cysts. When a complicated cyst is suspected, further evalua-
tion may be needed. Ultrasound-guided aspiration can be
performed to verify its cystic nature, to exclude a solid mass,
and to confirm complete resolution of the mass after
aspiration.

A complex cystic and solid mass is defined as a mass with
both cystic and solid components. Usually, the solid com-
ponent is described as a mural nodule or an intracystic mass.
A complex cystic and solid mass can also be composed of
thick walls and anechoic center. A cyst with a solid com-
ponent is suspicious for a malignancy, such as a papillary
carcinoma or a necrotic infiltrating carcinoma. Benign
papillomas can also present as a complex cystic and solid
mass. The diagnostic evaluation of a complex cystic and

solid mass is ultrasound-guided CNB of the solid component
with micromarker placement or surgical excision.

9.3.4 Solid Masses

Criteria differentiating benign and malignant solid masses
have evolved. Several studies have defined criteria to aid in the
distinction of benign and malignant solid breast masses [53,
54]. Although no single or combination of sonographic fea-
tures is 100 % diagnostic for a benign mass, careful use of
established criteria can help differentiate benign and malig-
nant solid masses and avoid biopsy of certain solid masses.
Mass shape, margins, orientation relative to the skin surface,
echogenicity, and posterior echoes are the minimum prelim-
inary characteristics that should be assessed in solid masses.

Typically benign sonographic features of solid masses
include an oval shape (which includes two or three undula-
tions), orientation parallel to the skin surface, circumscribed
margins, and absence of any malignant features (Fig. 9.13).

Fig. 9.12 Simple cyst.
Ultrasound features are a round or
oval, anechoic (black with no
internal echoes) mass with
circumscribed margins and
increased posterior enhancement

Fig. 9.13 Typical sonographic
features of a benign solid mass.
This mass is oval, oriented
parallel to the skin, and has
circumscribed margins. Findings
are typical for a fibroadenoma
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Malignant sonographic features of solid masses include
an irregular shape, indistinct angular, microlobulated or
spiculated margins; orientation not parallel to the skin sur-
face; markedly hypoechoic (dark) echogenicity; posterior
shadowing (black shadows posterior to the mass); and
associated calcifications (Fig. 9.14).

In conclusion, the results of benign vs. malignant ultra-
sound features of solid masses are helpful. These features
have potential for decreasing the number of biopsies per-
formed for benign solid masses. Studies have also shown
interobserver variability from one ultrasound interpreter to
another in the evaluation for these features and in making a
final diagnosis [58]. Furthermore, there appears to be overlap
in these features, and some malignant masses may have
features suggesting they are benign, which could lead to
false-negative interpretations of malignant solid masses.
Therefore, these sonographic diagnostic criteria should not
be generally applied as the sole criteria in determining
whether to perform a biopsy of a solid mass.

Solid masses with any suspicious mammographic or
sonographic feature should undergo biopsy. Any palpable or
growing benign-appearing solid mass warrants at least a
needle biopsy. However, an incidentally identified, nonpal-
pable, solid mass that demonstrates benign mammographic
and sonographic features may be managed with a 6-month
follow-up examination.

9.3.5 Screening Ultrasound

Screening ultrasound is defined as bilateral whole breast
ultrasound of an asymptomatic woman and always should be
performed in combination with screening mammography.
The sensitivity of screening mammography is decreased in
women with dense breasts as the dense tissue may obscure
underlying lesions. Several studies have shown that small,
clinically and mammographically occult breast cancers may
be detected with screening ultrasound in women with dense
breast tissue [59–63]. This can be attributed to the ability of
ultrasound to “look through” dense breast tissue and identify
otherwise occult benign and malignant masses.

Despite the encouraging results from these studies, many
potential drawbacks are associated with screening ultra-
sound. Of particular concern is the high number incidental
benign masses encountered during screening ultrasound, for
which either biopsy, aspiration, or short-interval follow-up
ultrasound is recommended. Furthermore, there is lack of
proven short-interval follow-up ultrasound criteria for
probably benign, incidentally identified masses.

Several studies of screening ultrasound (37,085 total
exams) detected 127 additional cancers, resulting in a
prevalence of 0.34 % (3.4 additional cancers per 1000) [59–
61, 63–65]. However, 2–6 % of women undergoing
screening ultrasound will receive a recommendation for

Fig. 9.14 Typical sonographic
features of a malignant solid
mass. This hypoechoic mass
(arrow) manifests an irregular
shape with angular and indistinct
margins, and is orientated
nonparallel to the skin. Biopsy
revealed invasive ductal
carcinoma
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biopsy with an approximate positive predictive value of only
5–16 % [65] An additional 3–16 % of patients will receive a
recommendation for short-interval follow-up ultrasound
[59–65]. Additional problems include an extremely limited
ability to detect ductal carcinoma in situ (DCIS), patient
anxiety, and morbidity associated with additional biopsy
procedures, added cost, lengthy examination times, and
highly variable ultrasound performance skill levels among
practicing technologists and radiologists.

The largest study of blinded screening breast ultrasound
in high-risk women conducted by the American College of
Radiology Imaging Network (ACRIN 6666) and the Avon
Foundation was published in 2008, which was the first study
to independently evaluate screening ultrasound compared to
screening mammography [65, 66]. This study found that
after one year of ultrasound and mammography screening in
high-risk women, the supplemental yield of ultrasound
screening was 4.2 per 1000. Furthermore, most ultrasound
only detected tumors were invasive carcinomas, with a
median size of 10 mm, and were lymph node-negative.
However, it showed that screening ultrasound was associ-
ated with a higher risk of false positives (benign biopsy
results and/or short-interval follow-up) and a low positive
predictive value of 8.9 %, compared to mammography at
22.6 %. A 2015 study analyzing benefits, harms, and
cost-effectiveness of screening ultrasound for women with
dense breasts found supplemental ultrasonography screening
would substantially increase costs while producing relatively
small benefits [67].

9.4 Core Needle Biopsy

Several breast biopsy alternatives are available to the patient
with a suspicious finding. Prior to 1990, the biopsy of
imaging-detected breast lesions was limited to excisional
biopsy. Introduced in 1990, CNB has become a desirable
alternative to excisional biopsy because it is less costly, results
in less morbidity, and leaves minimal to no scar. CNB of the
breast overcomes the limitations of fine needle aspiration
(FNA) because insufficient samples are less frequent, and the
interpretation can be performed by a pathologist without
special training in cytopathology. Furthermore, CNB can
differentiate invasive from in situ breast cancer and provide
adequate tissue to determine tumor biomarkers (estrogen
receptor, progesterone receptor, HER2/neu) [68, 69].

CNBs are performed with a large-bore (7–14 gauge)
needle in combination with imaging guidance to sample a
clinical or imaging identified abnormality. Imaging guidance
can be provided by ultrasound, mammography (conventional
digital or DBT), or MRI. Stereotactic-guided CNB uses two
mammographic views acquired at different angles to deter-
mine the location of a lesion in the breast. Choice of ultra-
sound versus stereotactic-guided CNB is based on which
modality best demonstrates the abnormality and the location
of the abnormality in the breast. However, ultrasound is
usually preferred because it is faster and more comfortable
for the patient (Fig. 9.15). MRI biopsy should only be per-
formed when the suspicious imaging finding can only be
confidently visualized on MRI.

Fig. 9.15 Ultrasound-guided
core needle biopsy. a Prefire
image shows the biopsy needle
tip at the edge of the mass
undergoing biopsy. b Post-fire
image confirms that the biopsy
needle is within the mass
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9.4.1 Indications, Relative
Contraindications,
and Complications

Imaging-guided CNB is indicated for most nonpalpable,
mammographically suspicious abnormalities [70]. Abnor-
malities categorized as “probably benign” (BI-RADS 3),
“suspicious” (BI-RADS 4), and “highly suggestive of
malignancy” (BI-RADS 5) can undergo biopsy. Overuse of
the technique for sampling of “probably benign” (BI-RADS
3) abnormalities that would otherwise be managed with a
6-month follow-up can increase the cost of screening with
little to no benefit [71]. CNB of “highly suggestive of
malignancy” (BI-RADS 5) lesions can expedite surgical
planning by avoiding the need to perform intraoperative
frozen-section analysis to verify malignancy prior to
definitive surgical treatment.

Stereotactic CNB is contraindicated in patients who
exceed the weight limit of the biopsy table or have extremely
thin breasts that preclude safely firing the biopsy device.
Abnormalities located just under the skin or areola, or deep
against the chest wall may be inaccessible. Patients, who are
unable to cooperate, lie prone, or still; who have bleeding
disorders; or who are on anticoagulation therapy, may not be
suitable candidates. The location of the abnormality in the
breast of a woman with breast implants dictates whether
biopsy is feasible.

CNB of the breast has proven to have few complications.
Potential complications include neck, back, arm, and
shoulder pain related to patient positioning, bleeding,
infection, and vasovagal reactions. In patients with normal
coagulation profiles and no predisposition to infection, the
risk of serious bleeding or infection is minimal (less than
1 %).

9.4.2 Appropriate Post-core Needle Biopsy
Follow-up

CNB is a sampling technique; hence, appropriate post-CNB
follow-up to ensure lesion stability is critical in all patients
with a benign biopsy result. The rate of false-negative CNB
results is not known with certainty, but it is believed to be
approximately 2 % [72]. This percentage is likely to be
much lower at centers performing a large number of biop-
sies, and those that correlate their radiological and patho-
logical results on a regular basis. Several steps can be
followed to minimize false-negative biopsy results. An
adequate number of core samples should be obtained at
biopsy to avoid sampling error, and specimen radiography
should be performed in all cases where calcifications are
sampled to verify that an adequate sampling of the targeted
calcifications is contained within the biopsy core samples.

Once the biopsy result is reported, radiologic–pathologic
concordance or discordance should be assessed. Concor-
dance means that the pathological result adequately explains
the imaging finding. Discordance means that the patholog-
ical result does not adequately explain the imaging. In our
practice, any patient with radiologic–pathologic discordance
undergoes excisional biopsy of the abnormality.

In addition, a number of CNB controversial histologic
diagnoses may require excisional biopsy. There is consensus
that a CNB diagnosis of atypical ductal hyperplasia man-
dates excisional biopsy. There is still controversy about the
need for excisional biopsy after CNB diagnosis of radial
scar, papilloma, lobular carcinoma in situ (LCIS), and
atypical lobular hyperplasia (ALH) [73–78]. More recent
studies of LCIS and ALH cases diagnosed at CNB have
shown upgrade rates to malignancy at excisional biopsy to
be approximately 17–19 %. This approaches the upgrade
rate in patients with ADH [79, 80]. For this reason, in our
practice, we recommend surgical excision when radial scar,
papilloma, or LCIS/ALH is identified at CNB.

Patients with definitely benign CNB results can return to
age appropriate follow-up. If there is any question that a
benign pathology result is definitely benign, then 6-month
short-interval imaging follow-up using the imaging modality
that best demonstrated the finding is indicated. Any interval
growth or suspicious change on imaging or clinical grounds
warrants surgical excision. If discordance is suspected, then
excisional biopsy should be performed following the CNB.

9.5 Magnetic Resonance Imaging
of the Breast

The initial studies to determine the potential value of MRI
for detecting breast cancer were performed in the 1980s. In
these studies, MRI without contrast was not found to be
reliable for the detection or diagnosis of breast cancer [81].
Later investigations using intravenous gadolinium-based
MR contrast agents showed a high sensitivity for the
detection of breast cancer [82–86]. However, specificity
varies as both benign conditions and breast cancer can
enhance (Fig. 9.16). Noncontrast MRI has been applied
successfully for the evaluation of silicone breast implants for
intracapsular and extracapsular rupture but, in the absence of
contrast, does not assess for breast cancer [87].

There are now several established indications for
contrast-enhanced breast MRI: (1) screening of high-risk
women; (2) assessment of ipsilateral extent of disease and
performance of contralateral screening in patients with
newly diagnosed breast cancer; (3) identifying multifocal
and multicentric lesions; (4) evaluating women presenting
with metastatic axillary adenopathy and an occult primary
breast malignancy (Fig. 9.17); (5) identifying recurrent
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Fig. 9.16 A 35-year-old BRCA-2-positive woman referred for
high-risk screening MRI. The contrast-enhanced MRI coronal (looking
at the patient from the front, anterior to posterior) image shows contrast

uptake in a lobular mass with dark internal septations (arrow) typical
for fibroadenoma. A biopsy was performed as requested by the patient
and confirmed a fibroadenoma

Fig. 9.17 A 51-year-old woman with an enlarged axillary lymph node
that proved on core needle biopsy to be metastatic breast cancer.
Mammograms and ultrasound were negative. a Axial
contrast-enhanced breast MRI at the level of the axillae shows an
enlarged 2.5-cm left axillary lymph node (arrow) with a replaced fatty

hilum consistent with metastatic disease. b Axial contrast-enhanced
MRI at the level of the central retroareolar breast shows segmental
nonmass enhancement (arrow) which was occult on mammography
and ultrasound. MRI-guided core needle biopsy revealed invasive
mammary carcinoma with lobular features
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carcinoma in the conservatively treated breast; (6) evaluating
for response to neoadjuvant chemotherapy; and (7) guidance
for CNB and preoperative wire localization of abnormalities
only visualized on MRI.

9.5.1 Contrast-Enhanced Breast MRI
for Screening in High-Risk
Women

The use of MR in addition to mammography in screening
women at high risk of breast cancer has become widely
used in clinical practice. Multiple studies evaluating the
performance of screening breast MRI in high-risk women
show 77–100 % sensitivity and 81–99 % specificity with
evidence that interpreting radiologist experience, high
interpretation volume, and training are associated with
improved efficacy [88–93]. One of these studies, a
multi-institutional study conducted by Lehman et al. [88],
concluded that women at high risk of breast cancer would
benefit from screening MRI. In that study, high risk
included women 25 years of age or older who were
genetically at high risk, defined as BRCA-1/ BRCA-2
carriers or with at least a 20 % probability of carrying such
a mutation. The study found that screening MRI imaging
(1) had a higher biopsy rate with the PPV of biopsies
performed as a result of MRI being 43 % and (2) helped
detect more cancers than either mammography or ultra-
sound. The ACS recommends annual supplemental breast
MRI (in conjunction with annual screening mammography)
for women at high risk of breast cancer: BRCA-1/BRCA-2
mutation or first-degree relative with this mutation, a 20–
25 % or greater lifetime risk of breast cancer, radiation to
the chest wall between ages 10 and 30, history of
Li-Fraumeni syndrome, Cowden syndrome, or Bannayan-
Riley-Ruvalcaba syndrome, or first-degree relative with
such syndromes [94].

Concerns about screening MRI cost, scan acquisition
time, and interpretation time have led to investigation of
abbreviated breast MRI screening protocols that are less
costly and allows image acquisition in 3 min [95]. Expert
radiologist interpretation time is rapid and yields a negative
predictive value of 99.8 %, sensitivity of 100 %, and an
additional cancer yield of 18.2 per 1000. Specificity
(94.3 %) and PPV (24.4 %) are equivalent to more
time-consuming full MRI protocols. Further experience with
abbreviated protocols will ultimately determine whether this
technique can replace current longer protocols.

9.6 Radionuclide Imaging

Another area of active investigation involves radionuclide
scanning of the breast after the injection of the
radionuclide-labeled substances that concentrate in breast
tumors. Technetium99m (Tc99m) methoxyisobutyl isonitrile
(MIBI) breast scintimammography has been under the
investigation for several years now. Early reports indicated
high sensitivity (>90 %) and specificity (slightly <90 %)
[96]. Later reports, however, indicate a relatively low sen-
sitivity for small cancers, those found only by mammogra-
phy (56 %), and 1 cm or smaller (39 %) [97, 98].

Breast-specific gamma imaging (BSGI) utilizes the
radionuclide Tc99m-sestamibi, which has been used for car-
diac studies, for the evaluation for breast cancer. BSGI has a
relatively high sensitivity at 96.4 %, but a moderate sensi-
tivity at 59.5 %. Additionally, the sensitivity of BSGI (and
of all radionuclide imaging of the breast) is independent of
breast density; however, the spatial resolution of BSGI limits
its ability to reliably detect lesions less than 1 cm in size
[99]. When BSGI is used as a supplemental screening tool in
women with dense breasts and negative screening mam-
mography, the cancer detection rate is 7.7 %, with a recall
rate of 8.4 % [100]. One of the drawbacks to BSGI is its
associated increased radiation dose that is approximately
four times that of a conventional mammography with a total
effective dose to the body of approximately 2.3 mSv [100].
Given the higher radiation dose to the body associated with
Tc99m-sestamibi imaging, additional research focused on
lowering radiation dose may be indicated.

Positron emission tomography (PET) using fluorine-18
2-deoxy-2-fluoro-D-glucose (FDG) has also been used in the
evaluation for breast cancer, as most breast cancers have
been shown to demonstrate FDG uptake (Fig. 9.18) [101].
FDG also accumulates in axillary lymph nodes, providing
information about nodal involvement. When combined with
CT, PET-CT is a powerful tool to assess for metastatic
disease and for staging.

Tc99m sulfur colloid has been proven useful and is widely
used for the identification of sentinel lymph nodes [102,
103]. Prior to surgery, the isotope is injected into the breast
in the vicinity of a biopsy-proven breast cancer. The injected
isotope drains through the lymphatic chain, identifying the
initial, or sentinel lymph nodes. At surgery, the sentinel
nodes are identified using a radioisotope probe and are then
removed and evaluated histologically. If the sentinel nodes
are negative for tumor, axillary node dissection and its
associated complications can be avoided.
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10Premalignant and Malignant Breast Pathology

Hans-Peter Sinn

10.1 Introduction

In recent years, many concepts on the pathology of prema-
lignant and malignant breast disease have been greatly
influenced by progress in the understanding of their molec-
ular biology, and its impact on adjuvant and neoadjuvant
therapy and risk estimation. However, molecular classifica-
tion has not yet replaced the traditional, morphologically
oriented tumor classification of breast cancer because the
many facets of breast cancer can still being described most
accurately in terms of classic histopathology. This also
relates to the methodology of diagnosing breast cancer that is
slowly, but steadily changing away from a descriptive
morphological view of the disease towards a more quanti-
tative and molecularly oriented estimation of the tumor tis-
sue. Much of this has been driven by the need of oncologists
for precise information on the tumor biology in order to
more accurately guide adjuvant and neoadjuvant therapy.
Therefore, breast pathology nowadays is both morphologi-
cally and molecularly oriented with the focus on a unifying
view of these two aspects of breast cancer.

It is not possible to comprehensively cover all aspects of
the pathology of premalignant and malignant breast disease
in this chapter. Therefore, we will give an overview on the
current and innovative aspects of breast pathology and
growing points of translational research. For the precursor
lesions, this mostly relates to the risk estimation and rec-
ommendation for the management of the lesions. For the
invasive carcinomas, aspects of morphological classification,
as well as the evaluation of operative and non-operative
specimens are covered.

10.2 Premalignant Lesions

In the following paragraphs, a short overview will be given
to neoplastic, but preinvasive disease including ductal car-
cinoma in situ (DCIS). In the European guidelines for
quality assurance in breast cancer screening and diagnosis
[1], the category of lesions of uncertain malignant potential
(B3 category) includes lesions with an increased risk of
malignancy at open excision. These lesions are usually
detected with breast ultrasound-guided or vacuum-assisted
(stereotactic) core biopsy at breast cancer screening or at
prophylactic mammography and may or may not require
surgical excision after being diagnosed. The B3 category
includes lesions which are benign but carry an increased risk
of in situ or invasive malignant disease because of their
frequent heterogeneity (such as papillomas or phyllodes
tumor), but also low-grade neoplastic lesions, such as lobular
neoplasia of flat epithelial atypia. This makes an important
difference for the management of B3 lesions, because not all
B3 lesions are neoplasia with low malignant potential. The
risk potential of premalignant lesions in the B3 category
generally is lower than risk of low-grade DCIS, which are
categorized as B5a, together with other DCIS cases.

The recommendations for excision of precursor lesions
are dependent upon the natural history, subtype, and extent
of the lesion, as well on other patient and lesion-related
parameters. Over the last years, the evidence base to guide
management of the management of precursor lesions with
low and uncertain malignant potential detected on screen
mammography has grown, and this has led to a more con-
servative approach in general (Table 10.1) [2]. A cautious
attitude towards the management of these lesions requires a
close collaboration between the radiologist and the pathol-
ogist and should ideally be discussed at a screening or pre-
operative multidisciplinary conference. The pathologic
diagnosis on a core biopsy per se is not sufficient for rec-
ommendation of further treatment, because it may or may
not be representative of the radiological lesion, and even if it
is representative, the most significant pathologic findings
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(such as LCIS) may not be the one that is visible radiolog-
ically and has led to the core biopsy. The published literature
on preneoplastic precursor lesions (except DCIS) mostly
consists of single-institution, non-randomized retrospective
case series, often with the lack of careful pathological–ra-
diological correlation, and concern about possible selection
bias for open biopsy. This may explain for the variations in
the published upgrade risks to invasive or noninvasive
cancer on open biopsy and is part of the reason for the
variability of the clinical management of precursor lesion in
different institutions.

10.2.1 Ductal Carcinoma in Situ

10.2.1.1 Terminology
The term carcinoma in situ has been criticized in the last
years, especially in the context of screening mammography
where low-risk lesions with uncertain malignant potential
are not infrequently detected. It has been argued that the
patient with a lesion which is not capable of metastasis
should not be confronted with the term “carcinoma” [3], and
the term “overdiagnosis” has been used in this context [4, 5].
However, this is unfortunate, because “overdiagnosis” sug-
gests “misdiagnosis.” The discussion of the correct man-
agement of DCIS in breast cancer screening should therefore
be focussed on the question of possible overtreatment rather
than overdiagnosis [6]. Actually, preinvasive neoplasia of
the breast (DCIS and lobular neoplasia) have all character-
istic features of noninvasive carcinoma both histologically
and molecularly, and therefore truly represent in situ
malignancy.

10.2.1.2 Incidence and Clinical Presentation
Ductal carcinoma in situ (DCIS) is characterized as having
an inherent, but not necessarily obligate tendency for pro-
gression to invasive breast cancer. Over the last decades, the
incidence of DCIS has increased markedly. A systematic
review gave an estimated incidence of DCIS of 1.87 per
100,000 in 1973–1975 and 32.5/100,000 in 2004 in USA
[7]. The relative proportion of DCIS in the SEER breast

cancer database in 1983 was 0.3 % compared to 12 % in
1992 [8], and 21 % in 2014 [9]. It is believed that the main
reason for this rise in incidence is routine mammography in
the asymptomatic patient and population-based screening
programs. In mammography screening, the standardized
detection rate of DCIS was estimated as 1.60/1000 women in
the UK [10], and lower numbers were reported internation-
ally [11]. Clinically, 80 % of DCIS are asymptomatic, and
only 20 % present as symptomatic disease [7].

10.2.1.3 Natural History and Mortality of DCIS
Recently, there has been some debate on the value of early
detection of DCIS and its treatment (Morrow JNCI 2015),
because of the very low mortality of 3.3 % of pure DCIS in
the SEER cancer registry (20-year breast cancer specific
mortality rate). This is 1.8 times greater than the expected
mortality of age-matched controls in the US population [12].
This study has been cited frequently to prove the low
malignant potential of DCIS, and because of the low mor-
tality associated with DCIS, and with low-grade DCIS in
particular, the term DCIS itself was put into question and it
was proposed to instead call it “borderline breast disease”
[13]. However, since it must be assumed that the great
majority of cases in the SEER registry were adequately
treated by complete surgical excision with or without
radiotherapy, and therefore the low mortality of documented
cases of DCIS more likely represents the mortality which is
caused by occult invasive disease. For this reason, it may not
be appropriate to use this epidemiological data as a measure
of the natural course of DCIS. Only the study of untreated
patients with DCIS could give such evidence. In the Nurse’s
health study, 6 out of 13 patients with DCIS that had been
misdiagnosed as having a benign disease, later developed
invasive breast cancer in the same breast. Based on these
cases, the odds ratio for development of invasive carcinoma
with DCIS that has been overlooked and untreated was
estimated as 13.5, and the mean time interval until invasive
cancer occurred was 9.0 years [14]. It was concluded by the
authors that patients with untreated DCIS are at high risk for
progression to invasive breast carcinoma. Other studies
indicate that over a period of 10 years, 14–53 % of women
diagnosed with DCIS subsequently develop invasive ductal
carcinoma (IDC) if the DCIS is left untreated or inade-
quately treated [15].

10.2.1.4 Grading and Risk Assessment of DCIS
Much of the uncertainty regarding clinical management of
DCIS is due to the fact that DCIS is a heterogeneous disease
with variable malignant potential, and that invasive disease
can only be excluded when the lesion has been thoroughly
examined pathologically. Therefore, the evaluation of
pathological factors is an important cornerstone in determin-
ing the risk of progression and based on that, the management

Table 10.1 Recommendations for treatment of precursor lesions after
diagnosis on core biopsy

Atypical ductal hyperplasia (ADH)
– All patients referred for surgical consultation and excision

Atypical lobular hyperplasia (ALH)
– Patients with incidental ALH offered surveillance

Lobular carcinoma in situ (LCIS)
– Patients with incidental classical LCIS may be offered
surveillance; patients with non-classic variants should undergo
excision

Source Data from Calhoun [2]
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of DCIS. Pathologically, the variable malignant potential of
DCIS is reflected by its histological grade, the architectural
pattern, by the size of the disease, and (to some extent) its
immunohistological phenotype. More recently,
gene-expression analysis has also been proposed to more
precisely evaluate the aggressiveness of DCIS. Among all
these parameters, the architectural pattern is the weakest
predictor of prognosis after the diagnosis of DCIS, and sec-
ondary to grade and the presence of necrosis of comedo type.

Grading is one of the most important risk factors for out-
come in DCIS [16]. In the current WHO classification of
breast cancer, grading of DCIS is based upon its nuclear
features, and, in contrast to the precedingWHO classification,
the diagnosis of DCIS of low nuclear grade is not precluded by
the presence of focal punctate or comedo-type necrosis. This
grading system has superseded previously reported grading
systems, including the Silverstein classification of DCIS [17],
and the 1997 consensus on classification of DCIS [18]. With
high nuclear grade DCIS, comedo-type necrosis is commonly
seen, but not obligatory. Cytonuclear gradingwas shown to be
a strong risk factor for both ipsilateral invasive and noninva-
sive tumor recurrence, and especially for a subgroup with
additional extensive confluent comedo-type necrosis in more
than 50 % of ducts [19].

10.2.1.5 Molecular Pathology and Special Types
of DCIS

One of the arguments for the role of DCIS as a non-obligate
precursor of invasive breast cancer is that the molecular

subtyping of DCIS similar to that of invasive breast cancer;
however, DCIS differs with respect to the relative proportions
of the subgroups (Fig. 10.1). About 76 % of DCIS fall into the
luminal category, being positive for estrogen and/or proges-
terone receptors. 14 % of DCIS are characterized by HER2
overexpression with negative hormone receptors, and 13 %
were HER2 and ER positive. This 27 % or HER2-positive
DCIS cases is in contrast to only 12.7 % HER2-positive
invasive carcinomas in the same case series [20]. Similar fre-
quencies were reported in other cases series [21, 22]. Themuch
higher prevalence of HER2-positive pure DCIS than in inva-
sive carcinoma has been reported in the literature consistently,
but the HER2 expression status in invasive carcinoma, and its
intraductal component is concordant in >90 % of cases.
Therefore, it has been concluded thatHER2 plays no significant
role in progression to invasive carcinoma [23]. Special DCIS
subtypes include molecular-apocrine DCIS, hypersecretory
DCIS, and basal-like DCIS. Basal-like DCIS are rare (<10 %),
and this subtype of DCIS is believed to be a precursor lesion for
invasive basal-like carcinoma [24]. Themolecular mechanisms
that cause DCIS to progress to invasive cells are still unknown
and no clear correlation between molecular subtype of DCIS
and recurrence has been established. Therefore, there is no
practical relevance to the subtyping of DCIS yet.

10.2.1.6 Pathologic Working Up of DCIS
Specimens

It should be emphasized that the methods used in the pathol-
ogy laboratory for working up specimens containingDCIS are

Fig. 10.1 Ductal carcinoma in situ (DCIS), some growth patterns: a DCIS G1, micropapillary type. b DCIS G2, solid type. c DCIS G1,
encapsulated type. d DCIS G1, hypersecretory type
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critical for the correct evaluation of the disease. This concerns
the size of the lesion and the margin status, but most impor-
tantly the problem of detecting occult tumor invasion. To this
end, it has been recommended that the entire region of the
targeted lesion should be examined microscopically and,
when practical, the entire specimen should be submitted in a
sequential fashion for histologic examination [25, 26]. If the
lesion is a nonpalpable imaging finding, a specimen radiog-
raphy may be necessary to identify the lesion [25], and the
most straightforward method to accomplish this is specimen
radiography of the sliced breast conserving or mastectomy
specimen. Actually, it can be recommended to process all
excisional specimens in this way, and to perform specimen
slice radiography in order to be able to submit appropriate
tissue for histology [27]. This facilitates the identification of
the lesions and of critical margins which can be adequately
sampled according to the results of the radiography. The
preferred method is serial sequential sampling. Without
specimen radiography and systematic sampling, occult foci of
invasion and invasion of margins may be easily missed,
especially in large operative specimens, such as skin-sparing
or nipple-sparing mastectomy.

Determination of the size of DCIS is not required for
staging of the disease, but nevertheless important for
pathological–radiological correlation and management of the
patient [28]. The larger the DCIS, the more likely is the
presence of residual disease, the involvement of margins, the
likelihood of local recurrence, and the possibility of invasion
[29–34]. The DCIS size frequently is underestimated based
on mammographic assessment or specimen radiography, but
also may be overestimated, in cases with well-differentiated
DCIS and a background of proliferating breast disease.
Usually, DCIS cannot be measured directly on the histology
slide, unless it is <1 cm, but the size can be estimated by
calculating the extent of DCIS on histology in a serially
sampled specimen. It must be kept in mind that gaps in
ductal involvement may be present, particularly in low-grade
DCIS, and the pathology report it is recommended to cal-
culate the total size including these gaps, not the size of each
focus [26]. Also, in case that DCIS has been resected in
multiple parts, it should be attempted by the pathologist to
estimate the size of the DCIS by taking into account the
topography of the individual specimens [25].

Microinvasion in DCIS is present when there are one or
more invasive foci measuring ≤0.1 cm [35]. Care must be
taken not to over diagnose microinvasion on core biopsy or on
the excisional specimen, because the involvement of lobules
or the involvement of sclerosing adenosis by DCIS may clo-
sely mimic microinvasion. Immunohistochemistry with basal
markers (preferably p63) should be performed routinely in
difficult cases in order to rule out or to confirm microinvasion

[36, 37]. In a series of 21 cases with microinvasion, 15 had
axillary staging, and in two of these cases, one positive lymph
node was found [38]. In another case series axillary lymph
node metastases were present in 9 out of 46 patients with
DCIS and microinvasion [39]. This underlines the clinical
significance of microinvasion in DCIS.

10.2.2 Atypical Ductal Hyperplasia (ADH)

10.2.2.1 Terminology
The term “atypical ductal hyperplasia” (ADH) has been
defined to describe small atypical ductal lesions with
insufficient criteria for a definite diagnosis of DCIS. The
relative risk for breast cancer in women with ADH has been
calculated as 4.5 in a recent update of the Nurses’ Health
Study, compared to 1.6 for women with nonproliferative
breast disease [40]. There is no general agreement on the
diagnostic criteria to distinguish ADH from a very small
lesion of low-grade DCIS, and different definitions have
been applied. Commonly, ADH is either defined as partial
involvement of the terminal duct-lobular unit by
monomorphic, low-grade atypical ductal epithelia with
architectural disturbances, such as rigid bridges or
micropapillae but not completely filling the duct [41], or as
an unifocal or multifocal lesion that fulfils all criteria of
low-grade DCIS except for a maximum size of 2 or 3 mm
[42]. Uncommon variants of ADH include atypical apocrine
hyperplasia and atypical ductal proliferations developing
within a preexisting benign proliferative lesion such as
sclerosing adenosis, usual-type ductal hyperplasia, or
papilloma [43]. Atypical ductal hyperplasia may be distin-
guished pathologically from usual ductal hyperplasia by the
use of basal cytokeratins, especially cytokeratin 5/6 [44].

There are two terminological problems with ADH:
Firstly, ADH clearly is not a hyperplastic lesion but has all
features of an early neoplastic process, and for this reason,
ADH is also considered part of the classification system of
ductal intraepithelial neoplasia [45]. Secondly, the term
“atypical epithelial proliferation of ductal type” is preferred
over the term ADH in the European Screening Mammog-
raphy guidelines [1], because it has been argued that a lesion
with criteria of ADH on core biopsy may prove to be part of
a larger low-grade DCIS on excision specimen and a
definitive diagnosis of ADH on needle core biopsies may not
be possible. On the other hand the use of the term “atypical
epithelial proliferation of ductal type” may create the false
impression of the presence of a lesion with low risk and a
non-neoplastic nature, which would be misleading. There-
fore, we prefer to continue using the term ADH also in core
biopsies, knowing that at the time of biopsy a substantial
proportion will turn out to be low-grade DCIS.
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10.2.2.2 Molecular Similarity of ADH and DCIS
The current concept of ADH being the immediate precursor of
low-grade DCIS (lg-DCIS) is based not only on morphologic
similarities between both lesions, but also on a high degree of
genomic similarity with almost identical kinds of chromosomal
imbalances [46–48]. A loss at chromosome 16q and 17p was
concurrently observedwhen comparing ADH andDCIS lesions
[46, 47], also in a study of nineADHs, a total of 18 copy number
changeswere identifiedwith recurrent losses of 16q and 17p and
frequent gains on chromosome 1q [46], similar to observations
in lg-DCIS. This genomic similarity of lg-DCIS and ADH may
give rise to questioning the validity of making a difference
between both lesions. However, because of the prognostic dif-
ferences of ADH and lg-DCIS, it is fair to interpret themolecular
data as supportive of the assumption that ADH is not just a small
low-grade DCIS, but a closely related precursor lesion [49].

10.2.2.3 Significance of ADH in Core Biopsy
Atypical ductal hyperplasia (ADH) has a higher upgrade risk
after diagnosis on core biopsy than other lesions of uncertain
malignant potential for several reasons, one of them being
that the criteria for diagnosis of ADH were established in
open biopsies some 30 years ago and are now being applied
to core biopsies and vacuum-assisted biopsies. Given the
fact that the criteria for diagnosing ADH are, in part,
quantitative, the upgrade risk for ADH mostly represents an
underestimation of risk for ductal carcinoma in situ (DCIS).
In one recent study, 82 % of the open biopsies upgraded
after the diagnosis of ADH contained DCIS [50].

Clinically, an excisional biopsy is recommended when
ADH is identified in core needle biopsy or in a
vacuum-assisted biopsy specimen [1, 51, 52]. This is
because of the relatively high probability of underestimating
a DCIS or invasive cancer on needle biopsy. The question
about the risk of upgrade of an ADH lesion found in needle
biopsy has been addressed in several studies and has been
reported to range between 22 and 56 %. The high variability
of these upgrade rates has been attributed to different biopsy
techniques (i.e., core biopsy versus vacuum-assisted biopsy),
and to pathologic criteria used in these studies. Clearly, the
diameter of the needle biopsy is one of the most important
determinants of the probability of finding a higher grade
lesion, but also the number of ADH foci in the needle
biopsies. However, it has been concluded that, neither by
using 11- or 9-gauge needles, nor by counting the ADH foci,
a group of patients that does not require excisional biopsy
can be delineated with sufficient accuracy [53].

10.2.3 Lobular Neoplasia and Its Variants

Lobular neoplasia (LN) or lobular intraepithelial neoplasia
(LIN) is the preferred terms for noninvasive neoplasia with

lobular phenotype, and they include the lesser developed
atypical lobular hyperplasia (ALH) and several forms of
lobular carcinoma in situ (LCIS) [54]. It is a spectrum of
morphologically heterogeneous, but clinically and biologi-
cally related lesions (Table 10.2). It has been pointed out
that, because of the large spectrum of LN, the term LN is not
very useful in clinical diagnosis, and more specific terms
such as ALH, LCIS, and its variants should be used [55]. All
forms of LN are regarded as non-obligatory precursor
lesions of invasive breast cancer, or, more specifically as
preinvasive neoplasia, and at the same time LN is an indi-
cator lesion for an increased ipsilateral and contralateral
breast cancer risk of the patient. Rare pleomorphic or florid
variants of LCIS should be distinguished from classical
LCIS. Morphologic features of lobular neoplasia include
variable distention of terminal ductulo-lobular units by dis-
cohesive, isomorphic-atypical epithelial cells.

10.2.3.1 Incidence and Clinical Presentation
The incidence of lobular neoplasia is relatively low, but an
increasing incidence has been reported in the last decades
with a rise of 39 % from 2000 until 2009 [56]. It is believed
that this increased incidence is due to an increased detection
rate by mammography screening and the use of large core
biopsies for the assessment of occult mammographic lesions,
but the increase may also be associated with an increasing
use of hormone replacement therapy (HRT) [57]. No specific
clinical or radiological abnormality is indicative of LN, and
usually LN is seen in the assessment of microcalcifications
that are found in screening mammography. In this context,
LN frequently is associated with columnar changes, flat
epithelial atypia, or sclerosing adenosis which may account
for the microcalcifications, but LN itself is an incidental
finding in this context. Rarely is comedo-type necrosis
present in LN or LN presents as a mass lesion, and only in
these situations, LN may explain the imaging findings [58].
When a diagnosis of LN is made on core biopsy, the risk for
upgrade on open biopsy (to DCIS or invasive cancer) was
estimated to be 13 % [59], but this figure is highly depen-
dent on the clinical and radiological context. When histo-
logical and radiological findings are concordant, the risk for
upgrade on resection is 3 % and, in the case of discordance,
as high as 38 % [60]. This is consistent with upgrade rates

Table 10.2 Classification of lobular neoplasia

(1) Atypical lobular hyperplasia

(2) Lobular carcinoma in situ (LCIS)
(a) Usual variant
(b) High-risk variants

(i) Pleomorphic and pleomorphic-apocrine LCIS
(ii) Florid LCIS
(iii) Signet ring cell LCIS
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<10 % for occult lesions with LIN on core biopsy [61, 62].
Lobular neoplasia is classified as a lesion of unknown
malignant potential (B3) [1], but pleomorphic LCIS or LCIS
with mixed duct and lobular features is classified as B5a.
The treatment in cases of LN should be based upon the
individual situation, and various risk factors should be
considered when making this decision.

10.2.3.2 Atypical Lobular Hyperplasia (ALH)
ALH is an incidental finding at core needle biopsy and
usually occurs in association with benign microcalcifica-
tions. Histologically, it is distinguished from LCIS by dis-
tension and distortion of less than 50 % [63] or 75 % [55] of
affected acinar units, but otherwise has similar histological
characteristics. It is important to distinguish ALH from solid
types of blunt duct adenosis or microglandular adenosis.
ALH can be observed as a part of other lesions, such as
papilloma, fibroadenoma, or radial scar, but when this
occurs, ALH does not confer a malignant potential to these
lesions, and no other treatment other than excisional biopsy
is indicated. ALH mostly has characteristics of a risk lesion,
not a precursor lesion, and Page et al. [64] found an
increased relative risk for ALH of 5.8, which was similar to
atypical ductal hyperplasia (RR 4,7) compared with women
who had nonproliferative lesions.

10.2.3.3 Lobular Carcinoma In Situ (LCIS
Classical Variant)

In contrast to ALH, the classical variant of LCIS is char-
acterized by slightly to markedly distended terminal
ductulo-lobular which are completely filled by
isomorphic-atypical cells, replacing normal acinar cells.
LCIS may extend into the ducts in a peculiar fashion called
pagetoid spread, undermining and replacing ductal epithelial
cells. But the term “pagetoid” is an unfortunate misnomer in
this context, because LCIS is not related in any way to
Paget’s disease of the nipple, and there is no morphologic
resemblance to it. Not infrequently LCIS may involve pre-
existing benign proliferative lesions, such as sclerosing
adenosis, yielding a complex picture, and possibly creating
the false impression of invasive carcinoma.

In a review of follow-up data from 252 women who had
received breast biopsies with lobular neoplasia between
1950 and 1985, Page et al. [65] showed that invasive car-
cinoma was three times more likely in the same breast that
had been diagnosed with lobular neoplasia than in the con-
tralateral breast and that the tumor type was much more
likely to be lobular than ductal. Additionally, molecular
studies have revealed that the molecular profile of lobular
neoplasia and synchronous invasive lobular carcinoma is
similar [66, 67], suggesting that in these cases LN indeed is
the precursor lesion. Even more convincing for LCIS as a
preinvasive carcinoma is the fact that invasive lobular

carcinoma indeed is clonally related to lobular neoplasia
occurring years earlier [68]. With extensive follow-up, the
risk of invasive carcinoma was calculated as 35 % in
patients 35 years after initial biopsy of the lesion [69].

A subclassification of lobular neoplasia into different
grades of severity (LIN1, LIN2, LIN3) has been proposed
[70] but did not gain wide acceptance. This classification is
based on the degree of acinar distension, necrosis, and
nuclear pleomorphism (Fig. 10.2). Higher grades, especially
LIN3, were more frequently associated with invasive carci-
noma [70], but other outcome data which would confirm the
clinical value of this classification, especially for the man-
agement of core needle biopsies, is lacking. Nevertheless,
this LIN classification may be clinically useful, because
more aggressive subtypes of LCIS, such as pleomorphic
LCIS or florid LCIS fall into the LIN3 category, and
therefore there is an overlap of this LIN grading system with
LCIS subtyping. On the low-risk side, LIN1 indicates min-
imal involvement of acini, and this overlaps with the ALH.

10.2.3.4 High-Risk Variants of LCIS
Some histologic variants of LCIS which are associated with
an increased risk have been described in the literature. This
includes pleomorphic LCIS and florid LCIS. Pleomorphic
LCIS and pleomorphic-apocrine LCIS are characterized by
high-grade cellular atypia and can be associated with mas-
sive distension of the lobules and extension into the ducts
with the formation of necrosis and calcifications [71]. When
involvement of the ducts is a prominent feature, pleomorphic
LCIS resembles DCIS histologically, but it can be distin-
guished by the loss of E-Cadherin expression [72]. In case of
mixed e-Cadherin positivity, the term mixed ductulo-lobular
carcinoma is used.

Another high-risk variant of LCIS is florid LCIS [73–75].
In contrast to pleomorphic LCIS, it is composed of cells
typical for classical LCIS, but many adjacent ductal and
lobular units are maximally distended, almost to the point of
confluence. Comedo-type necroses are commonly seen with
florid LCIS and on a molecular basis recurrent genomic
alterations could be detected, including losses in the chro-
mosomal regions 11q-, 17p-, and 8p- and gains in the region
11q13.3 [75]. Not infrequently, amplifications in the region
17q21 (concerning the HER2 gene) may occur, resulting in a
HER2 overexpression on immunohistology. Clinically,
florid LN also may be associated with extensive microcal-
cifications or forming a tumor mass (tumor-like LN) [76].
With florid LCIS, a complete excision of the lesion with
clear margins is recommended, or a re-resection in case of
close margins and massive acinar distension immediately
adjacent to the resection margin [77, 78].

High-risk LCIS may contain clusters of signet ring cells
[73, 79], but a pure signet ring cell variant of LCIS is quite
rare, and usually associated with ILC with predominant
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signet ring cell differentiation. Microinvasion can be detec-
ted in high-risk variants of LCIS not infrequently [80], and
therefore special attention must be paid in the workup of
high-risk LCIS to exclude microinvasion. As in pure DCIS,
this includes complete embedding of the lesion and serial
sectioning.

10.2.4 Immunohistology and Molecular
Biology

Because of the different therapy implications for the diag-
nosis of LCIS versus DCIS, it is important to clearly dis-
tinguish both types of preinvasive disease with certainty
from one another, or to diagnose mixed duct-lobular carci-
noma in situ. If the histology on H&E is ambiguous, a
E-Cadherin immunohistology will be helpful, possibly in
conjunction with p120 Catenin or Beta-catenin [81]. Gen-
erally, LN is characterized by loss of E-Cadherin expression
with simultaneous expression of p120 Catenin [81]. HER2
overexpression and gene amplification may be present in
pleomorphic LCIS, especially in pleomorphic-apocrine
LCIS, or in florid LCIS, and therefore is not an argument
against the diagnosis of LN. With carcinoma in situ of mixed
duct and lobular phenotype, the therapy should be performed
like in pure DCIS. It should be noted that a loss in
E-Cadherin expression is not a proof for the presence of

lobular neoplasia, because triple-negative DCIS may show a
reduced E-cadherin expression [81] also. Therefore, the
diagnosis of lobular neoplasia always requires that conven-
tional histologic criteria are present, and a routine E-cadherin
stain is discouraged.

10.3 Invasive Carcinoma

10.3.1 Breast Cancer Classification
and Grading

The current WHO classification of breast cancer [42] is
based on the morphologic definition of tumor types. It
includes more than 30 types of invasive carcinoma, and most
of them are quite rare (Table 10.3). The most common tumor
types are invasive carcinoma of no special type (NST), and
invasive lobular carcinoma (ILC). These two tumor type
account for about 80–90 % of all breast cancers, the other
tumor types are much rarer. As a result, the molecular and
clinical heterogeneity of breast cancer cannot be adequately
reflected by the current, morphologically oriented tumor
classification (Fig. 10.3). Except for the rarer special sub-
types, the WHO classification is of limited clinical signifi-
cance and must be complemented by tumor grading,
immunohistological and molecular characterization of breast
in order to be clinically useful [82].

Fig. 10.2 Lobular carcinoma in situ (LCIS), high-grade variants: a Florid LCIS, classic variant, with foci of invasion. b LCIS, pleomorphic type
with confluence and comedo-type necrosis. c Pleomorphic-apocrine LCIS. d High-grade LCIS, signet ring cell type
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10.3.2 Invasive Carcinoma of No Special Type
(NST)

This group of breast cancers comprises all tumors without
special differentiating features and applies to more than
70 % of breast cancers. The diagnosis of a carcinoma of no
special type (NST) is made by exclusion of recognized
special types of breast cancers.

The terminology for this most common type of breast
cancer has changed in the WHO classification from “inva-
sive ductal carcinoma, not otherwise specified” (2003) [83]
into “invasive carcinoma of no special type” (NST) (2012)
[42]. The definition of invasive carcinomas of no special
type is identical with the previous edition of the WHO
classification of breast cancer; only the name “ductal” was
omitted in the new terminology. The rationale for this is that
there is no clear histogenetic difference between histologic
tumor types and NST tumors that are not a uniform group of
carcinomas. For these reasons, the term “ductal” does not
represent a distinguishing pathological feature for breast
cancers of special type or no special type. The terms “in-
vasive ductal carcinoma” or “ductal NOS” are accepted as
alternative terminology options, but the use of “carcinoma of
no special type” is the preferred term. Rare morphological
variants of invasive carcinoma NST include pleomorphic
carcinoma, carcinoma with osteoclast-like stromal giant
cells, carcinoma with choriocarcinomatous features, and
carcinoma with melanotic features. Carcinomas of mixed
type have a specialized pattern in at least 50 % of the tumor
and a non-specialized pattern between 10 and 49 %. These
tumors are designated as mixed invasive NST and special
type or mixed invasive NST and lobular carcinoma.

The pathological and molecular evaluation of differenti-
ating features in NST carcinomas is important for the proper
surgical and adjuvant treatment. This includes tumor grad-
ing, and the recognition of special features, such as an
extensive intraductal tumor component (EIC), the presence
or absence of angioinvasion, and the presence of multifo-
cality or multicentricity. With EIC and/or multifocal disease,
a breast conserving approach is still possible [84], but the
chances for the later occurrence of an in-breast recurrence

Table 10.3 Breast cancer classification and ICD-0-3 codes

Invasive carcinoma of no special type (NST) 8500/3

– Pleomorphic carcinoma 8022/3

– Carcinoma with osteoclast-like stromal giant cells 8035/3

– Carcinoma with choriocarcinomatous features

– Carcinoma with melanotic features

Invasive lobular carcinoma 8520/3

– Classic lobular carcinoma

– Solid lobular carcinoma

– Alveolar lobular carcinoma

– Pleomorphic lobular carcinoma

– Tubulo-lobular carcinoma

– Mixed lobular carcinoma

Tubular carcinoma 8211/3

Cribriform carcinoma 8201/3

Mucinous carcinoma 8480/3

Carcinoma with medullary features

– Medullary carcinoma 8510/3

– Atypical medullary carcinoma 8513/3

– Invasive carcinoma NST with medullary features 8500/3

Carcinoma with apocrine differentiation

Carcinoma with signet ring cell differentiation

Invasive micropapillary carcinoma 8507/3

Metaplastic carcinoma of no special type 8575/3

– Low-grade adenosquamous carcinoma 8570/3

– Fibromatosis-like metaplastic carcinoma 8572/3

– Squamous cell carcinoma 8070/3

– Spindle cell carcinoma 8032/3

– Metaplastic carcinoma with mesenchymal
differentiation

– Chondroid differentiation 8571/3

– Osseous differentiation 8571/3

– Other types of mesenchymal differentiation 8575/3

– Mixed metaplastic carcinoma 8575/3

– Myoepithelial carcinoma 8982/3

Epithelial–myoepithelial tumors

Adenomyoepithelioma with carcinoma 8983/3

Adenoid cystic carcinoma 8200/3

Rare types

Carcinoma with neuroendocrine features

– Neuroendocrine tumor, well-differentiated 8246/3

– Neuroendocrine carcinoma poorly differentiated (small
cell carcinoma)

8041/3

– Carcinoma with neuroendocrine differentiation 8574/3

Secretory carcinoma 8502/3

Invasive papillary carcinoma 8503/3

(continued)

Table 10.3 (continued)

Acinic cell carcinoma 8550/3

Mucoepidermoid carcinoma 8430/3

Polymorphous carcinoma 8525/3

Oncocytic carcinoma 8290/3

Lipid-rich carcinoma 8314/3

Glycogen-rich clear cell carcinoma 8315/3

Sebaceous carcinoma 8410/3
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are increased [85, 86]. In a similar way, lymphatic and blood
vessel invasion is considered an adverse local factor and is
associated with an increased frequency of lymph node
metastasis [87].

10.3.3 Invasive Lobular Carcinoma

10.3.3.1 Clinical Presentation
Invasive lobular carcinoma (ILC) is the most common spe-
cial tumor type and accounts for up to 15 % of invasive
breast cancer [88, 89]. It has distinct biological, epidemio-
logical, and clinical features [90–93]. The mean age of
patients with ILC has been calculated to be 4 years higher
than with invasive carcinoma of no special type (NST) [92,
93], and about 10 years higher that the age of patients with
LCIS, who present at 52 years of age on average [94]. The
majority of patients with ILC present with a palpable tumor
[95] and, on mammography, an architectural disturbance
abnormality is the most frequent finding. However, 6–16 %
of patients present without a mammographic abnormality
[96, 97]. Patients with hormone replacement therapy are at
2–3 times higher risk for ILC compared to NST [98].

Clinically, and radiologically, an increased tendency for
multicentricity and bilaterality was described [99]. This, and
the difficulty of exact determination of the size and the extent
of ILC, has prompted the recommendation of routine

mammography in ILC [100] but does not achieve survival
benefits or reduction in re-resection rates [101, 102]. In
about 25 % of ILC multifocal tumor extensions are detect-
able [103]. Multifocality and the underestimation of tumor
size in ILC have to be considered in the operative therapy of
ILC [104]. According to the SEER database, on average,
ILC are larger, having a mean tumor diameter of 2.0 cm in
comparison to invasive breast cancer NST with a tumor size
of 1.6 cm [92].

10.3.3.2 Classical and Variant Forms of ILC
ILC in its classical form is characterized by a diffuse infil-
trative growth of small epithelial tumor cells with a narrow
cytoplasmic rim [42]. The nuclear grading and the Not-
tingham grading [105] usually is G2. Periductal and per-
ilobular growth patterns are frequent, as is adjacent LCIS.
ILC often has a relatively low cellularity, and desmoplastic
stromal reaction may be missing. This can explain the
clinically ill-defined tumor mass and the mammographic
aspect. Histologic variants of ILC includes solid, pleomor-
phic, signet ring cells, and tubulo-lobular or alveolar growth
patterns [106, 107], as well as mixed forms, often inter-
mingling with classical differentiation. Among these vari-
ants, the pleomorphic and solid variants of ILC are
associated with a higher risk of recurrence [108, 109], while
the tubulo-lobular variant is associated with a better prog-
nosis [110] (Fig. 10.4).

Fig. 10.3 Invasive carcinoma with low-grade nuclear morphology: a Invasive tubular carcinoma. b Invasive carcinoma, no special type (NST),
grade 1. c Adenoid cystic carcinoma. d Invasive carcinoma, micropapillary type
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10.3.3.3 Prognostic Factors
ILC generally are associated with a better biologic pheno-
type, being more likely estrogen and progesterone receptor
positive, HER2 negative, and diploid [111], but also more
likely to occur in older patients and being larger in size.
Nevertheless, long-term survival of ILC is similar to NST
carcinomas [111–113], but, when matched for stage survival
analysis, better survival rates were shown for ILC [114].
With regard to tumor grade, intermediate grade of

differentiation is most frequently found in ILC and the
relationship of G1:G2:G3 has been reported as
12 %:76 %:12 %, with the grade 3 tumors being mostly the
pleomorphic variant [115]. In the great majority of cases,
ILC present as luminal A and B subtypes, independent of
classical or variant differentiation, and this molecular sub-
type was of higher prognostic significance than that of a ILC
variant [110]. Hematogenous metastasis in ILC is more
frequently observed in Bone, GI-Tract, uterus, meninges,

Fig. 10.4 Variant forms of invasive lobular carcinoma. a Classic variant (G2). b Tubulo-lobular variant (G1). c Solid variant (G2). d Pleomorphic
variant (G3). e Histiocytic-apocrine variant (G3)
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ovary, and peritoneal serosa, but less frequently in lung,
pleura, or the CNS [116–121].

10.3.4 Other Special Types of Breast Cancer

The main strength of morphologic classification of breast
cancer is that the correct identification of rare tumor sub-
types provides important prognostic and otherwise clinically
useful information, such as the tendency for lymph node
metastasis [82]. Invasive tubular carcinoma represents about
4 % of all newly diagnosed breast cancer, and its excellent
prognosis is well-documented, being superior to the prog-
nosis of invasive carcinoma NST, grade 1 [122]. In a large
study of 7372 consecutive patients with invasive luminal
type breast cancer, Colleoni et al. [123] identified only
invasive cribriform carcinoma with similarly good progno-
sis as invasive tubular carcinoma. In the past, invasive mu-
cinous carcinoma often had been included among the more
favorable histologic subtypes, but Colleoni et al. [123, 124]
and other studies showed similar prognostic significance as
invasive breast cancer of no special type (NST). Invasive
medullary carcinoma is a special type also often linked to a
good outcome. However, the good prognosis in invasive
medullary carcinoma is evident only when strict criteria are
being applied to the histologic diagnosis [125]. This makes it
a very rare subtype in its pure form and the WHO classifi-
cation now recommends the use of the term breast cancer
with medullary features in order to avoid confusion with
medullary carcinoma in its strict sense [42]. Special subtypes
with outcomes similar to or worse than invasive carcinoma
NST include invasive apocrine carcinoma [126] and inva-
sive micropapillary carcinoma. The latter subtype is char-
acterized by its tendency to lymphangioinvasion and lymph
node metastasis [127]. Metaplastic carcinoma is a mixed
bag of invasive carcinomas with mostly basal phenotype
[128] and they include tumors with metaplastic looking
elements such as spindle cell carcinoma, chondroid or oss-
eous differentiation, and squamous cell carcinoma of the
breast [42]. With the exception to low-grade metaplastic
spindle cell carcinoma and low-grade adenosquamous car-
cinoma, metaplastic carcinomas tend to follow an aggressive
course and are mostly lymph node negative tumors [129].

10.3.5 Sarcoma and Malignant Pyhllodes
Tumors

Angiosarcoma of the breast is the most frequent sarcoma of
the breast. Three different forms of angiosarcoma must be
distinguished: (1) Primary angiosarcoma, which occurs de
novo in young patients, having a median age of onset
between 30 and 50 years; (2) secondary angiosarcoma with

patients that underwent radiotherapy for breast conserving
surgery, and a median onset about 10 years after initial
treatment; and (3) angiosarcoma developing in the upper
extremity after mastectomy and radiotherapy and chronic
lymphoedema (Stewart-Treves Syndrome) [130] which is
rare nowadays. Angiosarcoma generally has a dismal prog-
nosis and requires aggressive surgical therapy [131]. The
role of adjuvant therapy in primary angiosarcoma has not
been firmly established, but evidence is emerging for a
beneficial role of paclitaxel [132] and adjuvant radiotherapy
[133]. Other sarcomas of the breast are rarer and are not
discussed here. Malignant phyllodes tumor is an infrequent
form of phyllodes tumor in the breast with malignant, sar-
comatous stroma. Its biology and clinical behavior has been
reviewed recently [134]. A wide local excision has been
recommended as the treatment of choice, which means
mastectomy in the majority of cases because of the tumor
size and the tendency of satellite nodules within the breast.
Therefore, a wide surgical margin of 1 cm or more is
required [135]. Adjuvant radiotherapy was shown to be
beneficial [136], but there is no clear indication for adjuvant
chemotherapy.

10.3.6 Tumor Grading

The Nottingham grading system (NGS), which was initially
proposed by Elston and Ellis in 1992 [105], is a modification
of the Scarff–Bloom–Richardson grading system [137] and
is applicable to all types of invasive breast cancer, including
special types. The NGS is the most widely used grading
system and has been endorsed by the WHO [42], the UICC
[138], the AJCC [35], and by the Royal College of Pathol-
ogists [139], among others. It is based on the evaluation of
three morphological features: (a) degree of tubule or gland
formation, (b) nuclear pleomorphism, and (c) mitotic count.
Grading is the second strongest prognostic factor in breast
cancer, next to lymph node status. 5-year survival rates for
invasive carcinoma NST were 98.1, 94.4, and 84.3 % for
G1, G2, and G3 tumors, respectively, in the SEER database
[140], and the NGS was shown to be largely independent of
tumor size and lymph node status [141]. These three mor-
phologically defined prognostic parameters were combined
to a widely used prognostic score, the Nottingham Prog-
nostic Index (NPI) [142], and the NPI also is part of the
Adjuvant Online prognostic tool [143].

When tumor grading is compared to molecular features of
breast cancer, it becomes apparent that low-grade and
high-grade breast cancers are different diseases at the
genomic, gene-expression, and immunohistologic level,
leading to the hypothesis of two different pathways of breast
cancer evolution: low-grade and high-grade pathways [144].
This concept of a two-tier grading scheme is supported by
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studies that directly compared histologic grading with
molecular features leading to the concept of molecular tumor
grade [145, 146]. This genomic grade index not only has
prognostic impact, but also is predictive of the outcome of
neoadjuvant chemotherapy [147, 148], similar to conven-
tional grading [149]. Not surprisingly, histologic grading
also is strongly related to molecular prognostic scores, such
as Oncotype DX [150–153].

There have been criticisms of tumor grading as a prog-
nostic factor for being too subjective and lacking consistency
and reproducibility [154], but several studies did in fact
show acceptable inter- and intra-observer variability [155–
157] and that inter-observer variability can be improved by
training [158]. For an overview of inter- and intra-observer
agreement of grading see [159]. The authors conclude that
histologic grade is still relevant in the molecular area.
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11Breast Cancer Molecular Testing for Prognosis
and Prediction

Nadia Harbeck

11.1 Biomarkers

Biomarkers in oncology are properties of the tumor or the
host that can be measured in tissue or blood and that can aid
in therapy decision-making.

11.1.1 Prognostic Markers

Prognostic markers are associated with clinical outcome
either in the absence of therapy, thereby reflecting the natural
course of the disease, or in a population of homogenously
treated patients. Their clinical use is mostly to identify a
patient population that has such a good outcome that addi-
tional therapy may not be necessary or that has such a poor
outcome that additional therapy may be warranted. In breast
cancer, prognostic markers are mostly needed in early breast
cancer to identify those luminal breast cancers that are so
aggressive that adjuvant chemotherapy is needed in addition
to endocrine therapy.

11.1.2 Predictive Markers

Predictive markers are biomarkers that are associated with
the benefit or lack of a particular therapy. Predictive
biomarkers guide physicians in therapy selection, i.e., in
choosing one therapy over another one. In certain cases, the
biomarker itself constitutes a therapeutic target.

So far, the most important biomarkers in breast cancer are
estrogen and progesterone receptor (ER, PgR) as well as
HER2. In clinical routine, these markers are determined by
immunohistochemistry. These markers are somewhat prog-
nostic but more importantly, they are therapeutic targets and

thus predictive for therapy response to the respective tar-
geted agents.

Before routine use of new biomarkers in clinical practice,
the markers need to be validated analytically as well as
clinically, and clinical utility needs to be demonstrated [1].
The highest level of evidence (LOE IA) is ideally obtained
by a prospective trial designed to validate the biomarker or
by a meta- or pooled analysis [2]. As prospective trials may
require several years before results are available, a revised
level of evidence for biomarkers was subsequently pro-
posed that enabled prospectively planned retrospective
validation in formalin-fixed paraffin-embedded (FFPE) tis-
sue specimens from well-controlled clinical trials or well-
characterized tumor banks. In this classification, level I
evidence can also be obtained by several prospectively
planned analyses of archival specimens [3].

11.2 Molecular Subtypes in Breast Cancer
and Therapy Concepts

The current understanding of breast cancer as a heterogenous
disease consisting of several molecular subtypes is based on
the seminal work of Perou and Sørlie in the early years of
this millennium. They showed that there were at least four
clinically relevant subtypes: luminal A and B, HER2-
enriched, and basal-like [4, 5]. As molecular subtyping is not
readily available in most centers, these subtypes are usually
reconstructed using immunohistochemical markers for clin-
ical routine [6]: Hormone receptor-positive tumors (ER-
and/or PgR-positive) are considered luminal. ER- and/or
PgR-positive tumors with low proliferation are classified as
luminal A and those with high proliferation as luminal B.
Proliferation is usually assessed by immunohistochemically
determined Ki67. So far, there is no prospectively validated
internationally standardized cutoff for low versus high Ki67
to be used for clinical decision-making. Immunohisto-
chemical staining or in situ hybridization is used for the
assessment of HER2 status. Last but not least, there is a
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substantial overlap between the basal subtype and
triple-negative tumors which are characterized by the
absence of ER and PR and HER2 [7].

For the 2016 ASCO recommendations for biomarkers
suitable for guiding therapy decisions in early breast cancer
(EBC), an extensive literature search was performed. Next to
established markers ER, PgR, and HER2, only four multi-
gene assays (Oncotype DX, EndoPredict, PAM50, and
Breast Cancer Index) and one protein-based test (uPA/PAI-1)
were found to have sufficient clinical utility [8]. Most of these
recommended newly developed assays have only prognostic
utility; only few have additional predictive potential for
response to adjuvant chemotherapy. Yet, none of these new
markers is predictive for a particular drug or regimen.

11.3 Multigene Assays in Early Breast Cancer

In EBC, systemic therapy recommendations are based on
tumor subtype [6]. Whereas well-defined systemic therapy
standards exist for HER2-positive (chemotherapy + anti-
HER2 therapy) and triple-negative disease (chemotherapy),
the key clinical question in luminal disease is whether to also
indicate adjuvant chemotherapy prior to the guideline rec-
ommended endocrine therapy. For this question, established
clinical–pathological factors are not sufficient for adequate
risk assessment and thus additional biomarkers are needed
(see Fig. 11.1).

For risk assessment in EBC, several multigene assays
have been developed over the last decade. They all consist of
a specific prognostic signature, i.e., some cases combined
with clinical criteria for enhanced prognostic information. In
some cases, data also exist for a predictive impact regarding
response to adjuvant chemotherapy. Whereas most signa-
tures have been thoroughly validated in archival cohorts,
only two signatures have been validated by prospective

clinical trials specifically designed to validate the signature
as a primary or secondary end point. So far, some of these
results are still pending.

In the 2016, ASCO recommended only four multigene
assays (Oncotype DX, EndoPredict, PAM50, and Breast
Cancer Index) for routine use in EBC because of their val-
idated clinical utility [8]. In addition, a fifth multigene assay,
MammaPrint, is also discussed in this chapter as it is rec-
ommended by the AGO (Working Group for Gynecological
Oncology Breast Commission) guidelines [9]. Data from a
prospective clinical trial for MammaPrint were presented at
AACR 2016, i.e., after the publication of the ASCO
recommendations.

Tests differ in patient collectives used for clinical vali-
dation and quality and quantity of available evidence (see
Table 11.1).

11.3.1 21-Gene Signature (Oncotype DX,
Recurrence Score)

The 21 Gene Assay (Oncotype DX™ Breast Cancer Assay
(Genomic Health Inc., Redwood City, USA) quantifies gene
expression for 21 genes by qRT-PCR. This test for FFPE
tissue is performed on a single central analytic platform,
where qRT-PCR conditions are validated and reproducible
with certified quality assurance [10]. The assay consists of
15 genes that mainly represent proliferation, estrogen
receptor (ER) regulation, HER2 pathway, and invasion, and
are analyzed together with five control genes. Test result is a
numerical score (recurrence score, RS) between 0 and 100.
Tumors are classified into three risk categories based on their
recurrence score (RS): low (RS < 18), intermediate (RS 18–
30), or high risk (RS ≥ 31). Initial test development was
done in archival tissue from tamoxifen-treated node-negative
patients from the NSABP B14 trial [11]. In an additional
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Fig. 11.1 Therapy concepts in
luminal early breast cancer
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analysis using archival tissues from the NSABP B20 trial, it
was shown that benefit from adjuvant chemotherapy
(CMF) is greatest in patients with high-risk recurrence score,
whereas patients with low RS do not derive any benefit and
benefit in intermediate RS patients is uncertain [12]. Sub-
sequently, prognostic and predictive impacts of RS were
retrospectively validated also for node-positive patients in
archival tissue from the SWOG 8814 trial. RS was prog-
nostic in the tamoxifen-alone cohort. While there was no
benefit from CAF chemotherapy in low RS patients, patients
in the chemotherapy group with high-risk RS did have an
improved disease-free survival (DFS) [13]. TransATAC
showed that RS was provided similar prognostic information
in node-negative and node-positive postmenopausal patients
treated by adjuvant tamoxifen or aromatase inhibitor [14].
Most importantly, this retrospective analysis showed that
while RS is prognostic in node-positive patients independent
of number of involved nodes, baseline risk in patients with 4
and more involved lymph nodes even with low RS is too
high to consider omitting adjuvant chemotherapy. Yet, in
patients up to three lymph nodes, an RS up to 11 is asso-
ciated with a 9-year risk of distant recurrence of about 10 %.
As this percentage is within the rate where absolute benefit
from chemotherapy may not exceed potentially severe-side
effects, sparing patients the additional toxicity of adjuvant

chemotherapy can be considered. These data form the basis
for the prospective clinical trials with Oncotype DX that
used RS 11 as a cutoff for low versus intermediate-risk
groups instead of the commercial cutoff of 18.

Large population-based registries studies such as the
Kaiser Permanente case–control study (n = 790) [15], the
SEER database (n = 38,568) [16], or the Israeli Clalit
registry (n = 1594) [17] have further validated the clinical
utility of the Oncotype DX test.

In addition, there are three prospective international
clinical trials using prospective Oncotype DX results for
patient stratification or randomization: TAILORx (pN0),
RxPONDER (pN1), and WSG-Plan B (pN0-1). In TAI-
LORx and RxPONDER, intermediate-risk patients (RS 11–
25) are randomized between chemoendocrine therapy and
endocrine therapy alone. While RyPONDER is still ongoing,
the low-risk arm of TAILORx has already been reported:
Low (0–10) RS patients treated by endocrine therapy alone
had a 5-year invasive DFS of 93.8 % and OS of 98 % [18].
The WSG-Plan B study confirmed the excellent outcome of
low-risk (0–11) RS patients treated by endocrine therapy
alone even with up to three involved lymph nodes with a
3-year DFS of 98 % compared to 98 % in intermediate RS
(12–25) and 92 % (RS > 25) patients treated by adjuvant
chemotherapy [19] (see Fig. 11.2). Five-year results for low

Table 11.1 Multigene Assays in early breast cancer as recommended by ASCO 2016 [8] and AGO 2016 [9]

Multigene assay Oncotype DX MammaPrint EndoPredict Prosigna (PAM50) Breast cancer index
(BCI)

Manufacturer Genomic health Agendia Sividon Nanostring bioTheranostics

Assay 21 gene recurrence
score (RS)

70 gene assay 11 gene assay 50 gene assay (PAM50,
ROR score)

HoxB13/IL17BR
(H/I)
Molecular grade index
(MGI)

Testing Central laboratory
(USA)

Central laboratory
(Netherlands, USA)

Decentral Decentral Central laboratory
(USA)

Accreditation CLIA, CAP FDA (IVDMIA) CE mark FDA (510k), CE mark n.a.

Molecular subtype No Yes (Blueprint) No Yes (not reported in
USA)

No

Prognostic information Yes Yes Yes Yes Yes

Predictive information Yes (chemotherapy) Yes (chemotherapy) No data so far No data so far Yes (extended
endocrine therapy)

Retrospective validation NSABP B14 & B20
TransATAC
ECOG 9127
SWOG 8814

Multicenter ABCSG 6 & 8
TransATAC
GEICAM 9906

ABCSG 8
TransATAC
NCIC CTG MA.21

Stockholm trial
NCIC CTG MA.14
multicenter

Prospective clinical
validation trials

WSG-Plan B
WSG ADAPT
TAILORx
RxPONDER

MINDACT None None None

All tests are suitable for FFPE tissue specimens
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RS patients were 94 % for DFS and 99 % for OS and did not
differ substantially between pN0 and pN1 patients [20].

11.3.2 70-Gene Signature (MammaPrint)

The 70 Gene Assay (MammaPrint™; Agendia, Amsterdam,
the Netherlands) is based on DNA microarray technology. It
was developed using archival frozen tissue and a case–
control design [21] and subsequently validated in a larger
cohort of young (<53 years), node-negative, and node-
positive EBC patients from the Netherlands Cancer Institute
[22]. The test gives a dichotomized test result, distinguishing
a genomically low-risk from a high-risk group. To facilitate
its use in a diagnostic setting, the 70-gene prognosis profile
was translated into a customized microarray (MammaPrint)
which received approval as an in vitro diagnostic multi-
variate index assay (IVDMIA) by the US Food and Drug
Administration in February 2007 [23]. Subsequently, the
platform was adjusted to enable the analysis of FFPE tissue
samples from clinical routine with an overall equivalence of
91.5 % between fresh frozen and FFPE and highly repro-
ducible results in FFPE analysis of >97 % precision and
repeatability [24]. An 80-gene signature now also enables
molecular subtyping of FFPE breast cancer specimens [25].

Clinical validation was achieved by several retrospective
studies such as TransBIG [26] or the prospective
community-based RASTER study [27]. In a pooled case
series (n = 541), a predictive impact regarding response to
adjuvant chemotherapy was shown [28]. While in Mamma-
Print low-risk patients, 5-year breast cancer specific survival
(BCSS) was similar with or without adjuvant chemotherapy,
and 5-year BCSS was significantly higher in patients who
received adjuvant chemotherapy prior to endocrine therapy.

The MINDACT (Microarray in Node-Negative Disease
May Avoid Chemotherapy) Trial (EORTC, Breast Interna-
tional Group BIG) was designed to prospectively validate the
MammaPrint test in >6000 EBC patients and to evaluate the
role of adjuvant chemotherapy in patients who have discor-
dant results between clinical–pathological and genomic risk
assessment [29]. MINDACT (n = 6693) reached its primary
end point by demonstrating a 94.7 % (95 % CI 92.5–96.4 %)
5-year OS in EBC patients at clinical high-risk whose tumors
tested low-risk by MammaPrint and who did not receive any
adjuvant chemotherapy after randomization [30].

11.3.3 Endopredict

Endopredict (Endopredict®; Sividon Diagnostics GmbH,
Cologne, Germany; distributed by Myriad) is based on
quantification of mRNA levels of 8 selected genes by
qRT-PCR, with 3 additional control genes. The test renders a
numerical value (Endopredict® score) and a dichotomized
result (low vs. high risk); together with two clinical risk
factors (nodal status and tumor size), it results in a compre-
hensive risk score, EPclin [31]. The test was developed and
validated in archival specimens from the two ABCSG
(Austrian Breast and Colorectal Cancer Study Group) studies
6 and 8 in postmenopausal patients with ER-positive,
HER2-negative EBC receiving adjuvant endocrine therapy
[32]. Endopredict does not just provide information on the
first 5 years but also on late recurrences which may be used in
order to indicate extended adjuvant therapy [33]. A retro-
spective analysis from the GEICAM 9906 trial validated
EndoPredict also in node-positive patients who received
adjuvant chemotherapy. Moreover, it showed that the test has
a prognostic impact in pre- and postmenopausal patients [34].
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Fig. 11.2 Prospective clinical validation of Oncotype DX in WSG
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2016 American Society of Clinical Oncology. Gluz et al. [19]

198 N. Harbeck



In an additional GEICAM 9906 substudy comparing EP and
ROR, no significant difference between the tests was found.
Both signatures provided prognostic information beyond
clinical factors and reliably predicted risk of distant metas-
tasis in node-positive ER+ HER2− EBC patients treated by
chemo- and endocrine therapy. Addition of clinical parame-
ters to the risk scores improved their prognostic impact [35].

In a small study in seven different international labora-
tories with 10 different tumors, decentral testing resulted in
excellent 100 % concordance [36]. There is also excellent
concordance between core biopsy and matching surgical
specimens with a 95 % overall agreement in risk classifi-
cation [37].

11.3.4 Prosigna (PAM50)

Prosigna™ (PAM50; Breast Cancer Prognostic Gene Sig-
nature Assay: Nanostring Technologies, Seattle, USA)
received European Union regulatory clearance (CE mark) in
September 2012 and 510(k) clearance from the US Food and
Drug Administration (FDA) in 2013. This assay is based on
the original molecular intrinsic breast cancer subtypes and
allows their determination using a minimal gene set
(PAM50) in FFPE tissue. The test renders a numerical ROR
score (low/intermediate/high) and the molecular subtype
(which is not reported in the US) [38]. The ROR score
reported for clinical routine incorporates clinical information
from tumor size and nodal status. Prosigna has been vali-
dated for decentralized testing using the Nanostring
nCounter technology [39].

In ABCSG 8, patients who were all treated by adjuvant
endocrine therapy alone, PAM50 ROR score was clinically
validated (n = 1478) regarding its prognostic impact. ROR
score provided relevant prognostic information beyond
clinical risk factors and luminal A tumors were associated
with a significantly lower risk of recurrence at 10 years than
luminal B tumors [40]. In addition, PAM50 and ROR score
provide significant prognostic information in addition to
clinical factors also for late recurrences between years 5 and
15 [41]. In the TransATAC cohort, PAM50 ROR provided
significant prognostic information over a clinical treatment
score (CTS). When compared to recurrence score, its
intermediate-risk group was smaller, and the gain of prog-
nostic information versus the CTS seemed greater [42].
Combined analysis from TransATAC and ABCSG 8
(n = 2137) validated the prognostic impact of PAM50 ROR
as being superior to that provided by clinical information for
late relapses [43]. It also substantiated its prognostic impact
for node-positive patients [44].

In a retrospective analysis of NCIC CTG MA.21
(n = 1094), high ROR was associated with poor and luminal
A subtype with favorable relapse-free survival in

node-positive or high-risk node-negative patients
(<60 years) who received AC-paclitaxel (AC-T), dose-dense
CEF, or dose-dense, dose-intense EC-paclitaxel (EC-T).
While intrinsic subtypes were not predictive of treatment
benefit (AC-T vs. dose-dense chemotherapy), subgroup
analysis indicated that subtype (non-luminal vs. luminal)
was predictive of taxane benefit [45].

11.4 Breast Cancer Index (BCI)

The Breast Cancer Index™ (BCI) (bioTheranostics Inc, San
Diego, CA, USA) is a gene expression-based algorithm
incorporating two gene signatures, the HOXB13:IL17BR ratio
(H/I) and theMolecular Grade Index (MGI). BCI is a real-time
RT-PCR assay that measures the expression of H/I, MGI, and
four normalization genes. The BCI Prognostic score is cal-
culated as a value from 0 to 10 and categorized into risk levels
for late (high vs. low) and overall (high, intermediate, low)
distant recurrence. Moreover, BCI Predictive provides the
likelihood of benefit from extended adjuvant endocrine ther-
apy beyond 5 years. The test was validated in the archival
tumor samples from the Stockholm study (node-negative,
post-menopausal, n = 317 tamoxifen-treated, n = 283
untreated) as well as from a multiinstitutional cohort which
included also larger tumors, premenopausal patients, and
patients treated by adjuvant chemotherapy [46]. In both
cohorts, continuous BCI was the most significant prognostic
factor beyond clinicopathological factors for early (up to
5 years) and late relapses (beyond 5 years). In the TransATAC
study, BCI provided prognostic information beyond the CTS
and beyond recurrence score. BCI enabled restratification of
the low and intermediate RS risk groups into subgroups with
significantly different distant recurrence rates. In contrast, RS
did not achieve a clinically meaningful restratification of BCI
risk groups [47]. BCI but not RS predicted early and relapses
in the TransATAC cohort [48]. In a case–control series in ER+
node-negative EBC without adjuvant chemotherapy, BCI was
significantly associated with 10-year OS [49]. In a NCIC CTG
MA.14 substudy, BCI provided prognostic information for
node-negative and node-positive patients [50].

11.5 Clinical Use of Multigene Assays
for Decision-Making in Early Breast
Cancer

Several assays have been compared retrospectively in
archival tissue samples from prospective trials regarding
their prognostic impact such as in TransATAC or prospec-
tively regarding their impact on clinical decision-making.
The English OPTIMA program suggests that current multi-
gene assays tend to provide similar risk information in
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ER-positive EBC but that risk assessment and molecular
subtype results may differ for an individual patient [51].
When comparing several tests in archival cohorts, risk group
classifications may need to be mathematically modeled and
thus not reflect actual risk group stratification as used in the
clinic (e.g., tertiles or quartiles instead of dichotomization).
Moreover, patient collectives from those archival cohorts
may not necessarily always reflect prospective testing in
patients who usually have a clinically high enough risk to
warrant consideration of adjuvant chemotherapy (pN0-1).
Thus, results from those retrospective test comparisons do
not necessarily adequately reflect the clinical utility of each
individual test.

In summary, several multigene assays are available for
risk assessment in EBC. They are best suited for
HER2-negative luminal EBC with up to 3 involved axillary
lymph nodes. In these patients, accurate risk assessment
based on multigene assays may prevent over—but also
undertreatment by adjuvant chemotherapy. Prospective
clinical trials have now validated the retrospective evidence
for two tests (Oncotype DX and MammaPrint) with regard to
risk group assessment: Patients with up to three lymph nodes
and low-risk test result have an excellent 5-year outcome
with adjuvant endocrine therapy alone and thus can safely be
spared adjuvant chemotherapy. The prospective results
regarding the benefit from adjuvant chemotherapy in
intermediate-risk patients are still missing.

In clinical practice, a test for the individual patient will to
be chosen based on the available evidence, also for particular
subgroups such as node-positive patients or pre-menopausal
patients. Moreover, provision of molecular subtype infor-
mation, test logistics, costs, reimbursement policies, and
local and/or national guidelines play an important role.
Given the observed discordant results for individual patients,
use of multiple tests in a single patient is strongly discour-
aged. In particular, patients definitely need to be counseled
about adjuvant chemotherapy if one evidence-based test
renders a high-risk result.

11.6 Molecular Testing for Therapy
Prediction

So far, next to ER, PR, and HER2, no molecular factors have
validated clinical utility for the prediction of therapy response
or resistance to a specific drug or therapy regimen. Multiple
molecular markers for prediction of therapy response or
resistance have been proposed over the last decade. Yet, none
of them has demonstrated clinical utility so far.

Hepatic cytochrome P450 2D2 (CYP 2D6) is essential
for metabolism of tamoxifen into the active metabolite
endoxifen. Several publications have linked CYP 2D6
polymorphisms to reduced efficacy of adjuvant tamoxifen.

However, a metaanalysis covering 25 studies (n = 13629)
concluded that there is insufficient evidence to recommend
CYP 2D6 genotyping to guide tamoxifen treatment [52].

Topoisomerase II alpha has been suggested as a marker
for anthracycline response in breast cancer as it is one of the
intracellular anthracycline targets. The gene (TOP2A) is
located on chromosome 17q12-21. While individual studies
suggested an association between TOP2A amplification
and response to anthracyclines, a meta-analysis of 5
prospective randomized trials was not able to validate these
observations [53].

PIK3CA mutations are the most frequent mutations in
breast cancer. They have been implicated with resistance to
anti-HER2 therapy in the neoadjuvant setting. In a
meta-analysis of five clinical trials (n = 967) in which
patients received either trastuzumab or lapatinib or a com-
bination thereof together with taxane chemotherapy, pCR
rates were significantly lower in PIK3CA mutant versus
PIK3CA wild-type tumors (16.2 % vs. 29.6 %; P < 0.001).
The effect was most pronounced in luminal HER2-positive
tumors. Definite conclusions regarding survival can not be
drawn so far [54]. Recent data from MBC suggest that
patients with alterations of the PI3K pathway may derive
benefit from the addition of everolimus to trastuzumab
therapy [55]. Circulating free DNA has been suggested as a
clinically useful alternative to tissue analysis. High diag-
nostic accuracy has already been demonstrated [56].

These examples show that despite of a convincing
pre-clinical rationale, clinical utility could not be demon-
strated for of several interesting biomarkers. Particularly in
MBC, it has not bene established which tissue is most suited
for molecular marker analysis. Circulating tumor DNA is
readily available and can also be used for repeated analyses
over time. Thus, ctDNA may be a promising source for
novel molecular markers in the future.

11.7 Conclusions

So far, next to ER, PgR, and HER2, few novel biomarkers
have been introduced into clinical management in breast
cancer. Considering the advent of several highly effective
targeted agents over the recent years, new molecular
biomarkers, in particular for prediction of therapy response,
are urgently needed for individualization of treatment con-
cepts. Molecular analysis methods and modern high-
throughput techniques provide great promise for identifica-
tion of new biomarkers. Circulating tumor DNA (ctDNA)
holds great promise as a new tissue source for future vali-
dation of molecular markers. Yet, a bad biomarker can
potentially be as dangerous for patients as a bad drug.
Technical feasibility alone is thus not sufficient for adoption
of a marker into clinical management. Thorough technical
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and clinical validations together with undisputed clinical
utility are thus perquisites for introducing new markers into
the clinic.
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12Molecular Classification of Breast Cancer

Maria Vidal, Laia Paré, and Aleix Prat

Abbreviations

ER Estrogen receptor
PR Progesterone receptor
HER2 Human epidermal growth factor 2
IHC Immunohistochemistry
5NP 5 Negative Profile
TN Triple-negative
pCR Pathologic complete response
qRT-PCR Quantitative reverse transcriptase polymerase chain reaction
CNAs Copy number aberrations
CDH1 E-cadherin

12.1 Introduction

Breast cancer remains the most common cancer diagnosed in
women in Europe and the USA. Screening programs, edu-
cation, and improved adjuvant treatment have decreased the
mortality rates from this disease. However, more than
450,000 estimated deaths due to breast cancer are expected
annually worldwide [1]. The most plausible explanation for
this scenario is that we lack a complete picture of the biologic
heterogeneity of breast cancers. Importantly, this complexity
is not fully reflected by the main clinical parameters (such as

tumor size, lymph node involvement, histological grade, age)
and pathological markers (estrogen receptor [ER], proges-
terone receptor [PR], and human epidermal growth factor 2
[HER2]), all of which are routinely used in the clinic to
stratify patients for prognostic predictions, to select treat-
ments and to include patients in clinical trials.

Gene expression profiling has had a considerable impact
on our understanding of breast cancer biology allowing
researchers to carry out simultaneous expression of thou-
sands of genes in a single experiment in order to create
molecular profiles. During the last 15 years, we and others
have identified and extensively characterized 5 intrinsic
molecular subtypes of breast cancer (Luminal A, Luminal B,
HER2-enriched, basal-like, and claudin-low) and a normal
breast-like group [2–6]. In 2000, Perou and colleagues
published the first article classifying breast cancer into
intrinsic subtypes based on gene expression profiling [2].
Using DNA microarrays from 38 breast cancer cases, 4
molecular subtypes were identified: Luminal, HER2,
basal-like, and normal breast. The subsequent expansion of
this work in a larger cohort of patients showed that the
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Luminal subgroup could be divided into at least two groups
(Luminal A and B) [7].

In 2009, Parker et al. [8] published a clinically applicable
gene expression-based predictor, known as PAM50, which
was developed using microarray and quantitative reverse
transcriptase polymerase chain reaction (qRT-PCR) data
from 189 prototypic samples which fell into one of the 4 main
intrinsic subtypes: Luminal A, Luminal B, HER2-enriched,
basal-like, and normal-like. By comparing global gene
expression data from microarray and qRT-PCR, a minimized
set of 50 genes was identified that could reliably classify each
tumor into one of the intrinsic subtypes with 93 % accuracy.
Over the past 7 years, the PAM50 intrinsic subtypes have
shown to provide significant prognostic and predictive
information beyond standard parameters [9–12]. The PAM50
assay is now clinically implemented worldwide using the
nCounter platform [13–19].

A particular result that highlights the importance of
intrinsic subtyping in breast cancer comes from one of the
most complete molecular characterization studies that has
ever been performed in breast cancer. In this study, led by
The Cancer Genome Atlas Project (TCGA), more than 500
primary breast cancers were extensively profiled at the DNA
(i.e., methylation, chromosomal copy number changes, and
somatic and germ line mutations), RNA (i.e., miRNA and
mRNA expressions), and protein (i.e., protein and phosphor-
protein expression) levels using the most recent technologies
[6]. In a particular analysis of over 300 primary tumors [6], 5
different data types (i.e., all except DNA mutations) were
combined together in a cluster of clusters in order to identify

how many biological homogenous groups of tumors one can
identify in breast cancer. The consensus clustering results
showed the presence of 4 main entities of breast cancer but,
more importantly, these 4 entities were found to be reca-
pitulated very well by the 4 main intrinsic subtypes (Luminal
A, Luminal B, HER2-enriched, and basal-like) as defined by
mRNA expression only [8]. Overall, these results suggest
that intrinsic subtyping captures a great amount of biological
diversity that occurs in breast cancer.

12.2 Intrinsic Subtyping Based on Gene
Expression Versus Histopathology

To date, numerous studies have evaluated and compared the
classification of tumors based on the PAM50 gene expres-
sion predictor with the pathology-based surrogate definitions
[6, 11, 20–34]. To better understand the concordance
between the 2 classification methods, we have combined the
data from all of these studies for a total of 5994 independent
samples (Fig. 12.1). The vast majority of these studies per-
formed central determination of pathology-based biomark-
ers, so this needs to be taken into account, since this is not
what is currently being done in the clinical setting where
each hospital determines these biomarkers. Of note, large
discrepancies (*20 %) between local and central determi-
nation of ER, PR, Ki67, and HER2 are expected [35–39].

In this combined analysis, the discordance rate between
both classifications was found to be present in almost
30.72 % across all patients. Across the IHC-based subtypes,

Fig. 12.1 Distribution of the
PAM50 intrinsic subtypes within
each pathology-based group. The
data have been obtained from the
different publications. Several
studies have performed a
standardized version of the
PAM50 assay (RT-qPCR-based
or nCounter-based) from
formalin-fixed paraffin-embedded
tumor tissues [11, 22, 25, 27–30],
while others have performed the
microarray-based version of the
PAM50 assay [6, 24, 26, 31–34]
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the discordance rate was 37.8, 48.9, 53.8, 33.9, and 13.9 %
for the IHC-Luminal A, IHC-Luminal B, IHC-Luminal
B/HER2+ (to identify PAM50 Luminal B), HR-/HER2+ (to
identify PAM50 HER2-enriched), and triple-negative (to
identify PAM50 basal-like) subtypes, respectively. The most
likely explanation for these results is that 3 or 4 biomarkers
do not fully recapitulate the intrinsic subtypes of breast
cancer. In fact, during the development of the clinically
applicable PAM50 intrinsic subtype predictor, 50 genes
were found to be the minimum number of genes needed to
robustly identify the 4 main intrinsic subtypes without
compromising its accuracy [4].

The protein expression of Ki-67 has been studied as a
potential IHC marker that could distinguish Luminal B from
Luminal A subtypes in HR+ breast tumors. In the article
published by Cheang et al. [40], 357 breast tumors were
profiled and tumor subtypes were assigned using the 50-gene
qRT-PCR ‘PAM50’ subtype predictor. By linking the avail-
able immunohistochemical data with the expression profile
assignments, the authors identified 84 and 60 H+/HER2−
tumors as Luminal A andB, respectively. Thus, the LuminalA
subtypewas defined as beingHR+/HER2− and low for Ki-67,
and the Luminal B subtype as beingHR+/HER2− and high for
Ki-67 or HR+/HER2+. Further validation of this surrogate
IHC panel in an independent population-based cohort of 4046
tumors demonstrated the prognostic value of this Luminal B
IHC definition within homogeneously treated patient subsets.
However, wemust keep inmind that although the HR+/HER2
−/Ki67-high/low IHC panel will distinguish the majority of
Luminal B from A tumors, this definition does not identify all
the tumors within the Luminal B expression-defined subtype
since up to 20 and 7 % of Luminal B tumors are clinically ER
+/HER2+ and ER−/HER2−, respectively.

12.3 Main Molecular Features
of the Intrinsic Subtypes

12.3.1 Luminal Disease

At the RNA and protein level, Luminal A and B subtypes are
largely distinguished by the expression of two main bio-
logical processes: proliferation/cell cycle-related pathways
and luminal/hormone-regulated pathways (Fig. 12.2).

The Luminal A breast cancer is the most common sub-
type, representing 50–60 % of the total. It is characterized by
the expression of genes activated by the ER transcription
factor that are typically expressed in the luminal epithelium
lining the mammary ducts. It also presents a low expression
of genes related to cell proliferation [41]. The Luminal A
immunohistochemistry (IHC) profile is characterized by the

expression of ER, PGR, Bcl-2, and cytokeratin CK8/18, an
absence of HER2 expression, a low rate of proliferation
measured by Ki67, and a low histological grade. Moreover,
the GATA3 marker expresses its highest level in the
Luminal A subgroup.

Compared to Luminal A tumors, Luminal B tumors have
higher expression of proliferation/cell cycle-related genes or
proteins (e.g., MKI67 and AURKA) and lower expression of
several luminal-related genes or proteins such as the PR [42]
and FOXA1, but not the ER [30], which is found similarly
expressed between the two luminal subtypes and can only
help distinguish luminal from non-luminal disease. At the
DNA level, Luminal A tumors show a lower number of
somatic mutations across the genome, lower number of
chromosomal copy number changes (e.g., lower rates of
CCND1 amplification), less TP53 mutations (12 % vs.
29 %), similar GATA3 mutations (14 % vs. 15 %), and
more PIK3CA (45 % vs. 29 %) and MAP3K1 mutations
(13 % vs. 5 %) compared to Luminal B tumors [6]
(Table 12.1). Interestingly, a subgroup of Luminal B tumors
is found hypermethylated, and a subgroup of Luminal A
(6.3–7.8 %) and Luminal B (16.4–20.8 %) tumors show
HER2-amplification/overexpression.

Within HR+/HER2-negative breast cancer, 90–95 % of
tumors fall into the Luminal A and B subtypes. In early breast
cancer, Luminal B disease has worse baseline distant
recurrence-free survival at 5 and 10 years regardless of adju-
vant systemic therapy compared to Luminal A disease
(Fig. 12.3). Regarding prognosis, the Luminal A subtype has
shown repeatedly to have a better outcome than the rest of
subtypes across many datasets of patients with early breast
cancer, including 6 phase III clinical trials (i.e., CALGB9741
[43], GEICAM9906 [44], TransATAC [11], ABCSG08,
MA.5 [45], and MA.12 [25] trials) coming from different
countries and populations andwith different adjuvant systemic
therapies (i.e., endocrine-only, chemotherapy-only, and both).

Of note, the vast majority of these studies with long-term
follow-up show that the survival curves of Luminal B
tumors cross the survival curves of basal-like disease at
around *10 years of follow-up. Thus, although at 5 years of
follow-up, basal-like disease had a worse outcome than
Luminal B tumors, and this is not the case at 10 years. This
result suggests that we should focus on finding additional
therapies for Luminal B disease since this tumor subtype is
very frequent (i.e., represent *30–40 % of all breast cancer
diagnoses), and chemotherapy and endocrine therapies are
not enough for the majority of these patients.

Apart from predicting baseline prognosis, the Luminal A
vs B classification, together with tumor size and nodal status,
predicts the residual risk of recurring at a distant site within
the 5–10 years of follow-up (the so-called late recurrence)
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Table 12.1 More frequently
mutated genes in 3303 primary
breast cancers

Gene Frequency

PIK3CA 32.4

TP53 30.5

CDH1 11.2

GATA3 9.9

MAP3KI 7.1

KMT2C 7

MUC12 5.5

MUC4 5.4

FLG 4.6

SYNE1 4.4

Source Data from TCGA, [110–112]

Fig. 12.2 Intrinsic subtype identification using the PAM50 subtype
predictor. PAM50 unsupervised gene expression heatmap of 1197
breast cancer samples profiled at the TCGA download portal. The

subtype calls of each sample are shown below the array tree. Each
square represents the relative transcript abundance
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[46–48], suggesting that intrinsic subtype has the ability to
inform decisions concerning the length of endocrine therapy
(i.e., 5 vs. 10 years), being the low-risk Luminal A tumors
with low tumor burden (e.g., tumor size 1 cm and
node-negative) the group were 5 years of endocrine therapy
might be sufficient.

Most of the direct evidence of general chemosensitivity of
the Luminal A and B subtypes comes from the neoadjuvant
setting. For example, in a cohort of 208 patients with luminal
disease treated with anthracycline/taxane-based chemother-
apy and with pathologic complete response (pCR) data, the
pCR rates in patients with the Luminal A and B subtypes
were 3 and 16 % (odds ratio = 6.01, p-value = 0.003),
respectively [4, 49–52]. Overall, these data suggest that
among the 2 luminal subtypes, the Luminal A tumors are less
chemosensitive than Luminal B tumors. This hypothesis is
further sustained by the fact that pCR is not predictive of
survival outcome in IHC-Luminal A tumors [51] and in
patients with HR+/HER2−/low-grade [53], but it is predic-
tive of outcome in IHC-Luminal B/HER2-negative [51] and
in HR+/HER2−/high-grade [53]. Further studies are needed

to determine whether Luminal A tumors benefit from
chemotherapy or specific chemotherapeutic agents/regimens
or even CDK4/6 inhibitors. This answer would be especially
relevant in the clinic for those patients with Luminal A
tumors with high tumor burden (intermediate or high risk).

Regarding the benefit from endocrine therapy, both tumor
subtypes have shown to derive a similar relative benefit by
looking at the proportional fall in the proliferation marker
Ki67 upon treatment with an aromatase inhibitor in the
neoadjuvant setting [24]. However, since Luminal A tumors
have a lower baseline proliferation status than Luminal B
tumors, a larger proportion can achieve low post-treatment
values.

12.3.2 HER2-Enriched

The HER2-enriched subtype is characterized at the RNA and
protein level by the high expression of HER2-related and
proliferation-related genes and proteins (e.g., ERBB2/HER2
and GRB7), intermediate expression of luminal-related genes

Fig. 12.3 Kaplan–Meier curves of relapse-free survival based on
intrinsic subtype in 2629 patients from a combined cohort (GSE12276
[113], GSE18229 [5], GSE18864 [114], GSE2034 [115, 116],
GSE22219 [117], GSE25066 [118, 119], GSE2603 [120], GSE2990

[121], GSE4922 [122, 123], GSE7390 [124], and GSE7849 [125]) of
breast cancer patients. Dark blue, Luminal A; light blue, Luminal B;
red, basal-like; pink, HER2-enriched; yellow, claudin-low
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and proteins (e.g., ESR1 and PGR), and low expression of
basal-related genes and proteins (e.g., keratin 5 and FOXC1).
At the DNA level, these tumors show the highest number of
mutations across the genome, and 72 and 39 % of
HER2-enriched tumors are TP53- and PIK3CA-mutated,
respectively (Table 12.2). Although the majority (68 %) of
HER2-enriched tumors have ERBB2/HER2 overexpression/
amplification, we should expect to identify the HER2-
enriched subtype within HER2-negative disease. Interest-
ingly, the HER2-enriched subtype has been found uniquely
enriched for tumors with high frequency of APOBEC3B-
associated mutations [54]. APOBEC3B is subclass of APO-
BEC cytidine deaminases, which convert cytosine to uracil
and has been implicated as a source of mutations in many
cancer types [55].

Similar to the other pathology-based groups, all the
intrinsic molecular subtypes can be identified within clini-
cally HER2-positive disease albeit with different propor-
tions. In our combined analysis of 831 HER2+ tumors
(Fig. 12.1), 44.6, 26.8, 17.6, and 11.0 % were identified as
HER2-enriched, Luminal B, Luminal A, and basal-like.

From a biological perspective, a particular unanswered
question was how different is an intrinsic subtype based on
HER2 status. For example, how different is HER2+/Luminal
A disease from a classical HER2-negative/Luminal A dis-
ease? We recently approached this question by interrogating
The Cancer Genome Atlas (n = 495) and Molecular Taxon-
omy of Breast Cancer International Consortium (METAB-
RIC) datasets (n = 1730) of primary breast cancers for
molecular data derived from DNA, RNA, and protein, and
determined intrinsic subtype. Within each subtype, only 0.3–
3.9 % of genes were found differentially expressed between
HER2+ and HER2-negative tumors. As expected, the vast
majority of differentially expressed genes originated in the
17q12 DNA amplicon where the ERBB2 gene is located.
Within HER2+ tumors, HER2 gene and protein expression
were statistically significantly higher in the HER2-enriched
subtype than either luminal subtype. Thus, this result sug-
gests that intrinsic subtype dominates the biological pheno-
type within HER2+ and HER2-negative disease.

Two large studies have evaluated the prognostic value of
HR status (i.e., a surrogate manner of looking at luminal vs

Table 12.2 Highlights of genomic, clinical, and proteomic features of the intrinsic subtypes

Subtype Luminal A Luminal B Basal-like HER2E

ER+/HER2−

(%)
87 82 10 20

HER2+ (%) 7 15 2 68

TNBCs (%) 2 1 80 9

TP53 pathway TP53 mut (12 %); gain of
MDM2 (14 %)

TP53 mut (32 %); gain of
MDM2 (31 %)

TP53 mut (84 %); gain of
MDM2 (14 %)

TP53 mut (75 %); gain of
MDM2 (30 %)

PIK3CA/PTEN
pathway

PIK3CA mut (49 %); PTEN
mut/loss (13 %); INPP4B
loss (9 %)

PIK3CA mut (32 %) PTEN
mut/loss (24 %) INPP4B loss
(16 %)

PIK3CA mut (7 %); PTEN
mut/loss (35 %); INPP4B
loss (30 %)

PIK3CA mut (42 %);
PTEN mut/loss (19 %);
INPP4B loss (30 %)

RB1 pathway Cyclin D1 amp (29 %);
CDK4 gain (14 %); low
expression of CDKN2C;
high expression of RB1

Cyclin D1 amp (58 %); CDK4
gain (25 %)

RB1 mut/loss (20 %);
cyclin E1 amp (9 %); high
expression of CDKN2A;
low expression of RB1

Cyclin D1 amp (38 %);
CDK4 gain (24 %)

mRNA
expression

High ER cluster; low
proliferation

Lower ER cluster; high
proliferation

Basal signature; high
proliferation

HER2 amplicon signature;
high proliferation

Copy number Most diploid; many with
quiet genomes; 1q, 8q,
8p11 gain; 8p, 16q loss;
11q13.3 amp (24 %)

Most aneuploid; many with focal
amp; 1q, 8q, 8p11 gain; 8p, 16q
loss; 11q13.3 amp (51 %);
8p11.23 amp (28 %)

Most aneuploid; high
genomic instability; 1q, 10p
gain; 8p, 5q loss; MYC
focal gain (40 %)

Most aneuploid; high
genomic instability; 1q, 8q
gain; 8p loss; 17q12 focal
ERRB2 amp (71 %)

DNA mutations PIK3CA (49 %); TP53
(12 %); GATA3 (14 %);
MAP3K1 (14 %)

TP53 (32 %); PIK3CA (32 %);
MAP3K1 (5 %)

TP53 (84 %); PIK3CA
(7 %)

TP53 (75 %); PIK3CA
(42 %); PIK3R1 (8 %)

DNA
methylation

– Hypermethylated phenotype for
subset

Hypomethylated –

Protein
expression

High estrogen signaling;
high MYB; RPPA reactive
subtypes

Less estrogen signaling; high
FOXM1 and MYC; RPPA
reactive subtypes

High expression of DNA
repair proteins, PTEN and
INPP4B loss signature
(pAKT)

High protein and
phospho-protein
expression of EGFR and
HER2

Source Reprinted by permission from Macmillan Publishers Ltd: Nature [93], copyright 2012
Percentages are based on 466 tumor overlap list. Amp Amplification; mut Mutation
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non-luminal disease) within HER2+ breast cancer [56, 57].
In the 4 year follow-up of the N9831 and National Surgical
Adjuvant Breast and Bowel Project B-31 adjuvant trials of
trastuzumab in HER2 + disease (n = 4045), HR-positive
disease was found statistically significantly associated with
approximately 40 % increased disease-free survival and
overall survival, compared to hormone receptor-negative
disease [38]. This association of hormone receptor status
with survival was found to be independent of the main
clinical–pathological variables, including trastuzumab
administration. Similar results were observed in a prospec-
tive cohort study of 3394 patients with stage I to III HER2+
breast cancer from National Comprehensive Cancer Net-
work centers [57]. In both studies, HR-negative disease
experienced more cancer relapse in the first 5 years than
HR-positive [57]. Interestingly, patients with HR-negative
tumors were less likely to experience first recurrence in bone
and more likely to recur in brain, compared to patients with
hormone receptor-positive tumors [57]. Better outcomes
independently of treatment in the HR-positive group com-
pared to the HR-negative have also been observed in the
NeoALTTO [58] and ALTTO [59] clinical trials.

Regarding intrinsic subtyping, we have recently evaluated
the prognostic value of these entities in a large retrospective
cohort of 1730 patients from the UK and Canada with and
without HER2+ disease treated in the adjuvant setting with
different treatments except trastuzumab [32]. The results
revealed that intrinsic subtypes are an independent prog-
nostic variable beyond tumor size and nodal status, and
HER2+/Luminal A tumors showed a similar outcome com-
pared to HER2-negative/Luminal A tumors [31]. Overall,
these data suggest that Luminal A disease could be used, in
the future, together with tumor size and nodal status, to help
better identify those patients with a low risk of relapsing and
thus safely treated with less intense chemotherapy such as
the adjuvant regimen paclitaxel and trastuzumab recently
proposed for “small” (i.e., <3.0 cm) and node-negative
HER2+ breast cancer [60].

The intrinsic subtypes might be to help identify those
patients with HER2+ early breast cancer that might be
successfully treated with dual HER2 blockade (+/− endo-
crine therapy) but without chemotherapy since their tumors
are exquisitely sensitive to anti-HER2 therapy. Interestingly,
in a recently reported neoadjuvant study, the TBCRC023,
comparing 12-week versus 24-week lapatinib + trastuzumab
treatment (and endocrine therapy if HR+), the pCR rate in
the HR+ tumors was 33.2 %, suggesting that longer treat-
ment in HR+ tumors might reach similar pCR rates as
chemotherapy plus two anti-HER2 agents [61]. However, no
data on intrinsic subtype are available to date from these
studies. Based on the prior knowledge, one can speculate
that regardless of HR status, the HER2-enriched subtype
enriches for the identification of patients that are more likely

to achieve a pCR with dual HER2 blockade without
chemotherapy. We are currently testing this hypothesis in a
prospective neoadjuvant clinical trial called PAMELA
(NCT01973660), which is similar to TBCRC006 and
TBCRC023 trials, but the treatment lasts for 18 weeks.

12.3.3 Basal-Like

The basal-like subtype is characterized at the RNA and
protein level by the high expression of proliferation-related
genes (e.g., MKI67) and keratins typically expressed by the
basal layer of the skin (e.g., keratins 5, 14, and 17), inter-
mediate expression of HER2-related genes, and very low
expression of luminal-related genes. At the DNA level, these
tumors show the second highest number of mutations across
the genome, mostly hypomethylated, and 80 and 9 % of
basal-like tumors are TP53- and PIK3CA-mutated, respec-
tively. BRCA1-mutated breast cancer is associated
with basal-like disease [62, 63]. Finally, ERBB2/HER2
overexpression/amplification is found in 2.1–17.4 % of
tumors with a basal-like profile.

Previous studies (including our own) have tried to define
basal-like carcinomas based on immunohistochemical
(IHC) surrogate profiles. For example, EGFR and keratins
5/6 (CK5/6) have been proposed as positive IHC markers on
top of the ER-PR-HER2-definition (the “five-marker
method,” also known as the Core Basal group). This defi-
nition has previously been shown to identify basal-like
tumors versus microarray-based classifications with 76 %
sensitivity and 100 % specificity [29]. Furthermore, in a
series of 4046 breast tumors [64], 17 % (639 of 3744) were
defined as the triple-negative (TN), whereas 9.0 % were
basal-like by the five-marker core basal definition. Interest-
ingly, when the triple-negative group was segregated into
core basal and the “5 Negative Profile” (5NP), the Core
Basal group showed a significantly worse outcome com-
pared to the 5NP group.

12.3.3.1 Basal-Like Classification: Biological
and Epidemiological Implications

The TCGA comprehensive molecular characterization of
breast cancer confirmed that among all the intrinsic sub-
types, the basal-like is the most distinct [6]. This observation
fits with previous molecular studies and with clinical data
that show that triple-negative breast cancer tends to affect
young women, is associated with BRCA1 mutations, and is
a highly aggressive disease [65]. However, how different is
basal-like disease from the rest of breast cancer subtypes?

Two recent studies have addressed this question from a
biological perspective [66, 67]. In the first one, we evaluated
global microarray-based gene expression profiles of a com-
bined dataset composed of 6 different cancer types obtained
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from the TCGA project and that included 542 primary breast
cancers [66]. The unsupervised results revealed that a sub-
group of breast cancers, virtually all basal-like by PAM50,
should be considered a molecular entity by itself just like
ovarian or colorectal cancer, and that >70 % of basal-like
breast cancers were more similar to squamous cell lung
cancer than to Luminal A or B disease [66]. In the second
study, the panCancer TCGA study group combined all the
available molecular data (except mutations) across 12 cancer
types, including 845 primary breast cancers [67]. Unsuper-
vised classification using all data types revealed a similar
finding as the previous study, namely that basal-like breast
cancer is a unique entity and much different from the rest of
breast tumors. Interestingly, the other cancer type that
showed such a large biological heterogeneity was bladder
cancer which could be reclassified into 3 distinct molecular
entities, one being similar to the basal-like breast cancer
subtype [67].

Despite in vivo preclinical data suggesting that breast
cancer disease arises from the transformation of a common
luminal progenitor [68–70], this biological result with human
tumors strongly suggest that 2 very different cell types of
origin exist in the mammary gland; one whose transformation
gives rise to basal-like disease and another one whose
transformation gives rise to non-basal-like disease.

An example is work by Millikan et al. [71] looking at risk
factors of breast cancer in a population-based, case–control
study of African-American, and white women. The results
revealed that Luminal A disease exhibits risk factors typi-
cally reported as protective for the development of breast
cancer, including increased parity and younger age at first
full-term pregnancy; on the other hand, basal-like cases
exhibits several associations that were opposite to those
observed for Luminal A, including increased risk for parity
and younger age at first term full-term pregnancy [71].
Moreover, longer duration breastfeeding, increasing number
of children breastfed, and increasing number of months
breastfeeding per child were each associated with reduced
risk of basal-like breast cancer, but not Luminal A [71].
Overall, these data suggest that we should clearly separate
these two entities when we talk about breast cancer.

Within HR+/HER2-negative early disease, it is expected
to identify a subpopulation of non-luminal subtypes (i.e.,
HER2-enriched and basal-like) by gene expression
(Fig. 12.1). Basal-like tumors represent around *1 %.
Based on the molecular features of these two non-luminal
subtypes, one would expect to identify these tumors in
patients with tumors that express low ER. In fact, a study
performed intrinsic subtyping in 25 tumor samples with 1–
9 % ER-positive tumor cells and found that 80 % were
non-luminal (48 % basal-like and 32 % HER2-enriched)
[72]. On the other hand, a combined analysis of 48 bor-
derline cases (1–10 % ER+ tumor cells) from the MA.5,

MA.12, and GEICAM9906 revealed that 46.0 % were
non-luminal (29 % HER2-enriched and 17 % basal-like)
[73]. Moreover, HER2-enriched and basal-like tumors can
still be identified in tumors that have very high expression of
ER as exemplified by the 6 non-luminal tumors (represent-
ing 2.9 % of the entire cohort) identified in the Z1031 trial
where patients’ tumors were all Allred ER score of 6–8.

In terms of survival outcome, we evaluated the prognostic
value of the intrinsic subtypes in a cohort of 1380 patients
with ER+/HER2-unknown early breast cancer treated with
5 years of adjuvant tamoxifen-only across several retro-
spective studies [74]. Non-luminal subtypes represented 9 %
(7 % HER2-enriched and 2 % basal-like) of the samples,
and each non-luminal subtype showed a significant worse
outcome compared to Luminal A subtype in both
node-negative and node-positive disease.

In the past, we have used the word TN and basal-like
interchangeably. However, within TN disease, all the
intrinsic molecular subtypes can be identified, although the
vast majority fall into the basal-like subtype (86 %; range
56–95 %, depending on the study). In our combined analysis
of 868 TN tumors, 86.1, 9.1, 3.2, and 1.6 % were identified
as basal-like, HER2-enriched, Luminal B, and Luminal A,
respectively. Although the correlation between pathological
and gene expression profiling is moderate, this pathology-
based subset is the one with the greatest consistency between
both classifications. Of note, we did not evaluate the pres-
ence of the claudin-low subtype [5].

At the same time, other gene expression-based classifi-
cations of TN disease have emerged over the years. For
example, Lehmann and colleagues described 6 molecular
subtypes of TN breast cancer: two basal-like (BL1 and BL2),
an immunomodulatory (IM), a mesenchymal (M), a mes-
enchymal stem-like (MSL), and a luminal androgen receptor
subtype (LAR) [75, 76]. As expected, Lehmann’s classifi-
cation identified most TN tumors as basal-like (80.6 %) [76]
and, with the exception of LAR group, all other subtypes
were mostly identified as basal-like by PAM50 (BL1 99 %,
BL2 95 %, IM 84 %, M 97 %, MSL 50 %). Interestingly,
the LAR subtype was predominantly identified as either
HER2-enriched (74 %) or Luminal B (14 %). In another
recent study, Burstein et al. [77] classified TN disease into 4
main groups: LAR, mesenchymal (MES), basal-like
immune-suppressed (BLIS), and basal-like immune-
activated (BLIA). Again, most PAM50 non-basal-like
tumors were identified as LAR by this classification, and
most PAM50 basal-like were BLIS and BLIA. Thus, we can
conclude that TN disease is biologically heterogeneous and
that although basal-like disease predominates (+/− immune
activation and/or infiltration), there is a small group of
non-basal-like tumors (mostly LARs, or HER2-enriched)
[23, 78]. These TN tumors with a non-basal-like or LAR
profile might benefit from androgen receptor inhibition.
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No data are available regarding the prognostic impact of
the intrinsic molecular subtypes defined by PAM50 within
TN disease. Regarding the Lehmann’s classification, the 7
subtypes have been evaluated retrospectively in several
publicly available cohorts of TN disease treated with dif-
ferent adjuvant therapies [75, 76, 78]. Although no clear
results were obtained, several tendencies were observed in
both studies. For example, the M group showed the worse
outcome and the IM group showed a relatively better out-
come. Regarding the LAR group, one study showed a worse
outcome and another one a tendency for the best outcome. In
Burstein et al. [77], the only group that showed a different
outcome from the rest was the BLIA, which is consistent
with the known prognostic impact of immune infiltration in
TN disease [79–81]. However, the BLIA group, or the
basal-like with immune infiltration, has a high risk of
relapsing (*20 %). Thus, these data suggest that subtyping
within TN will not have a clinical impact based on
prognosis-only since no group has such an outstanding.

12.3.4 Claudin-Low

In 2007, Herschkowitz et al. [82] analyzed 232 human
breast samples by semi-unsupervised hierarchical clustering
and compared their gene expression profiles versus 108
mammary tumors from multiple genetically engineered
mouse models. In this report, a potential new intrinsic sub-
type, apparent in both mouse and human datasets, was
identified; this ‘claudin-low’ subtype was characterized by
the low expression of genes involved in tight junctions and
cell–cell adhesion. Interestingly, most of the defining char-
acteristics of the claudin-low human tumors were conserved
in several mouse models including 3 models with engineered
BRCA1 and/or p53 deficiencies.

After, we have reported a more comprehensive charac-
terization of this rare intrinsic subtype [5]. Hierarchical
clustering analysis of 320 human breast tumors and 17
normal breast samples using a 1900 gene intrinsic list [8]
places the claudin-low group next to the basal-like subtype,
indicating that both tumor types share some gene expression
features. These shared features include low expression of the
HER2 and the luminal gene clusters, as well as the genes
HER2, ESR1, GATA3, and the luminal keratins 8 and 18.
However, two intrinsic gene clusters are uniquely expressed
(or not expressed) in the claudin-low subtype. One of these
clusters is enriched with cell–cell adhesion proteins and is
found to show low expression within claudin-low tumors.
Among the 20 genes that compose this cluster are claudin 3,
4, 7, cingulin, and occludin that are involved in tight junc-
tions, and E-cadherin that is a calcium-dependent cell
adhesion protein. Conversely, the other cluster, which is
composed of 40 genes, is highly enriched with immune

system response genes and is highly expressed in
claudin-low samples. Many of these genes are known to be
expressed by T- and B-lymphoid cells (i.e., CD4 and
CD79a), indicating high immune cell infiltration in this
tumor subtype. However, the origin of other immune-related
genes highly expressed in claudin-low tumors, such as
interleukin 6 or CXCL2 might be produced by the actual
tumor cells, or immune cells, or both.

Clinically, the majority of claudin-low tumors are poor
prognosis ER-negative (ER−), PR-negative (PR−), and
HER2-negative (HER2−) (i.e., triple-negative) invasive
ductal carcinomas with a high frequency of metaplastic and
medullary differentiation. Preliminary data show that they
have a response rate to standard neoadjuvant chemotherapy
that is intermediate between basal-like and luminal tumors
[5]. Furthermore, claudin-low tumors are enriched with
unique biologic properties linked to mammary stem cells
(MaSCs) [83], a Core EMT signature [84], and show fea-
tures of tumor-initiating cells (TICs, also known as cancer
stem cells [CSCs]) [85, 86], the study of which is leading to
the formulation of new hypothesis regarding the “cell of
origin” of the different subtypes of breast cancers.

No differences in survival were observed between
claudin-low tumors and other poor prognosis subtypes
(Luminal B, HER2-enriched, and basal-like), or even between
claudin-low tumors versus all other tumors combined.

Metaplastic and medullary carcinomas have also been
linked with the claudin-low profile [3, 86]. These two special
histological types represent less than 5–7 % of all breast
cancer diagnoses and generally are poorly differentiated
triple-negative tumors. However, while metaplastic carci-
nomas are associated with poor prognosis and treatment
resistance [87], medullary carcinomas tend to show good
outcomes despite their aggressive pathological features [88].

In a combined dataset of 400 tumors/patients (UNC337
[5] and MDACC133 [89], 49 % of TN tumors were
basal-like, 30 % claudin-low, 9 % HER2-enriched, 6 %
Luminal B, 5 % Luminal A, and 1 % normal breast-like; if
the claudin-low classification is ignored, then 72 % of
triple-negative tumors are basal-like. Conversely, 6–29 %
[7, 90] and 9–13 % of basal-like tumors are ER+ or HER2+,
respectively. Thus, the triple-negative surrogate for basal-
like makes both kinds of mistakes in that it includes samples
that are not basal-like and it fails to identify a significant
number of basal-like tumors.

Overall, claudin-low tumors are the least frequent subtype
(prevalence 12–14 %) and are mostly high-grade and ER−/
PR−/HER2− (i.e., triple-negative) tumors similar to the
basal-like subtype, which is concordant with the low expres-
sion of the luminal and HER2 intrinsic gene clusters observed
in both tumor types. However, it is important to note that 15–
25 % of claudin-low tumors are hormonal receptor-positive
(HR+) and 10 % of basal-like tumors are also HR+.
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12.4 Novel Subgroups of Breast Cancer

In 2012, Curtis et al [91.] proposed a new molecular clas-
sification of breast cancer based on the combination of two
different genomic views derived from primary fresh-frozen
tissue from 2000 women with breast cancer from the
METABRIC cohort. The authors presented an integrated
analysis of copy number changes and gene expression in a
discovery and validation set of 997 and 995 primary breast
tumors, respectively, with long-term clinical follow-up. The
results revealed a total of 10 different subtypes [92]:

Integrative cluster (IntClust) 1 is constituted by ER‐
positive tumors, predominantly classified into the Luminal B
intrinsic subtype. The subgroup typically has an intermediate
prognosis, similar to that of IntClust 6 and 9. All encompass
a high proportion of higher proliferation ER+/Luminal B
tumors and are characterized by relatively high levels of
genomic instability. The defining molecular feature of
IntClust 1 is amplification of the 17q23 locus. IntClust 1 also
has the highest prevalence of GATA3 mutations across all of
the 10 clusters.

Integrative cluster 2 is comprised of ER‐positive tumors
and includes both Luminal A and Luminal B tumors.
Remarkably, this subgroup is associated with the worst
prognosis of all ER‐positive tumors with a 10‐year disease‐
specific survival rate of only around 50 %. The defining
molecular feature of this subtype is amplification of
11q13/14.

Integrative cluster 3 is composed primarily of Luminal A
cases and is enriched for histopathological subtypes that have
a good prognosis such as invasive lobular and tubular car-
cinomas. At the molecular level, the subtype is characterized
by low genomic instability, a very low prevalence of TP53
mutations, and a paucity of copy number and cis‐acting
alterations. However, of note, tumors within this subtype
have the highest frequency of PIK3CA, CDH1, and RUNX1
mutations. Importantly, the subgroup is associated with the
best prognosis of all the 10 integrative clusters with a 10‐year
disease‐specific survival of around 90 %.

Integrative cluster 4 is a unique cluster incorporating both
ER‐positive (n = 238/343) and ER‐negative (n = 105/343)
cases, including 26 % of all triple-negative tumors, and a
mixture of intrinsic subtypes including basal‐like cases.
Importantly, the subtype is associated with favorable out-
come and a 10‐year disease‐specific survival of around
80 %. Similarly to IntClust 3, IntClust4, the largest subtype
of breast cancer (up to 17 % of cases), is characterized
molecularly by low levels of genomic instability and a
“CNA‐devoid” flat copy number landscape. Many of the
tumors within this subgroup show evidence of extensive

lymphocytic infiltration, and the observed deletions are the
consequences of the somatic TCR rearrangement present in
the infiltrating T cells.

Integrative cluster 5 encompasses the ERBB2-amplified
cancers composed of both HER2‐enriched ER‐negative
(58 %) and luminal ER‐positive cases (42 %). Women in the
METABRIC study were enrolled before the general avail-
ability of trastuzumab, and as expected, this group demon-
strated the worst disease‐specific survival at 10 years of
around 45 %. In addition to specific ERBB2 amplification at
17q12, these tumors demonstrate intermediate levels of
genomic instability and a high proportion of TP53 mutations
(in >60 % cases).

Integrative cluster 6 represents a distinct subgroup of ER‐
positive tumors, comprising both Luminal A and Luminal B
cases. Clinically, this cluster shows an intermediate prog-
nosis and a 10‐year disease‐specific survival of around
60 %. Molecularly, this subtype is characterized by specific
amplification of the 8p12 locus and high levels of genomic
instability. Notably, tumors within this cluster demonstrate
the lowest levels of PIK3CA mutations across all of the ER‐
positive cancers.

Integrative cluster 7 is comprised predominately of ER‐
positive Luminal A tumors and identifies a good prognostic
subgroup with 10‐year disease‐specific survival rates of
around 80 %. It is characterized by intermediate levels of
genomic instability, specific 16p gain, and 16q loss, as well
as a higher frequency of 8q amplification.

Integrative cluster 8 shares similarities with IntClust7 and
encompasses ER‐positive tumors predominately of the
Luminal A intrinsic subtype with a good prognosis. This
subgroup, however, is characterized molecularly by the
classical 1q gain/16q loss event. Furthermore, tumors within
IntClust 8 demonstrate high levels of PIK3CA, GATA3, and
MAP2K4 mutations.

Integrative cluster 9 is comprised of a mixture of intrinsic
subtypes but includes a large number of ER‐positive cases of
the Luminal B subgroup. IntClust 9 shows an intermediate
prognosis with a 10‐year disease‐specific survival of around
60 %. This cluster is characterized by high levels of genomic
instability and the highest level of TP53 mutations among
the ER‐positive subtypes.

Integrative cluster 10 incorporates mostly triple-negative
tumors (n = 190/320 classify into this cluster) from the core
basal‐like intrinsic subtype. Although the subtype represents
a high‐risk group in the first 5 years after diagnosis, beyond
5 years the prognosis for this subgroup is relatively good.
These breast cancers have the highest rates of TP53 muta-
tions despite displaying only intermediate levels of genomic
instability.
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12.5 Intrinsic Subtypes in the Metastatic
Setting

A better understanding of the biological changes occurring
during metastatic progression of breast cancer is needed to
identify new biomarkers, targets, and novel treatment
strategies. Although the TCGA results provide a valuable
landmark of genomic/genetic information, a critical point is
that the TCGA analyses were performed in non-treated pri-
mary breast tumors and not in post-treated, resistant, or
metastatic tumors. This is important as recent studies that are
starting to characterize resistant or metastatic tumors are
identifying frequent genomic alterations that were found to
be rare in the TCGA dataset [93].

One example is the molecular alterations in the ER gene
[94] (i.e., somatic mutations, gene amplifications, or gene
fusions), which are found in *20 % of metastatic luminal
tumors, and which we (in collaboration with Washington
Univ. St. Louis, USA) and others have shown that they
might play an important role in the development of endo-
crine resistance [95, 96]. Recent studies have identified
mutations in ESR1 affecting the ligand-binding domain
(LBD) of the ER-α protein [97]. In preclinical models,
mutant receptors drive ER-dependent transcription and
proliferation in the absence of estrogen and reduce the effi-
cacy of ER antagonists, suggesting that LBD-mutant forms
of the ER are involved in mediating clinical resistance to
endocrine therapy and that more potent ER antagonists may
be of substantial therapeutic benefit.

Regarding the intrinsic changes from primary to meta-
static tumors, our data obtained after comparing expression
changes of a set of 105 genes between 30 paired luminal
primary and metastatic tumors in the CONVERTHER trial
[98] suggest that a potential driver of treatment resistance
and aggressiveness in luminal disease (i.e., high prolifera-
tion) is the fibroblast growth factor receptor 4 (FGFR4), a
tyrosine kinase cell surface receptor, which we have found to
be highly upregulated in metastatic tumor samples. Inter-
estingly, upregulation of this gene is a main feature of the
HER2-enriched subtype [99], a subtype known to have high
RAS-/MAPK-pathway signaling and be endocrine-resistant
[26]. Interestingly, many Luminal A and B metastatic sam-
ples have a FGFR4 expression above the mean expression of
this gene in primary HER2-enriched tumors. In contrast,
ERBB2 expression was not found upregulated in metastatic
luminal disease. Our results showed that intrinsic subtype is
mostly maintained during metastatic progression, except
primary Luminal A disease which becomes non-Luminal A
in the majority of the cases.

Recently, we published [100] an unplanned retrospective
analysis of 821 tumor samples (85.7 % primary and 14.3 %
metastatic) from the EFG30008 phase III trial[101] in which
postmenopausal women with HR-positive invasive breast

cancer and no prior therapy for advanced or metastatic dis-
ease were randomized to letrozole with or without lapatinib.
In this retrospective study, we showed that intrinsic subtype
is the strongest prognostic factor independently associated
with progression-free survival and overall survival in all
patients, being the first study to reveal an association
between intrinsic subtype and outcome in first-line
HR-positive metastatic breast cancer. The clinical value of
intrinsic subtyping in HR-positive metastatic breast cancer
warrants further investigation.

12.6 Frequently Mutated Genes
in Breast Cancer

In estrogen receptor-positive (ER+) breast cancer, mutations
in PIK3CA represent the most common genetic events,
occurring at a frequency of 30–50 %. As we can see in
Table 12.1, there are other frequently mutated genes in breast
cancer. Less commonly observed are mutations in PTEN (2–
4 %), AKT1 (2–3 %), and phosphatidylinositol-3-kinase
regulatory subunit alpha (PIK3R1: 1–2 %). Similar findings
were observed in HER2-positive breast cancer. In contrast,
triple-negative breast cancer (TNBC) is associated with a
lower incidence of PIK3CA mutations (<10 %).

The frequent occurrence of PI3K pathway activation
makes it an attractive therapeutic target in breast
(Table 12.1). The recognition of its importance in tumori-
genesis and cancer progression has led to the development of
a number of agents that target various components of this
pathway as cancer therapeutics. Promising results with these
agents have been observed in the treatment of advanced
estrogen receptor-positive (ER+) breast cancer. However,
the therapeutic efficacy of single-agent PI3K pathway inhi-
bitors is likely limited by feedback regulations among its
pathway components and cross talk with other signaling
pathways. Strategies that combine PI3K pathway inhibitors
with inhibitors against RTKs, or inhibitors against MEK,
MYC, PARP, or STAT3 pathways, or agents that activate
autophagy and apoptosis machineries, are being explored. In
addition, there is continued effort to identify resistance
mechanisms and predictors of therapeutic response.

Germ line mutations in p53 occur in a high proportion of
individuals with the Li-Fraumeni cancer susceptibility syn-
drome, which confers an increased risk of breast cancer
[102]. This implies an important role for p53 inactivation in
mammary carcinogenesis, and the structure and expression
of p53 have been widely studied in breast cancer. Loss of
heterozygosity (LOH) in the p53 gene was shown to be a
common event in primary breast carcinomas [103], and this
is accompanied by mutation of the residual allele in some
cases. Although the overall frequency of p53 mutation in
breast cancer is approximately 20 %, certain types of the
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disease are associated with higher frequencies. For example,
a number of studies have identified an increased rate of p53
mutations in cancers arising in carriers of germ line BRCA1
and BRCA2 mutations. Moreover, a distinct spectrum of p53
mutations occurs in such carcinomas. Strikingly, in typical
medullary breast carcinomas, p53 mutation occurs in 100 %
of cases. This is of particular interest, since it is now well
recognized that medullary breast cancers share clinico-
pathological similarities with BRCA1-associated cases.
Indeed, methylation-dependent silencing of BRCA1
expression occurs commonly in medullary breast cancers.
Molecular pathological analysis of specific components of
the p53 pathway is likely to have diagnostic and prognostic
utility in breast cancer. Moreover, a number of innovative
strategies have been proposed to restore p53 function to
tumors. It will be of great interest to observe how these and
other novel therapeutic approaches targeted to the p53
pathway impact on clinical outcome in breast cancer [104].

HER2 somatic mutations have been described in the last
years, with an overall HER2 mutation rate of approximately
1.6 % of breast cancers. Some of them are activating muta-
tions, including G309A, D769H, D769Y, V777L, P780ins,
V842I, and R896C that are likely driver events in their cancer
[105]. It is important to note that recurrence did not predict
the phenotype of the mutation (activating, drug resistant, or
neomorphic). Therefore, the presence of recurrence in these
HER2 mutations tends to predict a functional effect, but lack
of recurrence cannot be used to rule out an effect by the
mutation. Several HER2-targeted drugs were tested on these
mutations, and it has been observed that neratinib was a very
potent inhibitor for all of the HER2 mutations. Lobular breast
cancer may have an increased frequency of HER2 somatic
mutations, but the number of cases sequenced to date is small
(3 patients with lobular breast cancer with HER2 somatic
mutation among 39 lobular breast cases in the TCGA study
and 3 patients with HER2 mutations among 113 lobular cases
in Shah et al. [106]. The HER2 mutation frequency in
relapsed or metastatic breast cancer patients is currently
unknown and potentially could be higher than 1.6 %.
Because of the low mutation rate, prospective clinical trials
using HER2 gene-sequencing results will need to screen a
large number of patients, and the cooperation of many aca-
demic institutions and treatment centers is essential.

12.6.1 Lobular Breast Cancer

Invasive lobular carcinoma (ILC) is the second most preva-
lent histologic subtype of invasive breast cancer, constitut-
ing *10–15 % of all cases. The classical form [107] is
characterized by small discohesive neoplastic cells invading
the stroma in a single-file pattern. The discohesive phenotype
is due to dysregulation of cell–cell adhesion, primarily driven

by lack of protein expression observed in *90 % of ILCs.
This feature is the ILC hallmark, and immunohistochemistry
(IHC) scoring for CDH1 expression is often used to dis-
criminate between lesions with borderline ductal versus lob-
ular histological features. ILC variants have also been
described, yet all display loss of E-cadherin expression [108].

The first TCGA breast cancer study reported on 466
breast tumors assayed on six different technology platforms.
ILC was represented by only 36 samples, and no
lobular-specific features were noted besides mutations and
decreased mRNA and protein expression of CDH1. In 2012,
Ciriello et al. [109.] profiled 817 breast tumors, including
127 ILC, 490 ductal (IDC), and 88 mixed IDC/ILC. As
expected, they could identify CDH1 loss at the DNA,
mRNA, and protein level in almost all ILC cases. Moreover,
12/27 CDH1 mutations in non-ILC cases occurred
in mixed tumors strongly resembling ILC at the molecular
level. Surprisingly, they did not identify DNA hyperme-
thylation of the CDH1 promoter in any breast tumor, sug-
gesting that E-cadherin loss is not epigenetically driven.
Besides E-cadherin loss, they identified mutations targeting
PTEN, TBX3, and FOXA1 as ILC-enriched features. PTEN
loss associated with increased AKT phosphorylation was
highest in ILC among all breast cancer subtypes. Spatially
clustered FOXA1 mutations correlated with increased
FOXA1 expression and activity. Conversely, GATA3
mutations and high expression characterized Luminal A
IDC, suggesting differential modulation of ER activity in
ILC and IDC. Proliferation and immune-related signatures
determined three ILC transcriptional subtypes associated
with survival differences. Mixed IDC/ILC cases were
molecularly classified as ILC-like and IDC-like, revealing no
true hybrid features. This multidimensional molecular atlas
sheds new light on the genetic bases of ILC and provides
potential clinical options.

12.7 Conclusions

Breast cancer is a clinically and biologically heterogeneous
disease. However, the vast majority of the biological
diversity coming from the DNA, mRNA, miRNA, and
protein is captured by the 4 main intrinsic subtypes defined
by gene expression only. At the same time, and contrary to
popular belief, intrinsic biology is not sufficiently captured
by standard clinical–pathological variables. In this chapter,
we have argued how intrinsic biology identified by gene
expression analyses provides today, and especially in the
future, clinically relevant information beyond the current
pathology-based classification. In the upcoming years, we
should expect more wealth of data regarding the clinical
utility of intrinsic subtyping in a variety of clinical scenarios,
and in combination with other biomarkers such as somatic
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mutations will allow the development of new targeted
therapeutics now being tested in ongoing clinical trials.

These findings have led us to understand that this is not
just one disease, but many, and that each patient entails a
particular case where personalized medicine could play a
crucial role. The last decade has changed the way researchers
understand, classify, and study breast cancer, and it has
reshaped the way doctors diagnose and treat this disease. In
addition, it has undoubtedly changed the search for alter-
native therapies by integrating molecular studies and the
selection of study populations based on their molecular
markers into clinical trials. The therapeutic advances made
to date have been achieved by performing large randomized
clinical trials. The problem is that these trials were designed
to determine the best therapeutic approach for the median
population, not for a specific individual. Furthermore, we
have learned through trial and error that new targeted ther-
apies have to be developed in targeted populations, selected
on the basis of a given biomarker. The good news is that the
molecular studies that have been developed over the past
decade have opened a broad field in cancer research that
allows basic and translational researchers to look for new
potential therapeutic targets and to test them in the clinic.
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13Ductal Carcinoma In Situ

Ian H. Kunkler

13.1 Introduction

Ductal carcinoma in situ may be defined as a disorder of the
breast resulting from the accumulation of malignant epithe-
lial cells within the terminal ductal lobular network. It forms
part of a spectrum of preinvasive lesions arising within
normal breast tissue with histological progression from
atypical hyperplasia to invasive breast cancer [1]. It is the
direct but non-obligate and non-life-threatening precursor of
invasive breast cancer. Women with biopsy confirmed DCIS
has in excess of a 10-fold increased risk of developing
invasive breast cancer compared to those without DCIS [2].
However, irrespective of treatment the 10-year risk of death
as a result of invasive cancer is 1.1–2.6 % [3–6]. DCIS is
heterogeneous in terms of genetic and molecular changes,
cytological features and architecture. While there is no
universally accepted classification of DCIS, categorisation
based on nuclear grade alone into low, intermediate and high
grade in combination with comedo necrosis is widely
accepted.

The clinical importance of DCIS is rising with advances
in imaging and the arrival of drugs licensed for reducing
breast cancer risk [7]. Before the advent of breast screening,
DCIS commonly presented as a lump. However, the devel-
opment of screening programmes has increased the diag-
nosis of DCIS, frequently on the basis of mammographic
calcifications. Management remains controversial and prac-
tice varies substantially. Local treatment options include
conservative surgery with or without postoperative radio-
therapy, unilateral or bilateral mastectomy. Adjuvant endo-
crine therapy with tamoxifen is also an option for hormone
receptor positive patients. There is no role for chemotherapy
in DCIS. All patients should have access to a multidisci-
plinary opinion on their management. Adequate time must

be allowed for patients to consider the various options
offered by the surgeon and to make an informed decision.
Patients should be reassured that taking 1–2 weeks to come
to a considered decision on treatment is not going to com-
promise their outcome.

Approximately 13–35 % of DCIS will recur within
10 years of conservative surgery [8]. Half of the recurrences
after excision of DCIS are invasive [9, 10]. While postop-
erative and adjuvant endocrine therapy can reduce the risks
of recurrent DCIS and invasive cancer, there is no current
reliable clinico-pathological or molecular factor which pre-
dicts which DCIS lesions will progress to invasive cancer or
which ones will recur after primary therapy. The conse-
quence may be overtreatment or undertreatment. Practice
varies widely [1, 11–16]. Little is known about the natural
history of DCIS since surgical excision precludes studying
their evolution [7]. There is a small longitudinal study of 28
women with small, non-comedo DCIS on follow-up for in
excess of 30 years after biopsy alone. The risk of transfor-
mation to invasive cancer was about 40 %. Five patients
developed metastatic disease [17].

13.2 Biology

Chromosomal loss or gain at multiple loci occurs as
hyperplastic lesions progress to DCIS and invasive cancer.
Loss of heterozygosity is observed in 70 % of high-grade
DCIS compared to 35–40 % of atypical hyperplasia and 0 %
of normal breast tissue [18–20]. HER2 is overexpressed in
excess of half of DCIS. ER is expressed in over 70 % of
DCIS. p53 is mutated about a quarter of DCIS and rarely in
normal breast tissue or benign proliferative lesions. The
majority, if not all, of clinically relevant factors (ER status,
oncogene expression and histological grade) are probably
determined by the time DCIS has evolved [21–24]. This is
the probable explanation for the heterogeneous nature of
breast cancer mirroring that of DCIS.

I.H. Kunkler (&)
Institute of Genetics and Molecular Medicine (IGMM),
University of Edinburgh, Crewe Road, Edinburgh,
Scotland, EH4 2XU, UK
e-mail: i.kunkler@ed.ac.uk

© Springer International Publishing Switzerland 2016
I. Jatoi and A. Rody (eds.), Management of Breast Diseases, DOI 10.1007/978-3-319-46356-8_13

221



The histological progression through atypical hyper-
plasia, ductal carcinoma in situ, and mutational profiling
suggests that the acquisition of invasive potential is a rela-
tively late event [25]. It is unclear what factors contribute to
the development and progression of DCIS. If these could be
identified, then it might be possible to inhibit them. Analysis
of genomic data implies that tumour cell gene expression
changes happen at the transition from normal tissue to DCIS
with relatively few changes at the transition from DCIS to
invasive breast cancer [26, 27]. Non-epithelial cells are
implicated in the progression to invasive disease [28, 29]. In
the normal breast, a layer of contractile myoepithelial cells
surrounds the epithelial ductal and alveolar structures. These
myoepithelial cells are required for the expulsion of milk as
well as for normal mammary gland development as they
exert influence on ductal branching, polarity in addition to
milk production [30]. One of the features of progression
from DCIS to invasive breast cancer is breaching of the
myoepithelial cell layer and basement membrane. It is
thought [25] that the myoepithelial cells have an active role
in tumour suppression by downregulating metalloproteinases
[31, 32], secreting protease inhibitors and synthesising
tumour-suppressive proteins such as maspin [33]. Russell
et al. [25] have described a preclinical model studying
myoepithelial integrity. p63 loss was an early indicator,
calponin loss intermediate and alpha smooth muscle actin a
more delayed measure of compromised myoepithelium.

It is possible that the hypoxic intraduct microenvironment
leads to the survival and adaptation of premalignant cells
which might lead to genetic instability and selection of
malignant cells with invasive potential [34]. Autophagy is
the pathway which is activated to promote survival in the
presence of hypoxic and nutrient stress. Autophagy is known
to occur at the same sites as areas of hypoxic stress in
models of epithelial tumours [35]. It may be that autophagy
is a major survival mechanism employed by DCIS cells to
survive and proliferate in the stressful intraductal space. It is
postulated that autophagy might aid cell migration through
regions of degraded matrix by processing matrix breakdown
products that undergo phagocytosis by the migrating cells.

13.3 Presentation

In excess of 90 % of DCIS are found at breast screening.
Approximately 6 % of patients with symptomatic breast
cancer are preinvasive [36]. Presentations include Paget’s
disease of the nipple, nipple discharge or a palpable mass.
DCIS which presents with clinical signs is more likely to be
extensive and has an invasive component [37]. Men may
present with a bloodstained nipple discharge or a retroareolar
mass.

13.4 Diagnosis

Microcalcifications on screening mammography are the
commonest abnormality. Architectural distortion, masses,
nodules and ductal asymmetry are also seen. Image-guided
biopsy or vacuum-assisted biopsy is recommended.
A meta-analysis has shown that a 14-gauge core biopsy
halves the risk of missing a coexisting invasive cancer by
half (p = −0.006) [38]. Magnetic resonance imaging
(MRI) has an increasing role in assessing the extent of DCIS
[39]. MRI may detect occult multifocal or contralateral
disease.

13.5 Surgery

Some form of surgery whether microdochectomy, breast
conserving or mastectomy is recommended for all patients,
since a biopsy diagnosis of DCIS cannot exclude the pres-
ence of invasive cancer. For this reason, observation is not
an advised option. Many DCIS lesions are diagnosed on
mammography which prove to be microscopically more
extensive than the radiological appearance and cannot be
excised locally with clear margins. Approximately 35 % of
patients in the UK with DCIS undergo mastectomy and
72 % breast-conserving surgery [36]. For some patients,
prophylactic contralateral mastectomy is performed. Sentinel
node biopsy is not recommended unless the patient is at high
risk of invasive disease [40]. There is no role for axillary
dissection since the rates of axillary involvement are extre-
mely low [41]. The choice between mastectomy and
breast-conserving surgery is determined by the extent of
DCIS and preference of the patient. After wide local exci-
sion, the specimen is X-rayed to verify that all microcalci-
fications have been removed. However, many DCIS lesions
cannot be managed by breast-conserving surgery while
achieving satisfactory cosmesis. After mastectomy, imaging
of the specimen slices aids the pathologist in determining the
extent of the disease [37]. Patients with extensive DCIS may
be candidates for immediate breast reconstruction.

Surgical margins for DCIS remain a subject for debate.
They are an important prognostic factor for recurrence. The
adequacy of the margin relates to local control but is not
precisely assessed by margin status alone [42]. The NSABP
B-17 trial which showed that adjuvant whole breast irradi-
ation was effective in reducing local recurrence was criti-
cised for its lack of definition of an adequate margin. Around
a quarter of cases had positive or unknown margins. Practice
varies. Some clinicians are content with tumour at the inked
margins as long as all the microcalcifications have been
removed and the patients are treated by adjuvant radiother-
apy. In general, a margin of 2–3 mm is considered
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acceptable as long as postoperative RT is given [43] or
narrower (1–2 mm) [42] or at least 1 mm for circumferential
margins [37]. The pathologist has a key role in determining
the adequacy of the margin. If the margins are <1 mm, a
reexcision should be undertaken to clear the margins.

13.6 Adjuvant Radiotherapy

There are four randomised trials (Table 13.1) which have
assessed the role of postoperative whole breast irradiation
and breast-conserving surgery NSABP-B17 [9], EORTC
108 [44, 45, 53], UK/ANZ [46, 47] and SweDCIS [48]. All
these five trials show that adjuvant whole breast irradiation
significantly reduces the risk of local recurrence. The first
was the NSABP B-17 which randomised 818 patients to
wide excision alone or wide excision plus whole breast
irradiation. At a mean follow-up of 90 months, there was a
statistically significant reduction in local recurrence of DCIS
from 13.4 % with surgery alone compared to 8.2 % with
combined treatment (p = 0.007). For invasive disease, the
reduction was even greater from 13.4 to 3.9 % (p < 0.0001).
Benefit from radiation was seen in all patients and patho-
logical subgroups with the largest gain in patients with
necrosis [5]. There have been some criticisms of the NSABP
B-17 trial. These include lack of rigorous mammographic
and pathological quality assurance, variation between insti-
tutions in the definition of tumour-free margins and lack of
examination of pathological subtypes [49, 50].

In the EORTC 10853 trial, 1002 patients were ran-
domised to wide excision with or without whole breast
irradiation. In the initial report [44] with a median follow-up
of 4.25 years, the 4-year relapse-free survival was 84 % in
the group treated by wide excision and 91 % in the group
treated by wide excision plus radiation (p-0.005). There were
similar reductions of DCIS 35 % (p = 0.06) and invasive
disease 40 % (p = 0.04). In an update of the trial [45] at a
median follow-up of 10.5 years, radiotherapy reduced the
recurrence of DCIS and invasive recurrence by 48 %
(p = 0.001) and 42 %, respectively. The magnitude of ben-
efit from RT was slightly greater than in the original report
(HR at 4.25 years: 0.62 and at 10.5 years: 0.53). On multi-
variate analysis, factors associated with an increased risk of
local recurrence were young age (=/<40 years), symptomatic
presentation, intermediate- or high-grade disease, cribriform
or solid growth pattern, doubtful margins and treatment by
wide local excision alone. The effect of radiotherapy was
homogeneous across all the risk factors assessed. All the
subgroups examined had a risk of recurrence of more than
10 % when treated by wide excision alone with the excep-
tion of patients with a clinging or micropapillary architec-
ture. Well-differentiated DCIS had a lower risk of recurrent
DCIS but not of invasive cancer. The absolute benefit of
radiotherapy in low-grade DCIS was smaller than in inter-
mediate and high grade. Both the NSABP B-17 and the
EORTC 10853 trials showed a relatively high local recur-
rence rate at 10 years of 15 % after RT. Neither trial was a
boost to the site of the excision used. In invasive cancer, it
has been shown that a boost of 16 Gy in 8 fractions after

Table 13.1 Outcomes of treatment for DCIS with breast-conserving surgery and radiotherapy

Study Period No. of
patients

% of screen
detected

% of
negative
margins

Median
follow-up
(months)

Local
recurrence rate
(%)

% of local recurrences
being invasive

Bijker et al.
[45]
EORTC

1986–96 507 71 84 126 15 53

Cuzick et al.
[47]
UK/ANZ
DCIS

1990–98 267 >90 100 152 9 42

Holmberg
et al. [54]
SweDCIS

1987–99 526 79 80 101 12 59

Wapnir et al.
[10]
NSABP B-17
and B-24

1985–90 410 80 87 207 20 54

Solin et al.
[56]
J of Clin Onc

1998–2006 636 NS 100 85 0.9 42

Source Data from Boxer et al. [57]
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whole breast irradiation of 50 in 25 daily fractions to the site
of excision further reduced the risk of recurrence with a HR
of 0.59 [51]. At a median follow-up of 17.2 years, ipsilateral
breast tumour recurrence was 13 % in the ‘no boost’ group
versus 9 % in the ‘boost’ group, HR 0.65 (99 % CI 0.52–
0.81, p < 0.0001) [52]. The role of a breast boost in
‘non-low-risk’ DCIS is being investigated in the TransTas-
man Radiation Oncology Group BIG 3-07 boost trial. This is
a 2 × 2 phase III trial studying the role of a tumour bed boost
(16 Gy in 8 fractions). There are 4 arms: (1) whole breast RT
alone using shorter fractionation (42.6 Gy in 16 fractions);
(2) whole breast irradiation alone with standard fractionation
(50 Gy in 25 fractions); (3) whole breast irradiation with
shorter fractionation followed by tumour bed boost; and
(4) whole breast irradiation with standard fractionation fol-
lowed by tumour bed boost. The primary endpoint is local
recurrence. Its target accrual of 1600 patients internationally
has been reached. It is now in follow-up phase. A French
phase III trial, BONBIS, is currently recruiting evaluating
the role of a boost after conventional fractionation for DCIS
following breast-conserving surgery and whole breast irra-
diation. The primary endpoint is local recurrence. Target
accrual is 1950 patients.

There was no evidence that high-grade DCIS seemed to
progress more rapidly to invasive cancer than low-grade
DCIS. However, a higher number of women (n = 12) died
as a result of invasive cancer compared to 2 women with
well-grade DCIS and 3 with intermediate-grade DCIS. There
was no survival difference between irradiated and
non-irradiated groups. The death rate due to metastatic breast
cancer was 2 % in both groups and is similar to death rates
following mastectomy [4].

In the UK UK/ANZ boost trial [47], 1701 patients were
randomised to radiotherapy and tamoxifen, radiotherapy
alone or tamoxifen alone or to no further therapy after
breast-conserving surgery. Radiotherapy reduced the inci-
dence of ipsilateral recurrence of DCIS (p < 0.0001) and
invasive disease (p < 0.0001). Tamoxifen reduced all new
breast cancer events including contralateral breast cancer but
did not reduce ipsilateral invasive disease. The tamoxifen
effect appeared only to occur in patients who did not receive
radiotherapy. Nonetheless, only 523 of the patients treated
with radiotherapy were in the tamoxifen group. A test for
interaction between treatments was not significant. An effect
of tamoxifen in irradiated patients was, however, observed in
the NSABP B-24 trial [53]. The effect of radiotherapy was
slightly greater (HR 0.32) than in the original report of the
trial (HR 0.38) [46]. The impact of radiotherapy was the
same irrespective of whether patients received tamoxifen or
not.

In the Swedish DCIS trial [49], 1046 patients were ran-
domised after sector resection to radiotherapy or no further
adjuvant treatment. The primary endpoint was local

recurrence. Microscopic radical removal was not required. It
was at the discretion of the surgeon based on operative
findings, specimen radiography and pathology report whe-
ther a further excision was attempted or not. Microscopically
clear margins were not a prerequisite. Whole breast irradi-
ation (50 Gy in 25 fractions) or 54 Gy in two series with a
two-week gap was given without a boost to the tumour bed.
The 5-year cumulative incidence of local recurrence was
7 % in the RT group (95 % CI 5–10 %) and 22 % in the
non-irradiated group (95 % CI 18–26 %). There was no
evidence of a difference in the impact of radiotherapy on
DCIS and invasive recurrence. In a subsequent report of the
trial [54] at a median follow-up of 8.4 years, there was a
16 % risk reduction in ipsilateral breast events from RT at
10 years (95 % CI 10.3–21.6 %). Invasive recurrences
occurred in 59.4 % of the irradiated group and 45.4 % of the
control group. The impact of radiotherapy increased with
age. The cumulative incidence of recurrence in the RT group
was 20 % in the youngest group, falling to 8 % in women
aged 65 or older. The authors could not identify a low-risk
group among non-irradiated patients with less than 1 % local
recurrence risk per year.

The Oxford overview of trials of adjuvant radiotherapy in
DCIS brought together data on 3729 women [8]. The
absolute 10-year risk of recurrence was reduced by 15.2 %
(SE 1.6 %, 12.9 % vs. 28.1 %, 2P < 0.00001). The rate of
ipsilateral breast events is roughly halved into all four trials
studied (Fig. 13.1). Radiotherapy reduced local recurrence
irrespective of age, type of surgery (local or sector excision)
and whether tamoxifen was given or not. The proportional
effect of radiotherapy was higher in older women.

The authors noted that breast screening has become more
common since the periods of recruitment of the four trials
with the result that DCIS lesions are smaller. In addition,
there is a greater attention now in achieving clear margins.
There was no difference in the risk of death between irra-
diated and non-irradiated patients.

Is there a subgroup of patients from postoperative
radiotherapy can be safely omitted?

Given that DCIS carries virtually no mortality and there
are risks of acute and late toxicity from radiotherapy, iden-
tifying patients with DCIS at low enough for radiotherapy to
be omitted has been an important objective. In the
ECOG-ACRIN E5194 study [55], patients were enrolled
into two cohorts. In the first cohort, 1 561 women with grade
1 or 2 DCIS <2.5 cm treated by breast-conserving surgery
with margins =/>1 mm (or no residual disease on reexci-
sion). Cohort 2 is comprised of high-grade DCIS =/<1 cm
(104 patients). No tamoxifen was allowed. In the initial
report [55] at a median follow of 3.3 years, the number of
local recurrences reached the threshold defined by the study
stopping rules. The 5-year local recurrence rate was 12 %.
The study was stopped. In a recently published follow-up of
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the trial [56] at a median follow-up of 12.3 years, there had
been 99 ipsilateral breast events of which 51 (52 %) were
invasive. The ipsilateral breast rates were 14.4 % for cohort
1 and 24.6 % for cohort 2. The 12-year rates for an invasive
recurrence for the two cohorts were 7.5 and 13.4 %,
respectively. Over the 12-year period, the risks of invasive
recurrence increased without any plateau. The ipsilateral
breast event rate was 1.2 % for cohort 1 and 0.6 % for
invasive recurrence. As Boxer et al., (2013) point out in their
review [57], the median size of DCIS in the low- and
intermediate-grade groups in the E5194 study was 6 mm
while in the high-grade group it was 5 mm. They caution the
extrapolating the results to the general patient population
since the patients in E5194 were highly selected.

The Oxford overview [8] identified 291 women with
small (1–20 mm) with low nuclear grade and clear margins.
Their risk of local recurrence at 5 and 10 years after
breast-conserving surgery alone was 20.6 and 30.1 %,
respectively.

Results are awaited from the radiation therapy (RTOG)
9804 RCT comparing postoperative radiotherapy after
breast-conserving surgery to control in ‘low-risk’ DCIS.
Eligible patients were mammographically detected, <2.5 cm
in size with low- or intermediate-grade DCIS with clear
margins of at least 3 mm. Adjuvant tamoxifen was permis-
sible but not a prerequisite.

Overall there remains considerable uncertainty in identi-
fying a ‘true low’-risk group from whom postoperative
radiotherapy may be safely omitted. This uncertainty is
largely due to inconsistencies in prospective and observa-
tional studies in relation to the predictive value of
clinico-pathological risk factors [58].

13.7 Partial Breast Irradiation

There is no established role for partial breast irradiation in
DCIS and very limited level 1 evidence. A non-randomised
prospective study of partial breast irradiation using high dose
rate brachytherapy (34 Gy over 5 days) by Mammosite
balloon catheter [59] in 41 patients treated by
breast-conserving surgery showed a worryingly high local
recurrence rate of 9.8 % at a median follow-up of 5.3 years.
A recently published multicentre phase III non-inferiority
trial [60] from the GEC-ESTRO compared postoperative
whole breast irradiation versus multicatheter brachytherapy
after breast-conserving surgery in 1134 patients with
low-risk invasive and ductal carcinoma. Adjuvant acceler-
ated partial breast irradiation (ABPI) was shown to be
non-inferior to whole breast irradiation. However. only 36
(6 %) of patients with DCIS were enrolled in the ABPI arm
and 24 (4 %) in the whole breast arm. The numbers of
patients with DCIS are too small to draw any firm conclu-
sions on the safety of ABPI in this setting. Partial breast
irradiation in DCIS should be regarded as investigational.

13.8 Adjuvant Hormonal Therapy

In contrast to postoperative whole breast irradiation, the role
of adjuvant tamoxifen is less well established in DCIS. No
survival advantage has been shown for adjuvant tamoxifen
in this setting so its use is optional but not mandatory [7].
Most DCIS lesions are ER positive. In the NSABP B-24
trial, ER positivity was observed in 72 % of cases in a subset
analysis [61].

Fig. 13.1 Overview of the randomised trials of radiotherapy in ductal carcinoma in situ of the breast. (Reprinted from Abe et al. [64], with the
permission of Oxford University Press)
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In the NSABP B24 trial, adjuvant tamoxifen (20 mg)
after breast-conserving surgery and postoperative whole
breast irradiation resulted in a 37 % reduction in all breast
events, although ER status was unknown at median
follow-up of 6.2 years. In a retrospective subset analysis of
the 40 % of patients with tissue available for assessment of
ER status, and long-term follow-up of 14.5 years, tamoxifen
reduced the risk of breast cancer events (ipsilateral DCIS and
invasive recurrence and contralateral disease from 31 to
20.5 % (HR 0.38, p = 0.0015)). ER negative patients
derived no benefit from tamoxifen. These findings were
consistent with the results of the UK/ANZ DCIS trial [47] as
discussed earlier. A meta-analysis of both trials [62] showed
no reduction in mortality from tamoxifen +/− radiotherapy.
Tamoxifen reduced all breast cancer events by 33 % (ab-
solute reduction 5 %). The principal benefit of tamoxifen
was in reducing contralateral non-invasive disease (RR 0.41,
95 % CI 0.20–0.82). Contralateral invasive disease was not
reduced. Tamoxifen reduced invasive recurrence by 1 % but
had no impact on recurrent DCIS. Both trials are based on
5 years of adjuvant tamoxifen. Consideration also has to be
given to the risks of thrombo-embolism of tamoxifen, par-
ticularly in women over the age of 50. Whether there is an
advantage of longer term tamoxifen (which has been shown
in invasive cancer [63]) is uncertain.
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14Surgical Considerations in the Management
of Primary Invasive Breast Cancer

Carissia Calvo and Ismail Jatoi

14.1 Introduction

Surgical considerations and standards of care in the man-
agement of breast cancer have transformed since the early
nineteenth century as advances in the knowledge and treat-
ment of breast cancer have emerged. Although significant
progress has been made in the modern treatment of primary
breast cancer owing to the integration of breast-conserving
surgery, radiation, and systemic treatments, surgery remains
a principal cornerstone in overall breast cancer management.
The primary aim of this chapter was to highlight the his-
torical background, modern recommendations, and contin-
uing developments in the surgical treatment of primary
breast cancer.

14.2 Historical Background

In the nineteenth century, German pathologist Rudolf
Virchow (Fig. 14.1) studied the morbid anatomy of breast
cancer. He undertook a series of postmortem dissections and
postulated that breast cancer spreads along fascial planes and
lymphatic channels [1]. Little importance was given to the
hematogenous spread of cancer. Virchow’s hypothesis
influenced the work of the American surgeon, William
Halsted (Fig. 14.2). In the late nineteenth century, Halsted
described radical mastectomy (MT), which is performed for
the treatment of breast cancer [2]. This operation removed
the breast, the underlying pectoralis muscles, and the ipsi-
lateral axillary lymph nodes. Thus, in keeping with the
postulates of Virchow’ s hypothesis, the lymphatic channels

connecting the breast and axillary lymph nodes were
extirpated en bloc. Halsted argued that resection of a
node-negative breast cancer was curative, believing that such
tumors were extirpated before they spread through the
lymphatics. Halsted also maintained that the extent of both
the MT and axillary dissection were important determinants
of outcome. Therefore, breast cancer recurrence and distant
metastases were often attributed to inadequate surgery.

By the early twentieth century, the radical MT had
become widely accepted as the standard treatment for breast
cancer. The risk of local recurrence was far less with the
radical MT than with other contemporary procedures. The
radical MT was also credited with improving survival from
breast cancer during the early years of the twentieth century
[3]. This improvement in survival was probably largely
attributable to the effect of lead time bias, rather than to any
advancement in surgical technique. Indeed, by the turn of the
century, patients were seeking medical attention sooner
(with smaller tumors).

One important observation was inconsistent with the
Halsted paradigm. About 30 % of node-negative breast
cancer patients die of metastatic disease within 10 years after
surgery [4]. This finding suggested that the lymphatics are
not the only source for the distant spread of cancer. Yet,
most surgeons in the early twentieth century were not willing
to discard the Halstedian concept that the distant spread of
breast cancer occurs solely through the lymphatics. Some
proposed that metastatic spread through the internal mam-
mary and supraclavicular lymph node chains might account
for distant relapse in women whose axilla were free of nodal
involvement [5, 6]. Extirpation of these additional nodal
chains failed to improve outcome however, and these more
extensive lymphadenectomies were soon abandoned [7, 8].

The radical MT remained the cornerstone for the treat-
ment of breast cancer for about the first three quarters of the
twentieth century. Thereafter, the operation lost favor. By
the latter half of the twentieth century, many surgeons
regarded the radical MT as too debilitating, and several
centers reported good outcome with less extensive surgery
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[9, 10]. These lesser procedures included the modified rad-
ical MT (which spares the pectoralis muscles) and simple
excision of the primary breast tumor. The trend toward less
radical surgery was attributable to two important factors
[11]. Firstly, surgeons during the latter half of the twentieth
century were seeing patients with smaller tumors, and these
were often amenable to local excision. Secondly, there were
improvements in radiotherapy (RT) techniques, enabling

tumoricidal doses to be delivered effectively without sig-
nificant damage to surrounding tissues. Thus, many surgeons
developed an interest in breast-conserving surgery (BCS),
undertaken in conjunction with breast RT.

Skepticism concerning the merits of the Halsted radical
MT surfaced in 1962, when Bloom et al. reported about the
survival of 250 patients with primary breast cancer who
received no treatment [12]. These patients were diagnosed
clinically between the years 1805 and 1933 at the Middlesex
Hospital in London, England, and the tissue diagnosis was
established at autopsy. The survival rate of these untreated
patients was almost identical to Halsted’s patients who were
treated with the radical MT. This seemed to suggest that
surgery contributes little to reducing the risk of death from
breast cancer but the impact of surgery 100 years ago might
have been quite different from what it is today. Patients in
the late nineteenth century generally presented with cancers
at an advanced stage. In many instances, distant metastases
were perhaps already present, and therefore, surgery might
have had little impact on the natural history of the disease. In
contrast, patients seen today generally present with early
disease. Thus, in the absence of metastases, local therapy
alone could cure some patients.

During the last 25 years, the tenets of the Halsted para-
digm were put to test in several large, randomized
prospective trials. These trials examined the effect of various
surgical options in the treatment of breast cancer. None of
these trials compared surgical treatment with any treatment,
and so the true effect of surgery on breast cancer mortality
was never established. The results of these trials suggested,
however, that breast-conserving therapy (BCT) (partial
removal of the breast in conjunction with RT) was a viable
option for most women with breast cancer.

The National Surgical Adjuvant Breast Project-04
(NSABP-04) and King’s/Cambridge trials randomized
patients with clinically node-negative breast cancer to either
early or delayed treatment of the axilla [13, 14]. In the
NSABP-04 trial, 1665 clinically node-negative women
received either no initial treatment to the axilla or initial
treatment with either axillary lymph node dissection (ALND)
or RT [13]. About 18 % of patients who received no initial
axillary treatment developed axillary adenopathy and sub-
sequently were treated with ALND. Yet, there was no sig-
nificant difference in breast cancer mortality between patients
in the three arms of the trial. In the King’s/Cambridge trial,
2243 women with clinically node-negative breast cancer
were randomly assigned to either total MT and immediate RT
to the axilla or total MT and careful observation of the axilla
[14]. In the group assigned to observation, RT was delayed
until there was progression or recurrence of the disease in the
axilla. No significant difference in breast cancer mortality
was found between the two groups, however. The
NSABP-04 and King’s/Cambridge trials indicated that the

Fig. 14.1 Dr. Rudolph Virchow (courtesy of the national library of
medicine archives)

Fig. 14.2 Dr. William Halsted (courtesy of the national library of
medicine archives)
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delayed treatment of the axilla does not adversely affect
breast cancer mortality. This finding suggests that the axillary
lymph nodes are not a nidus for the further spread of cancer, a
finding that is inconsistent with the Halsted hypothesis.

Halsted also proposed that breast cancer is a locally
progressive disease. He argued that metastases occurred by
the contiguous and centrifugal spread of cancer from the
primary tumor in the breast. If this were true, then the extent
of the MT should influence survival. During the last
30 years, this hypothesis was tested in six large, randomized
prospective trials. These were the Milan I, Institute of
Gustave-Roussy (GR), NSABP-06, US National Cancer
Institute, European Organization for the Research and
Treatment of Cancer (EORTC), and Danish Group trials
[15–20] (Fig. 14.3a, b). These trials compared either the
radical MT or the modified radical MT with less extensive
procedures (variously labeled as segmentectomy, lumpec-
tomy, tylectomy, quadrantectomy, or wide local excision),
undertaken in conjunction with an ALND. All these trials
showed that the extent of the MT has no impact on breast
cancer mortality.

The NSABP-06 was the largest of these six trials [17].
There were 1843 patients randomized to one of three groups:
total MT and axillary dissection (modified radical MT),
lumpectomy and axillary dissection, or lumpectomy and
axillary dissection followed by breast RT. The NSABP-06
found no difference in survival between patients in the three
arms of the study; however, the incidence of local breast
tumor recurrence in the lumpectomy plus breast radiation
group was significantly lower than in the lumpectomy group
who received no radiation. Thus, RT is generally used today
in conjunction with BCS in the treatment of primary breast
cancer.

14.3 Local Recurrences

Local recurrences following total MT may occur on the chest
wall; the skin overlying the chest wall; or the axillary,
internal mammary, supraclavicular, and infraclavicular
lymph nodes [21]. However, women treated with BCS are
also at risk for recurrences in the ipsilateral breast [22].
Thus, breast cancer patients treated with BCS have, overall,
a greater risk of local recurrence than those treated with total
MT. For many years, Fisher argued that ipsilateral breast
tumor recurrences following BCS are indicators of distant
disease that is already present [23]. He argued that such
recurrences were markers for poor prognosis but not the
cause of the poor prognosis. Studies have shown that, fol-
lowing BCS, women who develop ipsilateral breast tumor
recurrences have greater than a threefold increased risk of
developing distant metastases when compared to those who
do not develop such recurrences [24]. Also, patients who
develop recurrences in the ipsilateral breast within 3–5 years
following BCS seem to have a worse prognosis than those
who develop such recurrences later [25].

Radiation therapy can reduce the risk of ipsilateral breast
tumor recurrences. In the NSABP-06 study, the risk of
ipsilateral breast tumor recurrences was about 40 % fol-
lowing lumpectomy and about 10 % following lumpectomy
and RT [17]. For patients treated with total MT, the risk of
ipsilateral breast tumor recurrences was essentially nil.
Ipsilateral breast tumor recurrences are generally treated with
salvage MT (total MT), and the 10-year actuarial survival for
these patients is about 58 % [21]. In contrast, local recur-
rences in the chest wall, ipsilateral axilla, or supraclavicular
and infraclavicular fossa carry a worse prognosis. More than
90 % of these patients will develop distant metastases, and

Fig. 14.3 Petograms showing locoregional recurrence (a) and mor-
tality (b) results with odds ratios and confidence intervals for the six
randomized trials comparing breast-conserving therapy (BCT) and

mastectomy (MT) for early breast cancer. Reprinted with the permis-
sion from Jatoi and Proschan [28]
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most will die of their disease within 10 years after recurrence
[26].

What factors influence the risk of ipsilateral breast tumor
recurrence following BCS? Several investigators have
addressed this question. Borger et al. studied 1026 patients
treated at the Netherlands Cancer Institute with BCS and RT
[27]. Univariate analysis showed that seven factors were
associated with an increased risk of ipsilateral breast tumor
recurrence: age, residual tumor at re-excision, histologic
tumor type, presence of any components of carcinoma in situ
component, vascular invasion, microscopic margin
involvement, and whole-breast radiation dose. Only two
factors remained independently significant after proportional
hazard regression analysis: age and the presence of vascular
invasion. Thus, ipsilateral breast tumor recurrence rates were
6 % for patients less than 40 years of age and 8 % for
patients with tumors showing vascular invasion at 5 years.
In the absence of these factors, the risk of ipsilateral breast
tumor recurrence after BCS was only about 1 % at 5 years.

An overview of the six major randomized trials com-
paring MT versus BCT (BCS + RT) confirmed that there
was a substantial increase in the risk of locoregional recur-
rence associated with BCT, pooled odds ratio 1.561, 95 %
CI, 1.289–1.890; p < 0.001 [28] (Fig. 14.3a). Yet, in this
analysis, there was no significant difference in mortality
between the two groups, odds ratio 1.070, 95 % CI, 0.935–
1.224; p > 0.33 (Fig. 14.3b). However, this meta-analysis
may have lacked the statistical power to discern a small but
significant effect of local recurrence on breast cancer mor-
tality. Alternatively, competing causes of mortality (heart
disease, stroke, etc.) may have obscured a potentially small
effect of local recurrence on mortality in this meta-analysis.
It should be noted that, in these trials, women were followed
closely, and those who developed ipsilateral breast tumor
recurrences following BCT were immediately treated with
MT (salvage MT).

In recent years, there has been mounting evidence to
indicate that local recurrences are indeed associated with an
increase in breast cancer mortality. A pooled analysis of 15
trials comparing RT versus no RT after BCS showed that the
omission of RT was associated with a threefold increase in
ipsilateral breast tumor recurrences and a small (8.6 %) but
statistically significant increase in mortality [29]. Also, the
Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG) reported the results of a collaborative
meta-analysis of randomized trials of RT and various types
of surgery for early breast cancer [30]. Comparisons were
made between RT versus no RT, more surgery versus less
surgery (with or without RT), and more surgery without RT
versus less surgery with RT, etc. These investigators found
that the avoidance of local recurrence, either in the con-
served breast or elsewhere (chest wall, regional lymph
nodes, etc.), was important in reducing breast cancer

mortality. Over a 15-year period, one breast cancer death
could be prevented for every four local recurrences avoided.

Turner et al. reported that women who carry a BRCA
mutation (BRCA1 or BRCA2) are more likely to develop
ipsilateral breast tumor recurrences following BCS and RT
[31]. However, the median time to ipsilateral breast tumor
recurrence was 7.8 years for patients with BRCA1 or BRCA2
mutations, compared with 4.7 years for patients without such
mutations. The longer time to recurrence in the carriers of
these mutations suggests that these were second de novo
primary tumors. The BRCA genes play an important role in
DNA repair, and some studies seem to suggest that persons
who carry mutations in these genes are extremely sensitive to
the effects of RT [32]. Thus, one might speculate that RT
administered following BCS may play a role in the devel-
opment of de novo ipsilateral breast cancers in the carriers of
BRCA mutations. Pierce and colleagues followed 160 BRCA
carriers and 445 matched controls who underwent BCS fol-
lowing a diagnosis of breast cancer. These authors reported
that mutation carriers who had not undergone oophorectomy
were at increased risk for ipsilateral breast tumor recurrences,
while those who had undergone oophorectomy were not [33].
Yet, BRCA mutation carriers also face a high risk of devel-
oping breast cancer in the contralateral breast, and many are
now opting for contralateral prophylactic MT at the time of
initial breast cancer diagnosis. A recent study found that
BRCA mutation carriers in North America were more willing
to accept contralateral prophylactic mastectomy following a
breast cancer diagnosis than were their counterparts in Eur-
ope [34]. Large variations in the acceptance of contralateral
prophylactic MT were reported, ranging from 0 % in Norway
to 49.3 % in the USA.

14.4 Surgical Options

Today, a patient with primary breast cancer might consider
three surgical options: modified radical MT, modified radical
MT with contralateral prophylactic MT or BCS (Table 14.1).
A modified radical MT refers to the removal of the breast and
the ipsilateral lymph nodes (the sentinel lymph node is first
removed, and if metastatic cancer is evident, then the patient
generally undergoes an ALND). If the patient chooses this
option, she can often avoid RT (although post-mastectomy
RT is recommended for patients with large tumors (>5 cm)
and/or extensive lymph node involvement [35]). Patients
treated with the modified radical MT should generally be
offered breast reconstructive surgery, which is discussed
later. Also, some women with unilateral breast cancer might
opt for a modified radical MT and a contralateral prophylactic
MT (i.e., bilateral MT), particularly if they carry the BRCA 1
or BRCA 2 gene mutations or have anxiety over the possi-
bility of developing a new cancer in the opposite breast.
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Finally, a patient with unilateral breast cancer may choose to
undergo a breast-conserving procedure along with removal of
axillary lymph nodes. This is often the preferred option
because it results in the best cosmetic and tactile outcome. If a
patient elects this option, she will generally require RT to
reduce the risk of ipsilateral breast tumor recurrence. How-
ever, lumpectomy plus adjuvant endocrine therapy alone
(without RT) might be a suitable option for women 70 years
of age or older with early estrogen-receptor-positive breast
cancer [36].

Various terms are used to describe breast-conserving
procedures, including segmental MT, lumpectomy, tylec-
tomy, wide local excision, and quadrantectomy. Essentially,
these terms refer to the extirpation of the breast tumor with
various margins of normal breast tissue. The terms seg-
mental MT and lumpectomy are used interchangeably. These
terms refer to the resection of the breast tumor with enough
surrounding normal tissue to result in microscopically
tumor-free surgical margins. By definition, tumor cells may
approach to within one cell’s breadth of the surgical margin.
The term extended tylectomy was used at the Guy’s Hospital
in London to describe resection of the breast tumor plus
surrounding breast tissue within 3 cm of the tumor mass
[37]. The microscopic status of the surgical margins was not
defined. In the quadrantectomy, described by Veronesi et al.
at the Tumor Institute of Milan, Italy, the entire quadrant of
the breast containing the tumor is removed [15]. In the six
randomized trials comparing BCT and MT, there was con-
siderable heterogeneity with respect to the risk of ipsilateral
breast tumor recurrence, and this was most likely attributable
to variations in surgical procedures [28]. For example, in the
Milan trial, patients treated with BCT underwent quadran-
tectomy (excision of the tumor with 2–3-cm margin of
normal tissue around it), whereas in the Danish and US
National Cancer Institute trials, a simple excision of the
tumor (with no gross involvement of the margins) was
performed.

After any breast-conserving procedure, RT is generally
administered to eliminate occult tumor foci remaining in the
ipsilateral breast. RT to the breast can be initiated 10–
14 days after surgery. If chemotherapy is also planned, RT is
postponed until one or more doses of chemotherapy are
administered. RT is discussed in a separate chapter in this
book.

Most patients with primary breast cancer are suitable
candidates for BCS, but there are a few contraindications
[31] (Table 14.2). These are only relative contraindications
however, and each patient’s circumstances should be
examined closely [38]. For example, pregnant patients are
generally advised not to undergo BCS because RT carries
substantial risk to the fetus. Yet, it is important to remember
that several months of chemotherapy are generally given
before RT. Thus, if RT is to be administered after delivery,
BCS is an acceptable option. Patients who have had previous
RT to the breasts are also often advised not to undergo BCS.
However, radiation oncologists may wish to consider the
previous dose of radiation administered, and some of these
patients might be successfully treated with BCS and RT.
Additionally, certain coexisting medical problems, such as
collagen vascular diseases, may adversely affect the cos-
metic results after RT and thereby increase the risk of
complications. Collagen vascular disease is an issue only
when there is active disease.

Patients with large tumors often are advised to undergo a
modified radical MT rather than a breast-conserving proce-
dure [39]. The appropriate tumor size for BCS is poorly
defined, however. The various clinical trials used different
criteria to recruit patients for BCS. In the Milan trial, BCS
was an option only for patients with tumors smaller than
2.5 cm, and those patients underwent excision of the entire
quadrant of the breast (quadrantectomy) containing the
tumor [15]. In the NSABP-06 trial, patients with tumors
smaller than 4 cm were eligible for BCS (lumpectomy),
whereas the subsequent NSABP trials accepted patients with

Table 14.1 Surgical options for
primary invasive breast cancer

Modified radical MT Resection of entire breast

Sentinel lymph node biopsy (SLNB)/axillary
dissection

Breast reconstruction

Radiotherapy (RT) sometimes required

Modified radical MT and contralateral prophylactic
MT

Resection of both breasts

SLNB/axillary dissection on side containing the
cancer

Bilateral breast reconstruction

RT sometimes required

Breast-conserving surgery Resection of tumor and margin of normal tissue

SLNB/axillary dissection

RT generally required
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tumors as large as 5 cm [17]. An important consideration is
the size of the tumor in relation to the size of the breast.
Today, in some centers, preoperative chemotherapy is used
to decrease the size of large tumors, making BCS feasible for
more women [40]. Thus, a patient with a large tumor and a
small breast might be a suitable candidate for BCS if she is
prepared to receive preoperative chemotherapy.

Some surgeons argue that BCS should be contraindicated
if the tumor is close to or involves the nipple–areola com-
plex. Yet, the nipple–areola complex can be easily excised
along with the tumor. Although sacrifice of the nipple–areola
complex may result in a cosmetic deformity, many women
prefer this to losing the entire breast. Thus, the patient’s
wishes should be considered.

A patient with multicentric cancer (involving more than
one quadrant of the breast) is generally not a suitable can-
didate for BCS. Careful physical examination of the breasts
and a preoperative mammogram are helpful in determining
the presence of multicentric disease. A patient with a sus-
picious breast mass should have a mammogram prior to any
diagnostic biopsy. Mammograms obtained immediately after
a breast biopsy are often difficult to interpret due to
post-biopsy changes. Thus, if cancer is confirmed with a
biopsy, a post-biopsy mammogram might make it difficult to
determine whether a patient is a suitable candidate for a
breast-conserving operation.

In recent years, breast magnetic resonance imaging
(MRI) has been widely utilized in women with newly
diagnosed breast cancers to help determine eligibility for
BCT. MRI will occasionally identify additional cancer foci
in either the ipsilateral or contralateral breast that are not
evident on either clinical examination or mammography
[41]. On the basis of MRI findings, MT (and even bilateral
MT) might be recommended for patients who otherwise
might have been considered suitable candidates for BCT.
The use of breast MRI in the initial evaluation of women
with primary breast cancer has therefore generated consid-
erable controversy. Many investigators argue that the addi-
tional cancer foci detected on MRI might be adequately
treated with RT and systemic therapy, and that the use of
breast MRI needlessly increases MT rates. A retrospective
study from the University of Pennsylvania compared women
with early-stage breast cancer who underwent preoperative
evaluation with or without breast MRI [42]. In this study, all

women underwent BCT, but in some cases the eligibility for
BCT was determined by MRI and conventional mammog-
raphy, while in others it was determined by conventional
mammography alone. The authors found that breast MRI at
the time of initial diagnosis was not associated with
improvements in outcome.

BCS is a more complex treatment than the modified
radical MT. The procedure generally requires two separate
incisions, one to remove the primary breast tumor and the
other to remove the axillary lymph nodes. In addition,
patients treated with BCS require postoperative RT. Nat-
tinger et al. analyzed the US National Surveillance, Epi-
demiology, and End-Results Tumor Registry and found that,
with the increased use of BCS, a greater number of patients
were receiving inappropriate surgical treatment for primary
breast cancer [43]. Appropriate surgical therapy was defined
as either total MT with ALND (modified radical MT) or
BCS with ALND and RT. During the period from 1983
through 1995, the proportion of women undergoing an
inappropriate form of modified radical MT remained stable
at 2.7 %. During this period, however, the proportion
receiving an inappropriate form of BCS (omission of RT or
ALND or both) increased from 10 % in 1989 to 19 % at the
end of 1995.

Since publication of the results of the NSABP-06 trial,
there has been a gradual increase in the use of BCS in the
USA. There has also been considerable geographic variation
in the acceptance of this procedure, however. Several years
ago, Nattinger et al. reported that the frequency of BCS in
the various states ranged from 3.5 to 21.2 % [44]. The
highest frequency was reported in the mid-Atlantic (20 %)
and New England states (17 %), and the lowest in the
eastern (5.9 %) and western South-Central states (73 %).
A similar geographic variation in the use of BCS was
reported in an analysis of patients treated within the US
Department of Defense (DoD) Healthcare System [45]. In
the DoD system, physicians rotate through various hospitals
in the USA and abroad. Yet, geographic variation in the use
of BCS persists. Thus, patient preferences in various parts of
the USA might differ, resulting in variation in the acceptance
of one procedure over another.

In the USA, the use of unilateral MT for women with
primary breast cancer declined from about 76.5 % in 1988 to
38 % in 2004, while use of BCS dramatically increased

Table 14.2 Factors that may
influence surgical option for
primary breast cancer
(breast-conserving surgery
(BCS) vs. MT)

Patient preference Multi-centricity

Pregnancy Mutation carriers

Previous RT

Active collagen vascular disease

Tumor size in relation to breast size

Multicentric disease
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during this same period [46]. But this study also found that
radiation is frequently omitted after BCS, particularly among
racial/ethnic minorities and younger and older women.
Paradoxically, in the USA, the use of bilateral mastectomies
for early-stage unilateral breast cancer has more than dou-
bled between the years 1998 and 2004 [47].

By 1990, 18 states had passed legislation requiring
physicians to disclose options for the treatment of breast
cancer. Nattinger et al. studied the effect of this legislation
on the use of BCS [48]. They found that such legislation has
only a small, transient effect on the rate of use of BCS.
Dolan et al. reported that medically indigent women treated
in public hospitals are less likely to receive BCS when
compared with more affluent patients treated in private
hospitals [49]. A recent study suggests that when fully
informed of the two available options for the treatment of
primary breast cancer (BCS or MT), many women will
choose MT [50]. Women may choose MT for peace of mind
or to avoid RT. Thus, several complex factors, and not
insurance coverage alone, appear to be influencing trends in
the surgical treatment of primary breast cancer.

14.4.1 Contralateral Prophylactic Mastectomy

Contralateral prophylactic mastectomy (CPM) refers to the
surgical removal of the opposite, uninvolved breast in women
diagnosed with unilateral breast cancer. A surprising trend
toward the increased utilization of CPM began in the USA in
the late 1990s (first reported in 2007) and is dramatically
increasing worldwide. This trend is paradoxical as it exists in
spite of an overall decrease in the risk of contralateral breast
cancer development, which can be attributed to the wide-
spread use of adjuvant systemic therapy for early-stage breast
cancer. Thus, in recent years, the surgical treatment of breast
cancer in the USA seems to be polarizing, with more and
more women opting for either BCS or more aggressive sur-
gery (bilateral MT), while use of unilateral MT diminishes.

There are several factors that may be attributed to the
increased utilization of CPM. Firstly, there has been wider
use of genetic testing for mutations such as BRCA1/BRCA2
that greatly increases the risk for contralateral breast cancer
[51]. CPM is often recommended for women who harbor
these mutations given the three- to fourfold increased risk for
contralateral breast cancer development compared to the
average risk patient. Secondly, wider use of preoperative
breast MRI has improved the sensitivity of detection of
potentially suspicious lesions in the contralateral breast and
may thus prompt the decision toward CPM [52]. Recent
evidence has supported that women who obtain a preoper-
ative breast MRI are twice as likely to opt for CPM [53].
Additionally, increased use of CPM may be partially attri-
butable to improvements in breast reconstruction techniques

with some women opting for bilateral mastectomy with
reconstruction over unilateral mastectomy with reconstruc-
tion on the premise of achieving better cosmetic symmetry
[54]. Lastly, overestimation of the risk of development of
contralateral breast cancer by patients themselves may
potentially contribute to the recent trend toward CPM,
despite the overall decreased rate of contralateral breast
cancer development since the implementation of adjuvant
systemic therapy (annual risk 0.1 % per year).

The impact of CPM on breast cancer mortality has never
been studied in a randomized prospective trial. However, a
large number of observational studies have suggested that
CPM is associated with reductions in breast cancer specific
and all-cause mortality (e.g., death from any cause) in women
who are at an increased risk for developing contralateral breast
cancer (BRCA1/BRCA2 mutation carriers as well as
ER-negative tumors) as well as those with an average risk for
the development of contralateral breast cancer (annual risk
0.1 % per year). It is important to note that datasets which
form the basis for observational studies often omit important
covariates, such as overall health and socioeconomic
status/backgrounds, and these studies can therefore produce
biased estimates of treatment effects. Close examination of the
association between CPM and noncancer mortality, utilizing
the 1998-2010 Surveillance, Epidemiology, and End-Results
(SEER) dataset [55], confirmed that an association between
CPM and reductions in breast cancer specific and all-cause
mortality exists but, more importantly, demonstrated an
even-stronger association between CPM and reduced non-
cancer mortality (e.g., death from a cause other than cancer)
[56]. The overall stronger association between CPM and
noncancer mortality is suggestive of the presence of selection
bias in that unmeasured confounders may have contributed to
the previously identified associations between CPM and
lower breast cancer specific as well as all-cause mortality.
Potential confounders that may influence preferential selec-
tion for CPM include generally healthier women (better able
to tolerate a longer surgical procedure) or women from higher
socioeconomic backgrounds.

Thus, the increased utilization of CPM (bilateral mas-
tectomy for the treatment of unilateral breast cancer) is dif-
ficult to justify in most cases. CPM might be justifiable in
women who harbor mutations (such as the BRCA 1 or
BRCA 2) or in women who have previously received mantle
radiation, where risk of developing contralateral breast
cancer is high, but otherwise CPM should generally be
discouraged.

14.4.2 Breast Reconstructive Surgery

For some patients with primary breast cancer, BCS is not a
suitable option. As mentioned previously, for some pregnant

14 Surgical Considerations in the Management of Primary Invasive … 235



patients, those with large or multicentric cancers, patients
who have been previously treated with RT to the breast, and
those with active collagen vascular disease, BCS might not be
suitable. These patients are often advised to undergo modified
radical MT (total breast removal and ALND). Most of these
patients are good candidates for breast reconstructive surgery,
which may be performed either at the time of surgery for
primary breast cancer (immediate reconstruction) or later
(delayed reconstruction). For several years, there were con-
cerns that immediate reconstructive surgery might mask
locoregional recurrences and thereby contribute to a worse
outcome [57]. Thus, many investigators recommended
delayed reconstruction; however, studies suggest that imme-
diate reconstruction does not adversely affect outcome [58,
59]. Furthermore, immediate reconstruction allows two pro-
cedures (the cancer operation and reconstruction) to be per-
formed with the use of one anesthetic and might even be
associated with less psychosocial morbidity [60].

Several options are available for breast reconstruction,
including the placement of implants or the creation of
latissimus dorsi myocutaneous, transverse rectus abdominis
myocutaneous (TRAM) and free flaps. Additionally, the
deep inferior epigastric artery perforator (DIEP) flap has
been gaining popularity in recent years [61]. A detailed
review of breast reconstruction is found in a separate chapter
in this text and in surgical atlases [62].

Reconstruction with breast implants is used widely [63].
Several methods are now available, including permanent
implants, permanent expandable implants, and serial
expansion of tissue with an expandable implant followed by
implant exchange. Tissue expanders are placed beneath the
pectoral muscles and then gradually inflated over several
weeks by injecting saline through a subcutaneous port. Once
a skin mound is produced that is slightly larger than
required, a permanent implant is inserted. Tissue expanders
are feasible only for women with small- or medium-sized
breasts who have not had prior skin radiation. Both silicone
gel and saline implants have been used. There have been
concerns that silicone gel implants may result in an increased
risk of connective tissue disorders. Indeed, this concern has
resulted in considerable litigation and debate [64]. Several
studies, however, failed to demonstrate any association
between silicone implants and connective tissue disorders
[65, 66].

A breast mound can be refashioned using a myocuta-
neous flap, where skin and muscle from one anatomic region
are transferred to the chest wall, with the vascular pedicle
remaining attached. The latissimus dorsi myocutaneous flap
is quite popular and is suitable for patients with large breasts
or who have been previously treated with RT [67]. Thus, it is
often used in women who have had RT as part of BCS and
who subsequently develop a recurrence requiring salvage

MT. Unfortunately, it does not contain sufficient tissue bulk,
and so an implant is generally required beneath the flap.

The TRAM has a greater risk of potential complications
than does the latissimus dorsi flap [62]. It has several
advantages as well however, and is now the most commonly
used flap in the USA. The TRAM flap provides sufficient
bulk of tissue so that an implant beneath the flap is not
necessary. The TRAM flap is useful for patients with a
moderate or excessive amount of lower abdominal fat who
require additional soft tissue on the chest wall. Thus, it not
only provides sufficient tissue for breast reconstruction, but
also results in an abdominoplasty.

Finally, a breast mound can be refashioned using free
flaps; the free TRAM flap is the most popular [68]. In a free
flap, the skin and underlying muscle are detached from their
vascular pedicle, and microvascular techniques are used to
reestablish the blood supply once the flap is placed on the
chest wall. The free TRAM flap has several advantages over
the standard TRAM flap. Less rectus abdominis muscle is
required, and the medial contour of the breast generally
looks better because a tunnel for the vascular pedicle is not
required. Surgeons must have special expertise in perform-
ing microvascular procedures.

Among women treated with MT, less than 20 % will
undergo breast reconstruction [69]. In 1999, the Women’s
Health and Cancer Rights Act (WHCRA) was implemented,
mandating insurance coverage for breast reconstruction after
MT, and additional legislation was passed in 2001, imposing
penalties on noncompliant insurers [70]. However, this
legislation has not significantly increased the overall use of
breast reconstruction in the USA or reduced variations
across geographic regions and patient subgroups.

14.5 Management of the Axilla

Since the late nineteenth century, breast cancer surgery has
been closely linked to surgery of the axilla. Today, axillary
surgery remains an integral part of BCS and the modified
radical MT. Nonetheless, surgical management of the axilla
is a topic of intense controversy. Axillary lymph node
metastases are no longer considered a prerequisite for distant
metastases. Thus, the impact of axillary surgery on survival,
local control, and staging is frequently debated.

ALND refers to the extirpation of lymph nodes in the
axilla. The lymph nodes in the axilla are divided into three
compartments based on their anatomic relationship to the
pectoralis minor muscle [71]. Lymph nodes lateral to the
pectoralis minor muscle are classified as level I nodes, those
posterior to its lateral and medial borders are classified as
level II nodes, and those medial to the muscle are classified
as level III nodes. A complete ALND refers to the
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extirpation of lymph nodes from all three compartments. In
contrast, a partial ALND refers to the extirpation of lymph
nodes only from levels I and II, and axillary sampling
indicates only resection of the level I nodes.

Metastases to the axillary lymph nodes generally occur in
an orderly fashion. Thus, lymph nodes in level I are gener-
ally involved first, followed by involvement of nodes in
level II and then level III. Skip metastases indicate the
involvement of lymph nodes at level II or level III but not
level I; these occur rarely. Veronesi et al. studied the dis-
tribution of nodal metastases in 539 patients who underwent
complete ALND [72]. Level I nodes were involved in 58 %
of patients, levels I and II in 22 %, and all three levels in
16 %. In their series, skip metastases were present in only
4 % of cases. Today, most authorities recommend extirpa-
tion of lymph nodes from levels I and II (a partial ALND);
ten or more nodes are usually removed [73]. A partial ALND
correctly stages 96 % of patients with primary breast cancer
as either node-positive or node-negative and rarely gives rise
to significant lymphedema of the upper extremity. The 4 %
false-negative rate associated with a partial ALND is attri-
butable to skip metastases. This false-negative rate can be
further reduced with resection of nodes from levels I–III
(complete ALND), but this may increase the risk of
upper-extremity lymphedema.

The technique of partial ALND is discussed in surgical
atlases [62]. Essentially, the procedure involves resection of
lymph nodes superiorly to the level of the axillary vein,
laterally to the latissimus dorsi muscle and medially to the
medial border of the pectoralis minor muscle. Particular
attention should be paid to identifying the long thoracic and
thoracodorsal nerves. The long thoracic nerve (nerve of Bell)
runs along the lateral aspect of the chest wall and supplies
the serratus anterior muscle. Injury to this nerve results in a
winged scapula. The thoracodorsal nerve accompanies the
subscapular artery along the posterior aspect of the axilla and
supplies the latissimus dorsi muscle.

What impact does ALND have on survival, local control,
and staging in patients with primary breast cancer? In recent
years, several clinical trials have shed some light on this
question. The impact of ALND on the management of
patients with primary breast cancer remains a contentious
issue.

14.5.1 Survival

For many years, the ALND was considered an important
determinant of survival for patients with primary breast
cancer. Halsted and his disciples fostered this notion more
than 100 years ago, arguing that breast cancer spreads first to
the regional lymph nodes and then to distant sites. Subse-
quently, some investigators provided retrospective data

suggesting that the extent of the ALND does influence sur-
vival for patients with primary breast cancer. Such data are
misleading, because there is no accounting for a stage
migration effect. Consider, as an example, a patient with a
1.5-cm tumor and one metastatic lymph node to the axilla.
Surgeon A may perform an extensive lymph node dissection
and remove that node. On the other hand, surgeon B may
perform a less extensive lymph node dissection and fail to
uncover the metastatic node. Thus, if treated by surgeon A,
this patient would be diagnosed as having stage II breast
cancer. If treated by surgeon B, the same patient would be
diagnosed as having stage I disease. When survival rates are
compared for any given stage, it may seem that patients
treated by surgeon A do better, but this may be attributable
to the stage migration effect rather than any therapeutic
benefit of the more extensive lymph node dissection.

The best way to determine whether the ALND has any
effect on mortality is to compare treatment with ALND and
without ALND in a randomized prospective trial. Such a
study has never been conducted, although the results of the
NSABP-04 and the King’s/Cambridge trials, discussed
already, indicate that the delayed treatment of the axilla has
no effect on breast cancer mortality [13, 14]. The results of
these trials might be interpreted to mean that the axillary
lymph nodes are not a nidus for the further spread of cancer.
Nonetheless, some investigators argue that the NSABP04
and King’s/Cambridge trials did not include sufficient
numbers of patients to detect small differences in survival
between those randomized to either early or delayed treat-
ment of the axilla [74]. Additionally, meta-analyses of ran-
domized trials seem to suggest that there is a survival benefit
associated with ALND, but this benefit might diminish in
women who receive adjuvant systemic therapy [30, 75].

14.5.2 Axillary Relapse

Axillary lymph node metastasis is found in 35–40 % of
patients with palpable breast cancers [76]. In many instan-
ces, nodal involvement is not clinically evident when the
patient first presents with primary breast cancer. Indeed, up
to 30 % of clinically node-negative patients are shown to
have nodal involvement following ALND [77]. In the
absence of ALND, many of these patients eventually would
develop clinical evidence of nodal involvement. The
NSABP-04 and King’s/Cambridge trials provide important
information on the effect of axillary treatment in clinically
node-negative patients. These trials indicate that RT and
ALND are equally effective in achieving local control of the
axilla. In the NSABP-04 trial, clinically node-negative
patients with primary breast cancer received either no
treatment to the axilla or treatment with ALND or RT [13].
About 18 % of the patients who received no initial axillary
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treatment went on to develop axillary adenopathy within
5 years. In contrast, axillary adenopathy developed in only
2 % of patients whose axilla had been treated. Similar results
were reported in the King’s/Cambridge trial, where clinically
node-negative patients were randomized to receive total MT,
and RT to the axilla or total MT and observation of the axilla
[14]. Taken together, these studies suggest that treatment of
the axilla (with either ALND or RT) will reduce the 5-year
risk of axillary relapse by about 90 %.

The importance of axillary treatment on local control is
also reported in retrospective studies. Baxter et al. reviewed
the records of 112 breast cancer patients who underwent
lumpectomy without ALND [78]. When these patients first
presented with breast cancer, they had no evidence of axil-
lary lymph node involvement on clinical examination.
During the subsequent 10-year period, about 28 % of these
patients developed axillary adenopathy. Axillary adenopathy
developed in 10 % of patients who presented with tumors
1 cm or less in diameter, in 26 % of those who presented
with tumors 1.1–2.0 cm, and in 33 % of those with primary
tumors greater than 2.1 cm in diameter.

The extent of the ALND seems to influence the risk of
axillary relapse. Graverson et al. reviewed the records of
3128 patients with primary breast cancer who were clinically
node-negative at initial presentation [79]. The 5-year risk of
axillary relapse ranged from 19 % when no nodes were
removed to 3 % when more than five nodes were removed.
In the NSABP-04 study, no patient who had more than six
nodes removed developed a relapse in the axilla. Thus, an
adequate ALND is essential in reducing the risk of relapse in
the axilla.

Axillary relapse is generally considered a marker of
tumor biology, indicating an increased risk of distant
metastasis and death. These relapses are not considered the
cause of poor prognosis. Yet, many women are emotionally
devastated following axillary relapse. Additionally, axillary
relapses can cause significant morbidity. Major vessels and
nerves of the axilla sometimes are invaded by the tumor,
causing lymphedema or pain. In such instances, the axilla is
difficult to manage. Surgical clearance of such axilla often is
associated with increased morbidity. Thus, adequate treat-
ment of the axilla at the time of initial diagnosis of primary
breast cancer is important.

14.5.3 Staging

For patients with primary breast cancer, clinical assessment
of the axilla is notoriously inaccurate. About 30 % of
patients with palpable axillary nodes prove to be
node-negative following ALND, and about 30 % of clini-
cally node-negative patients prove to have nodal involve-
ment [77]. Thus, the ALND traditionally played a vital role

in staging patients with primary breast cancer (as either
node-negative or node-positive).

The prognostic significance of nodal metastasis is poorly
understood. For many years, physicians assumed that nodal
status was simply a chronological variable. Thus, it was
argued that node-positive patients fare worse than
node-negative patients because their cancers are discovered
later in their natural history. However, a study using the San
Antonio Tumor registry seemed to suggest that nodal status
is also a marker of tumor biology, because nodal status at
initial diagnosis was found to also predict outcome after
relapse [80]. In that study, patients with four or more
involved nodes at initial diagnosis were found to have a
significantly worse outcome after relapse compared with
node-negative cases. Additionally, node-positive, high-risk
tumors (>2 cm, ER-negative, high grade, and node-positive)
are more common in younger patients (with a peak age of
onset at 50 years), while node-negative, low-risk tumors
(<2 cm, ER-positive, low grade, and node-negative) tend to
occur later in life (with a peak age of onset at 70 years) [81].
This observation is also consistent with the notion that nodal
status is a predictor of tumor biology and not simply tumor
chronology.

The importance of ALND as a staging procedure was
underscored in a study from the Institute Curie in Paris,
France [82]. In that study, 658 breast cancer patients treated
with lumpectomy and breast RT were randomly assigned to
either ALND or axillary RT. Adjuvant chemotherapy was
administered to a few of these patients, and the decision to
administer adjuvant therapy was based on nodal status.
However, nodal status was not assessed in patients whose
axillae were treated with RT, and so none of those patients
received adjuvant chemotherapy. There was a small but
significantly greater overall 5-year survival rate (p > 0.014)
in the group treated with ALND (96.6 %) compared with the
group treated with axillary RT (92.6 %). Many investigators
attribute this small benefit to adjuvant chemotherapy.
Therefore, if nodal status will influence the decision to
administer adjuvant systemic therapy, the axilla should be
managed with ALND and not with RT.

Node-positive patients have a worse prognosis than
node-negative patients. Nodal status, however, does not
predict response to therapy. Indeed, for both node-negative
and node-positive patients, adjuvant systemic therapy redu-
ces the annual odds of relapse and death by approximately
30 and 25 %, respectively [83], although the absolute benefit
of adjuvant systemic therapy is greater in node-positive
patients because their risk of relapse and death is greater. As
an example, consider two groups of breast cancer patients: a
node-positive group with a 60 % risk of death from breast
cancer over the next 10 years and a node-negative group
with a 20 % risk of death. For both groups, the appropriate
systemic therapy would reduce the risk of death from breast
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cancer by about 25 %. For this node-positive group, how-
ever, the absolute benefit would be 15 % (25 % of 60 % is
15 %), whereas for this node-negative group, the absolute
benefit would be only 5 % (25 % of 20 % is 5 %). Thus,
nodal status provides important information not only about
prognosis, but also about the impact of adjuvant systemic
therapy. An older woman with a good prognosis, node-
negative tumor might be less willing to accept the toxicity of
systemic therapy compared with a younger woman with a
poor prognosis, node-positive tumor. However, in more
recent years, the adjuvant treatment of breast cancer has been
increasingly based on tumor predictive factors (ER status
and HER2 status), which determine the responsiveness of a
particular tumor to a specific treatment [84]. Thus, endocrine
therapy (either tamoxifen or aromatase inhibitors) is
administered to patients with ER-positive tumors, and
Herceptin is administered to patients with HER2-positive
tumors.

14.6 Sentinel Lymph Node Biopsy

The ALND is not without risks. The procedure is associated
with wound infections and morbidity of the upper extremity.
Wound infection rates between 8 and 19 % have been
reported, but the reasons for this are poorly understood [85–
87]. Some investigators speculate that the high rate of axil-
lary wound infection might be due to the dead space beneath
devascularized skin flaps or to an altered local immune
response from disruption of local lymphatics. The ALND is
also associated with significant morbidity of the upper
extremity. In one series, the following upper-extremity
complications were reported: paresthesia in 70 % of patients,
pain in 33 %, weakness in 25 %, arm lymphedema in 10 %,
and stiffness in 10 % [88]. Today, more than half of the
patients with primary breast cancer are node-negative. If
identified appropriately, these patients could be spared the
potential morbidity associated with ALND. In recent years,
attention has turned to sentinel lymph node biopsy (SLNB)
as a means of achieving this goal.

The sentinel lymph node is the first node to receive
lymphatic drainage from a tumor. For any nodal basin, one
might assume that if the sentinel lymph node is free of
metastatic tumor, then all other nodes in the basin should be
free of tumor as well. Alternatively, involvement of the
sentinel lymph node may mean that other nodes in the basin
are involved. Thus, the SLNB is a diagnostic test that is
useful in determining the status of the regional lymph nodes.
This technique allows the surgeon to determine the status of
the regional lymph nodes and avoid the morbidity associated
with a more extensive lymph node dissection. For patients
with primary breast cancer, the contraindications to SLNB
include the presence of palpable axillary lymph node

metastasis and prior breast or axillary surgery that might
interfere with lymphatic drainage [89].

The SLNB technique was first described by Cabanas in
1977 as a means of assessing patients with penile carcinoma
who might benefit from inguinofemoroiliac dissection [90].
Subsequently, Morton et al. demonstrated the feasibility and
accuracy of SLNB for nodal staging in melanoma. [91].
More recently, SLNB has been widely used to stage patients
with primary breast cancer, with the goal of reducing the
morbidity of ALND [92]. Once identified, the sentinel node
is excised and sent for histopathologic evaluation. Several
studies have shown that the SLNB is quite accurate in pre-
dicting the status of the axillary lymph nodes [93, 94].
Surgeons can identify the first draining (sentinel) lymph
node by injecting blue dye or radioactive colloid intrader-
mally around the primary tumor. Subareolar injection
appears to be as accurate as peri-tumoral injection [95]. In
fact, for nonpalpable, mammographically detected cancers,
subareolar injection might be preferable. There has also been
debate as to whether injection with radioactive colloid and
blue dye is more accurate than injection with blue dye alone
as a means of identifying the sentinel node. Morrow et al.
compared the two methods in a randomized trial and found
that they were equally effective [96]. Thus, the preferences
of the surgeon determine which method is used.

Giuliano et al. compared 134 patients with primary breast
cancer who received standard ALND with 164 patients who
underwent SLNB followed by completion ALND [97]. The
reported incidences of nodal metastasis were 29 and 42 %.
Thus, the reported incidence of node-positive cases is greater
with SLNB than with standard ALND. Following ALND,
one or two sections of each nonsentinel lymph node are
generally examined with routine hematoxylin and eosin (H
and E) staining; however, pathologists pay more attention to
the sentinel lymph node. These nodes often are evaluated
with multiple sectioning, H and E staining and immunohis-
tochemical staining for cytokeratin. Thus, the SLNB results
in a focused histopathologic evaluation of a single lymph
node, and the probability of identifying micrometastases is
thereby increased.

The false-negative rate of SLNB might be as high as
10 %, compared with 4 % following a level I and II ALND
[98]. The false-negative rate refers to the percentage of
patients with nodal metastases who are incorrectly designated
as node-negative. False-negatives may lead to incorrect
decisions concerning adjuvant therapy, thereby affecting
outcome. These and other concerns about SLNB will be
addressed in ongoing trials comparing long-term outcome
following SLNB or ALND. However, randomized trials have
now shown that SLNB can significantly reduce the morbidity
associated with ALND [99–101]. SLNB has therefore been
widely accepted now in the management of early breast
cancer.

14 Surgical Considerations in the Management of Primary Invasive … 239



14.6.1 Sentinel Lymph Node Biopsy Versus
Axillary Lymph Node Dissection

SLNB has now become an integral part of the conservative
treatment of early breast cancer. Multiple published single
institutional, multi-institutional, and prospective randomized
controlled studies have exhibited the safety of omitting
ALND in women who are identified to have a negative
SLNB (free of metastatic disease). The gold standard for
achievement of locoregional control in those patients who
are identified to have metastatic disease on SLNB has, until
recently, been completion ALND. However, in approxi-
mately 40–60 % of patients with clinically node-negative
disease, the sentinel node is identified as the only involved
node [102]. Consequently, ALND may be viewed as
overtreatment in a large majority of clinically node-negative
patients, particularly when taking into account potential
long-term complications of lymphedema, pain, and reduced
upper-extremity mobility.

The American College of Surgeons Oncology Group
(ACOSOG) Z0011 trial examined the effect on local–re-
gional control in patients with early-stage breast cancer and
positive SLNB who received completion ALND versus no
further axillary treatment [103]. In the study, 856 patients
with T1 or T2 N0 M0 disease treated with SLNB and
lumpectomy were randomized to undergo completion
ALND or no further axillary surgery after identification of
sentinel node-positive metastatic disease. Women with
clinically positive nodal disease (palpable lymphadenopa-
thy), matted notes, or gross extranodal disease were exclu-
ded from the study as were patients identified to have a high
tumor burden (3 or more positive sentinel nodes) on SLNB.
Only 1.8 % of the patients who received SLNB alone (no
further axillary surgery) were identified to have local
recurrence at a medial follow-up of 6.3 years, compared
with 3.6 % on the group that received standard completion
ALND (P = 0.11). Regional recurrences were further noted
to be similar between the two groups with 0.9 % in the
group that underwent SLNB with no further axillary surgery
and 0.5 % in the ALND group (P = 0.45). No significant
difference in the locoregional recurrence free survival rate
was noted between the two groups. The ACOSOG Z0011
study thus showed that SLNB without completion ALND in
patients with early-stage breast cancer treated with
breast-conserving therapy, whole-breast irradiation, as well
as adjuvant systemic therapy can offer excellent locoregional
control.

With the development of sentinel lymph node biopsy
came more comprehensive methods of evaluating the sentinel
lymph node for disease. Tumor-involved sentinel nodes can
now be further classified into those with macrometastasis
(>2 mm in diameter), micrometastasis (≥0.2–2 mm in

diameter), and isolated tumor cells (ITCs) (<0.2 mm in
diameter) [104]. Although the overall prognostic/clinical
significance of micrometastasis and ITCs remains uncertain,
completion ALND for patients with such low sentinel node
tumor burdens is a controversial topic. Wherein the ACO-
SOG Z0011 trial evaluated SLNB in patients with
macrometastasis, the International Breast Cancer Study
Group (IBCSG) Trial 23-01 sought to compare outcomes in
randomized patients with sentinel node micrometastasis and
ITCs who received standard completion ALND versus no
further treatment [105]. The study evaluated 931 clinically
node-negative women with a primary breast tumor of <5 cm
in maximum diameter who were found to have one or more
micrometastatic (≥0.2–2 mm) foci in the sentinel node,
without macrometastatic disease. The 5-year disease-free
survival rate was noted to be 84.4 % (95 % CI, 80.7–88.1 %)
for those patients who underwent ALND and 87.8 % (95 %
CI, 84.4–91.2 %) for those who had no further axillary
treatment. Additionally, the reported 5-year overall survival
rate was 97.6 % (95 % CI, 96.0–99.2 %) for the ALND
group and 97.5 % (95 % CI, 95.8–99.1 %) for the SLNB
only (no further axillary treatment) group. No significant
difference in either disease-free survival or overall survival
was noted between the two groups. The study further
demonstrated a low <1 % rate of regional recurrence in the
group randomized to receive no further axillary treatment.

The AATRM trial additionally evaluated the notion that
SLNB and close clinical follow-up alone can be safely uti-
lized in women with early-stage breast cancer identified to
have sentinel micrometastasis, specifically [106]. The
prospective clinical trial randomized 233 women with newly
diagnosed early-stage breast cancer (primary tumor <3.5 cm,
N0, M0) who were identified to have micrometastic foci on
SLNB to receive standard completion ALND versus clinical
follow-up (no further axillary treatment). A total of four
patients were identified to have disease recurrence over a
5-year period: 1 of 108 (1 %) women randomized to the
ALND group and 3 of 119 women in the group that received
SLNB and no further axillary treatment. In accordance with
the results of the IBCSG 23-01 trial, no significant difference
in disease-free survival was identified between the two
groups (P = 0.325).

Conclusively, the IBCSG 23-01 and AATRM trials pro-
vided further evidence to support the recent ACOGSOG
Z0011 findings that SLNB alone is safe in clinically
node-negative patients with early-stage breast cancer and a
low burden of positive sentinel node metastasis, provided
they receive traditional whole-breast irradiation and systemic
adjuvant treatment. Collectively, the ACOSOG Z0011,
IBCSG 23-01, AATRM, and AMAROS (discussed below)
trials have lead to a change in the clinical management of
early-stage breast cancer patients with positive SNLB.
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While the American Society of Clinical Oncology has
recommended that ALND can be safely avoided in patients
with 1–2 sentinel node macrometastases provided they
undergo conventional whole-breast irradiation following
breast-conserving surgery, based on the results of the Z0011
trial, other professional societies have criticized the study
secondary to its lack of generalizability and lack of radiation
therapy quality assurance. Specifically, the results of the
Z0011 study are not applicable to mastectomy patients. An
ongoing randomized, multi-center, noninferiority trial
known as the UK–Austria New Zealand (UK-ANZ) “POsi-
tive Sentinel NOde: Adjuvant therapy alone versus adjuvant
therapy plus Clearance or axillary radiotherapy” trial
(POSNOC) seeks to specifically address the limitations of
the Z0011 study by evaluating patients undergoing both
breast-conserving surgery and mastectomy [107]. One
thousand nine hundred participants with uni-focal or
multi-focal invasive breast cancer (primary lesion ≤5 cm)
identified to have 1–2 positive sentinel nodes with
macrometastases will be randomized to receive either adju-
vant systemic therapy alone (chemotherapy and/or endocrine
therapy; no further axillary specific treatment) versus adju-
vant therapy plus ALND or axillary radiotherapy.
The POSNOC trial will additionally include a radiotherapy
quality assurance program. The primary designated
end-point of the study is axillary recurrence at 5 years with
secondary end-points including arm morbidity, quality of
life, locoregional recurrence, and survival/economic evalu-
ation. The results of the study will hopefully provide further
evidence to clarify the safety and generalizability of the
Z0011 study results.

14.6.2 Radiotherapy of the Axilla

Evidence from the NSABP-04 trial revealed that radiotherapy
of the axilla has an equivalent rate (4 %) of axillary recur-
rence in comparison with ALND; however, this primary aim
of this study, as previously discussed, was to evaluate early

versus delayed treatment of the axilla. The multicenter, phase
3 noninferiority EORTC 10981-22023 AMAROS (After
Mapping of the Axilla Radiotherapy or Surgery) trial sought
to further evaluate the efficacy of axillary radiotherapy in
comparison with ALND in achieving regional control by
randomizing clinically node-negative patients with T1-2
breast cancer and a positive SNLB to either axillary lymph
node dissection or axillary radiotherapy [108]. The results of
study revealed a noninferior five-year axillary recurrence rate
in the axillary RT group (1.19 %; 95 % CI, 0.31–2.08 %) in
comparison with that in the ALND group (0.43 %; 95 % CI,
0.00–0.92 %). No significant difference in disease-free sur-
vival and overall survival between the two treatment groups
was noted. The study thus demonstrated that for women with
early-stage breast cancer and a clinically node-negative axilla
who are recommended to undergo further axillary treatment
(based on tumor size, grade, vascular invasion, and/or
extra-capsular extension of tumor cells), axillary RT can be
offered over ALND as it provides comparable regional con-
trol with considerably less morbidity secondary to develop-
ment of lymphedema (Table 14.3).

14.6.3 Axillary Surgery in the Neo-Adjuvant
Chemotherapy Setting

Neo-adjuvant chemotherapy is increasingly utilized for the
treatment of early-stage breast cancer as it often allows for
downstaging of the primary tumor and thus increases the
likelihood of breast-conserving surgery. Among patients who
present with clinical node-positive disease and receive
neo-adjuvant chemotherapy, only 50–60 % are found to have
residual axillary nodal disease. While sentinel lymph node
biopsy has been established as a reliable means for staging
the axilla while offering considerably less morbidity than
axillary lymph node dissection, ideal timing for performance
of SLNB for patients treated with neo-adjuvant chemother-
apy is controversial. The prospective, multicenter cohort

Table 14.3 Studies evaluating sentinel lymph node biopsy

Trial Number of
patients

Design Sentinel node
metastases evaluated

ACOSOG
Z0011

856 Sentinel node-positive: randomized to ALND versus not Micrometastasis,
macrometastasis

AMAROS 1425 Sentinel node-positive: randomized to ALND versus axillary radiotherapy Micrometastasis,
macrometastasis

AATRM 233 Sentinel node-positive: randomized to ALND versus not Micrometastasis

IBCSG
23-01

931 Sentinel node-positive: randomized to ALND versus not Micrometastasis,
ITCs

POSNOC 1900
planned

Sentinel node-positive: randomized to adjuvant systemic therapy alone versus adjuvant
systemic therapy + axillary treatment (either ALND or radiotherapy)

Macrometastasis
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“SENTinel Neo-Adjuvant” (SENTINA) study sought to
evaluate the false-negative rate of SLNB after administration
of neo-adjuvant chemotherapy in clinically node-positive
women as well as clinically node-negative women with
positive sentinel nodes [109]. The study allocated patients
into four treatment arms: Arm A consisted of patients with
clinically node-negative disease who were found to have a
negative SLNB prior to neo-adjuvant chemotherapy and
received no further axillary treatment; arm B consisted of
clinically node-negative patients identified to have a positive
sentinel node before administration of neo-adjuvant
chemotherapy who subsequently underwent a second
SLNB after completing neo-adjuvant chemotherapy; arm C
consisted of clinically node-positive (N1 or N2) patients who
converted to a clinically negative axilla after neo-adjuvant
chemotherapy and underwent both a SLNB and an ALND;
and arm D consisted of node-positive patients who remained
node-positive after neo-adjuvant chemotherapy and thus
underwent gold-standard completion ALND. The sentinel
lymph node detection rate was noted to be 99.1 % (95 % CI,
98.3–99.6 %) in clinically node-negative women who
underwent SLNB before neo-adjuvant chemotherapy (arms
A and B), whereas the detection rate was significantly lower
at 80.1 % (95 % CI, 76.6–83.2 %) in patients who under-
went SLNB after neo-adjuvant chemotherapy. Additionally,
no more than two-thirds of sentinel nodes [detection rate
60.8 % (95 % CI, 55.6–65.9 %; 219 of 360)] were success-
fully detected in patients who underwent a second SLNB
after neo-adjuvant chemotherapy (arm B). The false-negative
rate was noted to be 14.2 % (95 % CI, 9.9–19.4 %) for
patients who converted from a clinically node-positive to a
clinically node-negative axilla after neo-adjuvant
chemotherapy (arm C).

The ACOSOG Z1071 (Alliance) trial further sought to
evaluate whether SLNB could be utilized for axillary staging
following neo-adjuvant chemotherapy in women with initial
node-positive cancer by determining its false-negative rate
(FNR) [110]. The acceptable FNR has consistently been
accepted as ≤10 %, based on the established rate for women
with clinically node-negative disease undergoing SLNB.
Seven hundred and one women with N1 or N2 disease were
enrolled in the study and underwent both SLNB and ALND
after completion of neo-adjuvant chemotherapy. A complete
nodal pathologic complete response (pCR) rate of 41 %
(95 % CI, 36.7–45.3 %) was identified. In concordance with
findings from the SENTINA trial, the phase two clinical
study demonstrated a FNR of 12.6 % (90 % Bayesian
credible interval, 9.85–16.05 %) in women with cN1 disease
who had at least 2 or more sentinel nodes examined, sug-
gesting that SLNB cannot reliably detect the presence of all
axillary lymph node metastasis following chemotherapy
administration. One might speculate that the decreased
accuracy of SLNB after chemotherapy may be attributed to

increased fibrosis, which in turn disrupts lymphatic drainage
and makes radiotracer update/surgical dissection more dif-
ficult. Alternatively, one might speculate that tumor cells in
the sentinel nodes are preferentially ablated following
neo-adjuvant chemotherapy, leaving disease in other nodes
intact. Notably, the ACOSOG study additionally identified
that the FNR was significantly lower when three or more
sentinel nodes were evaluated (FNR 9.1 % (95 % CI, 5.6–
13.7 %) for ≥3 SLNs versus 21.1 % (95 %, 13.2–31.0 %)
for 2 SNLs) and when a combination of blue dye and
radiolabeled colloid was utilized (FNR 10.8 %; 95 % CI,
7.2–15.3 %) with combination agents versus 20.3 % (95 %
CI, 11.0–32.8 %; P = 0.05) with a single agent).

The prospective, multi-centric “Sentinel Node Biopsy
Following Neo-adjuvant Chemotherapy” (SN FNAC) study
also evaluated the accuracy of SLNB after chemotherapy in
patients who presented with biopsy-proven node-positive
breast cancer [111]. In this particular study, sentinel nodes
were evaluated with standard hematoxylin and eosin stain-
ing, and if determined to be negative, further evaluation
using immunohistochemistry was mandatory. In comparison
with the ACOSOG Z1071 study wherein only sentinel nodes
with metastasis >0.2 mm were considered positive, sentinel
node metastases of any size were considered positive in the
SN FNAC study. By mandating more sensitive pathologic
analysis via immunohistochemistry and by including
metastases of any size, the study reported an acceptable FNR
of 8.4 % (95 % CI, 2.4–14.4 %) for SNLB after
neo-adjuvant chemotherapy. A notable limitation of the
study, however, is the relatively small sample size (153
patients).

The SENTINA, ACOSOG Z1071, and SN FNAC studies
collectively suggest that for clinically node-positive patients
undergoing neo-adjuvant chemotherapy greater sensitivity in
patient selection and sentinel node evaluation may lower the
FNR. An acceptable FNR ≤ 10 % would ultimately be
necessary to support use of SLNB as an alternative to ALND
in patients with early stage, clinically node-positive breast
cancer who receive neo-adjuvant chemotherapy.

14.7 Conclusion

The modern surgical treatment of primary breast cancer
dates back to the late nineteenth century, with Halsted’s
description of the radical MT. However, the radical MT is
now rarely utilized in breast cancer management. Today,
BCS with RT is the preferred option for most women with
primary breast cancer. For those who are not suitable can-
didates for BCS, the modified radical MT is an acceptable
alternative, and in recent years, greater numbers of women
have been opting for modified radical MT and a contralateral
prophylactic MT (i.e., bilateral MT). However, there is very
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little justification for use of bilateral mastectomy for the
treatment of unilateral breast cancer, unless the patient is a
mutation carrier or has a history of mantle irradiation, and in
both these situations, the risk of contralateral breast cancer is
dramatically increased. Patients treated with the modified
radical MT or bilateral MT will generally seek breast
reconstructive surgery. It should also be noted that it now
appears that local recurrences may increase the risk of death
from breast cancer, with four local recurrences resulting in
one additional breast cancer death over a 15-year period.
Thus, RT should be considered for most women who opt for
BCS. Over the years, the management of the axilla has been
a topic of considerable interest. Today, SLNB is considered
the preferred alternative to the standard ALND. Several
recently published randomized studies have provided addi-
tional evidence that SLNB alone is a safe alternative to
completion ALND in women with early-stage breast cancer
who have a low burden of axillary disease, particularly if
these patients will be receiving adjuvant radiotherapy and
adjuvant systemic therapy.
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15Management of the Axilla

John R. Benson and Vassilis Pitsinis

15.1 Introduction

Some form of axillary surgery is an integral component in
the loco-regional management of early breast cancer. Sur-
gical techniques have become progressively less extensive
over the past 30 years in terms of both parenchymal and
nodal resection of breast and axillary tissues, respectively.
Despite the widespread introduction of breast conservation
surgery (BCS), a formal axillary lymph node dissection
(ALND) was, until recently, the standard procedure of
choice for management of the axilla in the majority of
patients irrespective of primary tumour characteristics.
Breast screening programmes and heightened public
awareness have led to smaller tumour size at presentation
and a lower proportion of patients with nodal involvement.
Approximately 25–30 % of patients now have nodal disease
at the time of diagnosis compared with 50 % two decades
ago [1]. For those patients with positive nodes, removal of
axillary nodes containing tumour foci minimizes the chance
of loco-regional relapse and can provide crucial information
for guiding systemic adjuvant treatments. Moreover, axillary
nodal status remains the single most important prognostic
factor in breast cancer and has yet to be superseded by newer
molecular indices [1, 2]. Nonetheless, for node-negative
patients with favourable primary tumour parameters, ALND
represents over-treatment and can be associated with sig-
nificant morbidity [3, 4]. Increased rates of node negativity
have spurred the investigation of non-invasive methods for
imaging the axillary nodes. However, these alone are

questionable as a staging modality due to limitations of
resolution at the microscopic tumour level. Routine
pre-operative axillary ultrasound in combination with per-
cutaneous node biopsy for tissue acquisition provides crucial
staging information on regional nodes [5]. The optimum
method for managing the axilla in breast cancer patients
remains controversial, but there is compulsion to apply
surgical methods for purposes of staging in all patients with
invasive cancer. The aforementioned stage shift coupled
with failure of ALND dissection to confer any clear survival
benefit [6, 7] has prompted exploration of less intrusive
methods for surgical staging of the axilla. These alternative
methods involve either a blind or targeted form of sampling
in which a variable, though restricted number of nodes are
removed (usually < 4–5 nodes). Non-targetted sampling of
the axillary nodes has been championed by a surgical
minority for several years, but this technique has now
evolved into a targeted form of sampling using blue dye
alone, the so-called blue dye-assisted node sampling
(BDANS) [8]. Sentinel lymph node biopsy (SLNB) has been
embraced around the world as a standard of care for breast
cancer patients and ideally incorporates dual localization
techniques using both blue dye and radioisotopic localiza-
tion. Nonetheless, despite SLNB being the dominant method
for staging the axilla in clinically node-negative patients,
technical aspects await standardization and variations in
details of practice persist. Breast cancer is a heterogeneous
disease in terms of its pathobiology and this renders any
blanket approach to management of the axilla inappropriate.
A selective policy based on thresholds of probability for
nodal involvement could include not only ALND, but also
SLNB, BDANS and observation alone. It should be noted
that it is not the absolute incidence of nodal involvement per
se which is important, but rather the proportion of these
metastases which develop into clinically relevant disease
which is determined not only by surgical extirpation but also
adjuvant therapies. The latter might be manifest either as
loco-regional relapse or as distant metastases which have
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arisen from axillary deposits acting as a source for tertiary
spread.

This chapter will address nodal anatomy and patterns of
lymphatic dissemination in breast cancer together with
underlying biological paradigms. Some basic clinical issues
will be discussed including the indications for ALND and
optimum axillary management in patients who do not
require ALND either as a primary or delayed procedure.

15.2 Anatomy of the Axillary Lymph Nodes

An understanding of nodal anatomy is important in the
surgical management of breast cancer. There is often con-
fusion in designation of nodal groupings with classification
based on clinical, anatomical or surgical criteria.

1. CLINICAL GROUPINGS—medial, lateral, anterior,
posterior, apical

2. ANATOMICAL GROUPINGS—lateral, anterior (pec-
toral), posterior (subscapular), central, subclavicular,
interpectoral (Rotter’s)

3. SURGICAL—the axillary lymph nodes can be divided
into 3 compartments which are defined in terms of their
relationship to the pectoralis minor muscle [9].

LEVEL I—nodes below and lateral to the pectoralis
minor muscle

LEVEL II—nodes deep to the muscle and lying posterior
to the medial and lateral borders of the pectoralis minor
muscle

LEVEL III—nodes above and medial to pectoralis minor
A complete ALND refers to removal of axillary nodes at

levels I, II and III, whilst a partial ALND implies a more
limited clearance of nodes at levels I and II only. The term
sampling describes a blind or targeted resection of a variable
number of nodes, usually at level I; the number of nodes
removed is generally inversely related to the degree of tar-
geting (Fig. 15.1).

15.3 Lymphatic System of the Breast

Metastases to regional lymph nodes is a common pattern of
dissemination for solid epithelial tumours which commonly
invade local structures and spread in a progressive and
sequential manner from a primary tumour focus. The
loco-regional pathways of spread lie in anatomical conti-
nuity with lymphatic vessels which act as a link between the
index tumour and regional nodes. Metastatic dissemination
of breast cancer occurs predominantly via the lymphatic
system in accordance with the Halstedian paradigm, though
it is acknowledged that a significant proportion of breast

cancers are systemic at the outset as a result of tumour cells
entering the bloodstream at an early stage of neoplastic
development. Furthermore, such haematogenous dissemi-
nation is not conditional upon nodal involvement and access
to the circulation can occur through both lymphatico-venous
communications in regional nodes and the ‘leaky’ endothe-
lium of the tumour neovasculature.

The lymphatics of the breast form an extensive and
complex network of periductal and perilobular vessels which
drain principally to the axillary nodes. The mammary gland
is derived from ectoderm and develops from anterior tho-
racic wall structures. As noted by Haagensen [10], the
lymphatics of the breast skin and parenchymal tissue are
interconnected, and this accounts for preferential drainage of
cutaneous malignancies to axillary nodes. Moreover, current
practices in SLNB whereby tracer agents are injected
intra-dermally are dependent upon the lymphatic system of
the breast functioning as a single biological unit. Flow
within this network of valveless vessels is passive and this
results in a degree of plasticity which is relevant to malig-
nant infiltration; the unidirectional flow of lymph may be
diverted due to blockage at proximal sites by tumour emboli.
The subepithelial lymphatics of the skin of the breast rep-
resent part of the superficial system of the neck, thorax and
abdomen. These vessels are confluent over the surface of the
body and the subepithelial plexus of lymphatics communi-
cates directly with subdermal vessels to form a cutaneous
plexus. Within the region of the nipple-areolar complex, this
cutaneous plexus is linked to the Sappey subareolar plexus
which receives lymphatics from the glandular tissue of the
breast and has a key role in accommodating the dramatic
surges of lymph flow occurring during lactation [11, 12].
From this subareolar and a related circumareolar plexus,
lymph flows principally to the axillary nodes via a lateral
lymphatic trunk. This together with minor inferior and
medial lymphatic trunks drains along the surface of the
breast to penetrate the cribriform fascia and reach the various
groups of axillary nodes (Fig. 15.1).

Although the internal mammary nodes were recognized
by Handley as a primary route for lymphatic drainage from
medial and central zones of the breast [13], the majority of
breast cancers metastasize to the axillary nodes irrespective
of the index quadrant [14]. Fewer than 10 % of
node-positive tumours exclusively affect the internal mam-
mary nodes, and clinical manifestations of such metastases
are rare. Furthermore, the biological significance of internal
mammary node involvement is uncertain [15] and substan-
tial morbidity can ensue from surgical extirpation of these
nodes with no gains in overall survival from these more
aggressive resections [16]. Veronesi examined the impact of
extended radical mastectomy in which nodes along the
internal mammary chain were excised. Amongst a group of
737 patients, 53.2 % were axillary node positive and an
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estimated 20.5 % had positive internal mammary nodes. The
comparison group were radical mastectomy patients oper-
ated on in the 1960s who received no adjuvant treatment
(radiotherapy, chemotherapy or endocrine therapy). No
survival benefit was apparent from internal mammary node
dissection within this study which was published at the turn
of the millennium [17].

The internal mammary chain (IMC) represents one of the
accessory drainage pathways of the breast and is considered
to receive up to one-quarter of lymphatic flow. However,
former estimates based on post-partum injection of colloidal
gold suggested that as little as 3 % of the breast lymph flows
to the IMC. The IMC is identified on routine lym-
phoscintigraphy during sentinel node localization in about
15 % of cases [14]. Accessory pathways of lymphatic drai-
nage assume greater importance in more advanced states of
disease when the main axillary drainage route has become
obstructed [14, 18]. In addition to the IMC, these accessory
pathways include the following routes:

1. substernal, crossover (contralateral IMC) [12, 19],
2. pre-sternal crossover (contralateral breast) [20],
3. mediastinal [20],
4. rectus abdominus muscle sheath to subdiaphragmatic and

subperitoneal plexus (liver/peritoneal nodes).

Interestingly, with the advent of lymphoscintigraphy as
part of sentinel lymph node mapping, drainage to the IMC is
more likely when isotope is injected deep within the breast
(close to the pectoral fascia) and uncommon when
peri-areolar injections are employed [21].

The original definition of the sentinel lymph node was ‘the
first draining lymph node on the direct pathway from the
primary tumour site’ [22]. In its purist form, this definition
implied that there was a single node to which cancer cells
drain first before proceeding on to higher echelon nodes. The
sentinel node hypothesis is ‘Halstedian’ and presupposes a
sequential and orderly spread of cancer cells from the primary
tumour to the first draining or sentinel node (usually level I),
from whence passage to level II and in turn level III nodes
occurs. This hypothesis has proved to be slightly imperfect
and does not accord with current understanding of lymphatic
drainage patterns from anatomical studies nor the patho-
physiology of disordered lymphatic flow [23]. The networks
of lymphatic vessels arborize extensively in multiple direc-
tions [24] and converge towards a group of 3–5 lymph nodes
at level I of the axilla [25] (Fig. 15.2). Detailed anatomical
studies undertaken in the 1950s revealed no evidence of a
single first or ‘sentinel’ lymph node at the ‘gates of the axilla’
towards which all lymphatic channels converge before
passing to more distal nodes. As experience with SLNB has

Fig. 15.1 The axillary lymph
nodes are located at levels I, II
and III; this is a surgical
classification and indicating
nodes which lie below/lateral,
deep/posterior and above/medial
to the pectoralis minor muscle,
respectively. The lymphatic
system of the breast is a complex
network of arborizing vessels.
A cutaneous plexus is linked to a
subareolar plexus which receives
lymphatics from the glandular
tissue of the breast. From this
subareolar and a related
circumareolar plexus, lymph
flows principally to the axillary
nodes via a lateral lymphatic
trunk
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accrued using several different methodologies, the average
number of nodes removed is between 2 and 3 with
false-negative rates being minimized when multiple sentinel
nodes are harvested [26]. Indeed, when palpably suspicious
nodes are also removed at operation and classified as ‘sen-
tinel’, many studies report an average of almost 4 nodes [23,
27]. This group of sentinel nodes may therefore correspond to
the group of 3–5 nodes at level I from which there is a pre-
dictable passage of lymph towards level II and level III
nodes. The ‘plasticity’ of the lymphatic system potentially
allows skip metastases to occur in which nodes at levels II
and III become involved in the absence of disease affecting
level I nodes. In a study of the distribution of nodal metas-
tases in more than 500 patients, Veronesi and colleagues
reported skip metastases in only 4 % of cases [28]. In this
study, level I nodes alone were found to be involved in 58 %,
levels I and II nodes in 22 % and all 3 levels in 16 % of

patients. Despite the occurrence of skip lesions, there is
generally an orderly passage of lymph from nodes at level I
through levels II and III. When nodes at levels I and II are
tumour free, the chance of skip metastases at level III is only
2–3 %. For this reason, a standard ALND involves clearance
of nodes at levels I and II (partial ALND) only. When at least
10 nodes have been removed during a partial ALND, the
axilla should be correctly staged in 96 % of patients with
primary breast cancer. When fewer than 10 negative nodes
are resected, there is less confidence that the axillary basin is
truly negative and involved nodes may have been left behind
in a non-targetted dissection. Conversely, when overtly
malignant nodes are present at levels I and II, it is customary
to undertake a complete ALND which includes level III
nodes. The ipsilateral supraclavicular nodes can subsequently
be irradiated when extensive nodal involvement is confirmed
histologically. More radical resection of axillary nodes is

Fig. 15.2 (1) According to the
sentinel node hypothesis in its
‘pure’ form, cancer cells pass
from a primary tumour focus to a
first draining or sentinel node
from where sequential passage to
second and third echelon nodes
occurs. (2) In reality, cancer cells
drain initially to a group of three
to five nodes which are all
‘sentinel’ nodes if they are blue,
hot, blue and hot or palpably
suspicious. The plasticity of the
lymphatic system permits cancer
cells to travel via collaterals to
non-sentinel nodes. This account
for the finite false-negative rate of
sentinel node biopsy
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associated with greater upper limb morbidity including
lymphoedema, shoulder stiffness, pain and paraesthesia
[3, 4]. The benefits of ALND in terms of regional disease
control, staging information and prognostication must be
balanced against these potential sequelae of which lym-
phoedema is the most serious concern. The overall incidence
of lymphoedema is cited between 10 and 30 % [4, 29–31].
Rates are generally lower for a level II ALND (10–15 %)
compared with a level III ALND (25 %). The combination of
a complete ALND with irradiation of the axilla can lead to
rates of lymphoedema as high as 40 %. There is rarely any
justification for combined axillary dissection and irradiation
nowadays. Furthermore, surgeons often loosely refer to level
II/III ALND in the literature and this confounds interpretation
of data on rates of lymphoedema formation. It has been
commented that removal of an additional 3–4 nodes maxi-
mum at level III is unlikely to significantly impact on doc-
umented rates of lymphoedema [32]. The latter remains a
common complication which can lead to major physical and
psychological morbidity [33] and in the longer term to the
rare complication of lymphangiosarcoma (Stewart-Treves
Syndrome) [34]. Though it is often the non-dominant upper
limb which is affected (more breast cancers occur on the left
side), lymphoedema causes symptoms of heaviness and
discomfort with associated functional impairment and an
unsightly appearance. The accumulation of protein-rich fluid
within the extracellular compartment renders the limb prone
to recurrent superficial infection which contributes to more
chronic inflammatory changes with fibrosis. Disruption and
blockage of the lymphatics raises hydrostatic pressure within
other parts of the lymphatic system and promotes further
tissue oedema by hampering absorption of excess fluid back
into the lymphatic vessels. The precise aetiology of lym-
phoedema remains unclear, but it is related to the extent of
extirpation of axillary nodes. The latter disrupts lymphatic
drainage pathways and thus compromised function is more
likely when surgical dissection is more extensive [33].

15.4 Axillary Lymph Node Dissection

15.4.1 Surgical Aspects

The axilla is a pyramidal space with an apex directed into the
route of the neck and a base bounded infront by the anterior
axillary fold (lower border of pectoralis major), behind by the
posterior axillary fold (tendons of latissimus dorsi and teres
major muscles) and medially by the chest wall [18]. The
axillary tissue is composed of adipose and nodal elements.
A partial (level II) ALND involves resection of all tissue
inferior to the level of the axillary vein with no attempt to
skeletonize the latter. All nodal/fatty tissue is cleared from the
lateral edge of the latissimus dorsi muscle and to the medial

border of pectoralis minor muscle. Wrapping of the arm
during surgery permits flexion and adduction of the upper arm
with relaxation of the pectoralis major muscle which facili-
tates dissection towards the apex of the axilla. The pectoralis
minor muscle was previously either removed or divided to
gain access to higher echelon nodes (namely at level III). The
nerves to serratus anterior (long thoracic) and latissimus dorsi
(thoracodorsal nerve) muscles are closely applied to the
medial and posterior walls of the axilla, respectively. These
are important motor nerves and should be preserved during
axillary surgery unless encased by tumour. Damage to the
long thoracic nerve results in a winged scapula and care
should be taken not to inadvertently draw this structure lat-
erally away from the chest wall during dissection of the
axillary contents as it lies outside the fascia of serratus ante-
rior. By contrast, the intercostobrachial nerve (ICBN) is
purely sensory and crosses the axilla towards its base. It tends
to be embedded in fatty/nodal tissue and its anatomical course
renders it vulnerable during extirpative surgery. The ICBN
has historically been considered a minor sensory nerve whose
sacrifice during axillary surgery results in transient sensory
loss and paraesthesia with minimal symptoms. In recent
years, increasing attention has focused on chronic residual
morbidity consequent to nerve division and pathophysiology
of the ICBN. Provided the nerve is not encased by infiltrative
tissue, oncological clearance is adequate and some surgeons
advocate preservation of the ICBN, particularly when there is
no macroscopic evidence of nodal involvement. Temple and
colleagues found that more than one-third of patients in whom
the ICBN was sacrificed reported symptoms of dysaesthesia/
paraesthesia and concluded that nerve preservation reduces
long-term morbidity [35]. However, the main nerve trunk
often divides distally into smaller branches which can pre-
clude preservation. Inadvertent division is not uncommon and
the potential benefits of nerve preservation are dubious and
poorly documented; nerve preservation does not eliminate
potential sensory disturbances. Furthermore, randomized tri-
als investigating preservation of the ICBN reveal no signifi-
cant reduction in incidence of pain and paraesthesia with
longer term follow-up. Nerve division can be associated with
relatively normal sensation due to neural anastomoses in the
vicinity of the shoulder and upper arm. Conversely, the
majority of pain symptoms associated with nerve section are
controlled with simple analgesia and resolve after a few
months [36, 37]. It has been suggested that maintenance of an
intact nerve can increase the chance of subsequent entrapment
by scar tissue which can lead to troublesome and persistent
symptoms.

A formal ALND is indicated for all patients with
early-stage breast cancer who are clinically node positive
(i.e. considered to have clinically malignant nodes). In
addition, those patients with inflammatory cancers and some
with clinically node-negative tumours measuring >5 cm in
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maximum diameter should undergo ALND considered at the
outset. The chance of nodal involvement is related to tumour
size and it is difficult to justify SLNB for larger tumours
when there is a high probability of node positivity. Fur-
thermore, there is no clinical trial data on the efficacy of
SLNB as a staging procedure for tumours exceeding 5 cm
for which false-negative rates are likely to be unacceptably
high. Clinical examination of the axilla is notoriously inac-
curate with a 30 % error rate either way; that is, 30 % of
clinically node-negative patients will prove to have patho-
logical nodal involvement whilst 30 % of clinically
node-positive patients will have no evidence of axillary
metastases. Pre-operative axillary ultrasound and percuta-
neous node biopsy is increasingly being used to identify
node-positive patients who can then proceed to ALND as
either primary surgical treatment or following induction
chemotherapy. Percutaneous needle biopsy of lymph nodes
will confirm positivity in more than 90 % of women with ≥4
positive nodes and select 40–50 % of node-positive cases
overall [5, 38]. Those patients with non-inflammatory
tumours ≤5 cm in size are eligible for some form of node
sampling as a staging procedure (SLNB, BDANS or blind
sampling) [39]. Notwithstanding previous comments, it
remains unclear whether all patients with a negative axillary
ultrasound and core biopsy are candidates for SLNB when
tumour size exceeds 5 cm.

15.4.2 Overall Survival

Axillary metastases are viewed as indicators of risk for
distant relapse and do not determine clinical outcome [40].
The majority of studies have not demonstrated any gains in
survival from ALND, though the NSABP-B04 trial was
confounded by salvage dissection for local recurrence and
not powered to detect any benefit smaller in magnitude than
7 % [41]. Others have suggested that some benefit may be
derived from more thorough node dissection [42–44].
A large meta-analysis of 3000 cases has claimed a survival
benefit of 5.4 % from ALND [45]. Nonetheless, though
meta-analyses can partly overcome the problem of
under-powering, they cannot readily distinguish between the
effects of removing nodal tissue per se and the effect of
adjuvant systemic treatments on overall survival.

The issue of whether loco-regional treatment can directly
impact on long-term survival was clarified by a milestone
publication by the Early Breast Cancer Trialists Collabora-
tive Group (EBCTCG) in 2005 [46]. This showed an overall
survival benefit at 15 years from local radiation to either the
breast following BCS or the chest wall after mastectomy.
For those treatment comparisons where the difference in
local recurrence at 5 years was less than 10 %, survival was
unaffected. Where differences in local relapse were

substantial (>10 %), there were moderate reductions in
breast cancer specific and overall mortality. The absolute
reductions were 19 % for local recurrence at 5 years and
5 % for breast cancer mortality at 15 years. This represents 1
life saved for every 4 loco-regional recurrences prevented by
radiotherapy at 5 years. It is unclear precisely what the
proportional contribution of local versus regional reductions
in relapse was as absolute nodal recurrence rates were very
low [46].

If ALND conferred a clear survival advantage, then this
should be the standard of care for all patients with breast
cancer. These data from the EBCTCG on longer term
follow-up suggest that loco-regional recurrence may act as a
determinant of distant disease in a subgroup of women.
Loco-regional treatments are potentially curative in the
absence of micrometastases when disease is confined to the
breast and lymph nodes. Under these circumstances, when
loco-regional management is incomplete, cancer cells or
even ‘oligometastases’ may persist within the regional nodes
and develop into distant metastases at a later date. For the
majority of patients with adequate loco-regional therapy,
local recurrence reflects the innate biological features of a
tumour and is a marker of risk for distant relapse [47].

15.4.3 Axillary Relapse

Local control of disease is therefore important and can impact
on longer term survival of breast cancer patients. The role of
ALND in achieving loco-regional control is well established.
The NSABP B-04 and King’s/Cambridge trials provide key
observations on the effect of axillary treatment in clinically
node-negative patients and reveal that rates of recurrence are
up to 6 fold higher for untreated axillae [41, 48]. In the
NSABP B-04 study, rates of axillary recurrence at 10 years
follow-up were 17.8 % for patients without axillary treatment
(i.e. simple mastectomy only) versus less than 5 % for
patients who underwent dissection (1.4 %) or irradiation of
the axilla (3.1 %) [41]. Similar results were reported by the
Kings/Cambridge trial in which clinically node-negative
patients were randomized to the following treatment arms
(a) total mastectomy and radiotherapy to the axilla or (b) total
mastectomy and observation of the axilla [48]. Thus, treat-
ment of the axilla with either surgery or irradiation will reduce
the 5 year risk of relapse by almost 90 %. However, it is the
avoidance of uncontrolled axillary relapse which is pertinent;
this can cause significant morbidity with invasion of major
nerves and blood vessels causing pain and lymphoedema. In
the pre-screening era of radical and modified radical mas-
tectomy, axillary recurrence often reflected intrinsically
aggressive disease with chest wall infiltration which pre-
cluded satisfactory attempts at surgical or radioablation [49].
Most cases of axillary relapse after BCS for smaller tumours
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have a more ‘benign’ phenotype and are salvageable with
either surgery or radiotherapy in 70–90 % of cases [50].
Though adequate management of the axilla at the time of
initial diagnosis of breast cancer is essential, partial or com-
plete ALND nowadays represents over-treatment for most
patients in terms of loco-regional control (including some
SLNB-positive patients). The axilla can be accurately staged
with more restrictive methods of targeted sampling which
identify pathologically node-negative patients who can safely
avoid formal ALND. Overall rates of local recurrence fol-
lowing ALND typically vary from 0.8 to 2.5 % at 10 years.
The median interval to regional recurrence after ALND is
19 months, and the chance of axillary recurrence is related to
number of nodes removed [51].

It is essential that rates of axillary relapse after sampling
techniques which deselect patients for ALND remain below
those for this ‘gold standard’ procedure [52–57]. Though
previous studies showed that the risk of axillary relapse was
inversely related to the extent of ALND and the number of
nodes removed [51], targeted approaches to node sampling
should minimize false-negative rates and ensure that any
residual disease within axillary nodes is low volume. Rates of
axillary recurrence for SLNB remain low and range from 0 to
1.4 % with short-term follow-up of <5 years [52–57].
A systematic review of almost 15,000 patients reported an
average rate of 0.3 % at a median follow-up of 34 months
with most axillary recurrences occurring within 20 months of
surgery [58]. Long-term follow-up of a single patient
cohort involving more than 1500 patients revealed an axil-
lary recurrence rate of 0.26 % with more than half of recur-
rences observed beyond 5 years [59] (Table 15.1 [52–59]).

15.5 Methods for Axillary Node Sampling

The recognition that axillary dissection was principally a
staging procedure with concomitant morbidity led to inves-
tigation of alternative methods for surgical staging of the
axilla. These included axillary sampling and more recently
SLNB. Both of these methods aim to remove between 3 and
5 biologically relevant nodes compared with 10–20 nodes
for a partial ALND [38]. SLNB is a sophisticated form of

targeted axillary node sampling, and methods of blind
axillary sampling have evolved into BDANS. There is
generally an inverse relationship between the average
number of nodes sampled and the degree of targeting, i.e.
blue dye alone, isotope alone or a combined method.
Accurate targeting of nodes reduces the chance of a
false-negative result.

15.5.1 Four-Node Axillary Sampling

All methods of sampling are reliant on the sequential
involvement of axillary node metastases from level I to level
III with a low incidence of skip metastases [27]. Rosen noted
that more than 50 % of node-positive T1 tumours involve
only 1 or 2 nodes and these are usually within level I territory
[60]. Axillary sampling was introduced more than 2 decades
ago by Sir Patrick Forrest in Edinburgh and has been widely
practiced ‘north of the border’ but more selectively elsewhere
[61]. Initial studies showed that the original technique of a
blind 4-node sample from level I could stage the axilla with
an estimated accuracy of 97 % [62]. Four-node sampling has
been compared with axillary clearance in randomized studies
[63, 64] and harvesting of further nodes as part of a com-
pletion axillary dissection does not increase rates of node
positivity [63]. Blind 4-node sampling is not associated with
impaired loco-regional control [62], and there is no evidence
to date of any detriment in overall survival [65]. For those
patients found to be positive on node sampling, the axilla can
either be irradiated (1–2 nodes positive) or surgically cleared
(3–4 nodes positive) [62]. Rates of local control are excellent
for both approaches and regional recurrence rates are 5 % at
10 years for patients with negative nodes who have been
sampled only [62].

15.5.2 Blue Dye-Assisted Node Sampling
(BDANS)

A potential problem with standard, or blind forms of sam-
pling is lack of certainty that 4 nodes have been retrieved. It
can be difficult to identify nodes amongst the fibro-fatty

Table 15.1 Rates of axillary
recurrence following a negative
sentinel node biopsy

Author No. patients Median follow-up Axillary recurrences (%)

Chung et al. [54] 206 26 months 3 (1.4 %)

Blanchard et al. [55] 685 29 months 1 (0.1 %)

Naik et al. [53] 2340 31 months 3 (0.13 %)

Veronesi et al. [56] 953 38 months 3 (0.31 %)

Bergkvist et al. [57] 2246 37 months 27 (1.20 %)

Kiluk et al. [59] 1530 59 months 4 (0.26 %)
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tissue of the axilla (even when the axillary tail has been
mobilized). Blind sampling of axillary nodes requires skill
and has been criticized for being too random and unreliable
[66]. Standard 4-node axillary sampling has evolved into a
blue dye-assisted variant which permits a more targeted
sampling and better standardization of technique [8, 38].
A survey undertaken in 1999 revealed that 47 % of British
surgeons used axillary sampling (either blind or dye-guided)
and this figure increased to 64 % in 2001 [67]. In the
absence of nuclear medicine facilities, the standard 4-node
sample has been adapted as a ‘blue dye-assisted node sam-
ple’ (BDANS). This is a practical option for identification of
3–4 relevant nodes and avoids use of isotope which may
present financial and logistical problems for some breast
units. Some surgeons have opted to use BDANS despite
availability of radioisotope and with increasing experience
of SLNB, removal of 3–4 nodes seems optimal after all!
Bleiweiss refers to a ‘sentinel node plus’ technique in which
surgeons remove a similar number of nodes during an
otherwise conventional SLNB as for a BDANS [23].

15.6 Sentinel Lymph Node Biopsy

The essence of the sentinel node hypothesis has been dis-
cussed above and presupposes a sequential spread of cancer
cells to the ‘sentinel node’ from whence passage to higher
echelon nodes occurs. If the sentinel node does not contain
metastases, then the remaining non-sentinel lymph nodes
(NSLN) are likewise presumed to be tumour free. Con-
versely, if tumour deposits are found in the sentinel node,
then it is implicit that there is a finite probability of NSLN
involvement and completion ALND is indicated. A crucial
parameter is the false-negative rate which is the proportion
of patients incorrectly diagnosed as node negative. The
denominator for this calculation should be the number of
node-positive patients and not the total number of patients
which has been erroneously used in some reports.
False-negative rates for SLNB are between 5 and 10 %
which are slightly higher than for ALND and considered
acceptable.

In practice, it appears that the axilla can be adequately
staged by removal of 3–4 relevant nodes—as in sampling.
McCarter found that 15 % of patients had 4 or more nodes
removed at the time of SLNB and claimed that at least 3
nodes were required to identify 99 % of node-positive
patients. False-negative rates are significantly higher when
only one SLN is removed (16.5 %), but much lower when
multiple nodes are harvested or ‘sampled’ [68]. Goyal and
colleagues reported that amongst node-positive tumours,
99.6 % of metastases were contained within the first 4
nodes, suggesting that removal of more than 4 nodes is
unnecessary [26]. It therefore appears that between 2 and 4

nodes should be removed for optimum staging. The sentinel
lymph node is subjected to more detailed pathological
scrutiny with multiple step-sections and immunohisto-
chemical staining than is the case for routine nodal tissue.
This more intense pathological examination of the sentinel
lymph node potentially upstages disease and increases rates
of node positivity to levels above those expected for stan-
dard ALND. Perhaps of more concern is the finding of
macrometastases in NSLN when only micrometastases are
present in the sentinel lymph node. This suggests that the
latter has lower biological priority and that patterns of
lymphatic flow exist which preferentially direct tumour cells
to these non-sentinel nodes [69]. It has been suggested that
when more than 3 ‘sentinel’ nodes are removed, routine
pathological processing may be sufficient and compatible
with low false-negative rates [70]. Much published data on
SLNB comes from validation studies in which clinically
node-negative patients have undergone SLNB followed by
immediate completion ALND. These studies have provided
important information on the success rate and accuracy of
SLNB, but have not yielded any comparative data for SLNB
alone without concomitant ALND. Furthermore, these single
and multi-institutional validation studies have involved rel-
atively small numbers of patients. The NSABP B-32 trial
recruited over 5000 women from 80 centres in the USA and
Canada and is the largest of 5 randomized controlled trials
comparing SLNB to conventional ALND in clinically
node-negative patients [71]. Patients were randomized to
either SLNB followed by ALND or SLNB alone. Both
surgeons and pathologists followed specific protocols and
performance audits were periodically done for purposes of
quality control and consensual practice. Analysis of sec-
ondary endpoints pertaining to accuracy and technical
aspects within the context of this trial confirmed SLNB to be
a safe and accurate method for staging the axilla with an
acceptable false-negative rate (9.8 %) and high negative
predictive value. Omission of routine immunohistochemistry
(IHC) helped avoid potential upstaging which would remove
a subgroup of SLNB-negative patients who might otherwise
lead to a decrement in overall survival. It is of crucial
importance to ascertain whether the finite proportion of
patients with residual disease in non-sentinel nodes suffer
impaired overall survival. The NSABP B-32 trial was
designed to detect a modest 2 % survival difference at
5 years, thereby acknowledging that any reduction in mor-
bidity must not occur at the expense of impaired survival. At
an average follow-up of 96 months, there were no significant
differences in the primary endpoints of overall survival,
disease-free survival and regional control. Interestingly there
was a trend for improved survival in the ALND group with
an unadjusted hazard ratio of 1.2 (p = 0.12) and an adjusted
ratio of 1.19 (p = 0.13) which may be attributable to random
events favouring the ALND group and positive non-sentinel
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lymph node prompting appropriate adjuvant systemic ther-
apy (the unknown non-sentinel node-positive patients in
group 2 would be treated as SLNB negative). The conclu-
sions of this trial in terms of the appropriateness, safety and
effectiveness of SLNB were justified for this population but
may not necessarily apply to patients with larger T2 (2–
5 cm) or multifocal tumours who commonly undergo
SLNB. Nonetheless, results of NSABP B32 vindicate con-
temporary SLNB practice and supports a reduction in extent
of axillary surgery for the majority of breast cancer patients
[71, 72].

15.6.1 Technical Aspects

The technique of SLNB was initially assessed in
peer-reviewed pilot studies using blue dye only (patent blue,
isosulphan blue and methylene blue). These early studies
identified the sentinel node in only two-thirds of cases and a
learning curve for the technique was evident as further
experience was accrued. Krag and colleagues introduced
radioactive tracers (Technetium-99 m colloid) as an alter-
native method for identification of the sentinel lymph node
[73], whilst others have used a dual localization method with
detection of ‘blue’ and ‘hot’ nodes. Morrow and colleagues
randomized patients to SLNB using either blue dye alone or
blue dye combined with isotope and showed these to be of
similar performance [74]. There is international consensus
that dual localization methods are preferable and associated
with a short learning curve and optimal performance indi-
cators such as rates of identification and false negativity. In a
review by the American Society of Clinical Oncology Expert
Panel (ASCO), the overall false-negative rate for the SLNB
technique was 8.4 % with a range of 0–29 % [75]. This
analysis involved more than 10,000 patients who underwent
SLNB followed by completion ALND for validation.
Patients were distributed between 69 single and
multi-institutional studies and yielded sensitivity rates
varying from 71–100 %. The average false-negative rate in
these non-randomized studies was comparable to that
reported for the NSABP B-32 study (9.8 %) [71, 76].
The NSABP B32 [71], SNAC [77] and European Institute of
Oncology (EIO) [78] trials compared SLNB alone with
SLNB followed by ALND (A versus A + B), whilst the
UK ALMANAC study randomized patients to SLNB versus
ALND or node sampling (A versus B) [79] (Table 15.2).
Within all trials, SLNB-positive patients underwent com-
pletion ALND. Therefore, dual localization with dye and
isotope maximizes identification rates (>90 %) and is asso-
ciated with high negative predictive values (>95 %) [80].
Furthermore, this method is recommended for ‘beginners’
and use of lymphoscintigraphy has also been advocated as
an adjunct during the learning phase, particularly when

isotope only is used for localization [81, 82]. However,
lymphoscintigraphy does not generally yield additional
staging information which influences management and
ablative therapy is not routinely directed at extra-axillary
nodal sites at the present time. A positive lymphoscintigram
can be helpful, especially in the context of an IMC sentinel
lymph node [83]. However, a negative lymphoscintigram
does not preclude identification of axillary sentinel lymph
nodes with standard intra-operative methods. There is
probably no advantage in use of lymphoscintigraphy for
most patients with tumours in the outer quadrants of the
breast and a low likelihood of extra-axillary node involve-
ment [84, 85].

Though intra-tumoral injection of dye/isotope is no
longer used, peritumoral, subcutaneous, intra-dermal and
subareolar sites are practiced (Fig. 15.3). Based on the evi-
dence that the skin envelop shares a common pattern of
lymphatic drainage with the parenchyma of the breast and
these converge upon the same sentinel node (s)10, there is a
trend towards subareolar injection which gives less ‘shine
through’ but requires more prolonged massage. The latter
may encourage migration of tumour cells to the sentinel
node (so-called traumatic metastases or ‘traumets’) [86].
Benign epithelial cells may be similarly displaced and be
interpreted as a false-positive result on immunohistochem-
istry [87]. A randomized study comparing subareolar with
peritumoral injection of blue dye alone for sentinel lymph
node identification found a higher nodal yield for the peri-
tumoral compared with the subareolar route (2.33+/−0.7
versus 1.64+/−0.6; p < 0.001 [88]. Peri-areolar injections
give poorer visualization of the IMC, and when lym-
phoscintigraphy is employed, it is advisable to inject isotope
deeper within the breast parenchyma (closer to the deep
fascia). Technetium [99]-labelled nanocolloid or an equiva-
lent radioisotope (20 MBq) is injected at least 2 h before
surgery but can be administered on the preceding day if
more convenient. It is sensible to use a slightly larger carrier
molecule (e.g. sulphur colloid) in these circumstances in
order to ensure retention within the lymphatic system up
until the time of surgery. A special licence and training is
required for handling of radioisotope and injection is best
undertaken by nuclear medicine personnel. The dye of
choice is injected by the surgeon at the time of surgery, and
the breast is massaged for between 2 and 5 min. Some
surgeons use 1–2 mls of undiluted dye, whilst others dilute
2 mls of dye with saline up to a final volume of 5 mls.
However, larger volumes of injectate cause troublesome
staining both of the breast tissues intra-operatively and of the
skin post-operatively. Reduced volumes of dye may be
appropriate in smaller breasted women and avoids more
prolonged staining of the breast skin (of up to 12 months).

There is general consensus that SLNB should aim to
remove all nodes which are blue, hot, blue and hot or
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palpably suspicious. Some nodes are blue, but not hot and
others are non-blue and hot. Sometimes it can be helpful to
trace a blue lymphatic towards a node which may not nec-
essarily be blue (but may be hot and should be removed).
The decision when to stop sampling during surgery can be
difficult; some surgeons consider any radioactive node to be
hot, but use of count ratios can limit the number of nodes
excised when activity levels are diffuse and high amongst
three or more nodes. It is conventional to designate a node as
being hot in terms of either the sentinel node:background
count (3:1) or the ex vivo: background count (10:1). In the
NSABP B32 trial, all nodes were removed containing at
least 10 % of the activity of the hottest node [71]. Potential
adverse effects of blue dye include allergic reactions and

staining of cutaneous/surgical breast tissue (the latter can be
a particular problem during skin-sparing mastectomy with
concomitant SLNB). The Medicines and Healthcare Regu-
latory Authority (MHRA) issued a drug safety update in
February 2012 emphasizing that occurrence of allergic
reactions to blue dye was not uncommon and estimated to
have an incidence of 0.1 % in the ALMANAC trial [79, 89].
Between 1975 and the beginning of 2012, a total of 70 cases
of allergic reactions to blue dye had been reported to the
MHRA. Of note, 58 of these cases had occurred since 2007
and included 26 serious allergic reactions. These reports of
potentially serious allergic reactions have led many surgeons
to dispense with routine use of blue dye when there is a
strong radioactive signal in the axilla.

Table 15.2 Randomized trials of sentinel lymph node biopsy

Trial Study population Study groups

ALMANAC (UK) [79] Any invasive tumour, Clinical
No; (n = 1260)

ALND or ANS vs SLNB (if positive SLN, proceeded to ALND or RT to
axilla; if negative SLN, observed)

NSABP-B32 (USA) [71] Clinical T1–3, N0; (n = 4000) SLNB + ALND vs SLNB (if positive SLN, proceeded to ALND; if negative
SLN, observed)

SNAC (Australia/New
Zealand) [77]

≤30 mm invasive tumour
Clinical N0; (n = 1060)

SLNB + ALND vs SLNB (if positive SLN, proceeded to ALND; if negative
SLN, observed)

European Institute of
Oncology (Milan) [78]

T1, N0; (n = 516) SLNB + ALND vs SLNB (if positive SLN, proceeded to ALND; if negative
SLN, observed)

Cambridge [80] ≤30 mm invasive tumour
Clinical N0; (n = 1060)

ALND vs SLNB (if positive, proceeded to ALND; if negative SLN,
observed)

ANS Axillary node sampling, RT radiotherapy, ALMANAC Axillary lymphatic mapping against nodal axillary clearance, SNAC Sentinel node
versus axillary clearance

Fig. 15.3 Sites of injection of tracer agents (blue dye, radiocolloid or indocyanine green)
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Evidence continues to emerge for the efficacy and safety
of fluorescence mapping with the fluorochrome indocyanine
green (ICG) as an alternative tracer agent for SLNB [90].
This technology relies on generation of molecular fluores-
cence by contact of ICG with plasma proteins in the lym-
phovascular system. This fluorochrome absorbs light at a
wavelength of approximately 800 nm with the emission of a
fluorescent signal when subatomic particles return from an
excited to ground state. The illuminated subcutaneous lym-
phatic channels can be seen on a photodynamic eye
(PDE) camera display and ICG tracked as it passes towards
the axilla. The fluorescence is scattered by superficial tissues
and cannot be detected at a depth of more than 1 cm with
current equipment. The visual dimension of fluorescence
with high optical sensitivity is a great advantage to
radioisotope alone and could be complementary to
radioisotope in the absence of blue dye.

Both blue dye and radioisotope have potential drawbacks
including allergic reactions, staining of cutaneous and sur-
gical breast tissue, radiation exposure and mandatory
licencing. Therefore, problems exist with both tracer agents
and exploration of alternative agents is warranted [91].
Identification rates approaching 100% have consistently been
reported using ICG in combination with standard tracer
agents (either blue dye or radioisotope) [92–95]. There has
been a trend away from the use of blue dye for SLNB recently
and ICG as a tracer agent may serve as an adjunct to
radioisotope in the first instance. There are high levels of
concordance (93.5 %) between ICG and radioisotope for
sentinel lymph node identification [96] with recent evidence
that ICG can outperform both blue dye and radioisotope in
terms of detection of positive nodes [97]. Fluorescence
imaging provides at least equivalent detection rates but offers
an additional dimension of visual guidance and is safe with
allergic reactions a rarity. Concerns about excessive nodal
yields are not substantiated with average nodal yields of 1.5–
3.7 and several recent reports citing nodal counts less than 2
[94, 95, 98]. A combination of radioisotope and ICG could
represent a transition phase with ICG eventually becoming a
sole tracer at a future stage when more clinical experience
with its usage has accrued. It combines many of the advan-
tages of blue dye and radioisotope without the disadvantages
—in particular allergic reactions. Use of radioisotope alone
can be challenging for less experienced surgeons, and in the
longer term, there is a need to explore novel tracer agents
such as ICG and magnetic particles [99] (Fig. 15.4).

No formal health economic evaluation of SLNB has yet
been undertaken and it may prove to be cost neutral com-
pared with ALND due to the additional costs of equipment,
isotope, personnel, etc. Moreover, in some units, patients are
now discharged early with drains in situ following ALND
and this will reduce the relative cost of the latter procedure
[100]. Methods for intra-operative assessment of sentinel

lymph nodes obviate the need for delayed ALND in some
patients, but reported rates of sensitivity and specificity
remain problematic with no single method perceived as
having any overall advantage in terms of performance,
patient care, logistics and cost [101, 102]. Newer reverse
transcriptase polymerase chain reaction (RT-PCR)-based
techniques can potentially overcome difficulties of limited
pathological sampling of nodes and operating parameters set
at a threshold for detection of metastases >2 mm in size (i.e.
macro- but not micrometastases nor isolated tumour cells
(≤0.2 mm) [103]. Real-time PCR may permit quantitation of
tumour load and more accurate differentiation between
macro- and micrometastases. It should be appreciated that
the definition of nodal micrometastases (>0.2 mm; ≤2 mm)
is arbitrary and there is no sudden transition from low risk to
high risk. The term staging implies a discontinuous concept,
yet in reality there is a continuum in the extent of nodal
involvement. Nodal status is the single most important
prognostic factor in breast cancer and determines the
propensity to form distant metastases. Nonetheless, for
women with node-positive disease, a single node is affected
in up to 60 % of cases amongst whom up to half contain
micrometastases only. These observations are related to the
more intensive pathological examination of the sentinel
lymph node and were NSLNs to be assessed as thoroughly,
some would probably be deemed positive which would
otherwise be negative on routine pathological processing
without step-sectioning nor immunohistochemistry. A fur-
ther analysis of patients initially classified as node negative
on the basis of H&E staining has confirmed that isolated
tumour cells and micrometastases detected with immuno-
histochemistry only do not impact on survival outcomes.
This substudy from the NSABP B32 study has provided
further information on the prognostic significance of sentinel
lymph node micrometastases detected by immunohisto-
chemistry only [104]. Those patients who were node nega-
tive (without isolated tumour cells) had identical disease-free
survival to those with micrometastases whereas patients with
macrometastatic disease had poorer overall survival com-
pared with node-negative patients or those with
micrometastases.

15.6.2 Completion Axillary Lymph Node
Dissection

This relatively high incidence of isolated sentinel node pos-
itivity with low-volume disease has created management
dilemmas in terms of both further (completion) axillary sur-
gery and systemic treatment. The chance of NSLN involve-
ment is related to the volume of disease in the sentinel node.
Cserni found on meta-analysis that when macrometastases
(>2 mm) were present in the sentinel node, the incidence of
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NSLN involvement was 50 %, but only 15 % for
micrometastases (>0.2 mm ≤2 mm) and 9 % for isolated
tumour cells (≤2 mm) [105]. However, there is much
heterogeneity in terminology and definition of isolated
tumour cells and micrometastases with lack of reproducibility
between categories. The risk of residual NSLN disease for an
individual patient can be estimated from a multivariate
nomogram which incorporates several factors such as pri-
mary tumour size and grade [106]. However, nomograms
devised locally for estimation of NSLN involvement may not
be transferable to data sets generated from other institutions.
Until recently, US guidelines recommend completion ALND
for all patients with macro- or micrometastatic deposits in the
sentinel lymph node, but not for isolated tumour cells. This
includes micrometastases detected either by routine H&E
staining or immunohistochemistry alone [75].

There is emerging evidence that selected groups of
SLNB-positive patients can safely avoid completion ALND
when omitted on a discretionary basis [107, 108]. Axillary
ultrasound with core biopsy of nodes according to
pre-defined criteria can potentially deselect a subgroup of
patients for SLNB who have a positive nodal core biopsy (or
fine needle aspirate) or suspicious nodes with a negative
needle biopsy. This reduces the axillary tumour burden and
the chance of non-sentinel lymph node positivity. Removal
of axillary nodes containing foci of tumour provides regional
control of disease and may remove a potential source of
distant metastases but adjuvant therapies including radio-
therapy and systemic treatments are also effective at elimi-
nating residual tumour burden within axillary nodes [109,
110]. Nomograms devised for estimation of non-sentinel

lymph node positivity from primary tumour and sentinel
node parameters have been difficult to reliably apply in
practice and are less accurate when the predicted incidence
of non-sentinel lymph node involvement is low [111, 112].
The American College of Surgeons Oncology Group Z0011
trial potentially allows relaxation of informal policies and
broadens the scope for omission of completion ALND in
sentinel lymph node-positive patients [113]. This phase III
non-inferiority trial examined disease-free and overall sur-
vival in a group of almost 900 patients undergoing breast
conservation surgery for relatively good prognosis T1 and
T2 tumours with macro- and micrometastases in 1 or 2
sentinel lymph nodes. Patients were randomized to com-
pletion ALND or observation only and all received tangen-
tial field whole breast irradiation and systemic therapy
(chemotherapy/hormonal therapy). At a median follow-up of
6.3 years, there was no difference in either 5-year rates of
loco-regional recurrence [SLNB alone = 1.6 % (95 % CI
0.7–3.3 %) versus ALND group = 3.1 % (95 % CI 1.7–
5.2 %); p = 0.11] or overall survival [SLNB alone = 92.5 %
(95 % CI 90.0–95.1 %) versus ALND group = 91.8 %
(95 % CI 89.1–94.5 %)] between the two arms. The unad-
justed hazard rate for treatment-related overall survival was
0.79 (90 % CI 0.56–1.11) and when adjusted for age and
adjuvant therapy was closer to unity at 0.87 (90% CI 0.62–
1.23). Both these values were less than a threshold hazard
rate of 1.3 leading the authors to conclude that SLNB alone
was not inferior to SLNB combined with completion ALND
[113]. There have been concerns that this trial failed to
accrue its target goal of 1900 patients and was underpow-
ered. However, a lower rate of deaths than expected forced

Fig. 15.4 Sentinel lymph nodes (1 and 2) observed in situ with
fluorescence imaging using indocyanine green (combined with blue
dye). An afferent lymphatic can be seen coursing towards the larger
lymph node. (Reprinted from European Journal of Surgical Oncology,

Volume 38, Wishart GC, Loh S-W, Jones L, Benson JR. A feasibility
study (ICG-10) of indocyanine green (ICG) fluorescence mapping for
sentinel lymph node detection in early breast cancer. Pages 651–656.
Copyright 2012 with permission from Elsevier)
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an early closure of the trial. It should be noted that the stage
distribution and treatment context for this Z0011 trial are
very different to those of NSAPB B-04 following which
ALND prevailed despite equivalence of overall survival for
patients with and without axillary treatment [6]. Due to
limited follow-up, some breast cancer surgeons consider it
premature to assume that results from Z0011 will change
routine surgical practice. Nonetheless, more prolonged
follow-up is unlikely to witness additional local recurrence
which would translate into any meaningful survival decre-
ment and overturn current trial conclusions [113].

The International Breast Cancer Study Group (IBCSG)
23-01 trial specifically aimed to determine whether ALND is
necessary in patients with minimal SLN involvement [114].
Patients with micrometastases in ≥1 SLN were randomized
to completion ALND or observation only. About 10 % of
patients underwent mastectomy and in this respect the trial
differed from Z0011 where all patients had breast conserving
surgery with breast irradiation. More than 934 patients were
randomized and there was also failure to meet the accrual
target of 1960 patients, and the trial was likewise closed
early due to a low event rate. As for Z0011, the majority of
patients received some form of systemic treatment be this
hormonal therapy alone, chemotherapy or chemohormonal
therapy. At a median follow-up of 5.4 years, a total of 124
disease-free events were reported with no significant differ-
ence in the primary endpoint of disease-free survival,
thereby satisfying the criteria for non-inferiority. Further-
more, overall survival was almost identical for the obser-
vation and completion ALND arms (97.5 and 97.6 %,
respectively) and rates of axillary recurrence were very low.
These results are potentially practice changing when taken
together with those of Z0011.

A delayed ALND can be technically challenging, espe-
cially in the context of immediate breast reconstruction,
although there is no evidence for increased morbidity with
higher rates of lymphoedema for delayed ALND following a
positive SLNB compared with a primary procedure [115].
Within the ALMANAC study, there was evidence of clini-
cally significant morbidity from SLNB when analysed on an
intention-to-treat basis [79]. This morbidity most likely
relates to delayed ALND in sentinel lymph node-positive
patients. For some patients, the risk: benefit ratio for detec-
tion of non-sentinel lymph node-positive cases may not
justify completion ALND. The decision for further axillary
surgery should be guided by variables such as primary
tumour characteristics and nodal metastatic load together
with patient preference. The proportion of retrieved nodes
which contain metastases may be a critical factor in deter-
mining non-sentinel lymph node involvement [27].

There are several options for immediate change of practice
in the aftermath of results from Z0011 and 23-01 trials which
suggest that systemic therapies may effectively abort the
process whereby circulating tumour cells from loco-regional
disease undergo both arrest and proliferation to form viable
metastatic foci. For patients with micrometastases (in any
number of nodes), it is reasonable to consider omission of
completion ALND irrespective of the type of breast surgery
(mastectomy or lumpectomy) as there is a low statistical
probability of non-sentinel lymph node tumour foci which
are dependent on adjuvant treatments for elimination.
Omission of completion ALND in the majority of patients
who fulfil the criteria for Z0011 would represent a paradigm
shift in surgical practice and undoubtedly leave some patients
with persistent axillary disease post-operatively. More strin-
gent inclusion criteria could reduce the chance of
non-sentinel lymph node involvement even further and allay
potential fears about inadequate treatment of residual tumour.
This could, for example, take account of the sentinel lymph
node metastatic ratio and might stipulate an upper size limit
of 3 cm and exclude grade III tumours.

Whatever policy is adopted, it will be mandatory to audit
patients carefully and consider establishment of a formal
registration system (under the auspices of a formal author-
ity). Furthermore, fully informed consent is essential in view
of the above criticisms of the Z0011 trial in terms of accrual,
power and limited follow-up. POSNOC (POsitive Sentinel
Lymph Node: Observation vs Clearance) is a non-inferiority
trial which aims to accrue 1900 patients from 50 centres in
the UK over a 2.5-year period with primary outcome results
at 5.5 years and final trial results at 7.5 years. Pre-operative
axillary ultrasound (+/− nodal needle biopsy) is mandatory,
and unlike Z0011, this trial will include mastectomy patients
and exclude those with sentinel node micrometastases (no
further axillary surgery). Patients with 1 or 2 macrometas-
tases in sentinel nodes will be randomized with the primary
outcome measure being axillary recurrence [116].

15.7 Intra-operative Node Assessment

The main purpose for intra-operative nodal assessment is
avoidance of completion ALND undertaken as a delayed,
secondary procedure. Axillary reoperation can be technically
challenging due to adhesions and fibrosis, but there is no
objective evidence for increased morbidity when ALND
follows SLN biopsy and median hospital stay is similar for
delayed and primary ALND [115]. When completion ALND
is performed as an isolated procedure, there are potential
benefits from intra-operative assessment in terms of cost
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savings, patient convenience and avoidance of further gen-
eral anaesthesia. When completion ALND rather than
radiotherapy is recommended for patients with a positive
SLN (tumour deposits >2 mm in size), this is sometimes
combined with a breast surgical procedure—hence abro-
gating some disadvantages relating to cost and inconve-
nience [102]. For those patients who require a cavity
re-excision or completion mastectomy for positive margins
following wide excision, further axillary surgery can be done
at the same time. The benefits of any intra-operative nodal
assessment would be diminished for these patients in whom
primary tumour characteristics mandate further surgery.
There also exist subgroups of older patients and those with
comorbidities for whom a single-stage axillary operation
should be recommended at the outset. Similarly, selected
women might safely avoid completion ALND with minimal
chance of regional relapse or impact on longer term survival.
In the ‘post-Z0011’ era, any decision for selective omission
of completion ALND should be based on full histopatho-
logical parameters relating to both axillary nodes and pri-
mary tumour; ironically some patients may be committed to
completion ALND when intra-operative node assessment is
available and confirms positivity. Recently published results
from the AMAROS trial suggest that axillary radiotherapy
can substitute for completion ALND in some patients with
low-volume nodal disease for whom intra-operative assess-
ment would not apply [117].

It is appropriate to ask whether intra-operative nodal
assessment can be justified for all patients having SLNB as a
component of primary surgery in view of the inconsistent
and variable sensitivity of both frozen section and touch
imprint cytology (TIMC) which have not yet been surpassed
by molecular assays based on quantitative reverse tran-
scription polymerase chain reaction (RT-PCR). Both frozen
section and TIMC employ rapid H&E staining methods but,
like formalin-fixed tissue sections, examine less than 5 % of
the node and have other limitations. Interpretation is sub-
jective, and when only clusters of cells are examined, the
distinction between micro- and macrometastases may be
unclear. This might lead to ALND in some patients with
micrometastases only (‘false positive’). The reported
patient-based sensitivities for both FS and TIMC are highly
variable at 36–96 % and specificity of 95–100 % [118–121].
Frozen section examination has a false-negative rate of about
25 % and although TIMC is reported to be more accurate
when immunohistochemical staining is used, a ‘blinded’ trial
of a single-section approach using facing halves of a
bivalved sentinel lymph node revealed equivalence of
accuracy [122]. A meta-analysis reported a sensitivity of
75 % (95 % CI 65–84) and 63 % (95 % CI 57–69) for FS
and TIMC, respectively, with TIMC having significantly
lower pooled sensitivity for micrometastases (22 %) com-
pared to macrometastases (81 %) [123].

Molecular-based technologies for intra-operative nodal
assessment objectively measure expression of genes nor-
mally expressed in breast tissue but not lymph nodes such as
the cytoskeleton protein CK19 which is expressed in most
breast cancer cells [124]. Operating parameters are set such
that quantitative RT-PCR detects macrometastases but not
micrometastases nor isolated tumour cells. Validation studies
suggest these molecular technologies are almost as accurate
as conventional histological evaluation but examination of
different nodal slabs ultimately prevents complete concor-
dance [125]. Overall concordance levels between RT-PCR
scores and permanent H&E sections were 93.7 % for the now
extinct GeneSearch Breast lymph node assay (Veridex) and
98.2 % for the one-step nucleic acid assay (OSNA) which
typically analyse 50 % of fresh nodal tissue [126]. The
remaining commercially available molecular assay (OSNA)
takes approximately 30 min to process one node (5 min per
additional node) with a mean time saving of 18 min com-
pared to TIMC or frozen section [127]. Though breast
resection (wide local excision/mastectomy) is undertaken
during this period, in reality intra-operative assessment incurs
additional operating time of up to 30 min per case with
cumulative delays and cost implications. SLNB-positive
patients will subsequently require node clearance which
consumes further operating time.

Intra-operative node examination may be more difficult to
justify for all patients in the context of contemporary prac-
tice which either deselects patients for SLNB or dictates that
completion ALND is performed alongside definitive or
additional breast surgery. Formal cost analysis is warranted
to compare intra-operative node assessment for all cases of
SLNB in relation to the small number of cases of isolated
completion ALND. Development of non-commercial open
access molecular assays (‘home recipes’) as alternatives may
significantly influence cost: benefit analyses of molecular
methods for intra-operative assessment compared with
TIMC or FS.

15.8 Indications for Sentinel Lymph Node
Biopsy

Most of the validatory studies on SLNB were confined to
tumours measuring 2 cm or less. With increasing tumour
size, there is a greater probability of nodal involvement and
gross metastatic disease within a lymph node may prevent
uptake of dye and isotope. Lymph flow is passive and will
be readily diverted to ‘non-sentinel’ nodes yielding a
false-negative result [23]. A heavily infiltrated node which is
non-blue and cold may once have constituted the ‘true’
sentinel node but subsequently been ‘demoted’ due to
diversion of lymph flow within a complex lymphatic net-
work. Patients with clinically positive nodes are more likely
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to have extensive pathological involvement and should not
be offered SLNB. Some of these clinically node-positive
patients will be found to have innocent nodes on axillary
ultrasound and core biopsy/FNAC of a node may be nega-
tive. Provided the primary tumour is neither inflammatory
nor locally advanced, these patients could be considered for
SLNB. Although SLNB is usually contraindicated for
tumours over 5 cm in size, Guiliano’s group have reported
the successful application of SLNB to tumours in excess of
5 cm [128]. Nonetheless, false-negative rates are higher
when there is a greater chance of node positivity and current
trials are evaluating the accuracy of SLNB for tumours
measuring between 3 and 5 cm [77]. The Australian SNAC
II trial examined SLNB in tumours exceeding 3 cm in size
and includes both multifocal and multicentric tumours.
Amongst a group of 100 patients from the SNAC trial
database with tumours ≥3 cm (mean size—3.91 cm) almost
two-thirds had axillary node metastases. The sentinel node(s)
was successfully identified in 93/100 cases with an average
yield of 1.75 nodes per case. More than 60 % of patients
were SLNB-positive and over 40 % had positive
non-sentinel nodes. Notably, the false-negative rate was 5 %
which is comparable to outcomes for smaller tumours.
However, the high positivity rate for both sentinel and
non-sentinel nodes questions the rationale for SLNB in lar-
ger tumours—the latter may be more appropriately managed
with primary axillary lymph node dissection [129].

15.8.1 Ductal Carcinoma in Situ

The indications for SLNB have broadened in recent years to
include patients with widespread ductal carcinoma in situ
(DCIS) undergoing mastectomy and even some localized
forms of DCIS associated with a clinical or radiological mass
lesion [130–132]. Despite earlier arguments against routine
SLNB for patients with DCIS [133], there is now consensus
that extensive high nuclear-grade (HNG) or intermediate
nuclear-grade (ING) DCIS on imaging which mandates
mastectomy or DCIS presenting as a palpable lesion are
indications for SLNB. Typical cases of screen-detected
localized areas of DCIS which represent up to 80 % of
cases in a screening programme do not qualify for routine
SLNB. An incidental invasive component is found in up to
20 % of cases of DCIS in which mastectomy is the choice of
operation and extensive DCIS is a risk factor for invasive
malignancy from historical studies [134]. The presence of
HNG DCIS, comedo necrosis and mammographic size in
excess of 4 cm are independent risk factors for invasion [135,
136]. A significant proportion of those patients with
microinvasion (≤1 mm) diagnosed on core biopsy will have
further invasive foci on definitive histology. SLNB is advis-
able for all patients with microinvasion, up to 10 % of whom

will be sentinel lymph node positive [130]. Nonetheless,
despite reports of node positivity rates approaching 15 % in
higher risk DCIS and DCIS with microinvasion [137], many
cases involve isolated tumour cells or micrometastases only
which are of questionable biological significance and unlikely
to be clinically relevant [131].When the target of biopsy is not
microcalcification, there is a greater chance patients will have
further invasive foci on definitive histology which mandates
some form of axillary staging. Moreover, between 10 and
15 % of lesions diagnosed as DCIS using large bore vacuum
devices will show invasion on complete excision [138]. The
risk of nodal involvement which is acceptable if left untreated
is a subjective judgement and those with very low risk should
be spared the minimal but finite morbidity of SLNB with
concomitant cost savings.

15.8.2 Multifocal and Multicentric Tumours

Multifocal and multicentric tumours were initially found to
be associated with high false-negative rates and were con-
sidered a contraindication to SLNB [139]. This was conso-
nant with the misguided assumption that tumours located in
different quadrants of the breast drain through mutually
exclusive lymphatic pathways, and therefore, SLNB would
lead to inaccurate axillary lymph node staging [140]. Sub-
sequent publications have refuted this viewpoint and SLNB
is no longer precluded by the presence of multiple tumour
foci either within the same (multifocality) or different
(multicentricity) quadrants of the ipsilateral breast [140–
142]. Furthermore, evidence from lymphoscintigraphy sup-
ports the notion that the various quadrants of the breast share
common lymphatic drainage channels which converge upon
the subareolar region [143]. A meta-analysis evaluated
almost one thousand patients with multifocal and multicen-
tric tumours who underwent SLNB followed by ALND.
Identification rates exceeded 95 % and the average
false-negative rate was 6.3 % when those patients with rel-
ative contraindications (e.g. post-chemotherapy or tumours
>5 cm) to SLNB were excluded from analysis. Nonetheless,
the overall false-negative rate remained less than 10 % when
all patients were included but caution is needed when rec-
ommending SLNB for multicentric and multifocal tumours
where the largest tumour focus is >5 cm or SLNB follows
neoadjuvant chemotherapy for such tumours [144]. A recent
prospective validation study involving 30 patients with
multicentric cancer confirms that SLNB is associated with
high rates of identification (100 %) and low false-negative
rates when dual localization techniques with blue dye and
radioisotope are employed [145]. However, rates of node
positivity were relatively high with 66.7 % of patients hav-
ing axillary nodal metastases (albeit with immediate com-
pletion ALND for validation purposes).

15 Management of the Axilla 261



15.8.3 Pregnancy

The development of breast cancer during pregnancy presents
unique management challenges with a prominent emotional
dimension. Though termination may be advocated in the first
trimester, surgical treatments can be safely undertaken in any
trimester of pregnancy [146]. Adjuvant therapies including
radiotherapy and chemohormonal therapies are usually
deferred until after delivery though chemotherapy (but not
tamoxifen) can be safely administered in the second trime-
ster when organogenesis is complete and teratogenic effects
are minimal [147, 148]. Radiotherapy is absolutely con-
traindicated in the gravid state but interestingly the dose of
radiation from exposure to technetium radiocolloid in SLNB
is only 20 MBq. This is well below the safe upper limit for
pregnant women, and therefore, SLNB using isotopic
localization only could be employed; note that blue dye can
stain placental and foetal tissue and should be avoided. If
there are concerns about use of radioisotope during preg-
nancy, then axillary staging could be carried out as a delayed
procedure (if ALND at the outset is deemed inappropri-
ate) or blind sampling undertaken.

15.8.4 Elderly Patients

SLNB should be employed in most elderly patients with
clinically node-negative breast cancer, but might be avoided
in some older patients who have a low probability of nodal
involvement. Perhaps a more pertinent issue is whether
completion ALND should be undertaken for a positive sen-
tinel lymph node in older patients. Even before publication of
the ACOSOG Z0011 trial, completion ALND was selectively
omitted in certain older patients, particularly those with only
micrometastases in the sentinel lymph node. A publication
from the Memorial Sloan-Kettering Cancer Centre reported
that rates of axillary relapse in patients with a positive sen-
tinel lymph node who for various reasons had no further
axillary surgery are very low (2 % at 3 years) [149]. Some
elderly patients will decline completion ALND when fully
informed of risks and benefits of this procedure; this group of
patients are very unlikely to have residual disease which
would develop into any troublesome regional recurrence or
compromise longer term survival in the setting of competing
mortality risks.

15.8.5 Repeat Sentinel Lymph Node Biopsy

A particular challenge in contemporary breast cancer surgery
is optimal management of the axilla in patients who develop
IBTR following previous breast conservation therapy with a
negative SLNB. Until recently, ALND was the default

option for most SLNB-negative patients with local recur-
rence after BCS [150]. However, early reports suggested that
SLNB was feasible in patients who had undergone axillary
surgery for non-malignant conditions [151]. Several studies
including a meta-analysis have now confirmed that repeat
SLNB for this category of patients is associated with
acceptable rates of identification and an inverse relationship
is discernible between rates of successful repeat SLNB and
the number of nodes previously removed at first surgery
[152–154]. Hence, patients who had undergone ALND ini-
tially had failure rates exceeding 50 % which were more
than twice those for patients having undergone prior SLNB
only. An important concept when considering repeat SLNB
is restoration of the lymphatic network following disruption
from previous SLNB surgery. Although fibrosis occurs in
this setting, there is collateralization of lymphatic vessels
and connections are re-established between an area of breast
tissue which harbours recurrent tumour and a ‘new’ sentinel
lymph node within the territory of the operated axilla.
Hence, rather than the adage ‘one sentinel node forever’
there is now recognition of ‘always a new sentinel node’
[152, 153]. Intra and colleagues reported their experience of
repeat SLNB in patients with IBTR after BCS and a prior
negative SLNB. They successfully performed SLNB in 196
out of 207 patients, all of whom had undergone lym-
phoscintigraphy prior to surgery (with identification of at
least one node in 206 patients). Only 9 patients were node
positive with micrometastases in 8 and isolated tumour cells
in 1 patient. These and other authors have recommended
repeat SLNB in selected patients based on results of lym-
phoscintigraphy; where facilities for the latter are not
available, patients should undergo ALND rather than
attempts at repeat SLNB which has a higher failure rate
when not directed by pre-operative visualization of sentinel
nodes on lymphoscintigraphy [155].

15.9 Neoadjuvant Chemotherapy

A dichotomy of practice has emerged in efforts to define
how SLNB should be optimally incorporated into the
neoadjuvant setting. Some breast units have opted for SLNB
in conjunction with completion ALND after chemotherapy.
This was practiced in prospective trials to assess the safety
and accuracy of SLNB following a period of induction
chemotherapy which might potentially alter patterns of
lymphatic drainage in the axilla and increase false-negative
rates. These latter concerns led others to recommend upfront
SLNB performed prior to initiation of chemotherapy. The
intrinsic accuracy of this technique in terms of parameters
such as sentinel lymph node identification rates and
false-negative rates would be no different to patients having
primary surgical treatment.
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15.9.1 Sentinel Lymph Node Biopsy Prior
to Neoadjuvant Chemotherapy

Advantages—there will be minimal risk of an unacceptably
high false-negative result and information derived from
SLNB allows more accurate initial staging of patients when
SLNB is undertaken prior to neoadjuvant chemotherapy [156,
157]. Identification rates for upfront SLNB are high and range
from 98 to 100 % which is consistent with more extensive
surgical experience of routine SLNB pre-treatment. It should
be noted that nodal positivity rates are variable (29–67 %)
within this patient population and reflect the heterogeneous
nature of primary tumours within and between studies which
nonetheless confirm that SLN biopsy has satisfactory perfor-
mance characteristics for larger tumours [129]. A positive
SLNB result would prompt a subsequent ALND following
neoadjuvant chemotherapy, but otherwise no further axillary
surgery is indicated and completion ALND can be safely
avoided at time of definitive surgery, be this wide local
excision, simple mastectomy or mastectomy with immediate
breast reconstruction [70]. Upfront SLNB provides important
information on prognostication and can guide treatment
decisions for adjuvant radiotherapy, systemic therapy and
axillary surgery. Although knowledge of the sentinel lymph
node status at presentation may influence decisions on irra-
diation of regional nodes, precise nodal quantification of
axillary metastatic load with an upfront approach is limited;
for example, a single positive node only may be retrieved at
the time of SLNB, but multiple nodes may be positive despite
an innocent ultrasound examination of the axilla. In addition
to established clinicopathological factors, molecular tests
such as Oncotype DX (Genomic Health, Redwood, Califor-
nia) can assess estimated risk of recurrence in patients with
early-stage breast cancer. Patients with larger tumours and a
confirmed negative SLNB but low score on Oncotype DX
could be treated with neoadjuvant hormonal therapy rather
than chemotherapy. However, although prognostic tests pro-
vide information about risk of recurrence and death, predictive
markers are needed to select optimum therapy for individual
patients.

Disadvantages—upfront SLNB requires an additional
operation for all neoadjuvant chemotherapy patients, irre-
spective of final nodal status. Nonetheless, selected
node-positive patients will need additional surgery when
SLNB follows chemotherapy and facilities for
intra-operative node assessment are not available. Concerns
have been expressed about possible delays in commence-
ment of chemotherapy treatment when an upfront SLNB
policy is employed, with delays consequent to either
scheduling issues or wound complications such as seromas
and infection. It may be prudent to wait at least 7 days from
the time of SLNB before starting chemotherapy to minimize

potential wound problems and consider surgical antibiotic
prophylaxis in this group of patients.

A negative SLNB result prior to neoadjuvant therapy can
be helpful as no further axillary treatment is necessary, and
such information can reinforce any decision to withhold
subsequent supraclavicular irradiation. However, patients
selected for neoadjuvant chemotherapy have a higher chance
of nodal involvement and, in the event of a positive SLNB,
are then committed to completion ALND with no opportu-
nity for nodal downstaging. An upfront SLNB can be useful
in patients who do not require chemotherapy if SLN biopsy
negative, but often age, primary tumour size, and informa-
tion from core needle biopsy are sufficient to justify a rec-
ommendation for neoadjuvant chemotherapy.

15.9.2 Sentinel Lymph Node Biopsy After
Neoadjuvant Chemotherapy

Advantages—when SLNB is undertaken after primary
chemotherapy, it is possible to take advantage of potential
nodal downstaging and avoidance of ALND [158]. A ‘sin-
gle’ operation has the additional appeal of patient conve-
nience and reduced costs when facilities for intra-operative
node assessment are available. Rates of complete patholog-
ical nodal response vary from 20 to 36 % in patients with
needle biopsy-confirmed positive-node pre-chemotherapy
[159]. Most metastases diagnosed on needle biopsy are
macrometastases (>2 mm), and it is conceivable that com-
plete pathological response might be higher for nodes con-
taining micrometastases only, though there is no current
evidence to support this. There is a suggestion that knowl-
edge of nodal response to chemotherapy is more relevant in
terms of prognostication and decision-making for chest
wall/supraclavicular radiotherapy than initial nodal status. In
particular, those patients with a complete pathological
response in both the breast and axilla appear to have a much
better prognosis [160].

Disadvantages—primary chemotherapy may modify
lymphatic drainage patterns within the axilla where there is a
degree of plasticity within the lymphatic network of vessels
[161]. Distortion of lymphatics may occur secondary to
tumour shrinkage with creation of aberrant lymphatic drai-
nage patterns which together with plugging of lymphatics by
tumour emboli could increase false-negative rates.
Notwithstanding these theoretical considerations, there is no
conclusive evidence that such phenomena occur to any
significant extent in neoadjuvant therapy patients and this
may have encouraged a recent trend away from upfront
SLNB in neoadjuvant chemotherapy patients [162]. Inter-
estingly, chemotherapy is more likely to eradicate tumour
within non-sentinel lymph nodes than the sentinel lymph
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node in which the tumour cell burden is likely to be greater.
Thus although cancer cells spread first to the sentinel lymph
node and thereafter to the non-sentinel nodes, the inverse
sequence applies to chemotherapy effect and some have
referred to a ‘front to back, back to front’ phenomenon in
which chemotherapy is more likely to eradicate tumour
within NSLN then the SLN in which the tumour cell burden
is usually greater. Thus although cancer cells spread first to
the sentinel node and thereafter to NSLNs, the inverse
sequence applies to chemotherapy [163]. This would
increase the negative predictive value of a negative SLNB
after chemotherapy. However, if tumour deposits responded
earlier in the sentinel than non-sentinel nodes, then a
false-negative result would ensue.

An analysis by Hunt and colleagues revealed a
false-negative rate of 5.9 % when SLNB followed neoadju-
vant chemotherapy and 4.1 % for upfront SLNB [164]. Recent
reports have shown false-negative rates in the region of 8–
11 %; a meta-analysis of 21 single-institution studies
involving more than 1200 patients undergoing
post-chemotherapy SLNB with completion ALND reported a
pooled false-negative estimate of 12 % when SLNB followed
chemotherapy in clinically node-negative patients
(Table 15.3) [165]. These figures are similar to false-negative
rates for primary surgery, but it should be noted that these two
clinical scenarios may not be strictly comparable as only a
subset of patients in these neoadjuvant studies had SLNB
post-chemotherapy with patient selection and surgeon expe-
rience introducing an element of bias [163]. There have been
mixed reports on false-negative rates when there is needle
biopsy (cytology or core biopsy)-proven positive nodes
pre-chemotherapy with a limited number of published studies
relating specifically to this group of patients (Table 15.4)
[167–169]. Mamounas cited an overall false-negative rate of
11.1 % for SLNBpost-neoadjuvant chemotherapywhen there

is confirmed nodal involvement at presentation [170]. These
updated figures are reassuring but a note of caution has been
sounded by Alvarado and colleagues who express concerns
that false-negative rates can be unacceptably highwhen SLNB
follows neoadjuvant chemotherapy in patients presentingwith
node-positive disease [171]. They reported an overall
false-negative rate of 20.8 % although normalization of nodes
on ultrasound post-chemotherapy reduced this rate to 16.1 %
(compared with 27.8 % for those with abnormal node mor-
phology including size and cortical thickness).

There is a paucity of data on omission of completion
ALND in needle biopsy-proven node-positive patients with
a subsequent negative SLNB after neoadjuvant chemother-
apy. In particular, it is unclear from some reports whether
cited rates relate to patients with positive or negative initial
nodal status and there is confounding of studies due to some
patients proceeding to ALND. Further information is needed
on rates of regional recurrence specifically in those patients
with a negative sentinel lymph node who did not have
ALND. It is conceivable that axillary recurrence is higher
when there is residual non-sentinel nodal disease after a
false-negative SLNB post-chemotherapy (no further
chemotherapy routinely given) [172].

Boughy and colleagues have provided important infor-
mation from the American College of Surgeons Oncology
Group (ACOSOG) Z1071 trial which examined
false-negative rates for patients with core biopsy-proven
node-positive breast cancer who underwent SLNB and con-
comitant ALND after primary chemotherapy [173]. The
primary endpoint for this study was the false-negative rate for
clinically node-positive patients who have at least 3 sentinel
lymph nodes removed for pathological examination. Rates of
identification were 92.5 % overall with an accuracy of 84 %
for assignment of correct nodal status. Forty percentage of
patients had a complete pathological nodal response with no

Table 15.3 Accuracy of sentinel lymph node biopsy after neoadjuvant chemotherapy

Study/author Identification rate (%) False-negative rate

NSAPB B-27 [169] (428 patients) 85 11 % (8 % [dye + RI]; 14 % [dye alone])

GANEA (French) [166] (195 patients) 90 11 % (9.4 % [node −ve]; 11.6 % [node +ve])

MD Anderson [164] (575 patients) 97.4 5.9 % (4.1 % [pre-chemotherapy]; p = 0.39)

Table 15.4 False-negative rates
for cytologically/core
biopsy-proven positive nodes
pre-chemotherapy

Author No. patients False-negative rate (%)

Shen et al. [167] 69 25

Lee et al. [168]a 238 5.6

Newman et al. [169] 54 10.7

Alvarado et al. [171] 150 16.1

Boughy et al. [173] 649 12.6
aIn this study, some patients were classified as node positive on the basis of suspicious nodes on
ultrasound/PET scan
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evidence of any residual tumour on routine H&E staining
(metastases >0.2 mm). The false-negative rate was almost
20 % when only a single tracer agent was employed com-
pared with 10.2 % for dual tracer localization and harvesting
of a minimum of 2 nodes. It was recommended that at least 3
nodes be removed in this setting of SLNB
post-chemotherapy. On the basis of these Z1071 results,
SLNB after neoadjuvant chemotherapy for biopsy-proven
nodal involvement at presentation can only be reliably used
when dual localization methods have been employed and at
least 2 nodes have been removed and examined.

The German SENTINA trial addressed the role of repeat
SLNB in patients who had previously undergone the proce-
dure prior to neoadjuvant chemotherapy [174]. Patients were
allocated to one of four arms; initially clinically node-negative
patients treated with upfront SLNB were designated arms A
and B; if the sentinel lymph node was negative (arm A—662
patients), then no further axillary surgery was undertaken. If
the sentinel lymph node was positive before chemotherapy,
then repeat SLNB with ALND was performed after
chemotherapy (arm B—360 patients). Patients who were
initially clinically node positive were designated arms C and
D; those who converted to clinically node-negative status after
chemotherapy underwent SLNB with ALND (arm C—592
patients) whilst those who remained clinically node positive
had a standard ALND (arm D—123 patients). The
false-negative rate for repeat SLNB patients (arm B) exceeded
50 % (51.6 %; 95 % CI 38.7–64.2 %) and sometimes only a
single node was removed. It was concluded that SLNB is
unacceptable as a repeat procedure following neoadjuvant
chemotherapy. The false-negative rate was also noted to be
relatively high for those patients in armCwho converted from
clinically node positive to negative after chemotherapy
(14.2, 95 % CI 9.9–19.4 %).

There is increasing evidence that decisions for radio-
therapy (chest wall/supraclavicular) should be based on
tumour response to chemotherapy rather than the status of
the regional nodes per se at presentation. Knowledge of
sentinel lymph node negativity from downstaging after
neoadjuvant chemotherapy (when there were biopsy con-
firmed nodal metastases at presentation) is very helpful when
estimating benefit from radiotherapy. For clinically
node-positive patients who become negative after neoadju-
vant chemotherapy, there appears to be little benefit from
radiotherapy. Hence, SLNB after neoadjuvant chemotherapy
allows assessment of specific response within the regional
nodes to chemotherapy whereas positive nodes might
otherwise be removed with SLNB and preclude any com-
ment on nodal response following formal ALND after
neoadjuvant chemotherapy [158, 170].

A large randomized phase III trial (NSABP-51/RTOG-1304
trial) will evaluate post-mastectomy chest wall and regional
nodal radiotherapy and post-lumpectomy regional nodal

radiotherapy in patients with positive axillary nodes before
neoadjuvant chemotherapy who convert to pathologically
negative axillary nodes after neoadjuvant chemotherapy [175].
Thus amongst node-positive patients who convert to
node-negative status, this trial will determine whether or not
decisions concerning adjuvant radiotherapy should be based on
nodal status at the time of initial presentation. Ultimately, the
results of this trial will be an important consideration in the
decision-making process for recommending SLNB either
before or after administration of neoadjuvant chemotherapy.

There is now greater confidence in declaration of a
‘negative’ SLNB after primary chemotherapy for
node-positive disease and withholding routine ALND in
selected cases. Nonetheless, the significance of
micrometastases and isolated tumour cells in this setting is
uncertain and these may be of different biological conse-
quence if they represent downstaged macrometastases. Any
evidence of sentinel node tumour deposits on H&E staining
(including isolated tumour cells) should be followed by
completion ALND irrespective of the type of breast surgery.

15.10 Internal Mammary Node Biopsy

Substantial surgical morbidity can result from removal of
internal mammary nodes with no demonstration of any gains
in overall survival [16, 17]. It is uncommon for the internal
mammary nodes to be involved in the absence of metastases
in the axillary nodes, which undermines its value as addi-
tional staging information. The biological significance of
internal mammary chain disease remains uncertain, and the
use of adjuvant therapies is often prompted by concomitant
axillary nodal disease. Thus, the necessity for internal
mammary node biopsy is controversial; it is acknowledged
that microscopic involvement of the internal mammary
nodes may be significant for medially placed tumours with
positive axillary nodes. It should be noted that trials of
post-mastectomy radiotherapy which have shown an
improvement of about 10 % in overall survival included
irradiation of the internal mammary chain [176, 177].
The EORTC trial recruited axillary node-positive and
node-negative patients with medial/central tumours. A total
of 50 Gy was delivered in 25 fractions with a mixed tech-
nique of 6MV photons (26 Gy in 13 fractions) and 12 meV
electrons (24 Gy in 12 fractions) [178]. A small improve-
ment in overall survival at 5 years was noted which just
reached statistical significance (HR 0.87; 95 % CI 0.76–
1.00; p = 0.056). A meta-analysis of all three trials investi-
gating irradiation of the internal mammary nodes (French,
MA-20 and EORTC) reveals a benefit for overall and
metastases-free survival (HR 0.88; 95 % CI 0.8–0.97;
p = 0.012). Nonetheless, clinical manifestation of internal
mammary node recurrence is rare. The indications for
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irradiation of the internal mammary nodes is unclear at the
present time, but CT-based simulation with new planning
techniques may minimize the volume of the heart and lungs
exposed to radiation and hence related morbidities such as
pericarditis and coronary artery disease. Internal mammary
nodal irradiation is associated with low lung toxicity and a
slight excess of cardiac deaths was noted in the French
study, but numbers were small and not statistically signifi-
cant. There is a delicate balance between cardiac versus
breast cancer deaths, particularly for right-sided tumours.
Patient selection is a major challenge and only a minority of
stage 2 patients will have malignant involvement of internal
mammary nodes. The odds of internal mammary nodal
involvement increases from 2 to 20 % when lymphovascular
invasion is present but nodes are negative. What are the
implications of these findings for SLNB and how should
sentinel node-positive patients be treated in the meantime?
Some would argue that the main criterion for administration
of internal mammary node irradiation should be a positive
internal mammary node biopsy, although PET imaging may
offer an alternative basis for declaring internal mammary
node positivity. By implication, internal mammary node
biopsy as a standard of care warrants consideration. There is
likely to be a statistically significant benefit in overall sur-
vival from internal mammary node irradiation for internal
mammary node-positive patients and high risk pN0 patients.
Nonetheless, the role of internal mammary node irradiation
in the era of SLNB remains unclear—especially bearing in
mind that axillary lymph node dissection does not confer a
survival advantage—so why should treatment of the internal
mammary nodes be associated with any survival gain?

15.11 Conclusion

Approaches to management of the axilla have become more
complex and present clinical decision-making challenges in
terms of indications for SLNB and extent of surgery for
SLNB-positive patients with limited axillary tumour burden.
Axillary surgery encompasses both staging and therapeutic
procedures, and it is important to select patients appropri-
ately to avoid under- and over-treatment of patients,
respectively. SLNB is now the dominant and preferred
method for staging the axilla, but several questions remain
unanswered. These relate to methodology, interpretation and
the clinical significance of nodal metastases when SLNB is
undertaken as a primary surgical procedure or following
neoadjuvant chemotherapy. There has been a trend towards
abandonment of blue dye for routine SLNB in recent years,
but false-negative rates are minimized when dual localiza-
tion techniques are used post-chemotherapy for needle
biopsy-proven node-positive disease. For some patients,
completion ALND may not be justified whilst for others any

form of surgical axillary staging might be safely omitted.
Collective results from the Z0011 and IBCSG 23-01 trials
are considered practice changing in the USA, although a
more cautious approach has been adopted in many European
countries with a related POSNOC trial currently recruiting
patients in the UK. Data from local audits suggest that
results of Z0011 may not be applicable to practices in other
units worldwide and pertain to a minority of SLNB-positive
patients. Ironically, most patients with needle biopsy-proven
nodal metastases at presentation are committed to an ALND,
but some of these patients might be adequately treated with a
SLNB which removes any positive nodes. Nonetheless,
node-positive patients with larger, locally advanced or
inflammatory cancers should undergo primary ALND.
Individualized recommendations based on the risk of relapse
in conjunction with benefits and cost of treatment is the ideal
approach to management of the axilla. This strategy should
incorporate a spectrum of options including ALND, targeted
sampling and observation alone.
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16Breast Reconstructive Surgery

Yash J. Avashia, Amir Tahernia, Detlev Erdmann, and Michael R. Zenn

16.1 Introduction

Breast reconstruction following mastectomy can be achieved
by a variety of techniques using alloplastic implants, auto-
genous tissues, or both. The established paradigm for breast
reconstruction is to rebuild an identical and possibly sym-
metrical breast mound after mastectomy. In the last 30 years,
breast reconstruction has progressed from a rarely requested
procedure to one that has become an integral part of patient
management. The modern era of breast reconstruction began
in 1963 with the introduction of the silicone gel prosthesis.
In 1972, Radovon described the use of tissue expansion for
breast reconstruction [1]. The early introduction of free tis-
sue transfer by Daniel and Taylor in 1973 broadened the
scope of autologous breast reconstruction [2]. This technique
allowed patients with more significant skin deficits to benefit
from reconstruction. In the early 1980s, the use of autolo-
gous tissue for breast reconstruction was revolutionized by
Hartrampf with the introduction of the transverse rectus
abdominis muscle (TRAM) flap [3]. Later advances in
microsurgical free tissue transfer reopened the door to a new
range of options for autologous breast reconstruction. The
advent of perforator flaps has now further refined micro-
surgical techniques, Donor site morbidity is minimized by
perforator flaps by not requiring the violation or harvesting
of abdominal musculature. Case example: DIEP vs
Free TRAM Flap. The perforator flap allows us to harvest
the skin/subcutaneous tissues with the vascular pedicle dis-
sected through the fascia and muscle. The abdominal wall
integrity is preserved compared to the TRAM flap. Further-
more, we can increase the number of donor sites based on
perforators since there are a larger number of perforators

throughout the body. With these developments, patients
have benefited from improvements in cosmetic outcome,
operative recovery, operative morbidity, and the overall
expected outcomes.

Experience over time has also shown breast reconstruc-
tion to be an oncologically safe component of the overall
treatment plan. Perhaps most importantly, breast recon-
struction yields psychological benefits for women, offering a
sense of normalcy, a “return to wholeness,” and a way to
leave the cancer experience behind them. Women gain the
freedom to wear a variety of clothing, without the need for
external prosthesis, which may be cumbersome and
embarrassing.

Historically, almost all breast reconstructions were
delayed for months or years after mastectomy. It was feared
that immediate breast reconstruction would compromise
adjuvant treatments and that it would increase postoperative
complications. There were concerns of masking locoregional
recurrences and rendering treatment of such disease as dif-
ficult. Today, studies not only have shown no increased risk
for complications or oncologic risk but also have shown a
psychological benefit and cost-effectiveness. In the right
clinical scenario, patients can undergo immediate breast
reconstruction with a minimum compromise to their overall
cancer management and a maximum benefit.

Breast reconstruction has become an integral part of the
multidisciplinary approach to breast cancer. In order to
optimize results, patient selection is critical. Factors that
need consideration prior to embarking upon a reconstruction
include stage of the cancer, patient comorbidities, possible
adjuvant radiotherapy, availability of autologous tissue, and,
most importantly, the patient’s own desires [4]. A certain
group of women with early disease have the option of breast
conservation therapy (BCT) instead of undergoing mastec-
tomy. Prior studies have demonstrated an equivalent survival
when comparing BCT with radiation to mastectomy. While
the ultimate decision remains with the patient, both the
oncologic surgeon and plastic surgeon should have a chance
to counsel the patient.
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In this chapter, we will review the indications, timing,
principles, and techniques of breast reconstruction following
mastectomy. We will also review the role of radiation and
chemotherapy in breast reconstruction and how it impacts
surgical decision-making.

16.2 Indications for Reconstruction

Patients who are candidates for breast reconstruction are
those who have undergone mastectomy for cancer extirpa-
tion. However, with advances in the understanding of the
genetic basis of breast cancer and identification of BRCA1
and BRCA2 genes, more patients with familial history of
breast cancer are undergoing prophylactic mastectomies.
Therefore, breast reconstruction is not only limited to
patients with a diagnosis of breast cancer. Regarding indi-
cations for prophylactic mastectomy, the Society of Surgical
Oncology updated their statement in 2007 with the following
guidelines (Fig. 16.1).

Patients with metastatic disease are not candidates for
reconstruction, and in those who have significant medical
comorbidities, mastectomy may be the only reasonable
surgical intervention, as the stress of reconstructive surgery
may be prohibitive. Furthermore, there is no advantage to
immediate reconstruction in the setting of mastectomy for
inflammatory breast cancer (IBC) due to the high risk of
recurrence, aggressive nature of the disease, and need to
proceed expeditiously to adjuvant radiotherapy.

16.3 Skin-Sparing Mastectomy

The technique of skin-sparing mastectomy has greatly
improved the esthetic outcomes of autologous breast
reconstruction. It is an oncologically safe procedure in
patients with stage I and II cancers. It allows the mastectomy

to be performed with preservation of most of the natural
breast skin envelope and inframammary fold.

The skin-sparing mastectomy technique involves a peri-
areolar incision with or without some type of lateral exten-
sion for exposure and removal of breast tissue (Fig. 16.2).
With the goal to minimize separate scars on the breast
mound (for aesthetic purposes), designing the mastectomy
scar to incorporate prior scars on the breast mound is done.
This is with the understanding that the mastectomy is taking
place after a prior breast biopsy which is the normal scenario
here in the US. Although more time-consuming than tradi-
tional cancer ablation methods, this technique permits
maximal preservation of skin and provides excellent cos-
metic results. Several studies have validated its oncologic
safety, and no studies have shown any statistically increased
risk of tumor recurrence or compromised local control of the
disease following skin-sparing mastectomies [5].

The use of complete skin-sparing mastectomy success-
fully reduces scar burden and skin color discrepancies,
allows for optimal preservation of the preoperative breast
shape, and may minimize the need for a contralateral pro-
cedure to achieve breast symmetry. The success of this
procedure is dependent upon proper patient selection and
ability of the oncologic surgeon to safely perform extensive
skin flap mobilization in a precise plane through limited
exposure and adequately remove all breast parenchyma.
Patients with previous radiation, cup size larger than C, or
surgeons unfamiliar with the technique should not have
skin-sparing mastectomy [6].

The reconstruction of lumpectomy defects remains con-
troversial. These patients have often received irradiation,
which complicates revisional surgery. In most cases, if
cosmesis is unacceptable, patients require completion mas-
tectomy and reconstruction from scratch, removing the
problematic irradiated tissues.

16.4 Nipple-Sparing Mastectomy

Nipple-sparing mastectomy (NSM) preserves the entire skin
envelope of the breast, including the nipple–areola complex
(NAC). This often includes intraoperative pathological
assessment of the nipple. While neoplasia of the nipple is
most often from Paget’s disease of the breast, nipple
involvement may also occur with ductal carcinoma in situ
(DCIS) or invasive breast cancer. With earlier detection of
disease and less tumor burden and with the increased pop-
ularity of prophylactic mastectomy, NSM is becoming the
gold standard in properly selected patients.

Indications for NSM include prophylactic mastectomy
and NSM in the treatment of breast cancer [7]. Optimal
candidates for NSM are those with tumors 4 cm in diameter
or less, 2 cm away from the nipple, clinically negative axillaFig. 16.1 Table indications for prophylactic mastectomy
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or sentinel node negative, no skin involvement, and no
inflammatory breast cancer [8]. The final decision to spare
the nipple in cases of active disease must await frozen and
then definitive pathologic section. With the caveat of an
accepted false-negative rate for frozen section, the perma-
nent pathology results will later provide definitive informa-
tion to dictate management.

A plastic surgeon should screen possible candidates for
NSM to make certain that it is technically realistic. Patients
with larger or more ptotic breasts will be more likely to
encounter nipple and/or flap necrosis. In cases where the
skin flaps would be too long, such as cup size larger than C
cup or ptosis greater than grade 2 (inferior displacement of
the nipple–areola complex below the IMF), the nipple
should not be saved and a SSM approach should be used.
Regarding technique, reports have suggested that the best
incisions are lateral, radial, lateral mammary fold (LMF),
and inframammary fold (IMF). The IMF incision provides
the best cosmesis but may be difficult for some oncologic
surgeons to reach the upper portion of the breast safely [9].
Reconstructive options remain the same in these patients, but
may be technically more challenging due to smaller incisions
limiting exposure.

16.5 Timing of Breast Reconstruction

While most patients are candidates for “delayed recon-
struction” following the completion of their breast cancer
treatment, many patients are eligible for “immediate recon-
struction” during which they undergo breast reconstruction
at the time of their mastectomy. Factors influencing this
decision include the patient, disease, and treatment-related
factors. In the past, combining a reconstructive procedure
with the mastectomy presented several concerns with the
possibility of increased complications and possible delays in
postoperative delivery of adjuvant treatment. These con-
cerns, however, have been shown to be unwarranted. In
some cases, the reconstruction may be performed a few
weeks after the mastectomy to allow pathologic examination
of the specimen and surgical “delay” of ischemic skin flaps
to strengthen them. This technique has been termed
“staged-immediate” [10].

Immediate reconstruction is usually reserved for stage I
and some stage II breast cancer patients [11]. Immediate
reconstruction is more convenient for patients as it limits the
number of exposures to anesthesia and has psychological
benefits. With immediate reconstruction, esthetics is
improved, since incisions tend to be shorter and there is less
skin removal. Immediate reconstruction is not an alternative
for the patient not psychologically prepared for a recon-
structive procedure. Some patients are simply overwhelmed

Fig. 16.2 Skin-sparing
mastectomy incisions: varying
incisions used in skin-sparing
mastectomy. The incision is in
part determined by the areas of
previous biopsy. The goal is to
minimize the area of scar on the
skin envelope by incorporating
biopsy incisions
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by their new diagnosis and cannot make decisions beyond
cancer treatment.

Immediate reconstruction is contraindicated in a patient
with skin ulceration or inflammatory breast cancer. Fur-
thermore, if the patient is planned to receive postmastectomy
radiation therapy (PMRT), immediate reconstruction with
autologous tissue should be avoided due to the negative
effects of radiation on the reconstruction. Radiation therapy
to an implant or expander causes problematic sequelae of
capsular contracture and may lead to breakdown of the
incision site overtime with prosthesis exposure. As refer-
ences, a common technique used to avoid increased insult to
the mastectomy flap is to deflate the expander prior to
radiation. This will release any pressure on the skin flap
during radiation therapy. By leaving the expander in place, it
still preserves the pocket for resuming expansions after
radiation therapy [12].

Delayed reconstruction may be the only option in some
patients for various reasons. Some may not have access to a
reconstructive surgeon at the time of the mastectomy. Others
may feel that they need to deal individually with each step of
the cancer treatment protocol. This will allow them to weigh
all their options with regard to type of reconstructive method
and selection of a reconstructive surgeon. As mentioned
previously, delayed reconstruction is recommended for
patients with advanced disease who will require PMRT.
Some of the problems radiotherapy may produce include fat
necrosis, shrinkage of autogenous tissue flaps, thinning of
overlying chest skin, and periprosthetic capsular contracture.
These patients should be reassured that a delayed recon-
struction is in their best long-term interest and that esthetic
results can be equal to immediate reconstruction. Most
delayed reconstructions can be initiated 4 months after the
completion of chemotherapy and 6 months after radiation
therapy [13].

16.6 Alloplastic Versus Autogenous
Reconstruction

16.6.1 Alloplastic Reconstruction

Today, most mastectomy patients are candidates for tissue
expander/implant reconstruction. In general, the best results
are seen in patients with moderate breast size and minimal
ptosis (inferior displacement of the nipple–areola complex).
The best candidate for implant-based breast reconstruction is
one who is not obese, with moderate-sized breasts, and with
mild or no breast ptosis [14]. These patients may also be
considering contralateral augmentation or mastopexy as part
of their reconstruction.

Morbid obesity is considered a relative contraindication
for breast reconstruction with tissue expanders and implants.

In these patients, the breast “footprint” is wide and there will
be significant volume below the projected surface of the
chest wall making even the largest implant reconstruction
suboptimal. The delivery of radiotherapy before breast
reconstruction with prosthetic devices is also a relative
contraindication as the skin will simply not stretch due to
radiation changes. While occasionally successful, attempts
to perform prosthetic reconstruction after PMRT result in an
unacceptable rate of severe complications with implant
extrusion, capsular contracture, or implant displacement
[15].

All breast reconstructions require more than one opera-
tion, and the process may extend over many months. Allo-
plastic reconstruction with the use of tissue
expanders/implants is the simplest technique and the one
chosen by over 75 % of patients who undergo breast
reconstruction. Potential advantages of expander/implant
reconstruction over other techniques include the following:
(1) relative simplicity of the surgical procedure, (2) the use
of adjacent tissue of similar color, texture, and sensation,
(3) elimination of distant donor site morbidity, (4) minimal
incisional scarring, and (5) reduced operative time and
postoperative recovery compared to tissue reconstruction.
Many women may choose prosthetic breast reconstruction
so that they may resume physical activities quicker or with
little disruption. In addition, these patients will continue to
remain candidates for autologous reconstruction in the event
of prosthetic failure or personal preference.

While implant reconstruction yields the best results in
patients with moderate breast volumes (500 g or less),
reconstruction of the large breast can be accomplished. In
patients with large or markedly ptotic breasts, matching
surgery on the contralateral breast may be necessary in order
to achieve symmetry. This would be accomplished with
breast reshaping, either by a breast reduction or by a breast
lift (mastopexy). In some cases, a “Wise pattern” mastec-
tomy may allow for single-stage reconstructions with sym-
metrical inverted-T scars with the contralateral breast
reduction.

Prosthetic reconstruction can be performed in many ways,
but the most common include (1) single-stage reconstruction
with the use of primary implants, (2) two-staged recon-
struction with the use of initial tissue expanders followed by
the exchange for permanent implants, and (3) implants
combined with tissue procedures [16]. Before looking at
each of these modalities, a brief review of the technique of
implant placement will allow for a better understanding of
the anatomic considerations which are essential to optimal
outcomes. Breast implants or tissue expanders traditionally
are placed in the submuscular position (Fig. 16.3). This is
due to the fact that after a mastectomy, no gland remains and
so healthy vascularized soft tissue coverage is lacking. All
implants induce a foreign body reaction and formation of a
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discrete fibrous shell or capsule. Under the influence of a
variety of factors, this capsule may undergo the process of
capsular contracture which can distort breast shape. Sub-
muscular placement helps cover the implant with healthy
tissue which hides capsular distortion and may help prevent
it. Many variables can influence the development of capsular
contracture and they include type of implant surface, implant
placement, infection, and the use of radiation. We will revisit
the issue of capsular contracture later in the Complications
of Implant Reconstruction section. The key landmark for any
breast reconstruction is the inframammary fold (IMF). Every
effort is made to recreate a natural fold that matches the
contralateral fold in position and symmetry. The critical
measurement to consider when selecting an implant is the
base diameter of the breast. Other factors to be considered
are the height and projection of the breast. These factors are
all accounted for preoperatively with the appropriate marks
made on the patient’s chest before the creation of the sub-
muscular pocket. After the completion of the mastectomy,
the viability of the mastectomy flaps is assessed. Poorly
perfused tissue is excised, and if there is any doubt as to the
adequacy of soft tissue coverage, the reconstruction should
be delayed. If all looks well, an area under the pectoralis
muscle is dissected forming a submuscular pocket for the
implant. This dissection involves identification and elevation
of the lateral border of the pectoralis major muscle and
release of the muscles from its origin on the 5th rib. Dis-
section can sometimes be carried laterally, elevating the
serratus anterior muscle. The location of the pocket will
ultimately determine the level of the IMF.

16.6.2 Implant Types

The silicone gel-filled breast implant was first developed in
1963 for women with small breasts who desired augmenta-
tion. This was later applied to breast reconstruction to restore
shape and contour in women following mastectomies. The
implants that are currently available vary in shape, surface
texture, size, and filler material. All implants, regardless of
whether they are saline- or silicone gel-filled, have a silicone
outer shell. The most commonly available shapes are round
and anatomic or teardrop-shaped implants. Both shapes are
commonly used and achieve excellent results. Choice is
largely physician-driven. Placement and fixation of an ana-
tomic implant is critical as it forms the entire mound and can
be noticeable if mispositioned. Round implants are more
forgiving as they can look the same even when rotated. This
is not true with anatomic implants which need to stay in the
position originally placed without rotation. Textured surface
implants generally have more tissue ingrowth and tend to
hold their position better. They have been shown to be less
associated with capsular contracture, theoretically due to disorganized scarring around the implant that the textured

Fig. 16.3 Implant/expander placement: Tissue expanders can be
placed in a subpectoral or submuscular position. This figure demon-
strates a subpectoral prosthesis with most of the implant covered with
pectoralis major muscle. In a true submuscular position, the rectus
abdominis and serratus anterior muscles would be covering the
inferomedial and inferolateral aspects of the prosthesis, respectively
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surface induces. All shapes and textures are used regularly
with excellent results. In 1992, the US Food and Drug
Administration established a moratorium on the use of sili-
cone gel-filled implants until 2005 in the USA. These
implants were only available under the protocol for recon-
structive purposes. The concern with the silicone implants
was presumed to be in association with connective tissue
disorders as well as metachronous development of breast
cancer. Multiple retrospective studies over the past 20 years
have shown this to be invalid, and as such, these implants
were reapproved for use in the USA by the FDA in 2005.

Following the 1992 FDA moratorium on silicone gel
implants, there was an expected surge in the use of
saline-filled implants. An advantage with these implants is
that a desired volume can be achieved with intraoperative
instillation of saline into an empty implant. The advantages
of saline implants include smaller scars for placement, cus-
tomization of fill volume, and lack of silicone exposure if the
implant ruptures. Several problems have been associated
with saline implant use such as firmness, wrinkling of the
implant, and complete deflation of the mound upon rupture.
In comparison, newer silicone implants are softer, have a
more natural appearance, and are filled with cohesive gel
which maintains its shape upon outer shell failure [17].

16.6.3 Two-Stage Expander/Implant
Reconstruction

Two-stage reconstruction using an initial expander followed
by secondary permanent implant placement is the gold
standard for implant reconstruction. It is especially desirable
when there is insufficient tissue after mastectomy or when
the desired size and shape of the breast cannot be safely and
consistently achieved with a single-stage procedure [18].
The two-stage approach allows adjustments to the implant
pocket at the time of the second procedure, allowing a more
consistent reconstruction of the moderately sized breast with
mild ptosis. Prosthetic reconstruction in patients with large
breasts and significant ptosis requires a contralateral reduc-
tion or mastopexy to achieve symmetry, a symmetry that
will only occur in clothes.

The procedure for expander placement creates a sub-
muscular pocket of pectoralis and sometimes serratus mus-
cles. Expander selection is based on the height and width of
the desired breast. Most plastic surgeons favor textured
expanders with integrated valves. They allow direct instil-
lation of fluid through insensate mastectomy skin, which is
not painful to the patient. Following skin closure, a magnet
is used to identify the port and an initial volume of saline is
instilled, from zero to 300 mL or more. Additional expan-
sion continues postoperatively 2 weeks after expander
placement. The patient is seen in clinic, and 50–100 cc is

instilled every 2–3 weeks. Usually, this is carried out over a
2-month period until the desired amount of expansion has
occurred. Most surgeons overexpand by 10 % as there is
some retraction of the soft tissue once the expander is
replaced with the permanent implant. If the patient is
receiving chemotherapy, the exchange procedure is delayed
up to 4 weeks after the completion of treatment to avoid
issues with wound healing that may result. Following the
completion of expansion, the exchange of the expander for a
permanent implant involves reopening of the access incision,
removal of the expander, adjustments of the pocket and IMF,
and permanent implant placement (Fig. 16.4). Suction drains
are placed, and patient is placed in support bra for 10–
14 days to keep the implant properly oriented. If postoper-
ative radiation therapy is planned, the expander is irradiated
at final volume and exchange is delayed from 4 to 6 months,
depending on radiation-induced edema and induration. Some
radiation oncologists require deflation of the expander for
optimal chest wall irradiation, and after the 5-week therapy,
the expander is reinflated quickly over 2 weeks and then
exchanged at 9 months.

16.6.4 Single-Stage Reconstruction
with Implants

When nipple-sparing mastectomy is selected, immediate
breast reconstruction may take place by replacing the
excised mammary parenchyma with a similarly sized per-
manent implant. Depending on the nipple viability, either a
final implant or tissue expander is placed. ICG laser
angiography (SPY) can be useful in helping the surgeon
evaluate viability [19]. For high-risk patients (i.e., previous
surgery or radiation), delayed nipple-sparing mastectomies
have been described that have shown to improve nipple
vascularity at the time of the second-stage NSM.

With skin-sparing mastectomy of a small breast, place-
ment of an implant can be done immediately. The goal is to
maintain the breast envelope and fill it with volume. Since
the skin after mastectomy is thin and relatively ischemic,
healthy vascularized muscle is required to ensure implant
longevity. In the one-stage approach, tissue expansion of the
pectoralis does not occur and so effective muscle coverage
must be obtained in another way. This is accomplished with
either latissimus dorsi muscle transfer or an ADM sling
(acellular dermal matrix). Currently, most surgeons will use
ADM rather than sacrifice muscle. That said, at the time of
mastectomy, the latissimus can be harvested via an open or
endoscopic approach and rotated to the anterior chest where
it drapes over the final breast implant. Immediate
single-stage reconstruction is best suited for patients with
small, round breasts with a resection weight of about 300 g.
The implant is traditionally placed in a subpectoral pocket.

278 Y.J. Avashia et al.



Newer techniques not involving muscle are currently being
tried (see “pre-pectoral” below).

16.6.5 Permanent Tissue Expander/Implant
Reconstruction

One-stage breast reconstruction with permanent expander
implants was introduced in 1984 with expandable
double-lumen silicone gel/saline-filled prosthesis. This
technique is largely of historical interest only. The implant
can be partially filled at the time of reconstruction and
gradually inflated postoperatively over a 3–6-month period,
until symmetry is achieved. The device is placed in a similar
manner as previously described. The major drawback of
breast reconstruction with anatomic expander implants is
that it is hard to get the skin to expand in a breast shape. This
is the advantage of having a second stage—better shape.
Disadvantages of this approach include superficial infection
and discomfort often associated with the port. In addition, a
second procedure is needed to remove the port.

16.6.6 Prosthetic Reconstruction
with Acellular Dermal Matrix

Achieving the total muscle coverage of the implant and
natural ptosis is a key technical challenge. In the past dec-
ade, the use of acellular dermal matrices has been adopted to
supplement the pectoralis major muscle at the lower and
lateral aspects for implant coverage. The reported benefits of
ADM compared to total muscle coverage techniques include
improved lower pole expansion, increased intraoperative fill
volume for tissue expanders, and reduced number of
expansions. Throughout its use, concerns with the use of
ADM have been raised. Despite variability in study design
and sample size, numerous studies have sought to evaluate
the observed incidence and complication profile (infection

and seroma rate) of ADM-assisted techniques. Both
direct-to-implant and two-stage ADM-assisted immediate
breast reconstruction have been described and are commonly
used today in practice. “Pre-pectoral ADM-assisted breast
reconstruction” where no muscle is used and full coverage of
the implant is achieved with ADM only is coming into
vogue. The obvious advantages include no muscle dys-
function, less postoperative pain, and no “animation”
deformities when the pectoralis muscles are flexed.

16.6.7 Complications of Implant
Reconstruction

As would be expected with any foreign body, there are
certain risks associated with the use of implants. Infection,
extrusion, malposition, and capsular contracture are among
the most common. The incidence of infection of breast
implants is generally around 2 %, but studies have shown an
increased risk in the setting of chemotherapy, radiation, and
previous axillary node dissection [20]. As a result, the
incidence implant infection in the setting of breast recon-
struction is higher, with some studies reporting infection in
up to 10 % of patients. Treatment of implant infection or
extrusion requires removal of the implant followed by
antibiotic therapy. A period of 4–6 months should pass
before embarking on a secondary reconstruction. Extrusion
of implants can be secondary to infection or poor soft tissue
coverage. For this reason, many surgeons prefer “total
muscle” coverage of the implant at the time of surgery. It is
thought that covering the entire implant with muscle will still
protect the implant in the setting of a skin dehiscence, which
would otherwise potentially expose an implant that has less
soft tissue coverage. Poor tissue coverage will sometimes
necessitate tissue flap coverage.

All implants induce a foreign body reaction and forma-
tion of a discrete fibrous shell or “capsule.” Deformity can
occur when the capsule thickens and contracts, leaving the

Fig. 16.4 Tissue expansion/exchange: This is a 45-year-old patient
who underwent immediate placement of a tissue expander on the left,
subsequent expansion, and exchange for an implant. At the implant

exchange, she had a contralateral breast augmentation for better
symmetry. These photographs represent her 9-month postoperative visit
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implant space smaller and creating visible ripples in the
reconstruction. Many variables influence the occurrence of
significant capsular contracture, such as implant type, tex-
tured surface, filler substance, submuscular placement, and
subclinical infection. Capsular contracture is classified based
on severity. The Baker classification categorizes this as
follows:

Grade 1: The breast is soft and natural appearing.
Grade 2: The breast is less soft with palpable distortion

but still appears natural.
Grade 3: The breast is firm with visible distortion.
Grade 4: The breast is firm, painful, and visibly distorted.

Using this classification as a guide and evaluating each
patient individually, severe cases of contracture (grades 3
and 4) may require surgery for removal of the capsule and
replacement of the prosthesis (Fig. 16.5). Factors that have
been shown to reduce the incidence of this complication
include submuscular placement of the implant and use of a
textured surface implant.

A less common but worrisome complication of implant
use is anaplastic large cell lymphoma (ALCL). In January
2011, the FDA announced a safety communication, pointing
out a possible association between breast implants and
ALCL [21]. Breast implant ALCL (BI-ALCL) is distinct
from primary breast lymphoma, which is a disease of the
breast parenchyma and predominantly B cell in origin.
BI-ALCL is a T cell lymphoma arising from an effusion or
scar capsule surrounding the breast implant. Since the first
report of BI-ALCL in 1997, greater than 90 cases have been
published. Knowledge about BI-ALCL has evolved over the
past 2 decades with a better understanding and recognition
of this disease process. Patients with concerning findings
should have tissue and fluid specimens sent for pathology
review. Operative management includes removal of the

implant and entire capsule with lymph node dissection.
Adjunctive treatment modalities have been described and are
now under further investigation. These include chemother-
apy, radiation therapy, immunotherapy, and stem cell
transplantation.

16.7 Autogenous Reconstruction

Advances in breast reconstruction during the past 30 years
offer women the option of undergoing breast reconstruction
with their own tissue and without the need for breast
implants or expanders. The first application of autogenous
transfer for breast reconstruction occurred in 1977 with the
use of the latissimus dorsi muscle flap [22]. Myocutaneous
flaps permit the movement of additional skin, underlying fat,
and muscle for reconstruction of the breast. The most
common donor sites for autogenous tissue are the lower
abdomen, back, thighs, and gluteal regions. These areas are
considered to have tissue excess and can be contoured to
produce a more esthetic appearance. Flap reconstructions are
particularly useful when there is a significant skin deficiency
following mastectomy. With immediate breast reconstruc-
tion, the use of a flap can permit the creation of a breast that
is relatively symmetrical with the contralateral breast with
similar tissue characteristics.

The transfer of myocutaneous flaps is possible due to the
blood supply to the overlying skin and subcutaneous tissue
from the underlying muscle via musculocutaneous perfora-
tors. The transfer of myocutaneous flaps can be accom-
plished as pedicled flaps or free flaps. Pedicled flaps refer to
tissue blocks that are transferred from the lower abdomen or
back to the mastectomy site following elevation of the
myocutaneous unit from its bed. The pedicle, consisting of
an artery and a vein(s), may be skeletonized, but is left intact
and serves as the axis of rotation of the flap. Free tissue
transfer relies on the technique of microsurgery and in breast
reconstruction applies to the transfer of tissue from remote
regions of the body to the chest wall. This involves elevating
the tissue needed, identifying its major vascular pedicle and
dividing it. This is followed by the relocation of the tissue to
the chest along with microvascular anastomosis of the donor
vessels to the recipient vessels. In breast reconstruction, the
most common recipient vessels are the internal mammary
vessels and the thoracodorsal vessels.

Autogenous reconstruction can be performed in both the
immediate and delayed settings. Today, when patients are
felt to be at very high risk for radiotherapy, autogenous
reconstruction is performed in a delayed fashion. Immediate
reconstruction should occur when the risk of postoperative
radiation is low, such as when sentinel node sampling
reveals no evidence of lymph node metastasis or tumor size
is small. Overall, autogenous breast reconstruction yields the

Fig. 16.5 Capsular contracture: This is a 57-year-old patient 5 years
after right implant reconstruction and left implant reconstruction with a
latissimus flap due to radiation. Note the distorted shapes of the breasts
and thinning skin envelope
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most durable and natural appearing results with the greatest
applicability. It has several advantages over implant
reconstruction:

1. A large volume of the patient’s tissue is available.
2. Prosthesis is not required, obviating problems such as

implant infection, prosthesis, contracture, and extrusion.
3. It offers versatility in shaping the new breast with the

creation of natural ptosis and fill of the infraclavicular
hollow and anterior axillary fold.

4. It can withstand postoperative radiotherapy much better
than implant reconstruction.

5. The excellent vascularity of the tissues allows for
improved wound healing, especially in an irradiated chest
wall.

The autogenous tissues available in decreasing order of
frequency of use are the abdomen (pedicled TRAM flap, free
TRAM flap, DIEP, SIEA), latissimus dorsi flap, superior and
inferior gluteal flaps, upper thigh flaps (TUG, PAP), lateral
transverse thigh flap, and deep circumflex iliac artery
(DCIA) flap. Each of these flaps can be raised as a
myocutaneous flap or a perforator flap, which spares the
accompanying muscle and only lives off the perforating
blood vessels in the flap. These flaps require microsurgical
expertise. We will review these flaps and adjunctive methods
available for optimal reconstructive outcomes.

16.7.1 Pedicled TRAM Flap/Unipedicled Flap

The pedicled TRAM flap was first described in 1982 by
Hartrampf. Since then, the procedure has gained popularity
and it remains the most commonly performed method of
autologous breast reconstruction [23]. A lower abdominal
transverse skin island is designed overlying the rectus
abdominis muscles. This is the same tissue removed during
an abdominoplasty, hence its appeal. The overlying skin and
subcutaneous tissue receive their blood supply from perfo-
rating vessels from the underlying rectus muscle.

The rectus abdominis muscle receives a dual blood sup-
ply from the superior and inferior epigastric vessels. The
pedicled flap is based on the superior epigastric vessels due
to a better point of rotation to reach the chest. The vessels are
the continuation of the internal mammary vessels and are
distant from the lower abdomen. This means the degree of
perfusion of the overlying skin and fat is limited and care
must be exercised in deciding how much tissue to carry. It
does not require microsurgical skills and is therefore more
applicable to most plastic surgeons. The muscle with its
overlying adipose tissue and skin is simply tunneled through
the upper abdomen to the chest wall into the contralateral or
ipsilateral mastectomy defect (Fig. 16.6).

The concept of perfusion becomes relevant when looking
at flap survival and partial flap loss called “fat necrosis.” Fat
necrosis manifests as a subcutaneous or deep firmness,
which often compromises the esthetic outcomes of the
reconstruction. In addition, it causes anxiety in patients and
surgeons in view of its differential diagnosis as a cancer
recurrence. A simple way of thinking about this is that the
risk of fat necrosis increases as the distance from the muscle
perforators increases. The concept of angiosomes was first
introduced by Taylor over 30 years ago [24]. An angiosome
represents a three-dimensional tissue unit supplied by a
source artery. Each source artery directly supplies perfora-
tors to the muscle and skin of a discrete area called the
primary angiosome. A neighboring area may still be sup-
plied by this source artery through secondary, less reliable
“choke vessels,” and these areas are secondary angiosomes.
The primary blood supply territory of the superior epigastric
artery is the upper abdomen. The lower abdomen is supplied
in a pedicled TRAM flap by connections between the
superior epigastric system (secondary) and the inferior epi-
gastric system (primary to the lower abdomen) (Fig. 16.7).
Intuitively, the best supplied tissues are present over the
rectus muscles in direct continuity with the muscular

Fig. 16.6 Unipedicled TRAM flap: This picture demonstrates the
unipedicled TRAM flap. This flap has been transposed to the
contralateral chest. The pedicled TRAM flap can also be transferred
onto the ipsilateral chest (Duke University Department of Surgery)
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perforators. This is referred to as Zone 1 of the TRAM flap
(Fig. 16.8). As shown in the figure, there are a total of 4
zones of a TRAM flap. Zone 2 represents the area medial to
the elevated rectus across the midline, and Zone 3 represents
the area lateral to elevated rectus. Zone 4 is the furthest from
the elevated rectus, representing the area with the most
tenuous blood supply present in the TRAM flap. The risk of
fat necrosis is higher in patients with the history of COPD,
diabetes mellitus, hypertension, obesity, and smoking his-
tory. In these patients, the pedicled TRAM may not be the
best choice for reconstruction. Free TRAM transfer,
bipedicled TRAM, and pedicled TRAM after delay may be
more appropriate in these settings.

Following harvest and transposition of the flap to the
mastectomy defect, the TRAM flap is inset or positioned in
place. Attention is turned to recreating a symmetrical breast,
with IMF at the same level and breast volume and projec-
tions also being similar. Often the volume of TRAM is in
excess of what is needed, and in this setting, the zones
furthest from the pedicle, demonstrating the poorest perfu-
sion, can be partially resected down to the volume desired.
The skin of the flap can also be de-epithelialized to leave
behind enough epidermis to only bridge the mastectomy skin
defect. The donor site also needs careful attention to avoid her-

nias and bulges. With the rectus muscle harvested on one
side, the chance of hernia is about 5 %. For this reason,
mesh reconstruction of the muscle defect should be con-
sidered when primary closure is not possible or is tenuous.
Despite these adjunctive procedures, up to 30 % of patients
still experience a bulge or hernia in the lower abdomen with
full muscle harvest. The clinical significance of this is
debated.

16.7.2 Bipedicled TRAM Flap

The use of the two rectus muscle pedicles increases the
blood flow to the overlying skin and fat, thereby increasing
the reliability and size of the flap. However, indications are
limited because of the morbidity associated with abdominal
wall damage from the loss of both rectus muscles. It is used
primarily to augment circulation in obese patients, smokers,
and diabetes. It is also used in patients with limited
abdominal tissue; hence, all zones are required for recon-
struction and in patients who are unwilling to undergo
reduction of the contralateral breast. It has been shown that
patients who undergo unipedicled reconstruction have a
40 % decrease in abdominal muscle strength compared to a
64 % decrease in bipedicled flaps. With previous abdominal
midline scars, some surgeons have reported acceptable
results in these patients using the bipedicled TRAM. In
larger centers, free flap reconstruction has largely supplanted
the use of the bipedicled TRAM.

Fig. 16.7 Unipedicled TRAM flap: This picture demonstrates the
vascular supply (superior epigastric artery) that runs superficial to the
rectus fascia (Duke University Department of Surgery)

Fig. 16.8 TRAM vascular zones: The lower abdominal tissue that is
transferred in a TRAM flap is divided into 4 zones based on the degree
of perfusion. Zone 1 has the best perfusion as it is the area directly over
the deep inferior epigastric artery. Zone 2 is the area directly medial and
has the second best perfusion. Zone 3 is the area lateral to Zone 1 with a
less robust blood supply than Zone 2. Zone 4 is the area farthest from
the pedicle and thus has the most tenuous blood supply. Because of its
relatively poor perfusion, Zone 4 is the first area discarded in flap
transfer if debulking of the tissue block is necessary prior to inset
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16.7.3 Midabdominal TRAM Flap

In the morbidly obese patients who would be considered
high risk for the standard lower abdominal TRAM flap, the
midabdominal TRAM represents an acceptable alternative.
In this variant, the horizontal location of the abdominal
ellipse is moved upward toward the midabdomen in order to
increase the blood flow to the overlying skin and fat. The
supplying superior epigastric vessels are not so distant, and
perfusion of the tissue, now a primary angiosome, is
improved. It is ironic that the obese patient with a significant
abdominal pannus is a poor candidate for a standard TRAM.
This is because the tissues, though significant, are poorly
vascularized and edematous. The use of the ample mid- or
upper abdomen avoids the use of these poorer tissues in the
reconstruction, avoiding complications. Abdominal closure
is facilitated by the large pannus. The main disadvantage, the
highly visible scar in the mid- or upper abdominal area, is
less of a concern for the morbidly obese patients, who
benefit somewhat from the reduction of abdominal
redundancy.

16.7.4 Free TRAM Flaps

The free TRAM flap utilizes the primary blood supply of the
lower abdomen, the deep inferior epigastric vessels. It thus
has better vascularity and less risk of ischemia in the
peripheral zones (abdominal zones 2, 3, and 4). Because of
this improved tissue perfusion, there is a lower incidence of
fat necrosis when compared to the pedicled TRAM
flap. Additionally, this flap reliably carries a larger amount
of skin and adipose tissue than the pedicled TRAM. Since it
is not possible to pedicle a flap based on the inferior epi-
gastrics to the chest, these vessels must be divided and
microscopically reconnected.

These vessels are connected with either the thoracodorsal
or the internal mammary vessels (Fig. 16.9). In immediate
breast reconstruction, the thoracodorsal vessels are usually
targeted since they are usually fully exposed by the onco-
logic surgeon during axillary node dissection. In the delayed
setting, the internal mammary vessels are more often chosen
for the microvascular anastomosis. This recipient site has the
advantage of being free of previous scarring around vessels,
being centrally located facilitating microsurgery, and
allowing a more medial positioning of the flap.

Studies from numerous cancer centers show distinct
advantages of the free TRAM over its pedicled counter-
part. There is a less than 10 % chance of fat necrosis with
free flap reconstruction compared to 30 % with the pedicled
TRAM [25]. As in the pedicled TRAM, the free TRAM flap
is also associated with abdominal wall bulges and hernias,
but less so. One study quoted the incidence of hernia to be

12 % in the pedicled TRAM and 3–6 % in the free TRAM
flap [26]. The free TRAM also avoids the bulge in the epi-
gastrium and the disruption of the IMF that is required by the
tunneling of the pedicled flap from the lower abdomen. Free
flaps do not require tunnel formation, and a sharply
demarcated IMF is possible during the first operation.

For the free TRAM flap, muscle-sparing variations have
been described. In the muscle-sparing TRAM variant
(Fig. 16.10), only the central portion of muscle surrounding
the deep inferior epigastric pedicle is taken with the flap
leading to less disruption of the rectus fibers as compared to
the conventional free TRAM, where the complete transverse
width of the muscle is removed. Comparing the degrees of
muscle spared, the rate of fat necrosis gradually increases
from complete transection of the rectus muscle in a free
TRAM to a perforator-based abdominal flap which theoret-
ically spares the entire muscle. This is related to the number
of perforators used with each technique. Muscle sparing uses
all perforators present, while a perforator flap isolates just a
few. In the muscle-sparing TRAM, muscle continuity is

Fig. 16.9 Free TRAM flap: This figure demonstrates a muscle-sparing
free TRAM flap where only a small portion of the rectus muscle and
fascia surrounding the deep inferior epigastric pedicle is included. The
pedicle can be co-apted to either the thoracodorsal or internal mammary
system. Here, the anastomosis is to the internal mammary vessels that is
often exposed by removing a portion of the 3rd rib cartilage (Duke
University Department of Surgery)
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maintained as is a significant portion of the muscle inner-
vation, so the rates of hernia and bulge are less. In con-
tradistinction, pedicled flap reconstruction mandates
elevation of the entire rectus muscle leaving behind a large
area of the lower abdomen often requiring mesh reinforce-
ment. Although sacrificing the rectus muscle will not leave a
patient completely disabled, patients may notice a consid-
erable difference in flexion strength and abdominal contour
when the rectus muscles are sacrificed. Objective measures
of abdominal wall strength after pedicled or free TRAM
reconstruction have consistently shown a deficit in strength
which may persist long term. Several comparative studies
have not shown a significant difference in long-term
abdominal wall function between these two techniques.

16.7.5 Abdominal Perforator Flaps

Perforator flaps represent the newest generation of free flap
reconstruction. The concept of a perforator flap emphasizes
the blood vessels, not the muscles. The skin island and
accompanying fat are isolated on perforating vessels that
come through muscle from the source artery, leaving intact
innervated muscle. In breast reconstruction, the dominant
perforator flap used is the deep inferior epigastric perforator
(DIEP) flap. The superficial inferior epigastric artery (SIEA)
perforator flap has also been used; however, it is less

available due to the anatomic variability seen in patients
[27].

The DIEP flap preserves the whole rectus muscle and its
sheath (Fig. 16.11). It can be based on a single large per-
forator or as many as 4 or 5 perforators (Fig. 16.12). When
skeletonizing the perforators, the rectus sheath above and
below the perforator is incised for a short distance to identify
the vessel connection with the deep inferior epigastric sys-
tem. The advantages of the DIEP flap include avoidance of
muscle sacrifice and decreased abdominal wall morbidity,
decreased postoperative pain, and decreased hospital stay. It
usually also avoids the problems of a tight fascial closure
and can preclude the need for synthetic mesh. Although the
DIEP, based on a few perforators, has less perfusion than a
free TRAM flap which is based on all perforators, the inci-
dence of fat necrosis is similar and perfusion is still superior
to a pedicled TRAM. One of the disadvantages of the DIEP
flap is the technically more challenging dissection.

The free SIEA flap provides the same abdominal skin and
fat for reconstruction as the DIEP flap. The SIEA flap is not
a true “perforator” flap as the vessel is a primary branch of
the femoral system [28]. Of the two flaps, the SIEA causes
less donor site morbidity. Since the superficial epigastric
vessels are superficial to rectus fascia, no incision must be
made in the abdominal fascia and no vessel dissection is
performed through the rectus abdominis muscle. The flap,
however, is limited by the variability in its vascular anatomy.

Fig. 16.10 Pedicled TRAM: This is a 43-year-old patient who underwent immediate breast reconstruction with a pedicled TRAM. These are
1-year postoperative photographs. The areola was reconstructed with tattoos and the nipple by nipple sharing from the contralateral nipple
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The SIEA and vein are only inconsistently present in suffi-
cient caliber to reliably support sufficient tissue for breast
reconstruction. Disadvantages of the SIEA flap are a smaller
pedicle diameter and shorter pedicle length than TRAM or

DIEP flaps. The SIEA pedicle can be a valuable source of
blood supply when the proposed flap requires a bipedicle
approach (blood supply from both sides of the abdomen for
a single flap). When performed successfully, esthetic results
of SIEA flap breast reconstruction are indistinguishable from
a TRAM or DIEP flap [29].

16.7.6 Latissimus Dorsi Musculocutaneous
Flap

As previously alluded to, the latissimus dorsi muscle can be
used for autogenous breast reconstruction. It is often com-
bined with implant reconstruction in patients with
moderate-sized breasts, and in those with smaller breasts, it
can be used alone. With this operation, skin and muscle from
the back are transferred to the mastectomy defect. It is safe
with a reliable blood supply. The blood supply to the pedi-
cled latissimus flap is the thoracodorsal vessels. In the event
that these vessels are injured during surgery, the latissimus
can still be raised based on the serratus branch of the tho-
racodorsal vessel. In this situation, retrograde flow from the
intercostal system through the serratus branch maintains
tissue perfusion.

The indications for use of the latissimus dorsi muscle in
breast reconstruction include (1) primary reconstruction with
or without implant/tissue expander; (2) patients with inade-
quate abdominal tissue, or patients who are unwilling to
have an abdominal scar; (3) secondary reconstruction with
implant after radiation therapy; and (4) as a salvage proce-
dure for implant or tissue reconstruction when failure of
reconstruction has occurred.

The skin paddle on the back over the muscle is quite
healthy and is well perfused when placed directly over the
latissimus muscle (primary angiosome). A patient who has

Fig. 16.11 Breast reduction with free TRAM: This is a 40-year-old
patient who underwent delayed reconstruction. (a, b) Preoperative
defect and markings. Her right breast was too large to match, so she had

a reduction on the right and a muscle-sparing free TRAM flap on the
left (c, d). These photographs are at 1-year follow-up

Fig. 16.12 DIEP flap: This figure demonstrates the split rectus
abdominis muscle from which emanates the deep inferior epigastric
artery perforator supplying vasculature to the abdominal adipocuta-
neous flap. The recipient site in this figure is the left breast as
demonstrated by a nipple-sparing mastectomy incision (Duke Univer-
sity Department of Surgery)
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undergone a skin-sparing mastectomy may require mainly
muscle and only a small circle of skin to replace the nipple–
areola complex. The latissimus muscle flap is usually used in
combination with implant/expanders to achieve a desired
breast volume to match the contralateral breast. In some
patients who need added volume but do not want implants,
the extended latissimus dorsi flap can be used. With this
method, a more aggressive fat and skin harvest increases the
bulk of flap and forms a larger breast. Disadvantages of this
technique include the high incidence of seroma at the donor
site and a large scar deformity on the back.

16.7.7 Gluteal Musculocutaneous
and Perforator Flaps

Gluteal tissues are a distant second or third choice for total
autogenous breast reconstruction. They are a distant choice
due to the popularity of the abdominal tissue donor site and
the difficulty of the gluteal vessel dissection. The gluteus
maximus myocutaneous free flap was first described in 1983.
Muscle is no longer harvested with these flaps as they are
raised as perforator flaps. The superior gluteal free flap is
based on the superior gluteal vessels (S-GAPs), and the
inferior gluteal flap is based on the inferior gluteal vessels
(I-GAPs) [30]. This has the added benefit of a longer vas-
cular pedicle for ease of flap inset and microanastomosis. For
any flap, the width of the skin island may be up to 13 cm and
allow a primary donor closure, while the length varies from
10 to 30 cm. While there is ample adipose tissue to allow for
reconstruction in the gluteal region, gluteal fat is more
fibrous than abdominal wall fat. This can make shaping of
the tissue more difficult during insetting of the flap and limit
the final appearance of the reconstruction. Important ana-
tomic differences exist between the superior and inferior
gluteal flaps (Fig. 16.13). The superior gluteal artery is
shorter and must be connected to the internal mammary
system for the tissues to be placed properly on the chest. The
inferior gluteal artery is longer and can reach the thora-
codorsal vessels if needed. Dissection of the inferior gluteal
artery can put the inferior gluteal and posterior femoral
cutaneous nerves at risk, not an issue with the superior
gluteal artery dissection. While harvest of the gluteal tissue
can leave a deformity of the buttock, the superior flap
mimics more a buttock “lift” and is better tolerated. Ulti-
mately, the choice of superior versus inferior will depend on
the distribution of the gluteal fat. For both gluteal flaps,
dissection of the pedicles is more tedious when compared to
the dissection of vessels in a free TRAM flap and often
requires position changes for harvest and/or inset.

Newer perforator flaps are beginning to become more
popular as our understanding of the anatomy improves and
more surgeons become comfortable with microsurgery.

These flaps (i.e., profunda artery perforator or PAP) and new
flaps yet discovered will have in common the harvest of
excess tissues in another part of the body based on perfo-
rating blood vessels for use in building a breast mound with
minimal donor site morbidity [31].

16.8 Secondary Breast Reconstruction

16.8.1 Nipple–Areola Reconstruction

Creating a nipple–areola complex is an integral part of the
breast reconstruction. It enhances the final cosmetic result
and creates a more natural-looking reconstructed breast. It is
typically performed 3 months after the mound reconstruc-
tion. It is delayed in the setting of a reconstruction that is to
be radiated. It is the last step in the process of postmastec-
tomy surgical rehabilitation [32].

The nipple can be reconstructed with local tissue of the
reconstructed breast or as a nipple graft from the contralat-
eral breast. When utilizing local tissue, flaps can be designed
to wrap skin and fat into conical shapes to recreate a pro-
jecting nipple. Examples of such flaps include the skate,
C-V, bell, and tab flaps, among others. All local flaps suffer
from shrinkage during the healing phase and may not match
the contralateral nipple [33]. Large nipples can best be
matched with “nipple sharing” when the contralateral nipple
is bisected, half used as a free nipple graft for reconstruction.

Fig. 16.13 Gluteal artery flaps: This figure demonstrates the zones of
the superior and inferior gluteal artery flaps. These flaps can be
harvested as musculocutaneous or perforator flaps
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This reduces the large nipple and creates an opposite twin
from like tissue.

The areola is reconstructed so that it is symmetrical and
similar in color and diameter to the areola of the opposite
breast. Methods used for reconstruction include skin grafts,
areolar sharing from the other breast, and tattooing. Tat-
tooing is the most common method as it is simple and avoids
the need for a skin graft. If skin grafting is performed, further
intradermal tattooing may be required to achieve symmetry
to the opposite nipple–areola complex.

16.8.2 Autologous Fat Grafting

In pursuit of improving reconstructive shape, contour, and
symmetry of the breast, autologous fat grafting has been
adopted as the most common secondary reconstructive
procedure performed for revision over the course of the past
decade. This growth in popularity stems from it, being a
reliable technique with low morbidity and improved esthetic
results. Indications for fat grafting in breast reconstruction as
a secondary procedure are expanding but involve improving
contour, shape, and volume [34]. The harvesting and injec-
tion technique includes low-pressure syringe liposuction
with small aliquot injections at the necessary sites.
Implant-based reconstructions can benefit from upper pole
injection to aid the transition from implant to upper chest
wall and for implant rippling often associated with implants.
In addition, abdomen-based flaps may benefit from contour
irregularities and volume deficiencies. As with all autolo-
gous fat grafting, there is a certain amount of resorption that
is encountered. Reported volume loss has been between 40
and 60 % within the first 4 to 6 months. Due to its low
morbidity, fat grafting may be repeated as necessary to
maximally improve final results.

16.8.3 Contralateral Breast

While breast reconstruction can nicely replace a breast lost
to mastectomy, it rarely produces a breast that is symmetrical
with the unaffected contralateral breast. As a result, the
patient with a unilateral reconstruction may require alteration
of the opposite breast to achieve symmetry. The options
available for the contralateral breast include mastopexy,
breast reduction, implant augmentation, and prophylactic
mastectomy with reconstruction [35].

Mastopexy, or a breast lift procedure, is performed to
correct a ptotic breast. The procedure involves lifting of the
nipple–areola complex and reshaping of the breast cone to
match the reconstructed breast in size and position. Breast
reduction can effect similar changes but also reduces the
volume of the contralateral breast (Fig. 16.10). In patients

who have a reconstructed breast that is larger than their
native breast and the patient prefers this size, augmentation
mammoplasty of the opposite breast can be performed.
Lastly, patients who request contralateral mastectomy must
understand that a reconstruction can achieve a reasonable
breast form but is not an equal substitute for a natural breast.

16.9 Radiation and Breast Reconstruction

Irradiation is known to cause permanent damage to cells
involved in wound healing and as such can negatively
impact healing of a flap or graft. Following the milestone
publications in 1997 in the New England Journal of Medi-
cine of randomized clinical trials performed in Denmark and
British Columbia which demonstrated a survival benefit in
patients with postmastectomy radiation (PMRT), the use of
radiotherapy in the appropriate setting has become standard
of care. Current indications for PMRT include (1) tumors
with positive margins, (2) tumors that are T3 or greater
(>5 cm), and (3) the presence of 4 or more positive axillary
nodes. Although the role of PMRT in breast cancer patients
has been well defined, its reported effects on breast recon-
struction are variable. Radiation therapy subjects the skin
surface to progressive change through a chronic inflamma-
tory process. Early effects occur within 90 days and include
skin dryness, epilation, pigmentation changes, and erythema.
Late effects manifest with a progressive induration and
thinning of the skin, fibrosis, and edema. Microscopic
examination of radiated tissues demonstrate signs of vas-
cular obliteration and chronic ischemia. A number of studies
have looked at the long-term outcomes of radiation therapy
on both implant and autologous reconstruction.

A review by Spear et al. of 40 patients who underwent
implant reconstruction followed by PMRT showed that over
45 % of patients required revisional surgery with either
implant replacement or autogenous tissue as compared to
10 % in patients who did not receive radiation [16]. They
showed a 33 % rate of capsular contracture in the irradiated
group compared to 0 % in the control group. Cosmetic
outcomes are also considered inferior in the irradiated
reconstructed breast. The risk of implant exposure and
infection is higher following PMRT. Autogenous recon-
struction is also negatively impacted by irradiation. A study
by MD Anderson compared irradiation of immediate TRAM
flaps to irradiation of delayed TRAM flaps. The study
demonstrated a similar incidence of early complications.
These included vessel thrombosis, partial flap loss, and
mastectomy flap necrosis. However, the immediate TRAM
flap group had a higher incidence of late complications (fat
necrosis, volume loss, and contracture) with 28 % of patients
requiring revisional surgery. Recent studies of postmastec-
tomy irradiation of free TRAM and DIEP flaps showed a
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higher rate of fat necrosis with DIEP flaps, possibly
reflecting their relative vascularity [36]. With PMRT in the
setting of implant reconstruction, another consideration is
the delivery of the radiation. The implant/expander can
cause technical problems with the design of the radiation
fields, particularly as it pertains to the internal mammary
nodes. Therefore, the presence of an implant may result in
the exclusion of the internal mammary chain with increasing
doses delivered to the lung and heart.

Due to the high incidence of complications, most recon-
structive surgeons will not pursue implant reconstruction in
the patient who will need radiation. Most will perform a
delayed reconstruction after completion of radiation. It is,
however, often difficult to predict preoperatively who will be
a candidate for immediate breast reconstruction and who will
need radiation. In patients who are undergoing prophylactic
mastectomies, immediate reconstruction can be pursued. In
breast cancer patients, if the tumor is greater than 5 cm, then
the patient will need PMRT and immediate reconstruction
should be avoided. In patients without clear indications for
PMRT, the ultimate need for radiation is unknown. In this
situation, when immediate reconstruction is required, a
separate sentinel lymph node sampling procedure can be
performed. If the sentinel lymph node is negative, most
reconstructive surgeons will pursue immediate reconstruc-
tion, assuming that it is the wish of the patient. As described
previously, patients with plans for PMRT with sufficient skin
envelope after skin-sparing mastectomy may have the option
for immediate reconstruction using a tissue expander, with
the understanding that this expander may need to be deflated
prior to radiation.

As indications for postmastectomy radiation and other
treatment modalities continue to change, the approach to
breast reconstruction needs to adapt to maintain an appro-
priate balance between minimizing the risk of recurrence and
providing the most durable and best esthetic reconstructive
outcome. Delayed reconstruction is typically performed
6 months after the cessation of PMRT to allow full healing
of the chest to limit healing difficulties [37].

16.10 Chemotherapy

As part of the postmastectomy regimen, patients with breast
cancer may need chemotherapy. It is well known that certain
chemotherapeutic agents can hinder wound healing and this
can impact the breast reconstruction in the immediate post-
operative period. Once the wound is healed (typically 3–
4 weeks), chemotherapy can be initiated. In the long term,
the effect of chemotherapy on breast reconstruction is neg-
ligible, and a history of previous chemotherapy has virtually
no adverse effects. However, development of a chronic,
non-healing wound after an immediate reconstruction can

delay the administration of chemotherapy until the wound
has healed. For this reason, in patients undergoing breast
reconstruction who are scheduled to undergo chemotherapy,
secondary procedures such as exchange of tissue expanders
for implants or tissue flap revision are delayed 2–3 months
after the cessation of adjuvant chemotherapy.

16.11 Conclusion

Modern breast reconstruction techniques provide a reliable
source of rehabilitation and return to normalcy for patients
following treatment for breast cancer. It has become an
integral aspect of breast cancer management. As a member
of the multidisciplinary breast cancer team, the reconstruc-
tive surgeon provides valuable input on the appropriate
timing and techniques for reconstruction. Breast recon-
struction can be done safely and effectively at the time of
mastectomy or as a delayed procedure.

Irrespective of the timing of reconstruction, a spectrum of
techniques is available from which the patient and surgeon
can choose. These can involve breast implants, autologous
tissue, or both. Implant reconstruction is a relatively simple
and effective method of breast reconstruction, but may not
be suitable for all patients, particularly those who need or
have had radiation therapy. Autologous methods in contrast
are more surgically demanding, but they consistently yield
better esthetic results than implant reconstruction, particu-
larly when combined with skin-sparing mastectomy.

The goal of breast reconstruction is to restore the size,
shape, and appearance of the breast as closely as possible
after mastectomy. This aids in the restoration of body image
and makes it possible for patients to wear virtually all types
of clothing with confidence. As we see further refinements in
microsurgical techniques, it becomes possible to reconstruct
a breast with a minimum morbidity and a lifetime benefit.
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17The Role of Radiotherapy in Breast Cancer
Management

Mutlay Sayan and Ruth Heimann

Abbreviations

CHF Congestive heart failure
CT Computed tomography
DCIS Ductal carcinoma in situ
DIBH Deep inspiration breath-hold
EORTC European Organization for Research and Treatment of Cancer
IMNs Internal mammary nodes
IMRT Intensity-modulated radiation therapy
LINAC Linear accelerator
MLC Multileaf collimator
MRI Magnetic resonance imaging
NIH National Institutes of Health
NSABP National Surgical Adjuvant Breast and Bowel Project
PET Positron-emission tomography
US Ultrasound

17.1 Introduction to Radiation Oncology

At the end of the nineteenth century (1895), Wilhelm
Roentgen announced the discovery of “a new kind of ray”
that allows the “photography of the invisible.” The biologic
and therapeutic effects of the newly discovered X-rays were
soon recognized, particularly because of the dermatitis and
epilation they caused. In the early 1896, a few weeks after
the public announcement of Roentgen’s discovery, among
the first therapeutic uses, Emil Grubbe in Chicago irradiated
a patient with recurrent carcinoma of the breast and Herman

Gocht in Hamburg Germany, irradiated a patient with locally
advanced inoperable breast cancer and another patient with
recurrent breast cancer in the axilla [1]. Despite the technical
limitations of the early equipment, tumor shrinkage and at
times complete elimination of the tumor were noticed.
However, the full potential of radiation therapy could not be
achieved in those early days because of the limited knowl-
edge regarding fractionation, treatment techniques and
uncertainties in how to calculate the tissue dose so as to
deliver safe and effective doses of radiation.

17.1.1 Physics of Radiation Therapy

The X-rays and gamma rays are part of the spectrum of
electromagnetic radiation that also includes radio waves,
infrared, visible, and ultra violet light. They are thought of as
small packets of energy called photons. The X-rays reaching
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the tissue deposit their energy and because the energy is quite
high, it causes ejection of orbital electrons from the atoms,
resulting in ionization, hence the term ionizing radiation.
Once the energy is deposited, many interactions occur,
resulting in the generation of more free electrons and free
radicals. Because the human body is made mostly of water,
the energy absorption leads to a chain reaction, resulting in
the formation of multiple, reactive free radical intermediates.
Any of the cell constituents such as proteins, lipids, RNA,
and DNA can be damaged. Apoptosis, signal transduction,
and lipid peroxidation are all altered as a result of direct or
indirect effects of radiation; however, DNA double-strand
breaks seem to be the most critical damage that if unrepaired
or incorrectly repaired will result in cell death.

The radiation dose is measured in terms of the amount of
energy absorbed per unit mass. Presently, the measurement
unit is gray (1 Gy is equal to 1 J/kg). The past measurement
unit was the Rad, and 100 Rads = 1 Gy. The beam energy
determines itsmedical usefulness. The clinically useful energy
ranges of the electromagnetic radiation are superficial radia-
tion 10–125 keV, orthovoltage 125–400 keV, and super-
voltage, over 1000 keV (>1 meV). As the beam energy
increases, it can penetrate deeper and more uniformly into
tissue, and the skin sparing increases. The reason for skin
sparing is that the electrons that are created from the interac-
tion between photons and the tissue travel some time before
they interact with tissue molecule and deposit the maximum
dose. In the superficial and orthovoltage ranges, because of the
lower energies, most of the dose is deposited at or very close to
the skin (i.e., with significant skin dose), a significant dose is
absorbed in bones, and useful beam energy cannot reach

tissues at more than a couple of centimeters deep, resulting in
marked dose inhomogeneity in the tissue. The great advantage
of the supervoltage/megavoltage photons is that as the energy
increases, the penetration of the X-ray increases, absorption
into bone is not higher than the surrounding tissue and skin
sparing increases. Therefore, maximum dose does not occur
on the skin but at depth in the tissue, and more homogeneity
can be achieved in the targeted volume.

The era of modern radiation therapy started approxi-
mately 50–60 years ago when supervoltage machines
became widely available because of advances in technology
resulting from atomic energy research, the development of
the radar, and advances in computing. The availability of
high-energy beam revolutionized the field of radiation
oncology. Initially, the cobalt machine, a by-product of
atomic research, and subsequently the linear accelerator
(LINAC) generating beams with the energy ranging from 4
to 24 meV became available; currently, LINACs are mostly
in use. A photograph of a LINAC is shown in Fig. 17.1. In
the LINAC, electrons are accelerated to very high speeds.
The high-speed electrons are guided to strike a tungsten
target to produce the X-rays.

For certain clinical circumstances, the electron beam is
preferred. Electrons differ in the way they deposit energy in
the tissue. With electrons, the maximum dose is reached
close to the skin surface with minimum skin sparing; how-
ever, there is a marked fall in radiation dose at certain depth
in the tissue. This depth can be carefully chosen depending
on the energy of the electron beam. Electron beams are
mostly used for therapy of superficial tumors or to supple-
ment (boost) photon therapy.

Fig. 17.1 A linear accelerator
(LINAC) used for radiation
therapy treatments (photograph
courtesy of Elekta)
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Protons are heavy-charged particles generated in cyclo-
trons. Due to relatively large mass and charge protons have a
limited range, little lateral scatter and small exit dose. Pro-
tons are well suited for pediatric brain tumors and tumors in
close proximity to the spinal cord. There is no established
use for protons in breast cancer.

To conform to the tumor shape and anatomy, the radio-
therapy beam is tailored to each individual patient by using
beam modifiers placed in the path of the beam. They may
include such devices as collimators, tissue compensators,
individually constructed blocks, or, more recently, the multi-
leaf collimator (MLC). An image of a MLC is shown in
Fig. 17.2.Fromtheearlydaysofmanual computingwhendose
was calculated in a single point in the treated volume, recent
computing advances led us to calculate dose in 3D in the tumor
and surrounding tissue and account for differences in tissue
density (i.e., lung, bone) as well as modify the dose inside the
target areaby “dosepainting”or intensity-modulated radiation
therapy (IMRT). We are now able to deliver more accurate
radiation treatments and tailor treatments to individual patient
anatomywith increasedefficacyandlessmorbidity.Whendose
can be deliveredmore accurately to the tumor andmore normal
surrounding tissue can be spared, dose intensification can be
attempted to achieve higher cure rates without increased
complications. Uniform dose distribution and reduced dose in
the surrounding tissue result in decreased acute and long-term
side effects. Exclusion of as much normal tissue as possible
from the path of the radiation beam is always of great impor-
tance, sincemanypatients arealso receivingchemotherapy that
may result in higher probability of late complications.

17.1.2 Radiation, Surgery, and Chemotherapy

Radiation therapy is a local-regional curative modality that
can be used either alone or in combination with surgery and
chemotherapy. The rationale for combining surgery and
radiation is because their patterns of failure are different.
Radiation is less effective and failures occur more at the center
of the tumor where there is the largest volume of tumor cells,
some necrotic and in hypoxic conditions. Radiation is most
effective at the margins where the tissue is well vascularized
and the volume of tumor cells is the lowest. The extent of the
surgery on the other hand is usually limited by the normal
structures in the proximity of the tumor. The bulk of the tumor
can be usually excised, but to remove all microscopic disease,
at times, the surgery may need to be too extensive. Hence, the
failures of surgery are usually at the margins of excision and
that is where radiation is the most effective. To increase its
therapeutic effectiveness, the radiation can also be combined
with chemotherapeutic and biologic agents. Because these
modalities have different mechanisms of cell kill and can
interfere with different phases of the cell cycle, the combined
effects may be additive, synergistic, or the systemic agents
may act as sensitizer to the effects of radiation; however, it also
increases the probability of side effects.

17.1.3 Technical Aspects of Radiation
Planning and Delivery

Radiation therapy is an integral part of the management of all
stages of breast cancer. Prior to embarking on radiation

Fig. 17.2 The multileaf
collimator (MLC) used to shape
the treatment beam (photograph
courtesy of Elekta)
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treatments, careful treatment planning is necessary. This
includes decisions regarding patient positioning and immo-
bilization. Both are essential for accuracy of therapy to ensure
day to day reproducibility, and patient comfort. The treatment
planning is done with the aid of a simulator, which is a
machine with identical geometrical characteristics as the
treatmentmachine; however, instead of high-energy treatment
rays it generates diagnostic X-rays to image the target (i.e., the
irradiated volume). More recently, computed tomography
(CT), ultrasound (US), magnetic resonance imaging (MRI),
and positron-emission tomography (PET) have been incor-
porated into the simulator, allowing even more accurate target
identification in the actual treatment position. After the target
and normal structures have been delineated in 3D, alternative
treatment plans are generated and optimized. The plan that
gives the best coverage of the target with minimal dose to the
surrounding tissue and minimal inhomogeneities is chosen.
The dose and homogeneity in the target are of great impor-
tance. Cold and hot spots have to be minimized because cold
spots in the target will leave cancer undertreated, thus a source
of disease recurrence, while hot spots may increase the risk of

complications. The treatment planning is a team effort
between the physician, physicist, dosimetrist, and technolo-
gist. It is an interactive process that usually goes through
multiple iterations until the optimal plan is reached.

In the treatment of nonmetastatic breast cancer, the
radiation is aimed at the breast/chest wall, and depending on
the clinical situation, also at the regional lymphatics such as
the supraclavicular, axillary, and internal mammary lymph
nodes. The treatment goal is eradication of tumor with
minimal side effects. The CT scanner can be used to delin-
eate the targeted area and the critical structures to which
dose should be limited. The beam arrangement that traverses
the least amount of normal critical organs is chosen. In the
treatment of the intact breast or chest wall, medial and lateral
tangential beams are used (Fig. 17.3). Tangential beams
allow the encompassing of the breast tissue while including
limited amounts of lung or heart. Using 3D or IMRT treat-
ment planning software, the dose distribution is calculated
for the entire breast volume. Beam modifiers are incorpo-
rated to minimize the volume of tissue receiving higher or
lower than the prescribed dose and minimize the dose to the

Fig. 17.3 Tangential beam arrangement for the treatment of the intact
breast or chest wall. a An axial view showing the medial and lateral
tangential beams covering the breast tissue. b The view from the beam
direction, “beams eye view.” Note the small amount of lung or heart in

the treated volume. c The projection of the tangential beams on the
patient’s skin. These views were obtained from computer tomography
(CT)-based simulation workstation
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skin surface while ensuring that the glandular tissue several
millimeters under the skin is not undertreated. IMRT allows
the generation of a more homogenous plan, thus resulting in
less acute side effects such as moist desquamation, pain, and
breast lymphedema [2, 3]. Figure 17.4 demonstrates the
more homogeneous dose achieved with IMRT, eliminating
the “hot spots.”

In many situations, IMRT also affords better conforming
of the dose around the breast tissue, thus decreasing the
dose to heart, lung, contralateral breast, and axilla, as well
as less scatter dose [4]. More recently, development of the
deep inspiration breath-hold (DIBH) technique has been
shown to reduce incidental cardiac irradiation. Deep
inspiration enables anatomical displacement of the heart
medially, inferiorly, and posteriorly (i.e., away from the
chest wall) resulting in decreased incidental cardiac irra-
diation. To treat the supraclavicular or axillary nodes and
limit the dose to the spinal cord, a field shown in Fig. 17.5
is used. This field is usually an anterior/posterior field
slightly angled to exclude the upper thoracic and lower
cervical spinal cord. Various techniques are used to per-
fectly match all the fields so as to prevent an overlap or a
gap between them. Depending on the clinical situation,
radiation treatments are given daily for 5 1/2–6 1/2 weeks.
In standard fractionation schedule, 1.8 or 2.0 Gy fractions
are being used. Fractionation is necessary to keep the
normal tissue complications to a minimum while achieving
maximum tumor control. Several hypofractionated sched-
ules using 15 fractions of 2.66–3.20 Gy in 3–5 weeks have
been tested in randomized trials [5, 6]. In the selected
patients, results show equivalence for local control and
cosmesis to the schedule of 2.0 Gy in 5 weeks.

Proton therapy is currently being studied as an alternative
potential strategy to achieve an optimized dose distribution
[7]. At present time, protons are not being generally used in
the treatment of breast cancer.

17.1.4 Adverse Effects of Radiation
to the Breast

Treatments are usually well tolerated. Acute side effects may
include fatigue, breast edema, skin erythema, hyperpig-
mentation, and at times desquamation mostly limited to the
inframammary fold and axilla. Acute skin changes usually
should resolve 1–2 weeks posttreatment. Higher treatment
fraction sizes may result in more breast edema and fibrosis,
thus jeopardizing the cosmetic outcome. The cosmesis
posttreatment is usually good to excellent in a large majority
of patients. However, there are no good objective quantita-
tive criteria to evaluate the cosmetic outcome. Posttherapy,
there is a gradual improvement in the appearance of the
breast, hyperpigmentation resolves, skin color returns to
normal, and breast edema resolves. The return to normal
color and texture happens in a large majority of patients [8],
but in some, it may take 2 or even up to 3 years.

With modern megavoltage therapy and treatment plan-
ning, the long-term side effects are limited. They depend on
the radiation dose, fraction size, the energy of the beam, and
the volume of radiated tissue. Most of the side effects can be
limited with appropriate treatment planning.

Symptomatic pneumonitis is exceedingly rare, occurring
in less than 1 % of patients, particularly in those treated only
with tangential fields and not receiving chemotherapy. The
risk is 3–5 % if chemotherapy is given and if the supra-
clavicular nodes need to be treated. It has been noted that if
chemotherapy and radiation are given sequentially instead of
concomitantly, the risk is lower. A study by Lingos et al.
showed that the risk of radiation pneumonitis was 1 % if
chemotherapy and radiation were given sequentially and
could be as high as 9 % if the treatments were concurrent
[9]. The risk also depends on the type, dose, and scheduling
of the chemotherapeutic agents. The risk is further reduced
by using 3D or IMRT treatment planning techniques. Those

Fig. 17.4 Dose distribution in the breast using intensity-modulated radiation therapy (IMRT) planning (a) and 3D treatment planning (b). Note
the elimination of “hot spots” in the IMRT plan
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patients in whom symptomatic pneumonitis develops, it is
usually mild and reversible either spontaneously or after a
short course of steroids. Damage to the brachial plexus may
develop in less than 1 % of the women treated with the
currently used doses and fraction sizes. Larger fraction size
may result in an increased risk of brachial plexopathy. There
is a small risk of rib fractures, and soft tissue necrosis is
exceedingly rare. In more than 2000 patients treated at the
University of Chicago Center [8], no rib fractures or soft
tissue necrosis were noted. Radiation may cause damage to
the heart. The effects are dependent on the radiation tech-
nique used. The early trials of postmastectomy radiation
have shown an increase in cardiac deaths in the long-term
survivors [10]. However, in those days, an anteroposterior
photon beam was used to treat the internal mammary nodes
(IMNs), resulting in full-dose radiation to a large segment of
the heart [11]. More recent reports show less risk of cardiac
disease [12, 13]. The effects on the heart may include peri-
carditis [14], acceleration of coronary artery disease, car-
diomyopathy, congestive heart failure (CHF), valvular heart
disease, pericardial disease, and conduction block [15–19].
Although subclinical abnormalities may occur soon after
irradiation such as microvascular injury and accelerated

atherosclerosis, the resulting symptoms may not be apparent
until decades later. With the currently used CT-based 3D and
IMRT treatment planning techniques, excessive dose to a
large part of the heart can be avoided. Moreover, utilizing
the DIBH technique can further reduce incidental cardiac
irradiation [20–22]. Many of the active and currently used
chemotherapeutic agents (Adriamycin, Taxol) may also have
deleterious effects on the heart. Except in rare occasions, the
radiation and these chemotherapeutic agents are not given
concurrently. No significantly increased risk of heart-related
complication has been noted using sequential chemotherapy
and radiation treatments. However, the long-term combined
effects of cardiotoxic chemotherapeutic agents and radiation
are not yet completely known because the newer drugs have
not been used that long. Cardiac disease may become evi-
dent 10 to even 20 years posttherapy. Thus, longer
follow-up will be needed before firm conclusions are
reached. There has been substantial increase in the use of
trastuzumab in the treatment of breast cancer. There are no
data showing increased cardiac toxicity when combining
radiation and trastuzumab, but longer follow-up will be
necessary for more definitive data. In the interim, particular
attention should be given to the treatment planning of

Fig. 17.5 The beam arrangement for the supraclavicular and axillary
apex area. a An axial view. Note how the beam is directed to avoid the
spinal cord. b The view from the beam angle also showing the blocking

of the spinal cord and humeral head. c The beam as it projects on the
patient skin
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left-sided breast cancer after cardiotoxic chemotherapy, even
more so if the IMNs need to be treated.

Lymphedema may develop following axillary dissection
and can be exacerbated with radiation. Although not
life-threatening, it can significantly impact on quality of life.
The risk of lymphedema depends on the extent of axillary
node dissection and the extent of the radiation to the axilla.
With a complete axillary dissection, including all three levels
of axillary nodes and radiation therapy, the risk of lym-
phedema may be more than 40 %. However, if the surgery is
only limited to level I and II dissections and the axilla is not
radiated, some lymphedema may develop in up to 30 % of
women, but the risk of significant lymphedema is only 3–
5 %. The lymphedema is significantly less if surgery to the
axial is limited to a sentinel node biopsy [23]. When com-
pared to axillary lymph node dissection, axillary radiation
following a positive sentinel lymph node biopsy results in
reduced risk of lymphedema (11 % vs. 23 % at 5 years)
[24]. The risk can be reduced by preventing trauma or
infections to the arm on the dissected side. The condition can
be chronic. It can be stabilized with physical therapy and
manual lymphatic decompression but at times is difficult to
eliminate. Early physical therapy and manual lymphatic
decompression are very important and may reverse early
stages of lymphedema.

There is a small risk of second malignancies in the
long-term breast cancer survivors treated with radiation [25].
In general, for a woman with breast cancer, the risk of
contralateral breast cancer is approximately 0.5–1 % per
year, of which 3 % or less could be attributed to previous
radiation [26, 27]. In the study by Boice et al., most of the
risk was seen among women radiated before age 45. After
age 45, there was little, if any, risk of radiation-induced
secondary breast cancers. This has been further confirmed in
a case control study in a cohort of more than 56,000 mostly
perimenopausal and postmenopausal women. The dose to
the contralateral breast was calculated to be 2.51 Gy, and the
overall risk of contralateral breast cancer was not increased
in patients receiving radiation therapy. The secondary
tumors were evenly distributed in various quadrants of the
breast, also arguing against radiation-related contralateral
breast cancer [28]. In patients, treated at the University of
Chicago, with mastectomy between 1927 and 1987, there
was no increase in contralateral breast cancer in women who
also received chest wall radiation [29].

Other treatment-related malignancies include lung cancer,
sarcoma, and leukemia. The risk of treatment-related lung
cancer is small. Studies from the Connecticut Tumor registry
of patients treated between 1945 and 1981 show that in
10-year survivors, approximately nine cases of
radiotherapy-induced lung cancer per year would be
expected to occur among 10,000 treated women [30]. The
risk is significantly increased with smoking [31]. The

reported cumulative risk of sarcoma in the radiation field is
0.2 % at 10 years [32]. The risk of leukemia is minimal with
radiation only; however, in combination with alkylating
agents, the risk may be higher [33]. There are conflicting
reports regarding the risk of esophageal cancer [34, 35].
Possibly, the increased risk in some studies is related to
radiation techniques that used an anterior/posterior field to
treat the IMN. In general, in most contemporary plans, the
esophagus is excluded from the path of the beam. Many
published studies tend to report the risk of second malig-
nancies as the relative risks. It is important to realize when
reading and evaluating the clinical literature that from the
patients’ and physicians’ perspective, the concept of relative
risk is not very informative because the relative risk of an
event with radiation may be very high compared to no
radiation, but if the absolute risk is very low, it has no
management or practical clinical value. Thus, absolute
numbers or percentages of the risk are much more relevant
and informative.

17.2 Radiation Therapy in the Early-Stage
Breast Cancer

17.2.1 Ductal Carcinoma in Situ

Ductal carcinoma in situ (DCIS), noninvasive ductal carci-
noma, or intraductal carcinoma refers to proliferation of
malignant cells confined within the basement membrane.
DCIS, a premalignant condition, if untreated, is likely to
progress to invasive breast cancer [36, 37]. Management of
DCIS remains one the most controversial aspects of breast
cancer treatment. It is a disease of the mammographic era
with a significant increase in the incidence rate in the last
decade. The nonpalpable DCIS, which comprises the
majority of currently diagnosed disease, was almost
unknown 25–30 years ago. In 2015, more than 60,000
women were diagnosed with DCIS [38]. The natural history
is long, and although the incidence has been increasing in
recent years, there are few studies of the alternative treatment
options that have sufficient power and length of follow-up to
have definite answers. The treatment options include simple
mastectomy, or local excision, with or without radiation.
Several factors are important in the management decision of
a patient with DCIS. Any evidence that the disease is or
could be extensive such as diffuse, suspicious, or indeter-
minate microcalcifications or multicentricity, as well as a
mammogram, which is difficult to follow, or if there is
uncertainty that the patient can comply with a program of
routine mammograms for follow-up are contraindications for
breast-conserving surgery. Status of the margin following
local excision and the histologic subtype are important when
making treatment decisions, and as always, patient wishes
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and comorbidities need be considered. If negative margins of
excision cannot be obtained, breast conservation attempts
have to be abandoned. Among histologic subtypes,
high-grade nuclei and comedo necrosis appear to be more
aggressive variants and seem to have a higher risk of
recurrence or progression to invasive breast cancer. How-
ever, it is not clear if the risk of recurrence is higher with
comedo DCIS, or just that the recurrences appear sooner and
if the follow-up were long enough, the recurrence rate would
be the same in patients with comedo or noncomedo
histology.

Mastectomy was traditionally the standard of therapy for
DCIS. The recurrence rates following mastectomy were 1 %
or less and the cancer-related mortality 2 % [39]. However,
after the documented success with breast-conserving therapy
in infiltrating ductal carcinoma, it became increasingly dif-
ficult in the daily practice to recommend mastectomy to
women with DCIS. Paradoxically, women who were
adhering to a strict regimen of screening and were detected
as having DCIS could be “rewarded” with mastectomy,
while if they just would have waited a few years for the
disease to progress to invasion, they could have
breast-sparing surgery. There are no randomized trials that
compare mastectomy to breast-conserving therapy; however,
a decision analysis of trade-offs shows that there may only
be a 1–2 % difference in the actuarial survival rates at 10 and
20 years if the initial therapy is breast-conserving surgery
and radiation compared to mastectomy [40]. The small dif-
ference is most likely because at least half of the recurrences
after breast conservation are DCIS and among the other half
that are invasive, most are detected at an early stage. As in
many other clinical dilemmas in breast cancer management,
the National Surgical Adjuvant Breast and Bowel Project
(NSABP) investigators significantly contributed to the
changes in practice and redefined the standard of care in
DCIS. NSABP-17 is a large, prospective randomized trial of
818 women that shows, with a median follow-up of 8 years,
that radiation therapy following breast-conserving surgery
reduces both the invasive and noninvasive ipsilateral breast
cancer recurrences and the particular impact was on the
reduction of invasive breast cancer recurrences. The inci-
dence of noninvasive cancer was reduced from 13 to 9 %,
and invasive breast cancer from 13 to 4 % [41]. All patients
benefited from radiation irrespective of tumor size or
pathologic characteristics. No features could be identified
that would allow selection of patients in whom radiation
could be eliminated [42, 43]. With a longer follow-up time,
the combined data from NSABP-17 and NSABP-24 confirm
the significant decrease in invasive breast cancer recurrence
and improved survival [44]. A separate analysis of the effects
of radiation on DCIS in the earlier NSABP-06 trial also
showed a reduction in local failure with radiation [45].
A randomized trial performed by the European Organization

for Research and Treatment of Cancer (EORTC) breast
cancer cooperative group confirmed the NSABP-17 finding
[46]. With radiation, the local recurrences at 10 years
decreased from 26 to 15 %. In multivariate analysis, the
addition of radiation, the architecture, grade of DCIS and
margins status were independent predictors of recurrence. It
is clear that negative margins are important for local control;
however, controversy exists regarding the definition of
adequate negative margins. Both the width of margins and
the radiation dose influence local control. Boost radiotherapy
has been shown to significantly decrease the risk of relapse
in young women [47]. Excellent local control was also
achieved when boost was given even when margins were
defined as DCIS not touching the ink [48]. Although with
longer follow-up and more information from the combined
prospective and retrospective studies, the data may change,
with the current information available in patients who are
candidates for breast conservation, the local recurrence after
excision alone is 20–30 %, and this can be reduced with
radiation to approximately 10–15 %. To further improve the
outcome, NSABP performed a study in which all patients
who were candidates for breast conservation were treated
with local excision followed by radiation and randomized to
tamoxifen or placebo. This study, NSABP-24, enrolled more
than 1800 women [49]. Tamoxifen therapy resulted in 32 %
decrease in recurrences compared to radiation only without
tamoxifen.

In several retrospective studies, attempts were also made
to determine the patients in whom radiation can be elimi-
nated. Silverstein et al. devised a scoring system combining
the size of the DCIS, margins, grade, and necrosis [50]. This
scoring was subsequently modified showing that margins
alone are predictive of local recurrence [51]. Using the
information regarding pathologic margins, the authors
attempted to develop criteria when DCIS can be satisfacto-
rily treated by local excision, when radiation therapy should
be added, and when mastectomy is required. However,
because the number of events in relation to the number of
patients was low, the differences were not statistically sig-
nificant and firm conclusions could not be reached [52].
They showed that in the low-risk patients when margins of
excision are more than 1 cm, the 12-year local recurrence
rate is 13.9 % compared to 2.5 % if postexcision radiation is
given [53]. The widths of the margins can significantly
compromise cosmesis. In breast conservation surgery, the
surgical margins’ width is in close inverse correlation with
cosmesis. When performing the surgical excision, the sur-
geon is carefully balancing an oncologic surgery to achieve
adequate margins and cosmesis because wide margins and
removal of large amount of tissue may significantly impact
on cosmesis. It is also important to recognize that because of
the pathologic characteristics of DCIS, it is frequently dif-
ficult to determine the exact size of the DCIS and many

298 M. Sayan and R. Heimann



pathologists are reluctant to do so. Thus, since many times
the pathologic size is unavailable or cannot be accurately
ascertained, some studies report DCIS size in millimeters,
others in number of slides with DCIS, while others by using
its mammographic size. This heterogeneity makes the
comparison of local recurrence rates between studies diffi-
cult. A prospective study reported by Wong et al. attempted
to select patients with DCIS in whom radiation following
conservative surgery can be eliminated [54]. They included
grade 1 and 2 DCIS, ≤2.5 cm, excised with more than 1-cm
margins. The rate of local recurrence was 2.4 % per year,
corresponding to a 5-year recurrence rate of 12 %. The study
closed early because the number of recurrences met the
predetermined stopping rules. This study demonstrated that
it is very difficult to select patients in whom radiation can be
omitted. RTOG 9804 demonstrated that even in good-risk
DCIS where the local recurrence rate is low addition of RT
further decreases the risk of recurrence [55]. Some small,
incidental DCIS and small, low-grade DCIS excised with
wide margins (>1 cm) can be followed after the local exci-
sion without radiation [56]. DCIS size, margins, histology,
mammographic presentation, age, comorbidities, life
expectancy, and patient preference are all factors in decision
making regarding the optimal management of each indi-
vidual patient.

17.2.2 Invasive Breast Cancer

17.2.2.1 Breast Conservation
In 1990, the National Institutes of Health (NIH) convened a
Consensus Conference to address the issue of
breast-conserving therapy in stage I and II breast cancer [57].
The participants concluded that breast-conserving therapy is
equivalent and possibly better than mastectomy. The sum-
mary statement is presented in Fig. 17.6. The conclusions
were based on six randomized trials that all showed equal
survival in patients treated with breast-conserving therapy
compared to those undergoing mastectomies. With addi-
tional follow-up and update, the results have been further

confirmed and they are holding [58–63] (Table 17.1).
Breast-conserving therapy with radiation may be even
associated with better survival than mastectomy [64].
Breast-conserving therapy means local excision of the bulk
of the tumor followed by moderate doses of radiation to
eradicate residual foci of tumor cells in the remaining breast.
Despite the NIH Consensus Conference conclusions, it
seems that the acceptance of breast-conserving therapy is far
from uniform and greatly varies by geographical areas [65,
66]. Overall, breast conservation rates vary from 60 to 70 %.
There are significant barriers for utilization of breast-
conserving therapy [67–70]. Medical contraindications and
patient choice do not seem to be the major factors in the
under utilization of breast-conserving surgery [71]. More
than 80 % of the women, independent of age or race, if
given the option, will opt for breast conservation.

The role of the radiation is to decrease the risk of local
failure in the breast, but it also contributes to survival [34,
72–75]. It accomplishes what mastectomy would have done,
i.e., treatment to the entire breast. Treatments are usually
delivered to the whole breast and are followed with an
additional radiation, “boost” to the lumpectomy site. Careful
pathologic studies of mastectomy specimens have shown
that microscopic residual disease is present away from the
primary (index) tumor; however, the highest burden is in the
same quadrant less than 4 cm from the primary tumor [76].
Extrapolation from early radiation therapy studies estab-
lished the appropriate dose to eradicate microscopic foci of
disease in the range of 45–50 Gy. This is the dose usually
given to the entire breast. The higher burden of microscopic
disease around the primary site is encompassed in the
“boost” volume. Reported local control rates in the ran-
domized trials and retrospective studies vary from 70 to
97 % [8, 61, 77]. Many factors have been suggested as
having an impact on local control rates. Some have been
confirmed in multiple studies while some were shown not to
be of importance when longer follow-up and more data
became available. Higher radiation doses to the lumpectomy
site that are achieved by using a “boost” have been shown to
improve the local control rates [78]. Most local recurrences
following mastectomy occur in the first 3–5 years post-
surgery; however, postbreast-conserving therapy recurrences
have been documented to occur up to 20 years. Up to 5–
8 years from diagnosis, most of the recurrences are in the
same quadrant as the primary. Subsequently, the proportion
changes in favor of tumor “elsewhere” in the breast [79].
These are most likely second primaries.

The determination whether a patient is candidate for
breast-conserving surgery and radiation is a multidisci-
plinary effort in which close communication between the
surgeon, the mammographer, the pathologist, the medical
oncologist, and the radiation oncologist is necessary. Con-
traindications for breast-conserving surgery [80, 81] include:

Fig. 17.6 The National Institutes of Health (NIH) consensus confer-
ence statement
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1. Multicentric disease, i.e., disease in separate quadrants of
the breast.

2. Diffuse malignant appearing, or indeterminate
microcalcifications.

3. Prior radiation treatments to doses that combined with
the planned dose will exceed tissue tolerance. This may
happen in women who have received radiation at
younger age for lymphoma, particularly Hodgkin’s
disease.

4. Inability to obtain negative surgical margins following
attempts for breast-conserving surgery. Negative excision
margins appear to be the most important factor impacting
on local control. If the margins are positive, the risk of
local recurrence is increased [8, 82, 83]. Focally positive
margins can be controlled with radiation, but more
extensively involved margins are usually an indication
for reexcision. However, data are also emerging,
demonstrating that by increasing the boost dose, the local
recurrences are similar to the local recurrences in women
with negative margins of excision [8, 83].

5. Pregnancy is a contraindication for breast-conserving
therapy because of the concerns on the effects of radia-
tion on the fetus. Sometimes, surgery can be done during
the third trimester and followed with radiation after
delivery. This latter is to be done only after careful
consideration because chances for cure ought not to be
compromised for cosmetic reasons.

Relative contraindications for breast conservation
include:

1. Tumor size: size of the tumor as compared to the breast
size may pose some challenge from the cosmetic out-
come perspective. Majority of the randomized trials of
breast-conserving therapy included women whose
tumors were ≤4 cm. But, the tumor size is mainly a
consideration as it relates to the cosmetic outcome.
Breast conservation should only be attempted if an
acceptable cosmetic outcome can be achieved. If the

tissue deficit because of the size of the tumor is large in
relation to the breast size, then it is preferable to perform
a mastectomy followed by breast reconstruction. The
ratio between tumor size and patient’s breast size deter-
mines the advisability of breast-conserving therapy.

2. Tumor location: tumor location in the vicinity of the
nipple may require excision of the nippleareola complex.
This may result in less than optimal cosmesis but does
not impact on outcome. Many women will opt for breast
preservation even if the nipple is removed because it still
leaves behind most of the breast tissue and native skin.

3. Breast size: there are some technical difficulties in the
radiation treatment of women with large breasts, but if
adequate immobilization can be devised and adequate
dose homogeneity can be achieved, breast conservation
is preferable to a mastectomy that would result in major
asymmetry.

4. History of collagen vascular disease: individuals with
history of collagen vascular disease, particularly lupus or
scleroderma, are reported to be at significantly increased
risk of complications, particularly soft tissue and bone
necrosis, most likely because of compromised
microvasculature. Other criteria such as patient age,
family history, and positive axillary lymph nodes are not
contraindications for breast-conserving therapy.

Although breast cancer appears to be more aggressive in
very young women, there is no clear evidence that if the
currently used criteria for breast-conserving therapy are
followed, breast conservation should be denied to young
women. Very young women aged 35 or less may have more
aggressive disease and they are at higher risk of both distant
and local recurrences. Some have been advocating mastec-
tomy for these women; however, to date, there has been no
documented benefit in survival to mastectomy. At the other
end of the age spectrum, although the perception may be that
cancer is less aggressive and that older women are not as
interested in breast preservation, the studies do not support
this contention. Several reports have in fact shown that

Table 17.1 Overall survival (%)
in six randomized trials of
breast-conserving treatment
compared to mastectomy

Stage I and II breast cancer

Treatment (References) Mastectomy (%) BCT (%)

NSABP B-06 [61] 47 46

NCI [62] 58 54

Milan [58] 59 58

IGR (Paris) [63] 65 73

EORTC [59] 73 71

DBCCG [60] 82 79

Follow-up of 6–20 years
BCT breast conservation therapy; DBCCG Danish Breast Cancer Cooperative Group; EORTC European
Organization for Research and Treatment of Cancer; IGR Institute Goustave Roussy; NCI National Cancer
Institute; NSABP National Surgical Adjuvant Breast and Bowel Project
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survival and disease-free survival from breast cancer are
lower in older women [84–86]. There are also no indications
that elderly women have significantly more problems toler-
ating radiation compared to younger women.

A challenging question is whether mutations in the two
genes that predispose to breast cancer, BRCA1 and BRCA2,
are a contraindication for radiation and thus breast-
conserving treatment. Hypothesis yet to be proven is whe-
ther radiation to the remaining breast tissue, or scatter radi-
ation to the contralateral breast increases the risk of a second
breast cancer, or conversely, radiation is more effective in
patients with known mutations because the normal function
of the genes is DNA repair and the mutations could prevent
the tumor cells escape from the effects of radiation. If unable
to repair the damaged DNA, the effects of controlling the
tumor with radiation may be enhanced. In a case control
study of women treated with breast-conserving surgery and
radiation, early results showed that following radiation, there
is no increased risk of events in the ipsilateral breast in
patients with known BRCA mutations compared to those
with no mutations [87]. A subsequent update with additional
follow-up shows that BRCA1/2 mutations are independent
predictors of local recurrence. In women with BRCA1/2
mutations who also underwent oophorectomy, the local
recurrence rate following breast-conserving surgery and
radiation was 8 % compared to 10 % in women with spo-
radic breast cancer [88]. Interestingly, the 10-year risk of
contralateral breast cancer in the BRCA1/2 carriers was
16 % despite the oophorectomy. In a different study, when
patients with local recurrence following radiation were
matched with a group without local recurrence, mutations
were found to be more common in patients with recurrences
and they occurred primarily in younger women, in different
quadrants than the index tumor, and occurred late, most
likely representing new primaries [89]. There is currently no
evidence that women with mutations in BRCA1 or BRCA2
or with a family history of breast cancer have worst survival
rates if offered breast-conserving therapy, including radiation
[90, 91], particularly if they also undergo oophorectomy and
receive adjuvant systemic therapy [88].

Several studies have attempted to define a subpopulation
of patients who may not need radiation (Table 17.2). They
vary in length of follow-up, inclusion criteria, and details of
therapy. In studies from Sweden and from Canada, the
investigators tried to determine whether in patients with small
tumors, radiation could be omitted. Thus, they limited their

studies to patients with ≤2-cm node-negative tumors [92,
93]. These trials showed a significant decrease in local fail-
ures when radiation was given but no significant difference in
survival. Nevertheless, there was a trend toward overall
survival benefit in the group receiving radiation [93, 95].
None of the trials were powered with sufficient number of
patients to detect <10 % benefits in survival. In a prospective
single institution study, attempts were made to select the most
favorable patients with lowest risk of recurrence and enroll
them in a study of only breast-conserving surgery without
radiation [94]. The criteria for inclusion were tumor
size ≤2 cm, negative axillary nodes, absence of lymphatic
invasion, absence of extensive intraductal component, at least
1-cm margin of normal breast tissue around the tumor, and
the breast easy to follow mammographically. The median
tumor size was 6 mm. Even in this very favorable group, the
failure rate was 24 % at 7 years. The trial was closed pre-
maturely because the observed failure rate exceeded the
expected rate predetermined by the trial stopping rules. This
study highlights the difficulty in selecting the patients in
whom radiation treatments can be eliminated.

Chemotherapy or tamoxifen may contribute to local
control but by themselves are not sufficient. For example, in
the NSABP-06 trial, the local failure in patients undergoing
only local excision without radiation was approximately
32 %. In those who underwent local excision and also
received chemotherapy, it was close to 40 %, demonstrating
that chemotherapy did not decrease the local failure rates.
However, in the comparable group who after local excision
were receiving both chemotherapy and radiation, the
cumulative risk at 12 years was only 5 % [95], while in
those receiving radiation only, the local failure rates were
12 %. This demonstrates that radiation decreases the local
recurrence rates and is further decreased when also com-
bined with chemotherapy. Other studies have also confirmed
better local control rates with the addition of chemotherapy
to radiation [96, 97]. Even the very high doses of
chemotherapy alone that were given as part of bone marrow
transplant programs were not sufficient for local control [98].

To increase the feasibility of breast-conserving therapy,
neoadjuvant chemotherapy has been attempted with satis-
factory results. Some women who would not be candidates
for breast conservation because of tumor size may become
candidates for breast conservation if they first receive
chemotherapy and the tumor shrinks, without impacting on
their survival [99].

Table 17.2 Local recurrence
(%) following local excision
compared with local excision and
radiation in stage I breast cancer

Excision Excision and radiation Follow-up (years)

Liljergen et al. [92] 24 8 10

Clark et al. [93] 35 11 8

Lim et al. [94] 23 N/A 7

N/A not applicable
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Many women who undergo breast-conserving therapy are
also receiving adjuvant chemotherapy, and in these women,
the sequencing of chemotherapy and radiation needs to be
decided. One prospective randomized trial and several ret-
rospective studies had somewhat conflicting results. Some
studies show that giving chemotherapy first before radiation
increases the risk of local failure, while others show that
giving chemotherapy first does not significantly increase
local failure rates and it may result in better distant
disease-free survival and overall survival [100–102]. If local
excision with negative margins is achieved and the patient is
a candidate for breast conservation, it is unlikely that her
survival will be impacted by delay in radiation because of
initial chemotherapy, particularly with the shorter dose dense
chemotherapy regimens. Thus, in general, women complete
their chemotherapy before proceeding with the radiation
treatments. In some instances, concomitant chemotherapy
and radiation therapy have been given. However, this may
increase the risk of side effects and jeopardize the cosmetic
outcome without demonstrated benefit in outcome.

Depending on the clinical situation, radiation is delivered to
the draining lymphatics that include axilla, supraclavicular
nodes, and IMNs. Radiation to the draining lymphatics
improves distal disease-free survival and decreases the
locoregional recurrence rate [103, 104]. Axillary radiation is
indicated if the axilla has not been dissected, if a limited dis-
section or SNB was done and it includes positive nodes, or if
gross disease was found, particularly in the apex of the axilla
close to the axillary vein. Communication between the sur-
geon and the radiation oncologist regarding the findings at
surgery is of great importance. The undissected axillary apex
nodes and supraclavicular nodal areas are treated if the axilla
has been dissected and positive nodes were found. Attempts
should be made in this situation to eliminate the dissected
portion of the axilla from the path of the beam.With the advent
of CT-based 3D treatment planning and IMRT, the treatment
to the draining lymphatics can be individually tailored to the
anatomy and the extent of the disease. Treatment to the IMN is
given mostly if the primary lesion is medially or centrally
located and the axillary lymph nodes are positive with meta-
static breast cancer. CT-based 3D treatment planning and, in
selected patients, IMRT planning are of advantage, particu-
larly for left-sided lesions where further care needs to be
undertaken tominimize the amount of treated heart. Treatment
with DIBH can be used to further reduce the radiation due to
the heart. Treatment with DIBH significantly increases the
treatment complexity. Emphasis needs to be given to ensure
the reproductively of the patient positions during the treat-
ment. Treatment of the regional lymphatics in addition to the
tangential fields also adds technical complexity to the treat-
ments. If multiple beam angles are needed, overlap or under-
dose should be avoided. Use of IMRT in these situations may
eliminate the need to match fields.

Good disease control in the axilla with minimum mor-
bidity can be obtained from radiation to axilla without dis-
section [105] when the axilla is clinically negative. Thus,
axillary dissection is indicated if the results would change
the planned therapy. In patients who undergo sentinel node
biopsy if the sentinel node has no disease, radiation to the
axilla is omitted. If 1–2 nodes are positive, complete dis-
section or radiation to the axilla are likely to be of equivalent
efficacy [24, 105–107].

Close follow-up after breast conservation is essential to
detect local recurrences, new primaries, and contralateral
disease. In general, true local recurrences occur earlier while
disease in other quadrants develops later, i.e., 5 years or
longer after therapy. Although institutional policies for
mammographic follow-up vary, a reasonable policy would
be routine yearly mammograms.

Postmastectomy Radiation
Postmastectomy, the risk of local recurrence varies

depending on the number of positive nodes in the axilla, size
of the tumor, length of follow-up, and how the local recur-
rences are being scored. As number of nodes with metastatic
disease in the axilla increases, the risk of chest wall recur-
rences increases. In fact, the number of positive axillary
lymph nodes has more impact on the rate of chest wall
recurrence than the size of the tumor. The length of
follow-up and how the recurrences are being scored are also
important. Frequently, if a patient develops metastatic dis-
ease, there is a tendency to overlook a local recurrence. Most
local-regional recurrences occur in the first 3–5 years fol-
lowing mastectomy, but disease may recur even 10–15 years
postmastectomy [108, 109]. Thus, long-term follow-up is
important in evaluating the risk of recurrences [110]. Local
recurrences impact on survival and also have a significant
impact on the quality of life. Chest wall recurrences may
ulcerate and become malodorous and painful. Radiation can
significantly decrease the risk of local recurrences post-
mastectomy. The benefit is proportional to the risk. Once
clinically manifested, the likelihood of controlling a recur-
rence is only 50–60 %. There is some disagreement
regarding who should be receiving postmastectomy irradia-
tion. Most are in agreement when it comes to patients with
four or more positive nodes in the axilla or a tumor more
than 5 cm in size. But, the dilemma starts with a woman for
example with 3.5–4 cm tumor and three positive nodes,
particularly if she is young? Do we have sufficient infor-
mation to counsel these younger women when the potential
life expectancy is 20–30 years? Data on sufficient cohorts of
women with the various combinations of tumor size, number
of positive axillary lymph nodes, and long enough follow-up
are difficult to come by, particularly for those who also
receive chemotherapy. Recht et al. reviewed the local failure
rates in patients treated with mastectomy and chemotherapy
without radiation in the various Eastern Cooperative Group
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trials [111]. Their results are shown in Table 17.3. Arriagada
et al. reported the cumulative rates of chest wall failure in
patients not receiving chemotherapy to be up to 30–35 % in
women with four or more positive nodes, and 25–30 % if
one to three nodes are positive [112].

The impact of chest wall radiation on survival had been
controversial because the natural history of breast cancer is
long, the techniques of radiation are continuously improv-
ing, allowing better coverage of the target with less mor-
bidity, and because currently in majority of the women,
chemotherapy is also given. older meta-analyses and reports
from pre-3D treatment era showed that radiation decreases
breast cancer deaths, but in some studies, an increase in the
risk of cardiovascular disease was noted [10, 113, 114]. Very
few of the studies included in these meta-analyses used 3D
radiation therapy planning or gave chemotherapy. The
capability currently exists to design CT-guided plans tailored
to individual’s anatomy. When treatments are designed with
CT-guided planning, the exact target location can be deter-
mined and the volume of lung and heart in the treatment field
minimized, thus decreasing the risk of long-term side effects.
Image-guided radiation techniques and respiratory gating
have the potential to further decrease the long-term sequelae
or radiation.

Two contemporary randomized studies from Denmark and
Canada inwhichwomenwere treatedwithchemotherapy show
better disease-free and overall survival in patients who also
received radiation therapy to the chest wall and draining nodes
in addition to systemic therapy (Table 17.4) [110, 115–117].
The benefit from radiation therapy on survival was in fact

equivalent to the benefit women achieved from chemotherapy
[118]. These studies reignited the discussions regarding the
benefits of postmastectomy radiation particularly, the benefits
inwomenwith one to three positive nodes. The question posed
was could the finding be extrapolated to the practice in the
USA, since in some women in the Danish Breast Cancer
Cooperative Group trial, the median number of lymph nodes
dissected was only seven. Some argued that usually in the
USA, the axillary node dissections are more extensive. The
investigators reanalyzed their data separately for women with
one to three positive nodes and also in those with ten or more
nodes dissected. They confirmed the significant benefit in
survival in women with one to three positive nodes and also in
those who had the more extensive axillary dissection [117].
A second criticism of the Danish and Canadian trials was that
the chemotherapy usedwas cyclophosphamide, methotrexate,
and 5-fluorouracil (CMF). This regimen is much less fre-
quently used. Contemporary regimens are more dose intense
and the question has been raised whether the benefits of radi-
ation therapy are maintained with more intense regimens.
There are no randomized trials to answer this question. How-
ever, an elegant analysis done by Ragaz et al. shows that at all
chemotherapy dose intensity level, radiation therapy signifi-
cantly decreases the riskof recurrence [110].Radiation therapy
to decrease the local recurrences was needed even following
the very high doses of chemotherapy used in bone marrow
transplant studies [98]. These resultswere further confirmed in
the most recent update of the Early Breast Cancer Trialists
Collaborative Group [34, 75] showing that for every four local
recurrences prevented one breast cancer death can be avoided

Table 17.3 Percent cumulative
incidence of LRF (10 years)
following mastectomy and
chemotherapy

Node positive Size (cm)

≤1 1.1–2 2.1–3 3.1–4 4.1–5 ≥5

1 3 11 12 10 6 27

2 8 14 12 20 14 31

3 20 18 11 8 14 36

4 19 17 22 26 37 33

5–6 22 23 27 25 22 47

7–9 12 33 30 32 32 41

≥10 39 30 31 36 35 31

LRF local regional failure
Source Reprinted with permission. ©1999 American Society of Clinical Oncology. All rights reserved.
Recht et al. [111]

Table 17.4 Impact of
postmastectomy radiation therapy
on overall survival in patients also
receiving systemic therapy

Overall survival (%)

Follow-up (year) CMF and radiation CMF p value

Overgaard et al. [115] 18 39 29 0.015

Ragaz et al. [110] 20 52 TAM and radiation 43 TAM 0.02

Overgaard et al. [116] 10 45 36 0.03

CMF cytoxan, methotrexate, 5 fluorouracil; TAM tamoxifen
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[34, 74]. A trial in the USAwas initiated to answer specifically
the question of the benefit of postmastectomy radiation in
womenwith one to three positive nodes.However, the trial had
tobecloseddue to lowaccrual rates. Since inboth theCanadian
andDanish trials, and in the trials included in themeta-analysis
from EBCTCG [75], women were also treated to their IMN,
this question also has received renewed interest. Radiation
therapy to the IMNmay benefit all the women but particularly
those with medial or central lesion in whom multiple axillary
nodes are positive. Inclusion of the IMN, in left-side breast
cancer, will undoubtedly increase the volume of heart treated,
anddependingon the technique usedmaypossibly increase the
dose to the esophagus. Thus, if the IMNs are to be included,
treatments should be done with CT-based planning so that the
IMN can be localized and the volume of lung, heart, and
esophagus minimized. Two recently published randomized
trials addressing nodal irradiation [103, 104] did not specifi-
cally address the question of IMN irradiation. The only con-
temporary randomized trial available demonstrates no benefit
in OS to IMN irradiation [119].

The management of locoregional breast cancer recur-
rences depends on the prior therapy. Disease that recurs after
breast-conserving surgery and radiation therapy is usually
treated with mastectomy. There have been attempts in
patients in whom a very early recurrence is found to only
perform an excision with satisfactory results. However, the
number of patients treated in this manner is low and the
follow-up is too short to realize the full impact of this
management strategy [120]. A full course of radiation for the
second time is difficult to deliver because of the risk of
long-term complications. The breast may become fibrotic
and cosmetically unappealing. However, recently some data
have been emerging regarding the feasibility of retreatment,
particularly if there has been a long interval since prior
therapy and if only partial breast treatment is done. If fea-
sible, a recurrence that occurs postmastectomy should be
excised with negative margins. Radiation, particularly if not
previously given, will decrease the risk of further recur-
rences. The radiation fields need to encompass the chest wall
and regional lymphatics, not only the area of recurrence,
because it seems that if only a small radiation field is used,
recurrences may appear just outside the irradiated area [121].

Radiation and Breast Reconstruction
Many women who undergo mastectomy also opt for

breast reconstruction. The techniques of reconstructive sur-
gery have been changing. There is a significant decrease in
the use of silicone or saline implants in favor of autologous
tissue with pedicle or microanastomosis. The reconstructed,
vascularized tissue is of great advantage in minimizing the
risk of complications from radiation. The reported risk of
complications in patients undergoing reconstruction and
radiation varies anywhere from 18 to 51 %. In the more
recent publications, the risk of complications is at the lower

end of range, probably because of improvement in the
techniques of both surgery and radiation. The optimal
sequencing of radiation and reconstructive surgery is not
well established; thus, multiple factors need to be consid-
ered, and because a general consensus is lacking, good
communication between all the members of the oncologic
team is essential. The issue under consideration is the
operation in a previously irradiated field if the reconstruction
is being done following radiation. The concerns are less with
the techniques that are using autologous vascularized tissues.
On the other hand, if the reconstruction is done immediately
after mastectomy and this is followed with the radiation,
there are concerns regarding the cosmesis, firming, and fat
necrosis after radiating the reconstruction, and the possible
obscuring of a recurrence. However, there are data showing
that the great majority of the recurrences are not obscured by
the myocutaneous flap [122]. In general, good to excellent
cosmesis is being achieved in the majority of the women
who have radiation to the reconstructed breast. If there are
no other contraindications, breast cancer occurring in an
augmented breast can be treated with breast conservation.
There may be some complications such as scaring or fat
necrosis, but the risk seems to be low [123] and the cosmetic
outcome very good; thus, the augmentation does not need to
be removed prior to the radiation. In the minority of patients
in whom complications will later develop, the reconstruction
may have to be revised or removed. This treatment strategy
would leave the majority of women with the breast aug-
mentation spared.

17.3 Locally Advanced Breast Cancer

Locally advanced and inflammatory breast cancers, stage III
disease, pose a major management challenge. Because of the
very high risk of local and distant failure, no single modality
is satisfactory in controlling the disease; thus, all three
treatment modalities, i.e., chemotherapy, radiation therapy,
and surgery, need to be incorporated in a management plan.
Since this disease presentation is not very common and
because its definition encompasses a spectrum of diseases
from large primary tumors with some skin edema, or small,
limited skin ulceration to huge necrotic masses or global
inflammatory changes, large randomized trials to define the
standard of care are lacking. If the patient is a candidate for
mastectomy, surgery may be performed upfront followed by
adjuvant systemic therapy and radiation. Radiation alone as
the local treatment modality in patients with large tumors is
suboptimal. Control of the disease can only be obtained, at
most in 50 % of the patients and large doses are needed,
which may result in long-term sequelae, including fibrosis
and tissue necrosis [124]. However, postmastectomy radia-
tion is very effective in reducing the local failure rates. The
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microscopic residual disease can be well controlled with 50–
60 Gy and failure rates would decrease from 30–40 to 10–
15 %. Because the risk of metastatic disease is very high,
there is general consensus for the need for systemic therapy
despite the fact that several small randomized trials failed to
demonstrate benefit for chemotherapy, probably because the
patient numbers were low and the disease is very hetero-
geneous. Retrospective studies show significant benefits
compared to historical controls [125, 126].

Despite the general consensus that there is need for
aggressive control of both local and distant disease, there are
some controversies regarding the sequencing of the various
therapies and the need for both radiation and surgery for local
control. In most situations, even if the patients are technically
operable, neoadjuvant chemotherapy is given first. Response
rates to neoadjuvant chemotherapy are usually good, and
complete clinical response can be achieved in up to 30 % of
the patients. Patients with the best response have also the best
chances for survival. If a good response to chemotherapy is
obtained, then mastectomy is undertaken followed with
additional chemotherapy and radiation. Comprehensive radi-
ation fields are used to include the chest wall and draining
lymphatics tailored to the anatomy and clinical situation. If
there is no response to initial chemotherapy, a switch to
radiation or different chemotherapy regimen is needed.
Although not clearly established, retrospective reviews indi-
cate that the local control is better if both surgery and radiation
are given than with either modality alone [127].

Inflammatory breast cancer has a very high risk of
metastatic disease and also very high risk of local failure if
surgery alone is performed. Because of the involvement of
dermal lymphatics, the disease is much more extensive than
can be clinically appreciated; therefore, even if negative
margins can be obtained, the disease soon recurs. Histori-
cally, because of its systemic nature, the 5-year survival rates
were at most 10 %. However, with the combination of
chemotherapy, surgery, and radiation, the 5-year survival
rates are approaching 30–50 % [126, 128, 129]. The
sequencing of treatments depends on response to therapy.
Neoadjuvant chemotherapy is initiated as soon as possible
and response assessed after each cycle. If good response is
obtained, surgery is being performed followed with addi-
tional chemotherapy and radiation to the chest wall and
draining lymphatics. If, however, response to chemotherapy
is poor, radiation is added in order to bring the patient to a
stage of operability. Because of the competing risks of both
local and distant disease, concomitant chemotherapy and
radiation protocols have been attempted with promising
preliminary results [130–132]. The challenge is to con-
comitantly give sufficient chemotherapy to be therapeutically
effective for metastatic disease as well as sufficient dose of
radiation to control local disease, all this without severe
complications. Currently, targeting inflammatory mediators

and associated signaling pathways is studied to develop new
treatment strategies. For instance, a Notch inhibitor
RO4929097 has shown to down-regulate the expression of
inflammatory cytokines IL-6 and IL-8 and reduce
self-renewal properties of inflammatory breast cancer stem
cells [133].

17.4 Radiation as Palliation

Radiation treatments are frequently an integral component of
the palliative management plan for advanced and metastatic
disease. Painful, weeping, malodorous chest wall recur-
rences can be controlled with radiation, thus significantly
contributing to quality of life and the ability to resume
normal lifestyle. The symptomatic effects of brain, bone,
spinal cord, brachial plexus, choroidal, and liver metastases
can be palliated with radiation and the effects can be durable
for the lifetime of the patient. Single brain metastases or few
metastases in the same proximity can be treated with
stereotactic radiosurgery, significantly improving the out-
come, particularly if the disease at the primary site is con-
trolled, or there is no evidence of disease elsewhere. When
the goal is palliation, decisions regarding dose, fractionation,
and length of therapy are determined based on the life
expectancy and quality of life considerations. It is important
to always keep in mind that the goals are palliation; thus, the
side effects should be kept to a minimum and the treatment
course kept as short as possible.

The role of locoregional therapy in the patient with
metastatic diseases is being studied in an ongoing random-
ized trial. Retrospective studies have shown better prognosis
if optimal locoregional therapy is given [134, 135].

17.5 Summary

Radiation therapy is an integral part of the management of
breast cancer in all stages of the disease from DCIS to
metastatic disease. Treatments should be tailored to each
patient’s clinical situation and anatomy to obtain the best
disease control with minimum side effects. The new and
developing technologies such as 3D treatment planning,
IMRT, and image-guided techniques provide us with the
tools to accomplish this goal.
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18Adjuvant Systemic Treatment for Breast
Cancer: An Overview

Rachel Nirsimloo and David A. Cameron

It has long been recognized that breast cancer is not always
cured by loco regional treatment alone. To reduce the risk of
local and distant recurrence, patients are usually offered
adjuvant systemic treatment. The aim of adjuvant systemic
therapy is thought to principally be elimination of clinically
undetectable micrometastatic disease. The decision to offer
this treatment is based on the estimated five- and ten-year risks
of recurrence-free survival and overall survival. This risk is
estimated using pathological factors such as tumour size,
grade of tumour, receptor status, nodal involvement and
biological factors such as patient age and co-morbidities along
with a multidisciplinary recommendation. The estimated
benefits must be balanced against the acute and chronic tox-
icities of the proposed treatment and an informed decision
made with the patient. Increasingly, multi-parametric tests
such as Oncotype Dx or MammaPrint are also used to help in
this decision process. Systemic treatment includes the use of
endocrine therapy, chemotherapy, antibody treatment, and
more latterly immunotherapy.

18.1 Aims of Adjuvant Therapy

18.1.1 Micro-Metastatic Disease

The main aim of adjuvant systemic therapy is thought to be
the eradication of micro-metastatic disease which otherwise
is the cause of relapse in the future. Studies have shown that

cancer cells can lie dormant for many years despite radical
treatment and cause recurrent disease which is often meta-
static by the time it is diagnosed. The difficulty is “proving”
who has residual disease when there is no way clinically of
detecting it. Understandably, this can be a difficult concept
for patients to understand. Currently there is no gold stan-
dard algorithm or molecular test to determine the need or not
of adjuvant treatment, but the chance of relapse is estimated
using the aforementioned prognostic features, individualized
to each of the patients. Inevitably by this selection process,
some patients will receive chemotherapy inappropriately,
gaining no survival benefit, but potentially suffering acute
and chronic side effects from the treatment. Even if we could
prove that an individual patient did have micro-metastatic
disease, could we then prove the treatment will work? Some
patients will have chemorefractory or resistant disease and
again go through months of unnecessary treatment. Resis-
tance can be acquired or intrinsic to the cancer and this is
explained by the molecular complexity of tumours and
intramural heterogeneity. Genetic mutations, the microen-
vironment and the presence of cancer stem cells all enable
tumours to develop resistance [1].

18.1.2 Cancer Stem Cells

Cancer stem cells were first demonstrated in haematological
malignancies but now are recognized in solid tumours such
as breast cancer [2]. Cancer stem cells are able to self-heal,
reproduce endlessly and randomly mutate leading to tumour
heterogeneity, which is what makes treatment complex [2].
There is some evidence that traditional chemotherapy targets
the tumour bulk but not the cancer stem cells, which can
produce new clones resistant to treatment. Ongoing studies
to evaluate efficacy of targeted molecular therapies to cancer
stem cells is a challenging but promising development in the
treatment of cancer.
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18.1.3 Immunogenicity

Immunogenic cancers such as melanoma have been proven
to innately initiate an anticancer T-cell response that can
result in tumour death. Due to genetic alterations, cancer
cells have many different antigens present in their cell sur-
face [3]. These lead to binding of peptides with major his-
tocompatibility complex class 1 (MHC1) which distinguish
cancer cells from normal cells. These complexes can be
recognized by CD8 + T cells which are produced in cancer
patients [4]. This could lead to immunity or cell death but
infrequently does. Many ways of trying to exploit this nat-
ural response including vaccines, immune checkpoint ther-
apy and monoclonal antibodies have all gained FDA
approval. Based on the success seen in melanoma, trials
have been quickly established to evaluate efficacy in other
solid tumour types. Breast cancer was long thought to be
non–immunogenic; however, many studies have now
established that the presence of CD8 + T cells—particularly
in the HER2+ and triple negative groups—does translate
into a reduction of relative risk of death from the disease [5–
8]. Whilst not the current focus of adjuvant systemic treat-
ment in breast cancer, the use of immunotherapy for all solid
tumour types is likely to expand into the adjuvant setting
over the next few decades.

18.2 Adjuvant Chemotherapy: The Evidence

Over the years many, trials have been done to try and
establish the optimal drug or drug combinations, doses and
duration of adjuvant chemotherapy. The Early Breast Cancer
Trialists’ Collaborative Group (EBCTCG) was set up in the
mid-1980s with the aim of performing a systematic review
of all existing randomized control trials every five years in
order to provide the most comprehensive evidence base [9].

18.2.1 Single Agent or Combination
Chemotherapy

Adjuvant cytotoxic chemotherapy in breast cancer began
with trials of single alkylating agents which then led to trials
of combination therapy with anthracyclines and taxanes.
Prior to this radical surgery was the gold standard; however,
subsequent trials showed that distal recurrence remained a
huge issue despite initial radical surgery [10, 11]. The
National Surgical Adjuvant Breast Project (NSABP) was the
organization behind the first trial to report in 1968 that the
alkylating agent thiotepa reduced risk of recurrence after
radical surgery in pre-menopausal node positive patients
[12]. Similarly, the alkylating agent L-Phenylalanine mustard
that had been developed during the Second World War was

found to have similar efficacy in reducing disease recurrence
when given adjuvantly [13].

Combination chemotherapy in breast cancer was first
explored in the 1960s [14]. Cyclophosphamide, methotrex-
ate and 5-fluorouracil (CMF) was the first combination to be
trialled for adjuvant breast cancer patients at Istituto
Nazionale Tumori in Milan, Italy, with increasingly positive
results [15]. Initially the trials targeted node positive
pre-menopausal women but as they expanded similar posi-
tive results were found in postmenopausal and/or node
negative patients [16, 17]. Subsequently, six cycles were
found to be as effective as 12 cycles of adjuvant CMF [18].

18.2.2 Anthracyclines

Anthracyclines were initially introduced to try and reduce
the duration and emetogenis of the classical CMF regimen.
The first widely used regime was doxorubicin and
cyclophosphamide (AC). Although there was no apparent
advantage in efficacy over CMF [19], thus started the era of
trials to find the most efficacious adjuvant regime. In 2001,
the National Institute of Health recommended adjuvant
chemotherapy as standard practice in locally advanced breast
cancer patients [20].

The first meta-analyses of combination chemotherapy
(focusing mainly on anthracycline regimes) were done by
the EBCTCG in 2005 [21]. They included 194 randomized
trials with a total of almost 150,000 patients. From their
analyses, there was clear evidence that single agent
chemotherapy regimens reduced rates of recurrence; how-
ever, combination treatments reduced not only recurrence,
but also mortality [10]. Not separating the data for age, the
annual rates of recurrence were reported as 0.86 for single
agents and 0.77 for combination. Mortality reductions rates
were 0.96 for single agents and 0.83 for combination [21].

With both single agent and combination chemotherapy,
there were greater benefits established in the younger pop-
ulation (<50 years old) but both for recurrence and mortality
the age standardized effects of single versus combination
regimens were superior for combination treatments [21]. Of
note (as is common in trial populations), there were few
patients included aged >70 years.

Figure 18.1 shows the 15-year recurrence and mortality
rates split into age groups of <50 and 50–69, all of which
show a statistically significant (2p < 0.00001) benefit with
adjuvant combination regimens [21].

For women aged <50, the absolute 15-year reduction in
recurrence-free survival (RFS) was 12.3 % with a 10 %
reduction in mortality. In women aged 50–69, the 15-year
benefits for RFS and mortality were more modest at 4.1 and
3 %, respectively. This benefit remained significant regard-
less of axillary lymph node involvement, so this may not be
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of relevance to the proportional reduction in either age
group. For the women aged <50, the 5-year gains in RFS
were 9.9 % (2p < 0.00001) for node negative patients and
14.6 % (2p < 0.00001) for node positive. For the age group
50–69 and node negative, the 5-year RFS improvement was
5.3 % (2p < 0.00001) and 5.9 % (2p < 0.00001) for node
positive patients [21].

Separating the data for age and ER status showed the
greatest benefit in RFS was in ER poor patients when treated
with adjuvant chemotherapy. For women <50 with ER poor
tumours (20 % node positive), RFS improvement at 5 years
was 13.2 % (2p < 0.00001) and for the same age group but

ER positive (34 % node positive) it was 7.6 %
(2p < 0.00001). For the age group 50–69 who were ER poor
(66 % node positive), RFS gain at 5 years was 9.6 %
(2p < 0.00001) and for the same age group ER positive
(73 % node positive) RFS improvement was 4.9 %
(2p < 0.00001) [21]. In the ER positive group, the arms
were combination chemotherapy plus tamoxifen versus
tamoxifen alone for both age groups.

For the CMF regimen trials, duration of treatment varied
from 6, 9 or 12 months with no statistical difference being
observed for longer treatment. The anthracycline-based trials
on average had a treatment duration of 6 months but they did

Fig. 18.1 Polychemotherapy versus not, by entry age <50 or 50–69:
15-year probabilities of recurrence and of breast cancer mortality.
Younger women, 35 % node positive; older women 70 % node
positive. Error bars are 1SE. Reprinted from The Lancet, Vol. 365,

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG), Effects
of chemotherapy and hormonal therapy for early breast cancer on
recurrence and 15-year survival: An overview of the randomised trials,
pp. 1687–1717, © 2005, with permission from Elsevier
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change between doxorubicin and epirubicin as the anthra-
cycline used (FAC or FEC) [21].

For ER positive women with breast cancer aged <50,
anthracycline regimens studied in this meta-analyses reduced
the annual mortality rate by 38 % and for women aged 50–
69 by 20 %. This does not include, but added to, the addi-
tional benefit of adjuvant endocrine therapy which will be
evaluated later in this chapter. These results were signifi-
cantly more effective than CMF regimens (2p = 0.0001 for
both recurrence and 2p < 0.00001 mortality) [21].

In 2008, the EBCTCG published a further view of
combination chemotherapy in ER poor patients who
appeared to be the subset gaining the biggest survival
advantage from adjuvant combination chemotherapy [22].
Ninety-six trials were included in this meta-analysis. In
women <50 years old, the 10-year reduction in RFS with the
addition of chemotherapy was 12 % (p < 0.00001) and
reduction in mortality was 8 % (p = 0.0002). In women
aged 50–69, the 10-year reduction in RFS with the addition
of adjuvant chemotherapy was 10 % (p < 0.00001) and
reduction in mortality was 6 % (p = 0.0009) [22].

In 2011, EBCTCG published further analyses of overall
survival for adjuvant CMF versus no adjuvant chemother-
apy. Adjuvant CMF reduced the risk of recurrence by 30 %
at 10 years (p < 0.0001) which translates to an absolute gain
of 10.2 %. The 10-year mortality was reduced by 16 %
(p < 0.0004) which translates to an absolute gain of 4.7 % at
10 years [23].

An alternative regimen was to incorporate an anthracy-
cline into the classical CMF treatment which was known as a
block-sequential design. Bonadona et al. were the first to use
this in a trial of women with breast cancer with more than
three positive lymph nodes. They either received sequential
doxorubicin then CMF or alternating cycles of doxorubicin
and CMF. OS at ten years was 58 % in the sequential arm
versus 44 % in the alternating arm (p = 0.002) favouring
sequential sequencing [24]. The NEAT trial allocated four
cycles of epirubicin followed by four cycles of CMF
(E-CMF) and in 2008 reported a 28 % benefit for RFS and
30 % advantage in OS compared to standard CMF alone
[25]. Overall toxicity in the E-CMF arm was low but
unsurprisingly higher than the CMF alone arm. Interestingly,
more deaths during treatment occurred on the CMF arm and
any deaths on the ECMF arm all occurred during CMF
administration [25].

18.2.3 Taxanes

In the 1970s, taxanes became the first new cytotoxic drugs to
be developed for decades. Having been shown to be of value
in the metastatic setting, the next step was to establish if they
would add to the efficacy of adjuvant chemotherapy [26].

Concurrent administration of doxorubicin and paclitaxel
enhanced the effect of the anthracycline rendering the regi-
men too cardiotoxic [27]. Theories suggested that sequential
administration may be preferable and result in more
anti-tumour activity [28, 29]. Docetaxel, however, does not
effect the pharmacokinetics of doxorubicin.

In the CALGB 9344 trial which escalated doses of dox-
orubicin in combination with cyclophosphamide followed
by 4 cycles of paclitaxel in node positive patients, RFS (HR
0.83 p = 0.0023) and OS were improved (HR 0.82
p = 0.006) [30].

In the NSABP B-28 trial, an additional 4 cycles of
paclitaxel after to 4 cycles of doxorubicin and cyclophos-
phamide (AC) in node positive patients improved RFS but
not OS [31]. These two trials differed in trial design as the
CALGB 9344 trial gave endocrine therapy after completion
of chemotherapy, whereas NSABP B-28 gave it concur-
rently [32].

As part of the same review in 2011, the EBCTCG
meta-analysis reviewed the addition of taxanes to combi-
nation chemotherapy to address the question of how much
benefit could be gained. Treatments varied by the taxane
used (paclitaxel or docetaxel), dose and schedule (3 weekly
or weekly). All but two trials compared a taxane plus
anthracycline regimen to an anthracycline control arm. The
results were grouped into those which added four extra
cycles of a taxane to a standard regimen or those which gave
the same duration of chemotherapy in all arms [23].

In the trials which gave additional cycles of a taxane after
a standard regimen, RFS over 8 years was reduced by 4.6 %
(2p < 0.00001) and OS by 3.2 % (2p = 0.0002), whereas in
those trials that tested the benefit of additional taxanes but
without prolonging the duration of therapy, the improvement
in RFS at 5 years was by 2.9 % (2p < 0.00001) and for OS
it was 1.2 % (2p = 0.008) [23].

AC has also been directly compared to docetaxel and
cyclophosphamide (TC) by the US oncology research
group. This is one of the few trials that included an arm with
no anthracycline. With an average follow-up of 84 months,
RFS (HR 0.74 p = 0.033) and OS (HR 0.69 p = 0.0032)
were improved in the TC arm. These data suggest we should
consider taxane only therapies as a suitable alternative,
especially amongst those patients who may have pre-existing
cardiac issues [33, 34].

As mentioned earlier, docetaxel does not have the same
pharmacokinetics as paclitaxel when given concurrently
with doxorubicin. Trials have compared docetaxel, doxoru-
bicin and cyclophosphamide (TAC) to FAC. The Breast
Cancer International Research Group (BCIRG) trial 0001
and GEICAM 9805 saw a definite benefit in RFS (28 % in
BCIRG 001) and a trend towards improved OS (BCIRG
0001 did demonstrate a statically significant improvement in
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OS but GEICAM did not) [35, 36]. TAC was, however,
undoubtedly more toxic in both trials.

So far the question has not been answered as to whether it
is the addition of the taxane that improves outcomes or the
prolonged duration of adjuvant chemotherapy. PACS01
compared 6 3-weekly cycles of FEC to 3 3-weekly cycles of
FEC followed by 3 3-weekly cycles of docetaxel in 1999
node positive patients [37]. RFS (HR 0.85 p = 0.036) and
OS (HR 0.75 p = 0.007) were improved in the taxane arm
with median follow-up of 93 months [38].

The UK TACT study also included high-risk node neg-
ative patients and had over 4000 patients in the study to
ensure it was sufficiently powered. Each arm was extended
to include 8 cycles of treatment. The randomization was
between a research arm of 4 3-weekly cycles of FEC fol-
lowed by 4 3-weekly cycles of docetaxel versus control arm
of physicians’ choice of 8 3-weekly cycles of FEC or 8
3-weekly cycles of E-CMF. No statistical difference was
found between either arm after 62 months of follow-up [39].

Chemotherapy can be given in fixed doses at fixed
intervals or as smaller doses on a more frequent basis (dose
dense regimen). The ECOG E1199 trial was designed to
answer whether sequential dose dense taxane administration
was superior to a 3-weekly regime [40]. There was no
superiority seen between docetaxel and paclitaxel given 3
weekly or weekly, respectively. RFS (HR 0.73 p = 0.0006)
and OS (HR 0.68 P = 0.01) were superior, however, when
paclitaxel was given weekly over 12 weeks as opposed to 3
weekly for 4 cycles. [40] The final analysis after 12.1 years
of follow-up showed that RFS and OS were improved for
weekly paclitaxel (HR 0.84 p = 0.011 and HR 0.87
p = 0.09) and 3-weekly docetaxel (HR 0.79 p = 0.001 and
HR 0.86 p = 0.054) in comparison with the standard arm of
4 cycles of 3-weekly paclitaxel [41].

18.3 Adjuvant Endocrine Therapy

It is widely acknowledged that the only patients to gain
benefit from adjuvant endocrine treatment are those who
have oestrogen receptor (ER) positive breast cancer [42].
The EBCTCG meta-analyses concluded that there was a
significant reduction in rate of recurrence and breast cancer
mortality when ER positive patients were given 5 years of
tamoxifen. This was a clearer benefit than was seen in earlier
studies where patients had only been given 1–2 years of
tamoxifen [21]. For these women, the annual rate of recur-
rence was halved and breast cancer mortality reduced by a
third. Most of the effect on recurrence is in those 5 years
whilst on treatment but the effects on mortality last beyond
this time period.

The 15-year gain in patients with ER positive disease
after 5 years of tamoxifen for recurrence is 11.8 %

(2p < 0.00001) and 9.2 % (2p < 0.00001) for breast cancer
mortality [21]. The risk reduction appears to be independent
of patient age, nodal status or whether the patient received
adjuvant chemotherapy. The absolute risk reduction is sim-
ilar in all age groups but is more significant in the node
positive population [21].

The NSABP B-14 trial randomized ER positive, node
negative patients to five years of tamoxifen versus 5 years of
placebo. 10-year follow-up showed improved RFS (69 % vs.
57 % p < 0.0001) and OS (80 % vs. 76 % p = 0.02) [43].
Again these results were consistent regardless of age and
also showed a reduction in the risk of contra-lateral breast
cancer (4.0 % vs. 5.8 % p = 0.007) [43]. Attempting to
address the question of optimum duration of adjuvant
endocrine therapy, participants at the end of the trial who
had received tamoxifen (and were alive with no recurrence)
were randomized to a further 5 years of tamoxifen or 5 years
of placebo [43]. Results showed no additional benefit and in
fact favoured stopping after 5 years. RFS was 82 % for the
placebo group versus 78 % (p = 0.03) and OS was 94 % for
the placebo group and 91 % for ten years tamoxifen
(P = 0.07) [44]. These data seemed to support stopping
adjuvant endocrine therapy at 5 years; however, subsequent
larger trials showed this to be erroneous.

In the ATLAS trial, 12 894 women were randomized to 5
or 10 years of adjuvant tamoxifen. There results show a
survival benefit for 10 years of adjuvant treatment which
even extended past the 10-year point of stopping treatment
[45]. The cumulative risk of recurrence years 5–14 was
21.4 % for those on 10 years of tamoxifen versus 25.1 %
control group. Mortality rates from breast cancer years 5–14
were 12.2 and 15 %, respectively. That equals an absolute
mortality reduction of 2.8 % [45].

In the aTTom study, women continuing tamoxifen for
10 years had a 25 % lower recurrence rate and a 23 % lower
breast cancer mortality rate compared to those who stopped
at 5 years. Non-breast cancer mortality was not significantly
affected but there were increased incidences of endometrial
cancer [46].

18.3.1 Aromatase Inhibitors

The ATAC trial compared the aromatase inhibitor (AI) anas-
trazole to tamoxifen in postmenopausal women each taken for
five years. RFS was improved in the ER positive group who
received anastrazole (HR 0.86 p = 0.003) but there was no
statistical significance in OS. The benefit persisted past the
initial 5 years.When further analysed, the greatest benefit was
seen in those patients who were ER positive but PGR nega-
tive.Whilst on active treatment the risk of fractures was higher
in the group receiving AI but after discontinuation there was
no difference in risk between groups. Interestingly, however,
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treatment-related serious adverse events were more common
in the tamoxifen arm whilst on active treatment [47]. The BIG
1–98 trial also confirmed RFS was significantly improved in
the postmenopausal women randomized to letrozole who had
ER positive tumours (HR 0.82 p = 0.007) [48].

This led to aromatase inhibitors being recommended as
standard adjuvant treatment in many/most postmenopausal
women with ER positive breast cancer.

The ARNO 95 study looked at whether postmenopausal
ER positive women could gain benefit after 2 years of
tamoxifen by switching to the AI anastrazole. RFS (HR 0.66
P = 0.049) and OS (HR 0.53 P = 0.045) were improved by
switching to the AI [49]. This showed RFS is improved for the
postmenopausal ER positive subgroup either by having an AI
as their standard treatment or sequentially post-tamoxifen.

Similar results were shown with the steroidal AI
exemestane with RFS (HR 0.76 p = 0.0001) in the inter-
group exemestane study [50].

The National Institute of Canada (NCIC) MA17 trial
evaluated the efficacy of adding five years of letrozole after
completing 5 years of tamoxifen compared to placebo [51].
For node negative patients and node positive patients, RFS
was improved (HR 0.47, HR 0.60, respectively). In the node
positive subset, this was the first time a benefit in OS had
been demonstrated with letrozole (HR 0.61). Most benefit
seemed to be in the ER+/PGR+ subset although this was a
subset analysis [52].

Based on these trials, current ASCO guidelines recom-
mend that women who have hormone receptor positive
breast cancer and are pre- or peri-menopausal after 5 years
of adjuvant tamoxifen should be offered to extend treatment
to a total of 10 years [53]. If they are postmenopausal, they
should be offered the choice of continuing tamoxifen or
switching to an aromatase inhibitor to complete ten years of
adjuvant endocrine therapy [53]. What remains unknown,
although trial results are awaited, is the optimum strategy
after 5 years’ aromatase inhibition: whether further endo-
crine therapy is effective, and if so which is optimal,
tamoxifen or continued aromatase inhibition.

18.4 Monoclonal Antibodies

Over expression of HER2/neu oncogene occurs in 15–20 %
breast cancers and has prognostic implications with shorter
RFS and OS [54]. Trastuzumab is a humanized monoclonal
antibody against HER2 which has been proven to improve
survival for this subset of patients. It does have a risk of
cardiac toxicity which is amplified when combined with
anthracyclines which form the base of many adjuvant regi-
mens so the risk/benefit ratio has to be evaluated in the
adjuvant population.

The NSABP-31 trial and N9831 trial were designed to
evaluate the efficacy of adjuvant trastuzumab in node posi-
tive HER2 positive breast cancers. The NSABP-31 trial
compared doxorubicin and cyclophosphamide followed by
3-weekly paclitaxel versus the same regimen with the
addition of trastuzumab with the 1st paclitaxel dose con-
tinuing for 52 weeks. N9831 had an additional arm where
trastuzumab was given sequentially for 52 weeks after
completing paclitaxel [55]. As the two trials were similar in
design, joint statistical analysis was performed to derive the
estimated survival benefit. The relative improvement in OS
was 37 % (HR 0.63 p < 0.001) giving an 8.8 % increase in
OS at 10 years. RFS was also improved with a relative
reduction of 40 % (HR 0.60 p < 0.001) and an increase in
10-year RFS 11.5 % [55].

Subsequent analyses evaluated cardiac function in node
positive HER2 patients who had completed surgery and
were either allocated to AC and then 3-weekly paclitaxel or
the same regime but adding trastuzumab concurrently with
the paclitaxel cycles. Overall there was a 4.1 % incidence of
class III or IV congestive heart failure (CHF) and an overall
incidence of any degree of CHF of 19 % [56].

The standard of care has been 1 year of antibody therapy.
The HERA trial looked at whether survival could be
improved with longer treatment duration, so it additionally
compared 1 versus 2 years of trastuzumab to observation
only, with all trastuzumab being commenced after comple-
tion of the chemotherapy. Severe cardiac toxicity was lower
in the HERA trial than in the North American trials where
the trastuzumab was commenced 3 weeks after the last dose
of anthracycline and was similar at around 1 % in the 1- and
2-year arms. However, less severe cardiac toxicity was
higher in the arm who received 2 years of treatment but with
no improvement in DFS or OS. As expected, 1 year of
trastuzumab was better than observation with DFS (HR 0.76
p < 0.001) and OS (HR 0.76 p = 0.0005) [57].
There are ongoing studies to evaluate whether 6 months of
treatment may be adequate and reduce the incidence of
cardiac toxicity. Preliminary data from the PHARE trial
suggest 12-month treatment is superior so this still remains
standard of care [58]. The Fin Her study (which was a much
smaller trial) allocated patients to docetaxel or vinorelbine
for 3 cycles followed by 3 FEC and then the HER2 positive
patients were randomized to 9 weeks of trastuzumab [59].
Interestingly, RFS was improved even after 9 weeks of
treatment from 78 % to 89 % after three years [59].

The BCIRG 006 study tested for HER2 status by FISH
amplification in all patients, and like HERA, also included
node negative patients [60]. It compared AC and docetaxel
(T) trastuzumab (H) with, on the one hand, docetaxel and
carboplatin and trastuzumab (TCH), and on the other hand,
AC–T. RFS at 5 years was significantly better in the
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trastuzumab arms—AC–T 75 %, AC–TH 84 % and TCH
81 %. The rates of cardiac toxicity were higher in the
anthracycline and trastuzumab arms [60].

18.5 Adjuvant Bisphosphonates

Bisphosphonates have been used in the metastatic setting to
treat hypercalcaemia, bone pain and reduce fracture incidence
for many years; however, there is increasing evidence that they
may be of value in the adjuvant setting. The ABCSG-12 and
AZURE trials generated the hypothesis that menopausal status
might be the biggest predictor of response to adjuvant bis-
phosphonates with bone recurrence and breast cancer mortality
being reduced in those who were postmenopausal or under-
going ovarian suppression [61, 62]. Previous trials in this area
have mixed results but a subsequent individual patient
meta-analysis of over 18,000 patients by the Early Breast
Cancer Trialist’s Collaborative Group provided level one evi-
dence of a bisphosphonate class effect when used in this indi-
cation [63]. Themeta-analyses included data on 18,766women
from 24 trials. In all women, regardless of menopausal status
therewas a definite reduction in bone recurrenceRR0.83, 95 %
CI 0.73–0.94; 2p = 0.004. Subanalysis amongst post-
menopausal women showed a reduction in overall recurrence
RR 0.86, 95 % CI 0.78–0.94; 2p = 0.002, distant recurrence
RR 0.82, 95 % CI 0.74–0.92; 2p = 0.003, bone recurrence RR
0.72, 95 % CI 0.60–0.86; 2p = 0.0002 and breast cancer
mortality RR 0.82, 95 % CI 0.73–0.93; 2p = 0.002. Another
important effect was the significant reduction in bone fractures
(RR 0.85, 95 % CI 0.75–0.97; 2p = 0.02) [63].

The absolute gain from treatment at 10 years was 3.3 %
for breast cancer mortality (95 % CI 0.8–5.7) and 2.2 % for
bone recurrence (95 % CI 0.6–3.8). This was independent of
ER status, nodal involvement, grade of tumour or con-
comitant chemotherapy. There was also no significant effect
of class of bisphosphonate used or duration of treatment
[63]. Despite these data, the use of adjuvant bisphosphonates
as standard of care remains controversial and is not a
licensed/approved use of these agents.

18.6 Ovarian Suppression

Ovarian ablation as a treatment in breast cancer was first
published by George Beatson in the Lancet in 1896 [64].
Although at that time the mechanism was not well understood
it remains an integral part of treatment in the modern setting.
Nowadays surgical castration is not always needed given the
advent of chemical suppression by gonadotropin-releasing

agonists which results in down-regulation of oestrogen
production.

In 1996, the EBCTCG published an overview in the
Lancet of the randomized trials of those allocated to ovarian
ablation with the addition of long-term follow-up data. From
over 2000 women <50 years old, 15-year survival was
increased amongst those who received ovarian ablation (52.4
vs. 46.1 % 2p = 0.001) as was RFS (45 % vs. 39 %
2p = 0.0007). The benefit was independent of nodal status
but did appear smaller in those women who received
chemotherapy as well as ovarian ablation [65].

In meta-analyses of 11 906 premenopausal women across
16 randomized control trials, LHRH agonists as single adju-
vant therapy did not significantly reduce recurrence or death
[66]. Combination with tamoxifen, chemotherapy or both
reduced risk of recurrence by 12 % (p = 0.02) and death by
15.1 % (p = 0.03) and LHRH agonists were ineffective in
hormone receptor negative cancers. LHRH agonists showed
similar efficacy to chemotherapy as there was no significant
difference when comparing the two arms for recurrence (HR
1.04 P > 0.25) or death (HR 0.89 p > 0.37). It is important to
note, however, that none of the studies included taxanes so it
can only be concluded that LHRH efficacy is similar to that of
anthracycline-based systemic treatment [66].

We have established that adjuvant therapy with an AI
improves outcomes in postmenopausal women with ER
positive breast cancer. If ovarian function could be sup-
pressed, would premenopausal women get enhanced benefit
from an AI rather than tamoxifen? The TEXT and SOFT
trials set out to investigate this randomizing ER positive
premenopausal woman to the AI exemestane with ovarian
suppression versus tamoxifen with ovarian suppression for a
period of five years [67]. Ovarian function could be switched
off chemically using gonadotropin-releasing hormone ago-
nist triptorelin, surgically with oophorectomy or with ovar-
ian irradiation. DFS was 91.1 % at 5 years in the group who
got an AI + OS and 87.3 % with tamoxifen + OS. OS did
not differ significantly and adverse events were similar in
both arms [67].

18.7 Genomic Testing

There are several genomic tests for breast cancer and the
most validated of these is Oncotype Dx. This analyses the
expression in the primary tumour of 21 genes using reverse
transcription polymerase chain reaction (RT-PCR) on RNA
isolated from paraffin-embedded breast cancer tissue, gen-
erating a score for risk of recurrence which aids clinicians
and patients in their decision as to whether they should
pursue adjuvant systemic therapy. A low score predicts
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better outcomes, with some evidence that this group of
patients’ gains little additional benefit from adjuvant
chemotherapy. It is thus prognostic and also estimates the
likelihood of response to chemotherapy, thus avoiding
chemotherapy in those patients who would receive no clin-
ical benefit [68]. In a retrospective planned analysis of 367
specimens in ER positive, node positive postmenopausal
women (SWOG 8814 trial which showed survival benefit for
adjuvant cyclophosphamide, doxorubicin and fluorouracil
(CAF) prior to tamoxifen), the recurrence score was prog-
nostic in the tamoxifen alone group (p = 0.006; hazard ratio
[HR] 2.64, 95 % CI 1.33–5.27, for a 50-point difference in
recurrence score). There was no benefit of CAF if patients
had a low recurrence score regardless of nodal involvement
(<18; log-rank p = 0.97; HR 1.02, 0.54–1.93) but an
improvement in RFS for a high recurrence score adjusting
for the number of positive nodes (score > or = 31; log-rank
p = 0.033; HR 0.59, 0.35–1.01) [68]. Oncotype Dx is
included in the American Society of Clinical Oncology and
National Comprehensive Cancer Network, ESMO and St
Gallen guidelines as an adjunct to clinician decision-making
regarding adjuvant chemotherapy [69–72].

The MammaPrint assay uses microarray technology to
analyse a 70-gene expression profile to identify those at risk
of developing metastatic disease [73]. This test was used on
T1 tumours to identify how many would be at risk of distant
recurrence without adjuvant treatment. The MammaPrint
signature was an independent prognostic factor for breast
cancer-specific survival (BCSS) at 10 years (HR 3.25
P < 0.001) and predicted distant disease-free survival
(DDFS) at 10 years for 139 patients with T1a/b cancers (HR
3.45 p = 0.04) [74].

In a study designed to assess the predictive value of the
MammaPrint assay for adjuvant chemotherapy prior to
endocrine treatment, results were pooled from study series
[75]. The test classified 253 patients as low risk and 289 as
high risk. In the low-risk group, BCSS at 5 years was 97 %
for the group on adjuvant endocrine therapy and 99 % for
those allocated adjuvant chemotherapy prior to endocrine
therapy (HR 0.58 p = 0.62). DDFS was 93 % versus 99 %
(HR 0.26 p = 0.20). In the high-risk group, BCSS was 81
and 94 %, respectively, at 5 years (HR 0.21 p < 0.01) and
DDFS was 76 % versus 88 % (HR 0.35 p < 0.01). This
estimates significant survival benefit from adjuvant
chemotherapy in the high-risk patients and no significant
benefit in the low-risk patients [75].

The prospective RASTER study reported those classified
as low risk by the MammaPrint assay (of whom 85 % did
not receive adjuvant chemotherapy) had a 5-year distant-free
recurrence of 97 % [76]. The FDA has approved the
MammaPrint signature to help evaluate whether patients are
deemed low or high risk but not to estimate their benefit
from adjuvant chemotherapy.

The Prediction Analysis of Microarray 50 (PAM50)
generates a risk recurrence score to predict prognosis in ER
positive postmenopausal women by separating intrinsic
breast cancer subtypes (luminal A, luminal B, HER2 posi-
tivity and basal-like). In a study comparing PAM50 with
Oncotype Dx, more patients were scored high risk and fewer
as intermediate risk by PAM50, suggesting it provided more
prognostic information and better differentiation between
high- and intermediate-risk patients [77].

So, should intermediate-risk patients still get adjuvant
chemotherapy? The TAILORx trial is attempting to answer
this question by randomizing those calculated as being
intermediate risk to chemotherapy or not. The study is
prospectively testing the use of Oncotype Dx to select for
patients who can avoid chemotherapy [78]. So far results
have only been released for the low-risk group, in which
their good prognosis without chemotherapy has been con-
firmed [79].

The MINDACT trial is comparing the 70-gene signature
with the pathological factors we commonly use to make
clinical decisions regarding adjuvant chemotherapy. Again
this is looking at those deemed intermediate risk and also
further evaluating the predictive effect of the MammaPrint
assay [80].

This is clearly an evolving area and one that is likely to
dramatically influence clinical practice and decision-making
over the next few years. So far all of these tests seem to be
good prognostic tools but what has not yet been proven is
their ability to safely identify patients who do not need
chemotherapy. So far no single test has been validated as
superior to the others available on the market.

18.8 Trials in Older Patients

An area that is beginning to be explored is incorporating or
designing trials where the aim is to establish efficacy in the
over 70 population. Many patients now fall into this age
category and are fit for systemic treatment; however, we
have little evidence of the efficacy of these drugs in this
population. Historically, there has been reluctance to include
this cohort in trials given potential co-morbidities, decline in
organ function and perceived increased susceptibility to
toxic side effects. The few studies that have included older
women found a comparable incidence of complications
in women both older and younger than 65 years of age
[81–83]. These older patients, however, appear to have been
selected by fitness and their lack of other health problems
meaning they do not truly represent the older population as a
whole. Hardly any of these trials have included women over
80 meaning we have no reliable information regarding tol-
erability or efficacy in this cohort [84]. There is increasing
thought that geriatricians should be involved from the initial
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oncology consultation to perform a comprehensive geriatric
assessment to aid the decision process and allow adjustments
for age-related co-morbidities [85].

The data reviewed in this chapter clearly show that
patients’ outcomes are improved with adjuvant systemic
treatment. The choice of which therapy or combinations of
therapies to use depends on the tumour biology, patient
characteristics and an evaluation of the relative benefits and
deficits.
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Abbreviations
BC Breast cancer
ET/ETs Endocrine therapy/endocrine therapies
ER+ Oestrogen receptor-positive
PR+ Progesterone receptor-positive
EBCTCG Early Breast Cancer Trialists’ Collaborative Group
RR Relative risk
OFS Ovarian function suppression
GnRHa Gonadotropin-releasing hormone analogues
IBCSG International Breast Cancer Study Group
SOFT Suppression of Ovarian Function Trial
DSF Disease-free survival
HR Hazard ratio
CI Confidence interval
AI/AIs Aromatase inhibitor/aromatase inhibitors
TEXT Tamoxifen and Exemestane Trial
OS Overall survival
HR− Hormone receptor-negative
DDFS Distant DFS
ER− Oestrogen receptor-negative
HER2+ Human epidermal growth factor receptor 2-positive
pCR Pathologic complete response
NeoCENT Neoadjuvant Chemotherapy versus ENdocrine Therapy
BCS Breast conservative surgery
ORR Overall response rate
PEPI Preoperative endocrine prognostic index
RFS Relapse-free survival
PROACT Preoperative Arimidex Compared to Tamoxifen
LABC Locally advanced breast cancer
ABC Advanced breast cancer
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TTP Time to progression
OA Ovarian ablation
CBR Clinical benefit rate
LD Low-dose
HD High-dose
HR+ Hormone receptor-positive
mTOR PI3K/Akt/mammalian target of rapamycin
NSAI Non-steroidal aromatase inhibitor
CDK4 and CDK6 Cyclin-dependent kinases 4 and 6

19.1 Introduction

Breast cancer (BC) is a heterogeneous disease with different
immunohistochemical and molecular characteristics associ-
ated with different risk profiles and outcomes.

Endocrine responsive BC is the most represented subtype
both in pre- and postmenopausal women, overall accounting
for 65 % of cases [1]. This implies a wide use of endocrine
therapy (ET) across ages in all disease phases.

We will summarize the indications and efficacy of ET in
pre- and postmenopausal women in the neo/adjuvant and
metastatic disease settings.

19.2 Adjuvant Therapy

In any case of endocrine responsiveness, defined as ≥1 % of
oestrogen (ER+) and/or progesterone (PR+)
receptor-positive tumour cells, there is indication for adju-
vant ET, irrespective of the use of chemotherapy and/or
targeted therapy.

The choice among different ETs depends on menopausal
status, risk of recurrence, comorbidities, potential drug tox-
icity and patient’s preferences, and should be discussed
individually in a dedicated breast unit.

19.2.1 Premenopausal Patients

19.2.1.1 Tamoxifen
In the last decades, 5 years of tamoxifen have been the gold
and unique standard.

Tamoxifen competes with oestrogens at the receptor site,
inhibiting the growth of oestrogen-dependent BC. In addi-
tion, tamoxifen has a partial oestrogen-agonistic effect that is
beneficial, for example, in preventing bone demineralization,
but also detrimental in increasing the risk of uterine cancer
and thromboembolic events. The updated Early Breast

Cancer Trialists’ Collaborative Group (EBCTCG) overview,
conducted only in ER+ tumours, concluded that 5 years of
adjuvant tamoxifen reduces the annual BC mortality rate by
31 % irrespective of age, the use of chemotherapy and nodal
status [2]. The effect is maintained over time (years 0–4 and
5–14), confirming the previously reported carry-over data
(years 0–9). The meta-analysis also reinforced that 5 years
of tamoxifen were significantly more effective than 1–
2 years in terms of BC recurrence and mortality.

The optimal duration of tamoxifen in the individual
patient is still not completely clarified. In the ATLAS ran-
domized trial, 12.894 pre- and postmenopausal women who
had completed 5 years of adjuvant tamoxifen were ran-
domized to continue for additional 5 years or to stop treat-
ment. The analysis of the 6.846 women with ER+ disease
showed a statistically significant reduction in the risk of BC
recurrence (21.4 % vs. 25.1 %), BC mortality (12.2 % vs.
15 %) and overall mortality in the arm of longer assumption.
Patients on extended therapy experienced more drug-related
side effects with a relative risk (RR) of endometrial cancer of
1.74 and of pulmonary embolism of 1.87 [3]. The aTTom
trial confirms, in 2.755 women with ER+ disease, a reduc-
tion in both BC recurrence and mortality [4]. Taken together
with the results of 5 years of tamoxifen versus no therapy,
these data indicate that 10 years of adjuvant tamoxifen,
compared with no tamoxifen, can reduce BC mortality by
about one-third in the first 10 years following diagnosis and
by a half subsequently. This evidence can be of particular
interest for patients at high risk of relapse and younger
women, the largest population likely to consider 10 years of
treatment, despite only 9 % of patients in the ATLAS study
and an unspecified proportion in the aTTom study were
premenopausal at enrolment.

19.2.1.2 Ovarian Function Suppression (OFS)
In premenopausal women, the main source of circulating
oestrogens is by ovarian aromatization of exogenous and
endogenous androgens: OFS by surgical castration or
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irradiation has been the oldest ever ET, being progressively
replaced by the administration of gonadotropin-releasing
hormone analogues (GnRHa). Surgical castration represents
still today a low-cost option in developing countries and a
valid alternative in BC patients harbouring a BRCA 1/2
mutation who completed family planning. The chronic
administration of a GnRHa, binding to the receptors in the
pituitary gland, first induces a flare of FSH and LH secretion
and subsequently a fall of gonadotropins and sex steroids to
values similar to surgical castration.

The role of OFS as part of ET in premenopausal women
has been investigated with contrasting results. The 2007
EBCTCG meta-analysis of 16 randomized trials, including
11.906 women, studied the effects of GnRHa alone, GnRHa
plus tamoxifen versus tamoxifen alone, GnRHa plus
chemotherapy versus chemotherapy alone and GnRHa plus
chemotherapy plus tamoxifen versus chemotherapy plus
tamoxifen. The GnRHa duration ranged from 18 months up
to 5 years. The analysis showed that GnRHa alone did not
significantly reduce recurrence or death after recurrence but
when added to tamoxifen, chemotherapy or both achieved a
12.7 % reduction in recurrence and a 15.1 % reduction in
death after recurrence [5]. The benefit was especially evident
in women ≤40 years after adjuvant chemotherapy, either
alone or in addition to tamoxifen, possibly related to the lack
of permanent amenorrhoea with chemotherapy alone in this
subgroup of patients.

The recently available results of the International Breast
Cancer Study Group (IBCSG)-led Suppression of Ovarian
Function Trial (SOFT), a comparison between 5 years of
tamoxifen plus OFS versus tamoxifen alone, after a median
follow-up of 67 months, showed, overall, a disease-free
survival (DFS) of 86.6 % in the tamoxifen plus OFS arm
and of 84.7 % in the tamoxifen arm (hazard ratio [HR] 0.83;
95 % confidence interval [CI] 0.66–1.04; p = 0.10). How-
ever, in the pre-planned subgroup analysis of the cohort of
patients receiving adjuvant chemotherapy, there was a sig-
nificant benefit of tamoxifen plus OFS versus tamoxifen
alone in terms of reduction in BC recurrences at 5 years
(82.5 % vs. 78.0 %, HR 0.78; 95 % CI 0.60–1.02); these
patients were at higher risk of relapse than the ones in the no
chemotherapy cohort (younger with larger tumours of
intermediate-high grade and more frequently node-positive).
This result was confirmed in the subset of very young
patients (<35 years) who achieved the highest benefit from
the addition of OFS over tamoxifen alone (78.9 and 67.7 %,
respectively), suggesting that in patients at higher risk of
recurrence, the addition of OFS can improve outcomes [6],
as acknowledged in all the most recent consensus guidelines
[7–10].

The optimal duration of adjuvant GnRHa has not been
established. In different trials, GnRHa were given for 2, 3 or
5 years, with no direct comparison. On the basis of the
available data, duration should not exceed 5 years and
should also take into account side effects, patient preferences
and family plans.

19.2.1.3 Aromatase Inhibitors (AIs)
AIs act inhibiting or inactivating aromatase, the enzyme
responsible for the synthesis of oestrogens from androgenic
substrates, thus almost completely suppressing plasma
oestrogen levels in postmenopausal women. In pre-
menopausal women, AIs cannot be used alone, because of
the risk of indirect ovarian stimulation via the pituitary loop,
with a paradoxical increase in circulating oestrogens.

In premenopausal women, the use of the AI Exemestane
in combination with OFS, as compared to tamoxifen plus
OFS, has been investigated in 4.690 patients in the combined
analysis of TEXT (Tamoxifen and Exemestane Trial) and
SOFT. After a median follow-up of 68 months, a DFS of
91.1 % was achieved in the Exemestane group compared
with 87.3 % in the tamoxifen group (HR 0.72; 95 % CI 0.60–
0.85; p < 0.001) with a 3.8 % absolute gain, comparable to
the benefit of AIs in postmenopausal women. There was no
difference in overall survival (OS) but a longer follow-up is
needed in this population of patients who can develop late
relapses. Overall, the incidence of adverse events of any
grade was similar in the two treatment groups, with a different
toxicity profile consistent with the specific class of drugs.
Patients under tamoxifen reported more hot flushes, vaginal
discharge and sweats, whereas patients who received
Exemestane had more bone/joint pain, vaginal dryness and
greater loss of sexual interest [11]. Nonetheless, during the
treatment period, changes in global quality of life from
baseline were similar between the two treatment groups [12].

Different results were reported in the ABCSG-12 trial in
1.803 women randomized to 3 years of OFS plus tamoxifen
or plus the AI Anastrozole, with or without Zoledronic acid.
After 94.4 months of median follow-up, no DFS difference
between treatments was reported, but a higher risk of death
for Anastrozole-treated patients was observed (HR 1.63;
95 % CI 1.05–1.45; p = 0.03) [13].

These divergent results can be partly explained by some
differences between ABCSG-12 and SOFT/TEXT: lower
number of patients and smaller statistical power in the
Austrian trial, low-risk population (only 5 % of patients
receiving neo/adjuvant chemotherapy), shorter treatment
duration (only 3 years) and the use of Zoledronic acid.

At present, the results of SOFT and TEXT support the use
of the AI Exemestane plus OFS, as a new treatment option in
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premenopausal women with early, ER + breast cancer for
whom OFS is indicated.

19.2.2 GnRHa for Ovarian Protection

Different studies and meta-analyses tried to explore the role
of GnRHa as prevention of ovarian failure during adjuvant
chemotherapy with contrasting results, mainly due to
non-homogeneous definition of ovarian failure and selection
of patients.

Recently, the randomized POEMS trial assigned 257
premenopausal women with hormone receptor-negative (HR
−) BC to receive standard chemotherapy, with or without the
GnRHa Goserelin. After 2 years, the ovarian failure rate was
8 % in the Goserelin group and 22 % in the
chemotherapy-alone group. Among the 218 evaluable
patients, pregnancy occurred in more women in the
Goserelin group than in the chemotherapy-alone group
(21 % vs. 11 %) [14].

Despite lack of universal consensus, we suggest to indi-
vidually discuss this strategy with patients, balancing the
adverse effects and benefits of this therapy.

19.2.3 Postmenopausal Women

AIs (both non-steroidal and steroidal) and tamoxifen repre-
sent valid adjuvant therapies for postmenopausal, endocrine
responsive, early BC, with AIs showing overall a significant
benefit in DFS and a slight improvement in OS across dif-
ferent trials.

The BIG 1-98, a randomized phase III double-blind trial,
compared 5 years of tamoxifen or letrozole as monotherapy
or their sequential administration (2 years of one drug fol-
lowed by 3 years of the other). At median follow-up of
8.7 years, letrozole monotherapy was significantly better
than tamoxifen monotherapy for both the primary DFS
endpoint (HR 0.82) and the secondary OS (HR 0.79) distant
recurrence-free interval (HR 0.79) and BC-free interval (HR
0.80) endpoints. On the contrary, at median follow-up of
8.0 years, there was no statistically significant difference in
any endpoint between sequential therapies and letrozole
monotherapy, sequential strategies being therefore a valid
option in case of toxicity [15].

Likewise, the ATAC trial compared Anastrozole with
tamoxifen, both for 5 years. At median follow-up of
120 months, both in the overall study population and par-
ticularly in ER+ patients, there were significant improve-
ments in the Anastrozole group compared with the
tamoxifen group, in terms of DFS (HR 0.86), time to
recurrence (HR 0.79) and time to distant recurrence (HR

0.85). In ER+ patients, absolute differences in time to
recurrence between Anastrozole and tamoxifen increased
over time (2.7 % at 5 years, 4.3 % at 10 years) and recur-
rence rates remained significantly lower with Anastrozole as
compared to tamoxifen after treatment completion (HR
0.81), although the carryover benefit decreased after 8 years.
Fewer deaths after recurrence were reported with Anastro-
zole compared with tamoxifen in the ER+ subgroup (HR
0.87) but there was little difference in overall mortality (HR
0.95) [16].

Several other large randomized trials have compared one
of the three third-generation AIs (Anastrozole, letrozole or
Exemestane) with 5 years of tamoxifen, generally reporting
reduced recurrence rates in the AIs treated groups but not a
clear-cut reduction in BC mortality.

The latest EBCTCG meta-analysis included data on
31.920 women from randomized trials of different schedules
as follows: 5 years of an AI versus 5 years of tamoxifen;
5 years of an AI versus 2–3 years of tamoxifen then the AI
to year 5; 2–3 years of tamoxifen then an AI to year 5 versus
5 years of tamoxifen.

In the comparison of 5 years of an AI versus 5 years of
tamoxifen, the recurrence rate ratios significantly favoured
AIs during treatment (years 0–1 RR 0.64, years 2–4 RR
0.80) but non-significantly thereafter. The 10-year BC
mortality was also lower with AIs than with tamoxifen
(12.1 % vs. 14.2 %, RR 0.85). In the comparison of 5 years
of an AI versus 2–3 years of tamoxifen then the AI to year 5,
the recurrence rate ratios significantly favoured AIs when
treatment differed (years 0–1 RR 0.74) but not when both
groups received the AI (years 2–4), or thereafter; the BC
mortality reduction was not significant (RR 0.89). In the
comparison of 2–3 years of tamoxifen then an AI to year 5
versus 5 years of tamoxifen, the recurrence rate ratios sig-
nificantly favoured AIs during years 2–4 when patients
received the AI (RR 0.56) but not subsequently, and the
10-year BC mortality was lower when switching to the AI
than when keeping on tamoxifen (8.7 % vs. 10.1 %). In
summary, aggregating the three schedule comparisons,
recurrence rate ratios favoured AIs when treatments differed
(RR 0.70) but not significantly thereafter (RR 0.93). The BC
mortality was also significantly reduced while treatments
differed (RR 0.79), less subsequently (RR 0.89) and for all
periods combined (RR 0.86).

The meta-analysis concluded that AIs reduce recurrence
rates by about 30 % (proportionately) compared with
tamoxifen while treatments differ, but not thereafter. Five
years of an AI reduce the 10-year BC mortality rate by about
15 % compared with 5 years of tamoxifen, hence by about
40 % (proportionately) compared with no ET [17].
According to all most recent guidelines [7, 9], AIs should be
therefore included at some point during adjuvant treatment.
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Integration of AIs and tamoxifen, their upfront or sequential
administration has therefore to be individually discussed and
planned.

Also in postmenopausal women, the optimal duration of
ET is still matter of debate.

The EBCTCG meta-analysis excluded trials comparing
an AI after 5 years of tamoxifen versus stopping ET. This
sequence has been investigated in the MA.17 trial, a
double-blind, placebo-controlled trial designed to determine
the effectiveness of 5 years of letrozole after completing
5 years of tamoxifen. The primary endpoint was DFS;
secondary endpoints included OS, distant DFS (DDFS) and
incidence of contralateral tumours. The trial was stopped
early after an interim analysis showed that letrozole
improved outcomes: after a median follow-up of 30 months,
women in the letrozole arm had statistically significantly
better DFS, DDFS and contralateral BC incidence than
women in the placebo arm. OS was the same in both arms
except in women with node-positive disease who had an
improved OS with letrozole. The conclusion from the
MA.17 trial was that letrozole after tamoxifen improves
both DFS and DDFS but not OS, except in node-positive
patients [18, 19].

Considering also the results of the previously mentioned
ATLAS trial [3], it is appropriate discussing with patients at
sufficient risk of relapse the extension of adjuvant ET
beyond 5 years, always bearing in mind drugs’ toxicity and
patients’ preference. The recent results of the phase III,
randomized, placebo-controlled MA.17R trial, showed a
significantly higher 5-year DFS in patients receiving addi-
tional 5 years of letrozole after 4.5–6 years of adjuvant AI,
preceded in most patients (79 %) by tamoxifen, than in those
under placebo (95 % versus 91 %, HR 0.66; P = 0.01) with
the greatest reduction achieved in contralateral BC. The rate
of OS was not higher between treatments (HR 0.97; P =
0.83). The superiority of letrozole was observed in all sub-
groups, with no signs of treatment interaction and the inci-
dence of most toxic effects similar in the two groups, with
the exception of bone related toxic effects, more common in
the letrozole group. While waiting for the results of ongoing
trials, 10 years of adjuvant AIs can represent a reasonable
option to discuss in high-risk patients.

19.2.4 Neoadjuvant Therapy

Neoadjuvant chemotherapy trials have consistently reported
lower response rates in ER+ BC when compared with ER−
or human epidermal growth factor receptor 2-positive
(HER2+) patients [20]. The German Breast Group demon-
strated pathologic complete response (pCR) rates of 6.2 and
22.8 % for ER+ and ER- tumours, respectively (p = 0.0001)
[21]. In addition, in 6.377 patients enrolled in 7 randomized

trials of anthracycline–taxane-based chemotherapy, pCR
showed to be a good DFS surrogate endpoint for patients
with luminal B/HER2-negative, HER2-positive
(non-luminal) and triple-negative disease but not for those
with luminal A tumours [22]. Direct comparisons of
neoadjuvant chemotherapy against ET are rare. In the
GEICAM/2006-03 phase II trial, 95 patients were random-
ized to 8 cycles of chemotherapy (EC-T) or ET (Exemestane
25 mg daily combined with Goserelin in premenopausal
patients) for 24 weeks. Overall, the clinical response rate
was higher with chemotherapy (66 % vs. 48 %; p = 0.075).
In an unplanned exploratory subgroup analysis based on
Ki-67 levels (10 % cut-off), similar clinical response was
achieved in both treatment groups in patients with low Ki-67
(chemotherapy 63 %, ET 58 %; p = 0.74), while patients
with high Ki-67 had a better response with chemotherapy
(67 % vs. 42 %; p = 0.075). These results seem to suggest
patients with low proliferation index could potentially avoid
neoadjuvant chemotherapy [23]. The Neoadjuvant Che-
motherapy versus ENdocrine Therapy (NeoCENT) feasi-
bility trial, comparing letrozole for 18–23 weeks to 6 cycles
of FEC100, met the recruitment and tissue collection pri-
mary endpoints, but despite both treatments showed to be
equally effective, a larger phase III trial was deemed
unfeasible due to slow accrual [24]. ET can therefore be an
attractive alternative to chemotherapy as neoadjuvant ther-
apy at least for some women with ER+ locally advanced
primary BC. As neoadjuvant ET usually takes longer to
achieve tumour response, treatment should continue for at
least 4–8 months or until maximal response [7].

19.2.5 Premenopausal Patients

Little evidence is available in premenopausal patients with
locally advanced ER+ BC, for whom the main goal of
neoadjuvant therapy is to allow breast conservative surgery
(BCS).

The STAGE trial is the only phase III, randomized,
multicenter study, randomly assigning patients to receive
monthly Goserelin plus either Anastrozole or tamoxifen for
24 weeks before surgery. The primary endpoint was best
overall tumour response (complete or partial response).
Among the 185 patients who completed the 24-week treat-
ment period, more patients in the Anastrozole group had a
complete or partial response than those in the tamoxifen
group (70.4 % vs. 50.5 %, respectively). The authors con-
cluded that given its favourable risk–benefit profile, the
combination of Anastrozole plus Goserelin could represent
an alternative neoadjuvant treatment option for pre-
menopausal women [25]. Despite these encouraging results,
data are insufficient to recommend this strategy outside of
clinical trials [8].
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19.2.6 Postmenopausal Patients

In postmenopausal patients, several randomized trials
demonstrated the superiority of AIs over tamoxifen.

The P024 study, a large multinational double-blind trial
comparing letrozole versus tamoxifen, showed a signifi-
cantly better overall response rate (ORR) (55 % vs. 36 %,
respectively, p < 0.001) and BCS rate (45 % vs. 35 %) with
letrozole than with tamoxifen. letrozole was also signifi-
cantly more effective than tamoxifen in reducing tumour
proliferation, measured by Ki-67 immunohistochemistry
(p = 0.0009) [26]. In addition, at a median follow-up of
61.2 months, patients with pathological stage 1 or 0 and a
low-risk biomarker profile in the surgical specimen (Preop-
erative Endocrine Prognostic Index [PEPI] score 0) had an
extremely low risk of relapse (100 % relapse-free survival
[RFS]) compared with higher stages (p < 0.001) therefore
unlikely to benefit from additional adjuvant chemotherapy
[27]. On the contrary, a non-statistically significant differ-
ence was found between Anastrozole and tamoxifen in the
Preoperative Arimidex Compared to Tamoxifen (PROACT)
randomized, multicenter trial in women with large, operable
(T2-3, N0-2, M0), or potentially operable (T4b, N0-2, M0)
BC. Patients received Anastrozole or tamoxifen, with or
without chemotherapy for 12 weeks. Objective responses
(by ultrasound) were achieved in 39.5 and 35.4 % of patients
under Anastrozole and tamoxifen, respectively. In ET-only
treated patients, surgery became feasible in 47.2 % of
patients receiving Anastrozole and 38.3 % of those receiving
tamoxifen (p = 0.15) [28].

The IMPACT trial randomized women with ER+ opera-
ble or locally advanced BC (LABC) to Anastrozole,
tamoxifen, or a combination of tamoxifen and Anastrozole
for 12 weeks. Objective response rates, measured either by
clinical examination or ultrasound, were not statistically
significantly different between treatment arms. A trend
towards an improved rate of BCS was observed for patients
receiving Anastrozole over tamoxifen (44 % vs. 31 %),
which was also not statistically significant (p = 0.23).
A meta-analysis of these trials supported the notion that an
AI is more effective than tamoxifen for promoting breast
conservation [29].

Another randomized, double-blind, multicenter study was
conducted to compare the anti-tumour activity of letrozole
versus tamoxifen. After 4 months of treatment, the overall
objective response rate by palpation was significantly
superior in the letrozole group compared with tamoxifen
(55 % vs. 36 %, p < 0.001). The secondary endpoints of
ultrasound and mammographic response and BCS rate
confirmed letrozole to be significantly superior [30].

In the randomized phase II ACOSOG Z1031 trial, women
with clinical stage II-III ER+ BC were randomly assigned to

receive neoadjuvant Exemestane, letrozole or Anastrozole for
16 weeks. The primary endpoint was clinical response; sec-
ondary endpoints included BCS and Ki-67 changes. Although
higher clinical response rates were reported with letrozole and
Anastrozole compared with Exemestane, no differences in
surgical outcome or Ki-67 changes were detected [31].

On the basis of all these data, it can be concluded that
either AI is more effective than tamoxifen in decreasing
tumour size and facilitating conservative surgery.

19.3 Metastatic Therapy

Approximately, 10 % of newly diagnosed BC patients have
locally advanced and/or metastatic disease and 30 % of
women with early BC develop advanced disease during their
disease history. As reported in the ABC2 ESO-ESMO
international consensus guidelines, ET should be the
first-choice therapy in ER+/HER2− disease, also in presence
of visceral metastases [32]. Several sequential ETs can be
given until disease progression, unacceptable toxicity or
development of symptomatic visceral disease. The sequential
use of ETs with different mechanisms of action may prolong
the duration of response, reduce the risk of resistance and
delay the need for chemotherapy [33]. Chemotherapy should
be preferred only in case of high disease burden,
life-threatening conditions requiring a rapid disease response
or in presence of endocrine resistance. Endocrine resistance
has been defined as follows: (1) primary endocrine resistance
when a relapse occurs during the first two years of adjuvant
ET, or a disease progression develops within the first six
months offirst-line ET for advanced breast cancer (ABC) and
(2) secondary (or acquired) resistance when a relapse occurs
after the first two years while on adjuvant ET, within
12 months of completing adjuvant ET, or progressive disease
develops at least six months after initiating ET for ABC [32].

The selection of the most appropriate ET should take into
account the menopausal status of the patient, the type of
adjuvant ET received, any past medical history or comor-
bidities and patient’s wishes. The concomitant use of
chemotherapy and ET is not recommended, despite an
increased ORR or time to progression (TTP) shown in some
trials, as potentially antagonistic, but clinical trials in this
area, with the newer classes of ETs and chemotherapy
regimens/approaches, are lacking.

19.3.1 Premenopausal Patients

In premenopausal women, OFS/ablation combined with oral
ET is the first-choice therapy; tamoxifen is the standard oral
ET unless tamoxifen resistance is proven [8].
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Ovarian ablation (OA) has long been established as an
effective therapy for premenopausal women with ABC, with
response rates ranging from 14 to 70 % in several studies.
Both the presence and degree of HR expression are strongly
predictive of response to endocrine manipulations, with
responses seen in approximately 60 % of women having
both ER+ and PR+ tumours, compared with 30 % in patients
with either ER+ or PR+ disease alone [34].

After the introduction of GnRHa, several phase II trials
investigated their efficacy in pre- and perimenopausal
women with ABC. A meta-analysis of phase II trials with
monthly Goserelin in 228 patients reported a median sur-
vival of 26.5 months, an ORR of 36 % (44 % in ER+
patients) and a median duration of response of 44 weeks,
comparable to the outcomes historically obtained with
oophorectomy in similar patient populations [35]. OA by
laparoscopic bilateral oophorectomy ensures definitive
oestrogen suppression and contraception, avoids potential
initial tumour flare with GnRHa and represents a
cost-effective alternative particularly in middle-low income
countries. Patients should be informed on the options of
OFS/OA and decision should be made on a case by case
basis.

The comparison between combined ET (tamoxifen plus
GnRHa) and single agent ET has been summarized in a
meta-analysis of 4 clinical trials randomizing a total of 506
women with ABC to GnRHa alone or GnRHa plus tamox-
ifen. With a median follow-up of 6.8 years, the combination
was superior to monotherapy for all endpoints, with signif-
icant benefits in mortality (22 % relative reduction), disease
progression (30 % relative reduction), objective clinical
response (39 % vs. 30 %) rates as well as response duration
(19 months vs. 11 months) [36].

Little data are available on the association of GnRHa and
AIs as first- and second-line therapy.

Two small phase II trials evaluated the efficacy of
Goserelin plus Anastrozole in women with advanced or
recurrent BC. The JMTO BC08-01 trial enrolled 37 patients
after failure to standard GnRHa plus tamoxifen; the primary
endpoint was objective response rate; secondary endpoints
included PFS, OS, clinical benefit rate (CBR, defined as
disease response plus disease stabilization ≥6 months) and
safety. The objective response rate was 18.9 %, the CBR
was 62.2 % and the median PFS was 7.3 months. Eight
patients had adverse drug reactions but none resulted in
treatment discontinuation [37]. The second phase II study
was a prospective, single-arm, multicenter trial in which 35
patients were treated with monthly Goserelin and Anastro-
zole, the latter starting 21 days after the first GnRHa injec-
tion. Patients continued on treatment until disease
progression or unacceptable toxicity. One patient (3.1 %)
experienced a complete response, 11 (34.4 %) a partial
response and 11 (34.4 %) a stable disease lasting at least

6 months, translating in a CBR of 71.9 %. Median TTP was
8.3 months and median survival was not reached at time of
publication. As expected, the most common adverse events
were fatigue (50 %), arthralgia (53 %) and hot flashes
(59 %); no grade 4–5 toxicities were reported [38].

Similar results derive from a single-institution, retro-
spective analysis of Goserelin plus letrozole in a total of 52
patients as first- (n = 36) or second-line (n = 16) ET. The
median treatment duration was 11 months and the median
follow-up 31 months. The objective response rate was
21.1 %, including two complete responses (3.8 %) and nine
partial responses (17.3 %); the CBR was 50.0 % for an
overall clinical benefit of 71.1 % and the PFS was
10 months. Therapy was well tolerated; no grade 3–4 toxi-
cities were reported [39].

Little data are also available on the association of GnRHa
and Fulvestrant in this setting. In a small study (n = 26),
patients eligible for ET received low-dose (LD) Fulvestrant
(250 mg/monthly) and monthly Goserelin as first- to
fourth-line therapy. The primary endpoint was CBR.
Eighty-one per cent of patients were pre-treated with
tamoxifen and 69 % had received prior AIs in combination
with Goserelin. The majority of patients (69 %) presented
with visceral metastases. The CBR was 58 %, median TTP
was 6 months and OS 32 months [40]. Although the drug
does appear to be active in this setting, it would deserve
further evaluation, made difficult by the forthcoming patent
expiration.

19.3.2 Postmenopausal Patients

In postmenopausal patients, the main ET options include the
following: AIs, tamoxifen, high-dose (HD) Fulvestrant (i.e.
500 mg monthly) and megestrol acetate. The choice is based
mainly on previous ETs received either in the adjuvant
and/or advanced disease settings.

In first line, the superiority of AIs over tamoxifen has
been tested in several trials [41–44]. A meta-analysis of 6
eligible trials (2.560 patients) showed a significant difference
favouring AIs over tamoxifen in ORR (HR 1.56; 95 % CI
1.17–2.07; p = 0.002) and clinical benefit (HR 1.70; 95 %
CI 1.24–2.33; p = 0.0009) and a non-significant trend
towards an improved OS (HR 1.95; 95 % CI 0.88–4.30;
p = 0.10). Toxicities did not differ significantly except for
increased vaginal bleeding and thromboembolic events
associated with tamoxifen [45]. In the FIRST phase II study
[46], HD Fulvestrant proved to be superior to Anastrozole in
terms of OS (median OS 54.1 months vs. 48.4 months; HR
0.70; 95 % CI 0.50–0.98; p = 0.04). These data need to be
interpreted cautiously as the OS analysis was not originally
planned and not all patients had OS follow-up: confirmation
is awaited in the larger phase III FALCON trial
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(NCT01602380). The combination of a non-steroidal AI and
LD Fulvestrant showed discordant results in 2 phase III trials
with similar designs [47, 48]. Subset analysis in the suc-
cessful SWOG study suggests a benefit in PFS and OS for
the combination therapy only in patients without prior
adjuvant tamoxifen to whom this strategy can be offered. In
this study, the addition of Fulvestrant to Anastrozole sig-
nificantly decreased Anastrozole concentrations in a subset
of patients treated with the combination, potentially affecting
treatment efficacy [49].

Beyond first line, the optimal sequence of endocrine
agents is uncertain and depends on which drugs were used in
the neo/adjuvant and first-line ABC settings.

All trials comparing Fulvestrant to AIs in this setting
were conducted with LD Fulvestrant. Both treatments are
effective and well tolerated with a different toxicity profile
which can guide treatment choice in the individual patient;
joint disorders (i.e. arthralgia, arthrosis and arthritis),
occurring more frequently in patients receiving AIs, are the
only significant difference [50–52]. A potential advantage of
Fulvestrant over AIs is the monthly parenteral administra-
tion, which can enhance long-term adherence at least in
selected patients [53].

In the CONFIRM multicenter phase III study, 736
patients were randomly assigned to either HD or LD
monthly Fulvestrant based on the observation from preop-
erative trials that both clinical and biological effects (ER/PR
receptor and Ki-67 downregulation) could be
dose-dependent. The HD schedule resulted in a significantly
longer PFS, corresponding to a 20 % reduction in risk of
progression. Fulvestrant 500 mg was well tolerated with no
dose-dependent adverse events [54]. Median OS was
26.4 months for HD and 22.3 months for LD Fulvestrant
(HR ratio 0.81; 95 % CI 0.69–0.96; nominal p = 0.02),
corresponding to a 19 % reduction in the risk of death. Type
of first subsequent therapy and objective responses to first
subsequent therapy were well balanced between the two
treatment groups [55].

19.3.3 Hormone Receptor Positive/Human
Epidermal Growth Factor
Receptor 2-Positive Breast
Cancer (HR+/HER2+)

Approximately, 20 % of BC harbours an overexpression/
amplification of HER2 and nearly 50 % of these tumours are
also ER+ and/or PR+. The co-activation of both HR and
HER2 pathways involves a different disease natural history
and patients’ outcome if compared with both HR−/HER2+
and HR+/HER2− tumours. In particular, prospective studies
demonstrated different patterns of recurrence with more
early relapses (instead of late) and brain metastases (instead

of bone) as first site of relapse in HR−/HER2+ tumours
compared with HR+/HER2+ tumours.

Moreover, the co-expression of HR and HER2 pathways
seems to influence treatment efficacy: HER2 overexpression
usually correlates with low HR expression and low response
to ET, and it has been demonstrated that HER2 pathway
activation may contribute to the development of endocrine
resistance [56].

In the adjuvant setting, poorer outcomes have been
shown in patients with HR+/HER2+ tumours compared with
HR+/HER2− tumours.

Retrospective analysis of the ATAC and BIG1-98 trials
reported worse clinical outcomes in postmenopausal HER2+
patients regardless of treatment type, confirmed the overall
benefit of AIs over tamoxifen in this subgroup but failed to
demonstrate a clear correlation between HER2 status, ET
and long-term outcomes, in women frequently not exposed
to HER2-targeted therapy due to enrolment periods [57, 58].
In premenopausal women enrolled in SOFT [11], the addi-
tion of OFS to tamoxifen appeared to be beneficial over
tamoxifen alone (HR 0.78; 95 % CI, 0.62–0.98; p = 0.03) in
HER2+ patients as previously reported by others [59]. On
the other hand, in the combined TEXT–SOFT analysis [11],
in the presence of OFS, Exemestane did not confer any
advantage over tamoxifen (DFS HR 1.25; 95 % CI 0.80–
1.94). HER2 central assessment and further analysis are,
however, needed before HER2 status is used for oral ET
selection in premenopausal women.

In the advanced setting, a retrospective analysis demon-
strated better responses to chemotherapy plus anti-HER2
therapy in HR- tumours, whereas in HR+/HER2+ patients a
significant benefit in PFS was achieved if maintenance ET
was added to trastuzumab after chemotherapy [60]. On the
contrary, in a retrospective observational study including
patients with HER2+ disease treated with trastuzumab-based
first-line therapy, a better long-term clinical benefit was
observed in HR+ patients, probably because they received
trastuzumab maintenance and/or ET after first-line treatment
[61].

A prospective observational study in more than 1.000
HER2+ BC showed prolonged PSF and OS in HR+/HER2+
patients treated with dual targeting therapies (ET and
anti-HER2 drugs, with or without chemotherapy), in com-
parison with patients treated with anti-HER2 therapy only
[62].

All these data suggest the combination of ET with
anti-HER2 therapies might represent a strategy to overcome
both endocrine and anti-HER2 resistance in patients with
advanced HR+/HER2+ BC. The TAnDEM trial was the first
randomized phase III study to compare ET alone (Anastro-
zole) and ET plus HER2-targeted therapy (Anastrozole plus
trastuzumab). The study showed an improved TTP for the
combination over ET alone (2.4 months and 4.8 months
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respectively, p = 0.0016), with a median PFS of 3.8 months
versus 5.6 months, an ORR of 7 % versus 20 % and a CBR
of 28 % versus 43 %, respectively [63].

The eLEcTRA trial investigated letrozole versus the
combination letrozole-trastuzumab. The results were in
favour of the combination with a PFS of 14.1 months versus
3.3 months, ORR of 27 % versus 13 % and CBR of 65 %
versus 39 % [64]. An additional phase III trial randomized
1.286 postmenopausal women to letrozole plus placebo or
Lapatinib (1500 mg once daily) as first-line therapy [65]. In
the subgroup of women with HR+/HER2+ disease
(n = 219), after a median follow-up of 1.8 years, the com-
bination was superior to letrozole alone in terms of median
PFS (8.2 and 3.0 months, respectively, HR 0.71; 95 % CI
0.53–0.96, p = 0.019) and CBR (48 % vs. 29 %). There was
no significant improvement in OS; however, less than 50 %
of OS events had occurred at time of reporting.

Even though none of these trials demonstrated a clear
benefit in OS, the ABC guidelines recommend the combi-
nation of trastuzumab or Lapatinib with an AIs as first-line
therapy in postmenopausal women with HR+/HER2+ BC if
chemotherapy is not clearly indicated [32].

19.4 Overcoming Endocrine Resistance

The main studied mechanisms of endocrine resistance refer
to ER alterations, such as mutations, amplifications or
translocations, and/or to upregulation of alternative path-
ways, such as the PI3K/Akt/mammalian target of rapamycin
(mTOR) pathway.

The phase III BOLERO-2 trial investigated the role of
everolimus in postmenopausal ER+ patients. Patients pre-
viously treated with a non-steroidal AI (NSAI) in the adju-
vant setting or progressing under a NSAI in the metastatic
setting were randomized to everolimus (10 mg daily) plus
Exemestane (25 mg daily) versus placebo plus Exemestane.
Previous therapy also included tamoxifen (48 %), LD Ful-
vestrant (16 %) and chemotherapy (68 %). At the first
interim analysis, based on central disease evaluation, the
median PFS favoured the combination versus placebo (10.6
vs. 4.1 months, respectively, HR 0.36, p < 0.001). At final
analysis, with a median 18-month follow-up, the median
PFS remained significantly longer with everolimus plus
Exemestane versus placebo plus Exemestane (central
review: 11.0 vs. 4.1 months, respectively, HR 0.38,
p < 0.0001) in the overall population and in all prospec-
tively defined subgroups, including patients with visceral
metastases. The most common grade 3–4 adverse events in
the everolimus arm were stomatitis, anaemia, dyspnea,
hyperglycaemia, fatigue and pneumonitis. The OS analysis
(secondary endpoint) did not confirm a statistically

significant improvement in the everolimus arm (median OS
of 31.0 months compared with 26.6 months in the placebo
arm, HR 0.89, p = 0.14) [66–68].

Everolimus has been also investigated in combination
with tamoxifen in a small randomized phase II trial in
postmenopausal patients with metastatic BC resistant to AIs.
Patients were randomized to tamoxifen 20 mg daily plus
everolimus 10 mg daily or tamoxifen alone. The primary
endpoint was CBR: the 6-month CBR was 61 % with
tamoxifen plus everolimus and 42 % with tamoxifen alone.
TTP also increased from 4.5 months to 8.6 months with
tamoxifen plus everolimus, corresponding to a 46 %
reduction in the risk of progression (HR 0.54). The risk of
death was reduced by 55 % with the combination (HR 0.81).
The main toxicities associated with tamoxifen plus
everolimus were fatigue, stomatitis, rash, anorexia and
diarrhoea [69].

Recently, evidence has been collected on the role of
cyclin-dependent kinases 4 and 6 (CDK4-6) in the growth of
ER + BC, based on their role in promoting progression from
the G1 to the S phase of the cell cycle. The randomized phase
I/II PALOMA-1 study showed a significant PFS improve-
ment in patients treated with the combination of the CDK4/6
inhibitor Palbociclib and letrozole compared with letrozole
alone as first-line treatment (20.2 months vs. 10.2 months,
HR 0.488, p = 0.0004). The preliminary OS analysis sug-
gested a non-statistically significant trend towards increased
OS (37.5 months vs. 33.3 months, HR 0.813, p = 0.2105) in
the combination arm. Based on these results, the FDA
granted Palbociclib-accelerated approval as first-line treat-
ment for postmenopausal women with HR+/HER2− ABC
and the drug is going to become commercially available also
in European countries [70]. The double-blind phase III
PALOMA3 trial randomized 521 patients, regardless of
menopausal status, who relapsed or progressed during prior
ET, to receive Palbociclib plus HD Fulvestrant or HD Ful-
vestrant plus placebo. Premenopausal or perimenopausal
women also received Goserelin. The primary endpoint was
investigator-assessed PFS. Secondary endpoints included
OS, objective response, CBR, patient-reported outcomes and
safety. The median PFS was 9.2 months with
Palbociclib-Fulvestrant and 3.8 months with placebo-
Fulvestrant (HR 0.42). Of note, the relative difference in
PFS was independent of menopausal status, providing a new
treatment option also for young patients with ER+ ABC.
Overall objective response was 10.4 % with Palbociclib-
Fulvestrant and 6.3 % with placebo-Fulvestrant (p = 0.16).
CBR at the interim analysis was 34.0 % with Palbociclib-
Fulvestrant and 19.0 % with placebo-Fulvestrant
(p < 0.001). At the time of the interim analysis, OS data
were immature, with a total of 28 deaths: 19 patients (5.5 %)
in the Palbociclib-Fulvestrant group and 9 (5.2 %) in the
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placebo-Fulvestrant group. The most common grade 3–4
adverse events in the Palbociclib-Fulvestrant group were
neutropenia, leukopenia, anaemia, thrombocytopenia and
fatigue [71].

19.5 New Perspectives

Additional mechanisms of ET resistance are under active
investigation. An increased genetic heterogeneity has been
demonstrated in metastatic tumour cells in comparison with
the primary. Many hypotheses could explain this finding: the
selection pressure favouring a resistant subclone, altered
gene expression profile secondary to treatment exposure and
stochastic mutations owing to genetic instability. While
studying the most common pathways involved in these
mechanisms of resistance, efforts are also directed to the
identification of biomarkers predictive of response.

Phase II and III studies are ongoing further exploring the
cost-effectiveness of mTOR inhibitors (also in the neoadju-
vant setting), and the role of different CDK4-6 inhibitors
(ribociclib, Abemaciclib), histone deacetylase inhibitors
(entinostat), PI3K inhibitors (pictilisib, buparlisib). Such
efforts could hopefully lead to an improvement in under-
standing and overcoming the mechanisms of resistance to
ET. It is currently unknown how the different combinations
of ET+ biological agents compare with each other and with
single agent chemotherapy and whether a targeted agent
should only be combined with ET to restore endocrine
sensitivity or whether it may also prevent or delay the
development of such a resistance [72]. Appropriate patient
selection based on prior treatment history and disease char-
acteristics will become increasingly important in maximizing
the potential incremental benefit from these new agents
combined with standard ET.
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20Systemic Therapy

Frederik Marmé

20.1 Cytotoxic Agents

Cytotoxic agents still have to be considered as an important
backbone in the treatment for many patients with breast
cancer in the adjuvant as well as the metastatic setting;
especially those who are not considered hormone-sensitive
or who have developed endocrine resistance. The following
overview addresses drugs that are registered and/or currently
used in breast cancer.

20.1.1 Topoisomerase II Inhibitors

20.1.1.1 Anthracyclines
The biological functions of topoisomerase II (Top2) are
complex and include a critical role in DNA replication and
transcription as well as chromosome segregation. Top2 uses
hydrolysis of ATP to cut the DNA double helix and is
involved in the unwinding of DNA for transcription and
replication.

Broadly, Top2-targeting drugs fall into two classes,
so-called Top2 poisons and Top2 catalytic inhibitors. The
first class of Top2 poisons comprises most of the clinically
active agents, like anthracyclines, etoposide, and mitox-
antrone. Their precise mode of action leading to clinical
activity is not fully understood and the dominant effects
likely differ from agent to agent. Top2 poisons lead to an
accumulation of high levels of persistent covalent trapping
of Top2 in DNA cleavage complexes.

Anthracyclines stabilize the topoisomerase II complex
after it has broken the DNA chain for replication, preventing
the DNA double helix from being resealed and thereby
preventing the progress of replication. Top2 poisons cause
DNA damage including DNA double strand breaks and
proteins covalently bound to DNA. In addition,

anthracyclines and mitoxantrone function as intercalators
whereas etoposide is a non-intercalating Top2 poison. The
induction of DNA double strand breaks rapidly leads to a
DNA damage response, as reflected by ATM phosphoryla-
tion, γH2AX and RAD51 foci formation. Anthracyclines
also elicit a variety of Top2 independent effects, including
formation of free radicals, membrane damage and DNA–
Protein crosslinks [1]. Anthracyclines belong to the most
active agents in the treatment of breast cancer. The most
commonly used anthracylines are epirubicin and doxoru-
bicin (Table 20.1). In Europe anthracyclines have been used
for the treatment of metastatic breast cancer since the 1980s,
whereas in the U.S. their approval by the Food and Drug
Administration (FDA) followed somewhat later in 1990. The
optimal dose of anthracyclines has not been fully estab-
lished; however, there is an agreement that the therapeutic
window is between 20 and 25 mg/m2/week for doxorubicin
and 30–40 mg/m2/week for epirubicin. Schedules using
lower doses have shown significantly lower efficacy and
schedules using higher doses, especially of doxorubicin,
have shown no increase in efficacy but higher toxicity.

In metastatic disease anthracyclines are nowadays mostly
used as monotherapy since the sequential use of single
agents is generally regarded as the standard. The use of
combination chemotherapy should be restricted to visceral
crisis situations, rapid disease progression or strong symp-
tomatic burden [2]. However, as many patients have been
pretreated with anthracyclines as they have become standard
of care in the adjuvant setting, the use in the metastatic
disease has decreased considerably. Anthracycline rechal-
lenge is complicated by their maximum cumulative dose.

In the (neo)adjuvant setting, as per label, anthracyclines
originally were approved for primary, node-positive breast
cancer, regardless of hormone receptor (HR) or HER2 status.
However, since decisions on adjuvant chemotherapy today
are more dependent on tumor biology than on stage, they are
also routinely used in node-negative primary breast cancer as
long as chemotherapy is indicated and there are no relevant
comorbidities or cardiac risks.
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For (neo)adjuvant therapy, they are used as part of
combination regimens, most frequently in combination with
cyclophosphamide, followed by the sequential administra-
tion of taxanes or in three drug combinations with
5-fluorouracil and cyclophosphamide or docetaxel and
cyclophosphamide (Table 20.2).

Historically, anthracyclines substituted the adjuvant CMF
regimen not based on superiority. Two National Surgical
Adjuvant Breast and Bowel Project (NSABP) studies (B-15
and B-23) showed that 4 cycles of AC (doxorubicin

[60 mg/m2], cyclophosphamide [600 mg/m2]) were equiva-
lent to six cycles CMF with regard to disease-free survival
(DFS) and overall survival (OS). Significantly shorter
duration of therapy, less frequent applications, and improved
tolerability supported the use of AC instead of CMF [3, 4].
In the Cancer and Leukemia Group B (CALGB) 9344 trial,
dose escalations of doxorubicin from 60 to up 90 mg/m2 in
combination with cyclophosphamide (600 mg/m2) did not
improve efficacy of the AC combination any further [5].
Subsequently, several studies have demonstrated superiority

Table 20.1 A summary of selected topoisomerase II inhibitors in breast cancer

Medication Trade name®

(examples)
Dosing (mg/m2

BSA)
Precautions Selected

interactions
Selected side effects

Epirubicin Farmorubicin 90–120 q3w in
adjuvant regimens
20–30 q1w as a
single agent, e.g.,
in MBC

Save IV application (severe
tissue necrosis may occur in
case of extravasation);
monitor cardiac function; do
not exceed maximum
cumulative dose; dose
reduction in case of liver
impairment

Inhibitors and
inducers of
CYP3A4 and
p-GP, Interferone,
H2-antihistaminics
(e.g., cimetidine)

left ventricular dysfunction,
chronic heart failure, acute cardiac
toxicity in form of arrhythmias,
myelosuppression AML/MDS,
mucositis, severe tissue
damage/necrosis,
thrombophlebitis/phlebosclerosis
vomiting, alopecia

Doxorubicin Adriamycin,
Adriblastin

Single agent 60–
75 q3w
40–60 in
combinations
regimens

Save IV application, (severe
tissue necrosis may occur in
case of extravasation);
monitor cardiac function; do
not exceed maximum
cumulative dose; dose
reduction in case of liver
impairment

Inhibitors and
inducers of
CYP3A4 and
p-GP, Interferone,
H2-antihistaminics
(e.g., cimetidine)

left ventricular dysfunction,
chronic heart failure, acute cardiac
toxicity in form of arrhythmias,
myelosuppression AML/MDS,
mucositis, severe tissue
damage/necrosis,
thrombophlebitis/phlebosclerosis,
vomiting, alopecia

Pegylated
liposomal
doxorubicin

Caelyx,
Doxil

40–50 q4w Monitor cardiac function Myelosuppression, mucositis,
nausea and vomiting, left
ventricular dysfunction, and
chronic heart failure (lower risk
compared to non-liposomal
formulations), local tissue
toxicity, dermatologic toxicity,
palmar-plantar erythrodysesthesia/
(hand–foot-skin syndrome),
hypersensitivity reaction

Mitoxantrone 12–14 IV q3w Do not exceed maximum
cumulative dose (160–
200 mg/m2)
Dose modifications
according to myelotoxicity
and liver impairment
Monitor cardiac function if
anthracycline-pretreated or
cardiovascular risk factors

Myelosuppression, congestive
heart failure, secondary leukemia,
transient ECG alterations, local
tissue damage in case of
paravasation, nausea and
vomiting, mucositis, alopecia,
blue discoloration of urine, and
sclerea
Cumulative max dose 160–
200 mg/m2

Liposomal
doxorubicin

Myocet 60–75 q3w in
combination with
cyclophosphamide
(600) q3w

monitor cardiac function;
dose reduction in case of
liver impairment

Myelosuppression, febrile
neutropenia, cardiotoxicity,
nausea and vomiting, mucositis,
elevation of liver enzymes,
hypersensitivity reactions, local
tissue toxicity, alopecia,
asthenia/fatigue

These highlights do not include all the information needed to use the respective drugs safely and effectively. See full prescribing information for all
information needed to use these agents safely. We do not take responsibility for the correctness of the content
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Table 20.2 Selected (neo)adjuvant chemotherapy regimens recommended by the NCCN and/or the German AGO guidelines [305, 306] and
regimens of commonly used

Setting Regimen Cytotoxic agents Dosing
(mg/m2)

Schedule,
cycles

HER2-negative AC-Tw AC followed by weekly Paclitaxel Doxorubicin
Cyclophosphamide

60
600

q3w × 4

Paclitaxel 80 qw × 12

EC-Tw EC followed by weekly Paclitaxel Epirubicin
Cyclophosphamide

90
600

Paclitaxel 80 qw × 12

AC-Doc AC followed by weekly Docetaxel Doxorubicin
Cyclophosphamide

60
600

q3w × 4

Docetaxel 100 q3w × 4

EC-Doc EC followed by weekly Docetaxel Epirubicin
Cyclophosphamide

90
600

q3w × 4

Docetaxel 100 q3w × 4

TAC (DAC) Docetaxel/Doxorubicin/Cyclophosphamide Docetaxel
Doxorubicin
Cyclophosphamide

75
50
500

q3w × 6

ddAC-ddT Dose-dense AC followed by dose-dense
Paclitaxel

Doxorubicin
Cyclophosphamide

60
600

q2w × 4

Paclitaxel 175 q2w × 4

ddEC-ddT Dose-dense EC followed by dose-dense
Paclitaxel

Epirubicin
Cyclophosphamide

90
600

q2w × 4

Paclitaxel 175 q2w × 4

ddAC-Tw Dose-dense AC followed by weekly Paclitaxel Doxorubicin
Cyclophosphamide

60
600

q2w × 4

Paclitaxel 80 qw × 12

ddEC-Tw Dose-dense AC followed by weekly Paclitaxel Epirubicin
Cyclophosphamide

90
600

q2w × 4

Paclitaxel 80 qw × 12

DC Docetaxel/cyclophosphamide Docetaxel
Cyclophosphamide

75
600

q3w × 4

Classic CMF CMF Cyclophosphamide
Methotrexat
5-Fluorouracil

600 IV d
1 + 8 or
100 p.o. d
1–14
40 IV d
1 + 8
600 i.v. d
1 + 8

q4w × 6

FEC-DOC FEC followed by Docetaxel 5-Fluorouracil
Epirubicin
Cyclophosphamide

500
100
500

q3w × 3

Docetaxel 100 q3w × 3

iddETC Dose-intense, dose-dense epirubicin followed
sequentially by paclitaxel and cyclophosphamide

Epirubicin
Paclitaxel
Cyclophosphamide

150
225
2000

q2w × 3,
q2w × 3,
q2w × 3

(continued)
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of anthracycline-containing combination regimens over
CMF, most using higher doses or longer treatment sched-
ules. The Canadian MA.5 study, which compared six cycles
of FE120C (colloquially known as “Canadian FEC”) with an
administration of epirubicin (60 mg/m2) and 5-FU
(500 mg/m2) both on day 1 and 8 and oral

cyclophosphamide (75 mg/m2) per day through days 1–14 in
a 28-day cycle to classical CMF demonstrated a 5-year
event-free survival of 63 % for patients treated with FEC in
comparison to 53 % for patients treated with CMF
(p < 0.009). The corresponding overall survival rates were
77 and 70 %, respectively, (p < 0.03) [6]. The benefit was

Table 20.2 (continued)

Setting Regimen Cytotoxic agents Dosing
(mg/m2)

Schedule,
cycles

HER2-positive AC − T + Tras EC followed by paclitaxel** + trastuzumab Doxorubicin
Cyclophosphamide

60
600

q3w × 4

Paclitaxel
Trastuzumab

80
2 (4)a mg/kg
(6 mg/kg)

qw × 12
qw × 12
(q3w to
complete
1 year)

EC − T + Tras EC followed by paclitaxel** + trastuzumab Epirubicin
Cyclophosphamide

90
600

q3w × 4

Paclitaxel
Trastuzumab

80
2 (4)a mg/kg
(6 mg/kg)

qw × 12
qw × 12
(q3w to
complete
1 year)

AC − T + Tras + Per* AC followed by
paclitaxel** + trastuzumab + pertuzumab*

Doxorubicin
Cyclophosphamide

60
600

q3w × 4

Paclitaxel
Trastuzumab
(Pertuzumab)*

80
2 (4a) mg/kg
(6 mg/kg)
420 mg
absolute
(840 mga)
aloading
dose

qw × 12
qw × 12
(q3w to
complete
1 year)
q3w during
neoadjuvant
therapy

EC – T/Tras ±Per* EC followed by
paclitaxel** + trastuzumab + pertuzumab*

Epirubicin
Cyclophosphamide

90
600

q3w × 4

Paclitaxel
Trastuzumab
(Pertuzumab)*

80
2 (4a) mg/kg
(6 mg/kg)
420 mg
absolute
(840 mga)
aloading
dose

qw × 12
qw × 12
(q3w to
complete
1 year)
q3w during
neoadjuvant
therapy

TCH ± pertuzumab Docetaxel/Carboplatin/Trastuzmab/±Pertuzumab Docetaxel
Carboplatin
Trastuzumab
(Pertuzumab)*

75
AUC6
2 (4a) mg/kg
(6 mg/kg)
420 mg
absolute
(840 mga)
aloading
dose

q3w
q3w
qw × 12
(q3w to
complete
1 year)
q3w during
neoadjuvant
therapy

Paclitaxel + trastuzumab Paclitaxel/Trastuzumab Paclitaxel
Trastuzumab

80
2 (4)* mg/kg
(6 mg/kg)

qw × 12
qw × 12
(q3w to
complete
1 year)

*Pertuzumab is currently only approved for neoadjuvant therapy in patients with HER2-positive breast cancer at high risk of recurrence. **Paclitaxel might
be substituted by docetaxel. These highlights do not include all the information needed to use the respective drugs safely and effectively. See full prescribing
information for all information needed to use these agents safely. We do not take responsibility for the correctness of the content
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maintained with longer follow-up [7]. The NEAT and
BR9601 trial, two phase III trials from the U.K., investigated
the efficacy of epirubicin (100 mg/m2) given for four cycles
(q3w) followed by four cycles of CMF compared to six and
eight cycles of CMF, respectively. The epirubicin-containing
regimens demonstrated an improved relapse-free and overall
survival at 5 years in a combined analysis (76 % vs. 69 %
and 82 % vs. 75 %; both p < 0,001, respectively) [8]. In a
phase III trial conducted by the Spanish Breast Cancer
Research Group (GEICAM), six cycles of FAC q3w
(500/50/500) proved to be superior to six cycles CMF in
terms of DFS and OS, an effect predominantly seen in
node-negative patients [9].

The French Adjuvant Study Group (FASG) investigated
the effect of dose intensity of epirubicin in their randomized
phase III FASG05 trial. They compared six cycles of FE50C
to six cycles of FE100C. Patients receiving FE100C had a
significantly improved DFS and OS (5-year OS rates:
77.4 % vs. 65.3 %, p = 0.007) [10, 11]. A similar dose–
response relationship was seen in 2 phase III trials in
metastatic breast cancer (MBC) with improved response
rates, time to progression and DFS for FE100C [12, 13]. Prior
to the taxane era, FE100C, also known as “French FEC,” was
a popular standard regimen for adjuvant chemotherapy of
early breast cancer (EBC) in Europe. Epirubicin doses of
50 mg/m2 in adjuvant combination regimens are considered
underdosed.

Overall, trials comparing anthracycline-based
chemotherapy to CMF regimens have been heterogeneous
in terms of dose intensity, cumulative anthracycline dose as
well as in terms of results. The Early Breast Cancer Trialists’
Collaborative Group (EBCTCG) performed an individual
patient data meta-analysis of randomized adjuvant trials
including over 14,000 patients in trials comparing
anthracycline-based regimens to standard CMF. In this
meta-analysis four cycles of standard AC were equivalent to
standard CMF (overall mortality RR 0.97, p = 0.55). How-
ever, anthracycline-based regimens with higher cumulative
dosages than standard 4 × AC (epirubicin ≥ 90 mg/m2 per
cycles or a cumulative dose of >360 mg/m2 and doxorubicin
≥60 mg/m2 per cycle or a cumulative dose of >240 mg/m2;
e.g., FEC or FAC) were significantly more effective in
reducing breast cancer and overall mortality (OS RR 0.84
p = 0.0002). The superiority was seen independent of age,
hormone receptor (HR) status, differentiation, tamoxifen use,
or lymph node status [14]. Prior to the implementation of
taxane-based regimens, FAC and FEC were considered as
widely accepted standard therapies. However, considering
the proven benefit of taxanes in adjuvant therapy today,
anthracycline-based, non-taxane-containing regimens are
only used in exceptions. Table 20.2 gives a summary of the
recommended and most frequently used adjuvant
chemotherapy regimens.

Anthracycline-related toxicities
Anthracyclines can cause severe tissue necrosis if extrava-
sation occurs. Therefore, careful intravenous administration
is a prerequisite. If extravasation is suspected, administration
needs to be stopped and close observation and plastic sur-
gery consultation are recommended. If blistering or ulcera-
tion occurs, wide excision with split-thickness skin grafting
is indicated. Intermittent application of ice for 15 min. q.i.d.
for three days may be helpful. The role of local adminis-
tration of drugs (e.g., dexrazosan [Savene®, Totect™]) has
not been clearly established. The most frequent acute toxi-
city is neutropenia with a risk of febrile neutropenia that is
usually below the threshold of 20 %, which is the threshold
for primary G-CSF prophylaxis in most guidelines in the
absence of patient-related risk factors. Only the three drug
combination TAC has a febrile neutropenia rate of above
20 % and mandates primary G-CSF (and potentially
antibiotics) prophylaxis [15]. Alopecia, mucositis, nausea
and vomiting, and thrombophlebitis/phlebosclerosis are
further acute toxicities observed with anthracyclines.

Long-term toxicities of anthracyclines have long been
recognized and remain of concern. They include congestive
heart failure and acute myeloid leukemia (AML) and
myelodysplastic syndromes (MDS).

Cardiotoxicity
Cardiac toxicity of anthracyclines is attributed to the gen-
eration of free radicals and death of cardiomyocytes as a
result of oxidative stress. This so-called type I cardiotoxicity
is distinct from trastuzumab-related type 2 cardiotoxicity,
which in contrast is generally considered reversible and dose
independent. The risk of systolic dysfunction and congestive
heart failure is directly related to the lifetime cumulative
dose with an estimated risk of congestive heart failure of
around 1 % for present standard doses of doxorubicin of
240 mg/m2 (e.g., 4 cycles of AC) but increasing to around
5 % for cumulative doses of 400 mg/m2 to near to 15 and
25 % for doses of 500 and 550 mg/m2, respectively [16]. At
equimolar doses, epirubicin is less cardiotoxic than dox-
orubicin [17]. In a pooled analysis of eight FASG trials, the
rate of congestive heart failure after 7 years was 1.4 % for
epirubicin-treated patients at a cumulative dose of about
300 mg/m2 as compared to 0.2 % in CMF treated patients or
controls [18]. However, cumulative doses administered in
adjuvant epirubicin-containing regimens are considerably
higher and the same dose effect as for doxorubicin also
applies to epirubicin. At a cumulative dose of 900 mg/m2,
the expected rate of congestive heart failure is 4 %, which
rises to 15 % for doses of 1000 mg/m2 [19]. In the MA.5
trial with a cumulative dose of epirubicin of 720 mg/m2

[given as 60 mg/m2 on day 1 and 8 of each of cycles (q4w)]
per protocol, the rate of congestive heart failure was 1.1 %
compared to 0.3 % in the CMF group [7] Long-term
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follow-up of the FASG05 trial reported congestive heart
failure in 2.3 % of patients available for evaluation and
treated with a cumulative dose of epirubicin of 600 mg/m2

and 0 % in the FE50C arm [20]. Rates of systolic dysfunction
(without signs of CHF) measured as a decrease of LVEF of
more than 10–15 % or below or near to 50 % are reported to
be higher. However, the clinical relevance of these obser-
vations is unclear. Risk of cardiotoxicity is increased by
additional risk factors such as age, prior mediastinal radia-
tion (e.g., Mantel field for Hodgkin lymphoma), hyperten-
sion, diabetes, and other cardiovascular risk factors. In
addition to the risk of type 1 cardiotoxicity, prior therapy
with anthracyclines also increases the risk of
trastuzumab-related type 2 toxicity [21].

Maximum cumulative doses of 450 mg/m2 for doxoru-
bicin and 900 mg/m2 are usually given according to different
sources including manufacturers. However, the best option
to minimize cardiotoxicity is to restrict cumulative doses to
360 and 720 mg/m2, respectively, and be cautious when
treating patients older than 65 and with borderline LVEF
(50–55 %) where anthracycline-free alternatives should be
considered. Reassuringly, all contemporary and widely used
anthracycline-containing adjuvant regimens remain well
below these strict thresholds and yield CHF rates of 1–2 %
or less in patients without risk factors.

AML, MDS
The second long-term toxicity, which causes concern, is a
low but increased risk of secondary acute myelogeneous
leukemia (AML) and myelodysplastic syndromes (MDS).
Treatment-associated AML/MDS occurring after
chemotherapy is associated with complex cytogenetics,
high-risk karyotypes, and a poorer prognosis compared to de
novo AML [22]. Like in congestive heart failure, the risk is
proportional to the dose of anthracyclines used. In addition,
the cumulative risk of AML/MDS is also related to the dose
of cyclophosphamide given, a drug frequently combined
with anthracyclines in the adjuvant treatment of primary
breast cancer (PBC) [23].

A review of follow-up data of almost 10,000 patients
from 19 trials in an effort to investigate the rate of
AML/MDS after epirubicin chemotherapy demonstrated an
8-year cumulative risk of 0.55 % in patients treated with
epirubicin-containing regimens. Nearly all had also received
cyclophosphamide. In patients with cumulative doses of
epirubicin and cyclophosphamide equal or less then con-
temporary (at that time) regimens (E: ≤ 720 mg/m2;
C: ≤ 6300 mg/m2) the cumulative risk was only 0.37 % and
near to that of patients treated with tamoxifen alone or
epirubicin-free chemotherapy. In contrast, the risk increased
to up to 4.97 % in patients receiving substantially higher
doses of both drugs [24]. In a combined analysis of six

NSABP trials investigating different intensities of AC,
patients treated with four cycles of standard AC (60/600) had
a 5-year cumulative rate of AML/MDS of 0.21 %. Similarly
to the data for epirubicin, the risk increased with increasing
doses of cyclophosphamide (up to 1 %) and the use of breast
irradiation [23]. Wolff et al. reported 51 patients who
developed acute leukemia after breast cancer amongst
20,000 patients with stage I-III breast cancer treated within
Centers of the National Comprehensive Cancer Network.
The 5- and 10-year incidence of marrow neoplasm in
patients treated with surgery only was 0.05 and 0.2 % but
0.27 and 0.49 % in patients who received adjuvant
chemotherapy. Rates for patients receiving adjuvant
chemotherapy plus radiation were similar (0.32 and 0.51 %,
respectively) [25]. In an observational study based on data
from the Surveillance, Epidemiology, and End Results
(SEER) database including almost 65,000 women with
nonmetastatic breast cancer of whom about 10,000 received
adjuvant chemotherapy, the 10-year absolute risk of AML as
identified by claims for its treatment was 1.8 % as compared
to 1.2 % in those not treated with adjuvant chemotherapy.
Radiotherapy in this study did not increase the risk of AML
[26]. The study has its limitations as it only included patients
over the age of 66 and data on the drug schedules and
dosages used were not available and the diagnoses of AML
and chemotherapy use were deducted from Medicare claims.
MDS for example cannot be identified by claims. In Europe,
dose-dense, dose-intensified adjuvant regimens are consid-
ered a possible standard for patients with high nodal stage.
The regimen developed by Moebus et al. provided a 10 %
OS benefit at 10 years for patients with four or more
involved lymph nodes. After a median follow-up of
62 months, the trial reported four AML cases in the 658
patients (0.61 %) treated with the intensified regimen (cu-
mulative dose of epirubicin: 450 mg/m2 and cyclophos-
phamide: 7500 mg/m2) versus none in the conventionally
scheduled arm (cum. dose of epirubicin: 360 mg/m2 and
cyclophosphamide: 2400 mg/m2). The background lifetime
risk of AML is estimated to be 0.4 %. Therefore, contem-
porary adjuvant anthracycline-based chemotherapy regimens
add only little to this absolute risk and the benefits of
adjuvant chemotherapy, if indicated wisely, outweigh these
risks largely [27].

Continuing role of anthracyclines in adjuvant
chemotherapy and alternative anthracycline-free
regimens
The compelling efficacy and routine use of taxanes in PBC
combined with concerns about the long-term
anthracycline-related toxicities (AML, MDS and conges-
tive heart failure, etc.) started a debate if anthracyclines are
still indispensable in the adjuvant chemotherapy for early
stage breast cancer. Two prominent randomized trials have

340 F. Marmé



addressed this question in both HER2-negative as well as
HER2-positive disease. The US Oncology 9735 phase III
trial (n = 1016) demonstrated superior disease-free as well
as overall survival for four cycles of TC (docetaxel,
cyclophosphamide) over four cycles of AC (doxorubicin,
cyclophosphamide) [28]. Most patients in the trial had
HR-positive disease, half were node-negative, and only a
minority (11 %) had four or more involved lymph nodes.
Thus, applicability of the results cannot confidently be
extended to patients with high-risk breast cancer. However,
the trial was not designed to investigate the efficacy of a
non-anthracycline-containing regimen compared to an
anthracycline/taxane combination. Shulman et al. failed to
prove non-inferiority of four or six cycles weekly paclitaxel
to AC in a large randomized phase III trial in patients with
none to three involved axillary lymph nodes (n = 3871)
[29]. A second trial provides support for anthracycline-free
adjuvant chemotherapy in HER2-positive disease. The
Breast Cancer International Research Group 006 phase III
trial (BCIRG006; n = 3222) [21, 30] randomized patients to
either AC-T (without trastuzumab), AC-T with trastuzumab
(AC-TH) or TCbH (Docetaxel, Carboplatin, and Tras-
tuzumab). Both trastuzumab containing regimens were
superior to AC-T in terms of DFS. There was a small non-
significant numerical difference in DFS events between
AC-TH and TCbH in favor of AC-TH, however, this was
counterbalanced by a fivefold increase of congestive heart
failure at 10 years (n = 21 vs. n = 4) and an increased risk
of treatment-associated leukemia (n = 8 vs. n = 1) for the
AC-TH arm [30]. Subgroup analysis stratified by nodal
status suggests a similar efficacy in of AC-TH and TCbH in
patients with four or more involved lymph nodes. The trial
was not powered to detect differences between the AC-TH
and TCbH arm. Trastuzumab may also be added to other
non-anthracycline-based regimens like TC [31, 32] or
weekly paclitaxel, however, so far there are only data from
single-arm trials. Trastuzumab is very effective in
HER2-positive disease and optimizing the chemotherapy
backbone in this setting might not be of such importance.
Hence, these results cannot be generalized to HER2-negative
disease in which effective targeted therapies (other than
endocrine) are not available. Robust evidence supports the
use of anthracycline- and taxane-based combinations, and
cumulative anthracycline doses used in contemporary regi-
mens convey a low risk of long-term toxicity. However, the
data support the omission of anthracyclines in patients at risk
of anthracycline toxicity, e.g., older patient or those with risk
factors for CHF or patients at the lower end of the spectrum
of recurrence risk [27]. In fact in the U.S. the use of
anthracyclines has substantially decreased over the last years
[33, 34]. Evidence of superiority or non-inferiority of an
anthracycline-free taxane-based regimen over an anthracy-
cline and taxane combination is needed before

anthracyclines could be omitted across all patient subgroups.
Ongoing trials like the WSG PlanB trial (NCT01049425)
and the US Oncology “TIC/TAC” trial (NCT00493870),
both comparing TC to TAC will answer this question but
results are still pending. Until these data are available,
anthracyclines remain an integral part of adjuvant
chemotherapy for many women with PBC.

Liposomal anthracyclines
Anthracyclines are considered among the most effective
drugs for the treatment of breast cancer. Yet, their use is
limited by a cumulative (cardio-) toxicity. This is a major
limitation of treatment for metastatic breast cancer and often
precludes anthracycline rechallenge which is not uncommon
practice for taxanes for example. Nonetheless, liposomal
formulations of doxorubicin are available, which exhibit a
significantly reduced cardiotoxicity and differ considerably
from nonencapsulated doxorubicin in their toxicity profile
and pharmacokinetics. Pegylated liposomal doxorubicin
(PLD; Doxil/Caelyx®) has been licensed in Europe for the
treatment of metastatic breast cancer in patients at increased
cardiac risk based on a phase III trial demonstrating com-
parable efficacy to doxorubicin but a significantly reduced
cardiotoxicity even at higher cumulative doses [35]. PLD is
also characterized by lower rates of alopecia and myelo-
suppression but higher rates of mucositis and palmar-plantar
erythrodysesthesia (see Table 20.1). Due to the relatively
high rate of PPE, PLD is frequently used at a dose of
40 mg/m2 as opposed to the 50 mg/m2 in the label [36]. In
the U.S. as well as in Europe it is also approved for the
treatment of recurrent ovarian cancer, AIDS-related Kaposi’s
sarcoma, and multiple myeloma. Non-pegylated liposomal
doxorubicin (Myocet®) has been approved in Europe and
Canada as a first-line treatment of metastatic breast cancer in
combination with cyclophosphamide based on superior TTP
in a phase III trial [37]. Like PLD, it is associated with a
significantly reduced cardiotoxicity but due to its different
pharmacokinetic profile, it produces less PPE [38]. Although
data are limited, liposomal formulations of doxorubicin
appear to be more effective in patients previously treated
with anthracyclines and there is a rationale for a rechallenge
with liposomal anthracyclines in some circumstances [38].

Mitoxantrone and other topoisomerase II inhibitors
In some European countries like Germany, mitoxantrone is
approved for the treatment of metastatic breast cancer as well
as for the treatment of hormone-refractory prostate cancer
and in combination regimens for acute nonlymphocytic
leukemia, whereas the FDA label only includes prostate
cancer and acute leukemia. In early trials mitoxantrone as a
single agent has been shown to be similarly active or at most
only marginally less active when directly compared to single
agent doxorubicin (n = 325) as a second-line therapy [39] or

20 Systemic Therapy 341



compared to FE50C in the first-line setting (n = 260) [40],
however, with significantly reduced toxicity in terms of
nausea and vomiting, mucositis, alopecia as well as car-
diotoxicity (Table 20.1). The most frequent toxicity is
myelosuppression and infections. Cardiotoxicity, even if less
frequent when compared to doxorubicin and epirubicin, can
occur and cumulative doses of >160 mg/m2 should be
avoided. Special caution should be taken in
anthracycline-pretreated patients and patients with cardio-
vascular disease or risk factors. Despite its proven activity
against and approval at least in parts of the world, mitox-
antrone hardly has a role in the treatment of metastatic breast
cancer mostly due to the frequent anthracycline use in the
adjuvant setting and the availability of several drugs with
proven single agent activity and favorable toxicity profiles.
Etoposide and other topoisomerase II inhibitors are not
approved for the treatment of breast cancer.

20.1.2 Tubulin Inhibitors

Tubulin inhibitors are a class of drugs that bind to tubulin.
Α- and β-tubulin are the main components of microtubules,
which are key components of the cytoskeleton and exert
important functions in eukaryotic cells. They build up the
mitotic spindle and is important for intracellular organelle
transport, axonal transport, and cell motility. By binding to
β-tubulin, tubulin inhibitors interfere with either microtubule
polymerization or depolymerization, which interrupts proper
function of the mitotic spindle. The first tubulin-binding
drug, colchicine, was isolated from the autumn crocus but is
not used in cancer therapy.

Vinca alkaloids, taxanes, epothilones, and halichondrins
represent the tubulin inhibitors currently used as cytotoxic
agents. They have originally all been isolated from plants or
microorganisms and differ in their binding sites and exact
mode of action in inhibiting microtubule dynamics.

20.1.2.1 Taxanes
Taxane-based chemotherapeutic agents lead to the inhibition
of the mitotic progress (M-phase) by the stabilization of
microtubuli during mitosis, resulting in a cell cycle arrest at
the G2 phase. This prevents further cell proliferation or
maturation [41].

Until the early 1990s, taxanes were mainly isolated from
the bark (paclitaxel) and the needles (docetaxel) of the
pacific yew tree (Taxus brevifolia). Meanwhile, a
semi-synthetic production method has been adopted,
avoiding shortages in supply as a result of the limitation of
natural resources. Due to the hydrophobic behavior of both
substances, lipid-based solvents are needed (Cremophor EL,
Triton), along with special IV (intravenous) infusion tubes.
This can induce hypersensitivity reactions, which are

manageable when corticosteroids and antihistamines are
given as premedication before and after the start of
taxane-based chemotherapy.

Nab-paclitaxel is a polyethoxylated castor oil-free
albumin-bound paclitaxel and does not require this
premedication. Paclitaxel and docetaxel are approved for the
treatment of patients with primary and metastatic breast
cancer (MBC), nab-paclitaxel currently only for MBC.

Docetaxel and Paclitaxel
In primary breast cancer (PBC), paclitaxel- and
docetaxel-containing regimes can be regarded as the preferred
(neo-)adjuvant treatment options if chemotherapy is indi-
cated, regardless of nodal status and hormone receptor status.
They are either used as single agents in sequential regimes
after anthracyclines (e.g., combined with cyclophosphamide),
e.g., EC-D (epirubicin/cyclophosphamide—docetaxel), A(E)
C-P (epirubicin or doxorubicin/cyclophosphamide—pacli-
taxel) or concurrently in combination with anthracyclines
and/or cyclophosphamide (TC, TAC; Table 20.2).
Dose-dense schedules mainly use paclitaxel based on a better
tolerability.

Several large randomized trials in node-positive and
node-negative EBC as well as the result from several
meta-analyses have provided solid evidence for the benefit
of taxanes in the adjuvant therapy for breast cancer. In the
PACS-01 study, conducted in node-positive disease, three
cycles of FE100C followed by three cycles of docetaxel
(100 mg/m2) were associated with an 18 % reduction of the
relative risk of relapse (p = 0.012) as well as a 27 %
reduction of the relative risk of death (p = 0.017) compared
to a control arm consisting of six cycles of FE100C. The
effect was mainly seen in the subgroup of patients who were
50 years or older [42].

BCIRG-001 compared six cycles of FA50C to six cycles
of DAC (75/50/500 mg/m2) in node-positive PBC. After
10 years of follow-up the docetaxel-containing regimen
demonstrated a 7 % absolute improvement in both
disease-free (HR 0.8, p = 0.004) and overall survival (HR
0.74, p = 0.002) [43, 44]. Similarly, the GEICAM9805
study, comparing the same regimens in node-negative,
high-risk EBC, demonstrated a 6 % improvement from 82 to
88 % for DAC versus FAC at a median follow-up of
77 months (HR 0.68, p = 0.01). GEICAM9805 has not yet
been able to demonstrate a significant OS benefit, but at the
time, the results were reported, the number of events was
small and a numerical trend in favor of DAC could be
observed (OS events: DAC 24, FAC 36) [45]. In the
WSG-AGO EC-Doc trial, the sequential EC-Doc regimen
provided improved EFS and OS compared to six cycles of
FE100C in intermediate risk node-positive breast cancer
(pN1): 5-year EFS: 89.8 % versus 87.3 % (p = 0.038);
5-year OS: 94.5 % versus 92.8 % (p = 0.034). These
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differences appear marginal. However, a subgroup analysis
stratified by centrally determined Ki-67 (at a cut-off of 20 %)
demonstrated a significantly greater benefit in luminal B-like
tumors with an EFS benefit of 89 % versus 74 % (HR 0.39,
95 % CI 0.18—0.80), whereas luminal A-like tumors did
not derive any benefit at all. The test for interaction between
treatment and Ki-67 was positive [46].

In the BCIRG005 study, which directly compared
EC-Doc to DAC in node-positive EBC, both regimens
proved equally effective in terms of DFS and OS (estimated
5-year disease-free survival rates were 79 % in both groups
(HR 1.0; 95 % CI, 0.86–1.16; p = 0.98), and 5-year overall
survival rates were 88 % and 89 %, respectively (HR, 0.91;
95 % CI, 0.75–1.11; p = 0.37). Results were similar in
subgroups stratified by numbers of involved lymph nodes or
hormone receptor status. However, both regimens differed in
their toxicity profiles with DAC being more myelosuppres-
sive and EC-Doc resulting in higher rates of peripheral
polyneuropathy.

The Eastern Cooperative Oncology Group (ECOG) trial
E1199 addressed the issue which taxane and schedule would
be the most beneficial. For this purpose, patients were ran-
domized after four cycles of AC to either paclitaxel or
docetaxel, both given every 3 weeks for four cycles or in a
weekly fashion for 12 applications. After a median
follow-up of 12 years, both weekly paclitaxel and
three-weekly docetaxel significantly improved DFS (HR
0.84, p = 0.011 and HR 0.79, p = 0.001, respectively) and
marginally improved OS (HR 0.87, p = 0.09 and HR 0.86,
p = 0.054, respectively) as compared to three-weekly
paclitaxel. An exploratory subgroup analysis suggests sub-
stantial benefit from weekly paclitaxel within the subgroup
of triple-negative patients in terms of DFS (HR 0.69,
p = 0.01) and OS (HR 0.69, p = 0.02) [47].

Thus, when paclitaxel is used as a single agent sequen-
tially to anthracyclines in adjuvant therapy it appears to be
more effective when administered in a weekly fashion as
compared to three-weekly paclitaxel. On the other hand,
three-weekly docetaxel seems more effective compared to
weekly docetaxel [47]. Similar results have been demon-
strated for metastatic disease [48, 49].

An exploratory subgroup analysis of the CALGB-9344
study [5, 50] questioned if estrogen receptor-positive,
HER2-negative patients benefited from taxanes as the
investigators were unable to demonstrate any benefit in this
subgroup. Other trials like GEICAM 9805, BCIRG-001, and
the PACS-01 studies, however, were able to demonstrate a
benefit regardless of ER status [51]. In the WSG-AGO
EC-Doc study the taxane benefit in the ER-positive popu-
lation was restricted to patients with luminal B-like tumors
as determined by Ki-67 staining (>20 %) [46]. It can be
reasonably argued that low-risk luminal A-like tumors,

which are likely not to benefit from chemotherapy at all, will
in turn also not benefit from the addition of taxanes.

Two large meta-analyses provide evidence that the ben-
efit from the addition of taxanes in the adjuvant therapy for
EBC is independent of node and hormone receptor status
[52, 53]. The meta-analysis conducted by the Early Breast
Cancer Trialists’ Collaborative Group (EBCTCG) confirms
the benefit in ER-positive patients [14].

Thus, taxane-containing combinations or sequential reg-
imens constitute the preferred therapy for early
node-negative and -positive breast cancer if adjuvant
chemotherapy is indicated. The pivotal question is to define
the subgroup of patients with estrogen receptor-positive
tumors which should receive adjuvant chemotherapy. The
distinction between luminal A- and B-like tumors either by
multigene signatures or a combination of grading and Ki-67
is currently recommended by the St. Gallen international
consensus expert panel for this purpose [54]. Patients
thought to benefit from adjuvant chemotherapy on this basis
should be offered taxane (and anthracycline)-based
regimens.

Today, docetaxel is also commonly used in alternative
anthracycline-free adjuvant regimens both in HER2-negative
and -positive EBC, especially in patients with cardiovascular
disease or risk factors who are at higher risk of cardiotoxicity
(see Table 20.1). The US Oncology 9735 phase III trial
provides evidence that four cycles of a combination of
docetaxel and cyclophosphamide lead to an improved
overall survival compared to four cycles of AC. However, so
far, DC has not been compared to a contemporary anthra-
cycline and taxane-containing regimen. In Her2-positive
EBC the combination of docetaxel, carboplatin, and trastu-
zumab, explored in BCIRG 006, offers a similarly effica-
cious anthracycline-free option with significantly reduced
cardiotoxicity and fewer cases of secondary leukemia.

The side effects of taxanes are shown in Table 20.3. They
include myelosuppression, mucositis/stomatitis, hand–foot
skin reaction, nail disorders, arthralgia, elevated liver
enzymes, diarrhea and obstipation, and fluid retention. One
of the most compromising side effects is peripheral
polyneuropathy, which occurs in more than 10 % (more than
20 % for Paclitaxel in E1199, [55]). However, severe grade
3/4 PNP is relatively rare and occurs in only 0–8 % of
patients [55, 56]. In most cases polyneuropathy resolves
after stopping taxane-based chemotherapy but unfortunately,
this can take several months or even years. However, formal
long time follow-up of PNP in large randomized trials has
not been reported and the proportion of underreported yet
relevant long-lasting PNP might be considerable.

Similarly to the adjuvant setting, weekly administration
of paclitaxel is the preferred regimen for metastatic disease
because it has demonstrated superior DFS and OS when
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compared to 3-weekly paclitaxel [49]. Docetaxel given
every 3 weeks has also demonstrated superiority over
3-weekly paclitaxel and remains the most widely used
schedule for docetaxel [28]. Several trials have investigated
a diverse range of taxane-based combinations. O’Shaugh-
nessy et al. have even demonstrated a superior overall sur-
vival for the combination of docetaxel and capecitabine
when compared to docetaxel alone [57]. However, few
patients in the monotherapy arm received capecitabine as a
post-study treatment [58]. In addition, the combination
causes considerable toxicity and its use has not been widely
adopted into clinical practice. Similar results have been
demonstrated for the combination of paclitaxel and gemc-
itabine [59]. Today it is widely accepted that taxanes, like
other agents used in the metastatic setting, should be used as
single agents. So far, no trial has been able to demonstrate
superiority of a combination regimen over the sequential use
of the same drugs in terms of survival. Combinations pro-
vide higher response rates and longer PFS, but also have an
inferior therapeutic index and should be reserved for situa-
tions of rapidly progressive, life-threatening disease when a
rapid remission and high response rates are the main goal
[2].

Nab-Paclitaxel

Unlike conventional paclitaxel, this solvent-free formulation
of nanoparticle albumin-bound paclitaxel is thought to
utilize the natural albumin binding and transport pathways,
specifically gp60 and caveolin-mediated transcytosis, to
achieve enhanced drug delivery to the tumor [59, 60].

A phase III trial compared nab-paclitaxel to conventional
paclitaxel in patients with MBC. 454 patients were randomly
assigned to either nab-paclitaxel 260 mg/m2 intravenously
(q3w) without premedication (n = 229) or standard paclitaxel
175 mg/m2 intravenously (q3w) with premedication
(n = 225). Results showed that response rates were signifi-
cantly higher (33 vs. 19 %, P > 0.001) and time to pro-
gression was significantly longer (23.0 vs. 16.9 weeks; HR
0.75, P > 0.006) in the nab-paclitaxel group compared to
conventional solvent-based paclitaxel. Although the dosage
of nab-paclitaxel was 49 % higher than standard paclitaxel,
the incidence of grade 4 neutropenia was significantly lower
for nab-paclitaxel (9 vs. 22 %, P < 0.001). Grade 3 sensory
neuropathy was more common in the nab-paclitaxel arm than
in the standard paclitaxel arm (10 vs. 2 %, P < 0.001), but
improved rapidly (median, 22 days). No hypersensitivity
reactions occurred with nab-paclitaxel despite the absence of
premedication and shorter administration time [61]. Nab-
paclitaxel was approved by the FDA in 2005 as monotherapy
for patients with advanced breast cancer after failure of
combination chemotherapy for metastatic disease or relapse
within 6 months of adjuvant chemotherapy. Prior therapy
should have included an anthracycline unless clinically

contraindicated. In Europe, the EMA (European Medicines
Agency) approved nab-paclitaxel in 2008 as monotherapy
after failure of first-line chemotherapy. Patients should have
received prior anthracyclines. Based on the observation that
conventional paclitaxel is more effective when administered
in a weekly schedule [49] as well as on emerging phase II
data [62], nab-paclitaxel is frequently used in a weekly
schedule despite the fact that this has not been confirmed in a
phase III trial. There is some debate on the ideal weekly
dosage, but practical- and evidence-based considerations
suggest doses between 100 and 125 mg/m2 given on 3 out of
4 weeks [63]. In the recent randomized neoadjuvant phase III
GeparSepto trial, nab-Paclitaxel (12 × 125 mg/m2 weekly)
followed by four cycles of EC led to a significantly higher
pCR rate (38 %, ypT0 ypN0) compared to standard
solvent-based weekly paclitaxel (29 %, p = 0.001), an effect
that was even more pronounced in triple-negative disease,
further supporting the superior efficacy of nab-paclitaxel
[64, 65].

20.1.2.2 Epothilones (Ixabepilone)
Another tubulin-targeted agent is ixabepilone, a
semi-synthetic analog of epothilone B. Similar to taxanes, it
leads to microtubule stabilization. However, taxanes and
ixabepilone are structurally unrelated and bind to tubulin in a
distinct manner and at distinct binding sites. Ixabepilone can
retain activity in taxane-resistant tumor cells.

Two large phase III trials of ixabepilone in combination
with capecitabine compared to single agent capecitabine
demonstrated significantly superior response rates (35 % vs.
14 % and 43 % vs. 29 %, respectively) as well as PFS (5.8
vs. 4.2 months and 6.2 vs. 4.2 months, respectively).
However, the combination did not lead to an improved OS
and was associated with significantly increased toxicity,
including 70 % grade 3/4 neutropenia and 20–24 % of grade
3/4 peripheral neuropathy. Furthermore, slightly more
treatment-associated deaths were observed in the combina-
tion arms (3 % vs. 1 %) [66, 67]. Other commonly observed
toxicities were anemia, leucopenia, thrombocytopenia,
fatigue/asthenia, myalgia/arthralgia, alopecia, nausea, vom-
iting, stomatitis/mucositis, diarrhea, and musculoskeletal
pain [67–70].

In October 2007, the FDA approved ixabepilone for the
treatment of aggressive metastatic or locally advanced breast
cancer no longer responding to currently available
chemotherapy regimes. Ixabepilone is indicated in combi-
nation with capecitabine or as monotherapy for the treatment
of patients with metastatic or locally advanced breast cancer
resistant to treatment with an anthracycline and a taxane or
as monotherapy in patients resistant to anthracycline, tax-
anes, and capecitabine. In contrast, the EMA has refused a
marketing authorization for ixabepilone because of its
unfavorable therapeutic index [71].
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Table 20.3 Summary of selected tubulin-targeted cytotoxic agents in breast cancer

Medication Trade
name®

(examples)

Dosing (mg/m2

BSA)
Precautions Interactions Selected side effects

Paclitaxel Taxol 135–250 q3w;
80–90* weekly.
*e.g., in
combination with
bevacizumab.
Paclitaxel is then
given at days 1, 8,
15 q4w

Premedication to prevent
severe hypersensitivity
reactions including
corticosteroids,
diphenhydramine and
H2-antagonists; use PVC free
IV lines, etc.; dose reductions
in case of liver function
impairment

Interaction
with
inhibitors and
inducer of
CYP3A4 and
CYP2C8

Polyneuropathy, dysgeusia,
myelosuppression,
stomatitis/mucositis,
palmar-plantar
erythrodysesthesia (hand–
foot-skin syndrome), fatigue,
arthralgia, nausea, vomiting,
diarrhea, musculoskeletal pain,
pulmonary toxicity (interstitial
pneumonitis, pulmonary
fibrosis, ARDS), hepatotoxicity
(hyperbilirubinemia, elevated
transaminases), hypersensitivity
reaction (can be severe), skin
and nail changes, alopecia,
injection site reactions, fluid
retention

Docetaxel Taxotere 75–100 q3w Premedication to prevent
severe hypersensitivity
reactions including
corticosteroids,
diphenhydramine and
H2-antagonists; use PVC free
IV lines, etc.; dose reductions
in case of liver function
impairment

Interaction
with
inhibitors and
inducer of
CYP3A4

Polyneuropathy, dysgeusia,
myelosuppression, febrile
neutropenia,
stomatitis/mucositis,
palmar-plantar
erythrodysesthesia (hand–
foot-skin syndrome),
pulmonary toxicity (interstitial
pneumonitis, pulmonary
fibrosis, ARDS), hepatotoxicity
(hyperbilirubinemia, elevated
transaminases), fatigue,
arthralgia, nausea, vomiting,
diarrhea, musculoskeletal pain,
hypersensitivity reaction (can
be severe), skin and nail
changes, alopecia, injection site
reactions, fluid retention

Nab-Paclitaxel Abraxane 260 q3w; weekly
schedules are
widely used (dose
range 100–
150 q3/4w)

Dose reductions in case of liver
function impairment

Interaction
with
inhibitors and
inducer of
CYP3A4 and
CYP2C8

Polyneuropathy, dysgeusia,
myelosuppression,
stomatitis/mucositis, hand–
foot-skin syndrome, pulmonary
toxicity (interstitial
pneumonitis, pulmonary
fibrosis, ARDS), hepatotoxicity
(hyperbilirubinemia, elevated
transaminases), fatigue,
arthralgia, nausea, vomiting,
diarrhea, musculoskeletal pain,
hypersensitivity reaction
(significantly less frequent than
with pacli- and docetaxel), skin
and nail changes, alopecia, fluid
retention, injection site
reactions

(continued)
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20.1.2.3 Vinca Alkaloids (Vinorelbine)
Vinca alkaloids are a class of drugs originally isolated from
the Madagascar periwinkle plant (Catharanthus roseus, syn.
Vinca rosea).

Vinblastine, vincristine, vinorelbine, vindesine, and vin-
flunin are the most widely used members of this class of
drugs. Vinorelbine is the only vinca alkaloid currently
approved for the treatment of breast cancer (in the EU).
Vinca alkaloids bind tubulin at a different binding site
compared to taxanes. Unlike taxanes, which prevent tubulin
depolymerization, vinca alkaloids inhibit tubulin polymer-
ization, thereby preventing microtubule formation and the
proper function of the mitotic spindle.

Single agent vinorelbine has demonstrated activity
against advanced breast cancer in a range of single-arm
phase II trials including 45–157 patients each. In the
first-line setting, vinorelbine, given at a dose of 30 mg/m2

(qw), demonstrated objective response rates between 35 and
50 % with a time to treatment failure ranging from 5 to
6 months and a median duration of response of 9 months.

Median overall survival in trials reporting OS was between
15 and 18 months [72–76]. In more heavily pretreated
patients, response rates ranged from 16 to 36 % with a
median duration of response of 5–8.5 months and a median
overall survival of 14.5–16 months [73, 77, 78].

The number of randomized trials investigating the role of
vinorelbine in breast cancer in any setting is very limited.
A randomized phase III trial comparing vinorelbine to
melphalan in 183 anthracycline-pretreated patients run in the
early 1990s demonstrated vinorelbine to be superior to
melphalan with a response rate of 16 % versus 9 % and a
significantly improved TTP and OS [79]. A large random-
ized phase III trial compared single agent vinorelbine to a
combination of vinorelbine and gemcitabine. Single agent
vinorelbine had a significantly shorter PFS of 4 versus
6 months (p = 0.0028) and a numerically smaller response
rate of 26 % versus 36 % (p = 0.09). However, overall
survival did not differ between both treatment arms
(V: 16.4 months and VG: 15.6, p = 0.8) [80]. A trial directly
comparing vinorelbine to capecitabine was prematurely

Table 20.3 (continued)

Medication Trade
name®

(examples)

Dosing (mg/m2

BSA)
Precautions Interactions Selected side effects

Ixabepilone Imprexa 40 q3w Premedication with an H1-and
H2-antagonists, dose
reductions in case of liver
function impairment;
dose should be capped at 2.2
m2 BSA;
Must not be used in patients
with hypersensitivity against
drugs formulated with
cremophor (e.g., paclitaxel)
patients with AST or
ALT > 2.5 × ULN or
bilirubin > 1 × ULN must not
be treated with ixabepilone in
combination with capecitabine

Interaction
with
inhibitors and
inducer of
CYP3A4

Peripheral neuropathy,
myelosuppression,
stomatitis/mucositis, hand–foot
syndrome fatigue/asthenia,
alopecia, nausea, vomiting,
diarrhea, musculoskeletal pain
(myalgia/arthralgia), anorexia,
abdominal pain, nail disorder,
hypersensitivity reactions

Vinorelbine Navelbine 30 weekly Save IV application, dose
reduction in case of liver
function impairment

Interaction
with
inhibitors and
inducer of
CYP3A4

myelosuppression,
polyneuropathy, nausea and
vomiting, constipation, elevated
liver enzymes, mucositis,
injections site reactions and
local tissue damage (including
necrosis), pulmonary toxicity
(interstitial pneumonitis,
ARDS, bronchospasm)

Eribulin Halaven 1.23 mg/m2 d1,
8 q3w
(equivalent to
eribulin mesylate:
1,4 mg/m2 d1,
8 q3w)

Dose reductions in case of
impaired liver and renal
function
ECG monitoring in patients
with heart disease

Interaction
with drugs
that prolong
QT interval

Neutropenia, peripheral
neuropathy, fatigue/asthenia,
alopecia, nausea

These highlights do not include all the information needed to use the respective drugs safely and effectively. See full prescribing information for all
information needed to use these agents safely. We do not take responsibility for the correctness of the content
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closed after inclusion of only 46 patients, but efficacy was
similar for the two drugs with significantly different toxicity
profiles [81]. Unlike in Europe, where vinorelbine is
approved for the treatment of non-small-cell lung cancer
(NSCLC) and metastatic breast cancer after failure of
anthracyclines or taxanes in the 1990s, vinorelbine has only
gained approval for NSCLC in the US.

The main dose-limiting toxicity of vinorelbine is neu-
tropenia, which can occur as grade 3/4 in more than 50 % of
patients if vinorelbine is used as a single agent. Peripheral
neuropathy is usually mild and only rarely occurs as grade 3/4
in about 3 % of patients (single agent). Vinorelbine can cause
phlebitis and inflammation at the injection site. Care has to be
taken to correctly position the IV catheter or needle as severe
local tissue necrosis may occur in rare cases. Rarer side effects
include interstitial pulmonary disease (in rare cases severe
ARDS), bronchospasm, cardiac ischemia, and diarrhea.
Vinorelbine rarely causes apparent alopecia. An oral formu-
lation, which has demonstrated activity, has been marketed
and registered in Europe for the same settings [82, 83].
Vinorelbine is mostly used as second- or third-line therapy. In
addition, vinorelbine has shown good efficacy in combination
with trastuzumab [84].

20.1.2.4 Eribulin
Eribulin is a structurally modified synthetic analog of hal-
inchondrin B, a natural compound isolated from a rare
Japanese marine sponge (Halichondria okadai). Like most
tubulin-targeted agents, it impairs the proper function of the
mitotic spindle leading to a G2-M cell cycles arrest and
inhibiting cell proliferation. However, unlike other antimi-
totic drugs such as taxanes and vinca alkaloids which inhibit
microtubule growth and shortening, eribulin predominantly
inhibits microtubule polymerization and leads to the
sequestration of tubulin into nonproductive aggregates.
Microtubule shortening remains largely unaffected [85].

Eribulin was first approved as a monotherapy by the FDA
in 2010 and the EMA in 2011 for the treatment of metastatic
breast cancer in women who have received two or more
prior chemotherapies for advanced disease. Prior therapy
should have included anthracyclines and a taxane, either in
the adjuvant or metastatic setting. The approval was based
on results from the EMBRACE study (study 305;
NCT00388726), a randomized phase III trial that included
patients with 2–5 prior lines of chemotherapy for advanced
disease and compared eribulin to treatment of physician’s
choice (TPC). The study demonstrated a significant
improvement in overall survival (HR 0.81; p = 0.041) in
favor of eribulin [86]. A second large phase III trial directly
compared eribulin to capecitabine as first- to third–line
therapy for metastatic breast cancer previously treated with
anthracyclines and taxanes. This study (E301;

NCT00337103) failed to demonstrate a superiority of
eribulin over capecitabine (OS HR 0.88; p = 0.056). Nei-
ther PFS nor ORR differed between the two therapies [87].
A pooled analysis of the two trials confirmed the OS benefit
of eribulin versus control and suggested a more pronounced
benefit in HER2-negative and triple-negative subgroups
[88]. In the EU, the indication for eribulin has been expan-
ded to patients with only one prior line of chemotherapy in
the advanced/metastatic setting. The most common side
effects of eribulin are neutropenia, fatigue/asthenia, alopecia,
peripheral neuropathy, and nausea.

20.1.3 Alkylating Agents

20.1.3.1 Cyclophosphamide
Cyclophosphamide is a widely used anticancer drug and is
listed on the World Health Organization’s List of Essential
Medicines. It is a member of the oxazaphosphorine family of
mustard-alkylating agents and was first synthesized in 1958
by Norbert Brock and has since been used to treat a range of
diseases [89]. Cyclophosphamide itself is a prodrug that
needs to be activated by the cytochrome P450 in the liver.
The resulting metabolite is called 4-hydroxy-cyclophosph
amide (4-OH-CPA). It has to undergo β-elimination to yield
phosphoramide mustard and acrolein. Phosphoramide mus-
tard alkylates both DNA and proteins and forms DNA
crosslinks both between and within DNA strands at guanine
N-7 positions. These inter- and intrastrand crosslinks are
irreversible and finally lead to apoptosis [90]. The intracel-
lular release of the active alkylating agent also leads to direct
inhibition of DNA polymerases [91]. Cyclophosphamide is
one of the best known agents of this class and has a long
history in the treatment of all kinds of cancers. Even today,
more than 50 years after its introduction, it is one of the most
widely used chemotherapeutic agents. Cyclophosphamide is
nowadays part of the majority of chemotherapeutic regimes
in the treatment of breast cancer in the adjuvant and
neoadjuvant setting but is less frequently used in the meta-
static setting. It is also used in the treatment of other types of
cancers such as leukemia, multiple myeloma, or retinoblas-
toma. When used as a single agent in the treatment of breast
cancer, response rates between 10 and 50 % were observed.

Cyclophosphamide is one of the agents that made up the
first successfully implemented adjuvant chemotherapy regi-
men consisting of cyclophosphamide, methotrexate, and
5-fluoruracil, the CMF regimen, which significantly reduced
the risk of recurrence and improved overall survival, com-
pared to observation [92, 93]. CMF is rarely used today and
cyclophosphamide is usually given as part of combination
regimes, mostly together with anthracyclines, e.g., doxoru-
bicin (AC) or epirubicin (EC) followed by a taxane but also
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in combination with docetaxel (see Table 20.4) [4, 31, 94,
95].

Cyclophosphamide also plays a role in metronomic
chemotherapeutic regimens, often in combination with
methotrexate. In heavily pretreated patients, such metro-
nomic regimens (CM) provide response rates of around
20 % [96]. Recently, the same regimen given for 12 months
as maintenance therapy in a randomized phase trial (IBCSG
22-00) after adjuvant chemotherapy has demonstrated some
signs of activity at least in the high-risk subpopulation of
node-positive, triple-negative patients within the trial [97].
For these low-dose cyclophosphamide regimens, alternative
modes of action are proposed and low-dose cyclophos-
phamide is rather thought to induce beneficial
immunomodulatory effects, e.g., by eliminating regulatory T
cells and in metronomic dosing schedules also antiangio-
genic effects [89, 98]. In addition, high-dose cyclophos-
phamide is also used as an immunosuppressant to treat
severe and refractory autoimmune diseases like lupus
because high doses cause general lymphodepletion.

Side effects of cyclophosphamide include nausea and
vomiting, bone marrow suppression, alopecia, fatigue,
amenorrhea, hemorrhagic cystitis, nephrotoxicity, and sec-
ondary malignancies. The urotoxic effect of cyclophos-
phamide is caused by acrolein, one of its metabolites. The risk
can be minimized by securing adequate hydration, excluding
urinary tract obstruction, avoiding night time dosage and the
administration of MESNA at higher doses of

cyclophosphamide. MESNA (sodium 2-mercaptoethan sul-
fonate) binds and neutralizes acrolein [99]. As cyclophos-
phamide significantly increases the risk of premature
menopause and infertility, younger patients in the adjuvant
setting need to be offered counseling on fertility preservation
(as with all adjuvant chemotherapy regimens) prior to the start
of therapy. Cyclophosphamide also has procarcinogenic
effects and can lead to secondary malignancies including
leukemia, MDS, skin cancer, bladder cancer, and other
malignancies. The risk of treatment-related AML (t-AML)
appears to be dose dependent, but is also influenced by
additional factors including other agents, e.g., anthracyclines
which can also increase the risk. T-AML is often preceded by
MDS and often associated with complex cytogenetics and a
worse prognosis compared to de novo AML. Cyclophos-
phamide at high doses can also induce cardiac toxicity, which
can manifest as a range of conditions, including hemorrhagic
perimyocarditis.

20.1.3.2 Bendamustine
Another substance of this group is bendamustine
(Table 20.4), which has structural similarities to both alky-
lating agents and purine analogs. Its function is not yet
entirely clear, but it has demonstrated to be noncross resis-
tant with other alkylating drugs [100].

It is a long-known cytotoxic agent, which was once
widely used in the former German Democratic Republic for
a variety of cancers types. It is mainly indicated for

Table 20.4 Selected alkylating agents used in the treatment of breast cancer

Medication Trade
name®

(examples)

Dosing (mg/m2 BSA) Precautions Interactions Selected side effect

Cyclophosphamide Endoxan Varies between several
different adjuvant regimens.,
e.g., 500 mg/m2 IV q3w, as
part of the “CAF” protocol or
600 mg/m2 IV d1, 8 q4w as
part of the “CMF” regimen.
And up to as high as
2000 mg/m2 in
dose-intensified, dose-dense
ETC (see Table 20.2)
Or 50 mg p.o. daily as part of
a oral metronomic therapy in
combination with
methotrexate (2 × 2.5 mg p.
o. d 1, 2 q1w)

>1000 mg/m2:
uroprotection with
MESNA, sufficient
hydration, exclude
urinary obstruction

Several.
Refer to
prescribing
information

Myelosuppression,
immunosuppression,
amenorrhea, ovarian failure,
infertility, alopecia, nausea,
vomiting, mucositis,
hemorrhagic cystitis,
nephrotoxicity, cardiotoxicity
(e.g., hemorrhagic
perimyocarditis), pulmonary
toxicity, secondary
malignancies (e.g., AML/MD
and bladder cancer).
Can cause fetal harm.

Bendamustin Ribomustin 120–150 mg/m2 IV day 1,
2 q4w; no standard
dose/schedule defined for
breast cancer. Bendamustin is
not approved for the treatment
of breast cancer

None None Myelosurppression,
mucositis, stomatistis,
nausea, vomiting, alopecia.
Can cause fetal harm

These highlights do not include all the information needed to use the respective drugs safely and effectively. See full prescribing information for all
information needed to use these agents safely. We do not take responsibility for the correctness of the content
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hematological malignancies like Hodgkin’s, non-Hodgkin’s
disease, multiple myeloma, but there are promising results
for bendamustine in breast cancer patients as second- or
third-line chemotherapy [101]. In a phase III trial, the
combination of bendamustine, cyclophosphamide, and
5-fluorouracil was compared with conventional CMF as
first-line treatment for MBC and achieved a longer
progression-free survival [102]. Current ongoing studies are
evaluating new schedules, doses, and the management of
toxicities and combinations with other cytotoxic agents (e.g.,
NCT00661739, NCT00705250) to optimize cancer therapy
with bendamustine. Bendamustine seems to have a favorable
range of side effects, especially for heavily pretreated
patients with metastasized breast cancer. In a phase II study,
the main side effects reported were myelosuppression,
infection, mucositis, and diarrhea. Those events mostly
occurred within grade 1–2 and were well manageable [100,
103]. However, due to a range of alternative effective drugs
and several other reasons, bendamustine is currently not
frequently used in the treatment of breast cancer and has not
been approved for this indication either.

20.1.4 Platinum-Based Chemotherapeutic
Agents

Cisplatin and carboplatin are widely used drugs to treat
various types of cancers, including sarcomas, a range of
carcinomas (e.g., small cell lung cancer, and ovarian cancer),
lymphomas, and germ cell tumors as well as breast cancer
(Table 20.5). Platinum-based agents form complexes within
the cells, which induce intra- and interstrand crosslinks,
which result in double strand breaks during replication and
ultimately the induction of apoptosis.

The activity of platinum salts in breast cancer was first
demonstrated in the 1980s in several small trials, with cis-
platin achieving response rates of 47–54 % in previously
untreated patients. However, a considerably lower activity
(RR * 10 %) was observed in more heavily pretreated
patients [104–109]. These data suggest a dose and
pretreatment-dependent activity. With the introduction of
anthracyclines and taxanes as effective but less toxic thera-
pies, interest in platinum therapies for breast cancer
decreased. Investigators regained interest in platinum salts
for breast cancer when in the 2000s several preclinical
studies reported an outstanding efficacy of platinum in
BRCA-mutated cancer cells and in addition, new regimens
to manage toxicities have been established.

The strong interest in platinum-based therapies that
mainly focused on TNBC were based on phenotypic simi-
larities between BRCA1-associated breast cancer and
triple-negative disease or more precisely the basal-like sub-
type. Roughly 80 % of BRCA1-associated tumors are basal

like. However, the majority of basal-like tumors are not
BRCA-associated but sporadic. Yet, the shared phenotype
led to the speculation that sporadic basal-like tumors might
also share defects in homologous recombination (HR) with
their BRCA-associated counterparts, yet, caused by different
mechanisms and might therefore have a similar sensitivity to
platinum salts [110]. The double strand breaks induced by
platinum salts during replication require homologous
recombination (HR) as an error-free DNA repair mechanism.
If cells harbor HR defects, error-prone compensatory repair
mechanisms step in and lead to a high degree of genomic
instability, finally resulting in the death of the tumor cell.
Preclinical data pointed to an extraordinary sensitivity to
platinum agents of BRCA-associated breast and ovarian
cancers. However, it took a long time until randomized trials
provided first evidence that at least a subgroup of TNBC
patients might specifically benefit from platinum-based
chemotherapy. Several studies in unselected TNBCs
revealed discouraging results [111–113]. Finally, the TNT
trial randomized 376 patients with metastatic TNBC to either
carboplatin or docetaxel as a head-to-head comparison.
There were no significant differences in terms of ORR, PFS,
and OS in the overall study population. However, an
exploratory analysis revealed a significant benefit from car-
boplatin over docetaxel in BRCA1/2 mutation carriers, with
an ORR of 68 % versus 33 % and a PFS of 6.8 months
versus 4.8 months. A test for interaction between BRCA
status and therapy was positive, providing evidence that
BRCA mutations but not TNBC status or basal-like subtype
predicts benefit from platinum salts in breast cancer [114].

Several trials have investigated the role of carboplatin in
the neoadjuvant setting in patients with TNBC. With one
exception, they have all demonstrated increased pathologic
complete response (pCR) rates for the platinum-based regi-
mens. The GeparSixto trial and the CALGB 40603 trial
reported an increase in pCR rates (ypT0/is ypN0) of 10.5
and 13 % by the addition of carboplatin to anthracycline-
and taxane-based combinations in TNBC [115, 116].
Recently, carboplatin, when added to four cycles of neoad-
juvant nab-paclitaxel, increased pCR rates by 17.2 % com-
pared to gemcitabine in TNBC [117]. So far, only the
GeparSixto and CALGB 40603 have reported preliminary
survival data. In GeparSixto, the addition of carboplatin led
to a 10 % improvement in 3-year DFS (HR 0.56; p = 0.035)
[118], whereas in the CALGB 40603 the increased pCR
rates did not result in an improved survival [119]. In the
GeparSixto trial, the benefit from the addition of carboplatin
in terms of pCR and event-free survival was not restricted to
BRCA-mutated Patients but seen in BRCA wild-type
patients as well [118]. The use of carboplatin against
TNBC in the (neo)adjuvant setting cannot be regarded as a
standard until additional data on survival are available. Thus
far, in the (neo)adjuvant setting, carboplatin is only used as a
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standard treatment option in HER2-positive breast cancer in
combination with docetaxel and trastuzumab (and
pertuzumab).

There is no data to suggest that in breast cancer either cis-
or carboplatin was superior to the other. However, due to the
reduced toxicity, particularly with regard to renal and oto-
toxicity, carboplatin is often preferred over cisplatin. The
adverse reactions of carboplatin and cisplatin consist of
myelosuppression affecting all lineages, including the risk of
severe thrombopenia, nephrotoxicity, neurotoxicity, ototox-
icity, nausea and vomiting, allergic, and anaphylactic
reactions.

In addition to the significantly reduced nephrotoxicity and
ototoxicity of carboplatin, nausea, and vomiting are also less
severe and more easily controlled, compared to cisplatin. In
turn, myelosuppression appears to be more severe with
carboplatin including higher rates of grade 3/4
thrombopenia.

20.1.5 Antimetabolites

Methotrexate, 5-FU, capecitabine, and gemcitabine are
antimetabolites frequently used in the treatment of metastatic
breast cancer (Table 20.6).

20.1.5.1 Methotrexate (MTX)
Methotrexate (MTX) is a widely used antimetabolite with a
wide range of indications including the therapy of several
cancer types, like breast cancer, trophoblast diseases, leu-
kemia, lymphomas, and as an intrathecal application to treat

meningeal carcinomatosis or primary CNS lymphomas. In
addition, it is also used for the conservative management of
extrauterine pregnancy, severe forms of rheumatoid arthritis
and psoriasis. It is available as IV, IT, IM as well as oral
formulations.

MTX competitively inhibits dihydrofolate reductase
(DHFR), an enzyme involved in tetrahydrofolate synthesis
[120]. Folic acid is a crucial enzyme in the de novo synthesis
of thymidine, which is essential for DNA synthesis. Folate is
also essential for the synthesis of purine and pyrimidine bases.
MTX therefore inhibits DNA as well as RNA synthesis.

In breast cancer it has mostly been used in combination
with cyclophosphamide and 5-fluorouracil (CMF), in the
metastatic as well as the adjuvant setting. Adjuvant CMF
was the first adjuvant therapy to be successfully established
for the therapy of primary breast cancer. It has been replaced
by “standard” AC or EC not based on superiority but rather
due to the shorter duration and better tolerability of the latter
regimens. Subsequently, anthracycline-containing regimens
with higher cumulative doses and longer duration proved to
be more effective, which is reflected by the EBCTCG
meta-analysis [14]. The CMF regimen today is infrequently
used as an anthracycline-free option.

MTX has also demonstrated some activity as part of a
metronomic regimen consisting of oral cyclophosphamide
(50 mg per day continuously) and oral MTX (5 mg on day 1
and 2, qw). It is not used as monotherapy.

To prevent excessive bone marrow and gastrointestinal
toxicity from higher doses of MTX (>100 mg/m2 BSA),
folinic acid (leucovorin rescue) has to be given at the
appropriate time after the administration of MTX.

Table 20.5 Platinum-based cytotoxic agents used in the treatment of breast cancer

Medication Trade
name®

(examples)

Dosing Precautions Interactions Selected adverse effects

Cisplatin 30–75 mg/m2, e.g.,
q3w, various
regimens

Dose reduction
according to GFR.
Ensure sufficient
hydration prior to and
after cisplatin infusion
(1000–2000 ml each)

Avoid
further
nephrotoxic
drugs

Myelosuppression, renal toxicity,
alopecia, marked nausea and vomiting,
neurotoxicity, ototoxicity, electrolyte
disturbances, allergic/anaphylactic
reactions

Carboplatin Area under the curve
(AUC), e.g., as
calculated by the
“Calvert formula”:
Total dose
(mg) = (target
AUC) × (GFR + 25),
e.g., AUC 4–6 q3w or
AUC 2 q1w as a
single agent or in
combination

Dose reduction
according to GFR

None Myelosuppression, renal toxicity (less
than cisplatin), alopecia, nausea,
vomiting, neurotoxicity and ototoxicity
(less than cisplatin), electrolyte
disturbances, allergic/anaphylactic
reactions

These highlights do not include all the information needed to use the respective drugs safely and effectively. See full prescribing information for all
information needed to use these agents safely. We do not take responsibility for the correctness of the content
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Table 20.6 Antimetabolites used in the treatment of breast cancer

Medication Trade
name®

(examples)

Dosing (mg/m2BSA) Precautions Interactions (selected examples) Selected side effects

Methotrexate E.g., 40 mg/m2 IV on
days 1 and 8 of each
cycle as part of the
classic CMF protocol in
combination with
cyclophosphamide and
5-FU or
as part of a metronomic
therapy at a dose
5 mg/d on day 1 and 2,
q1w, in combination
with continuous oral
cyclophosphamide
(50 mg/d)

Dose reduction in case
of renal impairment,
MTX elimination also
impaired in patients
with ascites and pleural
effusion. leucovorin
rescue (calcium
folinate) is mandatory
at higher doses
(>100 mg/m2)

Unexpectedly severe bone
marrow suppression, aplastic
anemia, and gastrointestinal
toxicity have been reported with
concomitant administration of
some nonsteroidal
anti-inflammatory drugs
(NSAIDs)

Myelosuppression,
mucositis, stomatitis,
diarrhea,
hepatotoxicity,
pulmonary toxicity
(including. interstitial
pneumonitis), skin
toxicity, renal failure
Can cause fetal damage
or death

5-Fluorouracil As part of the classic
CMF protocol:
600 mg/m2 IV in
combination with
cyclophosphamide and
MTX q4w
As part of the FAC or
FEC regimen:
500 mg/m2 in
combination with
doxorubicin or
epirubicin and
cyclophosphamide,
q3w
Several other dosing
schedules are used in
the treatment for other
malignancies

Methotrexate, leucovorin
(calcium folinate) increases
efficacy and toxicity. Brivudin
und Sorivudin. 5-FU may lead to
unexpected severe toxicity in
patients with
dihydropyrimidindehydrogenase
(DPD) deficiency

Myelosuppression,
palmar-plantar
erythrodysesthesia,
alopecia, nail changes,
mucositis, stomatitis,
diarrhea, nausea,
vomiting, CNS toxicity,
allergic reactions,
cardiac toxicity
including ECG
changes, hepatotoxicity

Capecitabine Xeloda 2 × 1000–1250 daily p.
o. d1-14 q3w

Dose reductions for
renal impairment (GFR
30–50 ml/min.),
contraindicated in
patients with a
GFR < 30 ml/min

Methotrexate, Leucovorin,
coumarin-type anticoagulants
May lead to unexpected severe
toxicity in patients with
dihydropyrimidindehydrogenase
(DPD) deficiency

Myelosuppression,
palmar-plantar
erythrodysesthesia,
diarrhea, dehydration,
cardiotoxicity, renal
impairment

Gemcitabine Gemzar Approved for breast
cancer at a dose of
1250 mg/m2 on days 1
and 8 of each cycle in
combination with
paclitaxel (175 mg/m2

given on day 1) q3w.
Other dosing regimens,
not officially approved
in breast cancer include
gemcitabine
monotherapy at a does
of 1000 mg/m2 d 1, 8,
15 q4w or at doses from
750 mg/m2 d 1, 8 q3w,
e.g., in combination
with cisplatin

Cisplatin, radiosensitizer Myelosuppression,
nausea and vomiting,
pulmonary toxicity
(including cases of
ARDS), hepatotoxicity,
hemolytic uremic
syndrome, skin rash,
capillary leak
syndrome, peripheral
edema, posterior
reversible
encephalopathy.
Gemcitabine may
exacerbate toxicity of
radiotherapy

These highlights do not include all the information needed to use the respective drugs safely and effectively. See full prescribing information for all
information needed to use these agents safely. We do not take responsibility for the correctness of the content
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20.1.5.2 Capecitabine, 5-Fluourouracil (5-FU)
Capecitabine is a prodrug which is enzymatically converted
to 5-FU by carboxyesterase, cytidine deaminase, and thy-
midine phosphorylase in the liver and in tumor cells. 5-FU
(and capecitabine) exerts it cytotoxic effects via the inhibi-
tion of thymidylate synthase, blocking the synthesis of the
pyrimidine thymidine, a nucleoside required for DNA
replication.

5-FU has a long history in breast cancer and has been
used as part of an adjuvant regimen consisting of 5-FU, epi-
or doxorubicin, and cyclophosphamide (FEC, FAC).
Recently, a large randomized phase III trial (GIM-2), how-
ever, demonstrated, that 5-FU did not add any benefit to the
combination of epirubicin and cyclophosphamide followed
by paclitaxel [121]. It has now been replaced by modern
anthracycline-/taxane-based regimens (Table 20.6).

Capecitabine has been approved based on a series of
phase II/III trials as monotherapy for metastatic breast cancer
after failure of anthracycline- and taxane-containing thera-
pies. Response rates for capecitabine monotherapy range
between 14 and 29 %, with a TTP and OS of 3.1–7.9 and
10.1–29.4 months, respectively across all settings [122–
124]. Based on a randomized phase III trial in the first-line
setting, capecitabine has also been approved in combination
with docetaxel after prior anthracycline-based therapies. This
trial is one of the few chemotherapy trials for MBC which
have demonstrated a significant overall survival for the
combination over docetaxel monotherapy. However, the
regimen produces considerable toxicity, including high rates
of febrile neutropenia, and there are some questions about
subsequent therapies [57, 58]. Therefore, it mainly remains a
valuable option in situations which require rapid responses,
otherwise sequential monotherapies are generally preferred
due to their better therapeutic index.

In the US, capecitabine is also approved in combination
with ixabepilone in otherwise resistant metastatic breast
cancer. However, due to an unfavorable therapeutic index
and risk of severe toxicities, this combination has not been
approved by the EMA in Europe. In contrast, capecitabine in
Europe but not the US has been granted approval as first-line
therapy for MBC in combination with bevacizumab. Further,
capecitabine is used in combination with lapatinib or tras-
tuzumab for the treatment of HER2-positive breast cancer. It
is also used to treat colorectal cancer and gastric cancer.

Capecitabine has also been investigated in the adjuvant
setting as an adjunct to anthracycline- and taxane-based
regimens. However, none of these regimens provided evi-
dence of a benefit from the addition of capecitabine in
unselected patients [125–128]. Some studies suggest that
there might be a role for capecitabine in selected patients
with primary breast cancer. The GeparTrio trial demon-
strated a survival benefit from switching to a
noncross-resistant regimen consisting of capecitabine and

vinorelbine in patients with luminal type breast cancers not
responding to two cycles of neoadjuvant docetaxel, dox-
orubicin, and cyclophosphamide (TAC) [129]. Very
recently, a phase III trial in the post-neoadjuvant setting
demonstrated an overall survival benefit of 6 months; thanks
to capecitabine in Asian patients not achieving a pCR after
anthracycline- and taxane- containing neoadjuvant
chemotherapy [130]. If this effect can be extrapolated in
other ethnicities is unclear.

One of the most frequent and compromising side effect is
hand–foot syndrome (HFS, Palmar-plantar erythrodysesthe-
sia) with an incidence of up to 20 %, and diarrhea. HFS can
become very painful and significantly impair daily activities
and quality of life. An association between hand–foot syn-
drome and efficacy has been suspected but is still unproven.
In general, the side effects are manageable with dose inter-
ruptions or reductions and a complete termination of therapy
is rarely necessary. Diarrhea can be severe and potentially
life-threatening in rare cases, especially if capecitabine is
given in combination with lapatinib. Useful guidelines for
management of chemotherapy-induced diarrhea have been
developed by the American Society of Clinical Oncology
(ASCO) [131]. Other adverse events include myelosup-
pression, stomatitis, nausea and vomiting, abdominal pain,
dehydration, and hyperbilirubinemia.

Capecitabine is metabolized and inactivated by
dihydro-pyrimidin-dehydrogenase (DPD). Polymorphisms
within this gene can result in DPD-deficiency and patients
are at risk of severe, potentially life-threatening toxicities.
Use of capecitabine should be avoided in patients with
known DPD-deficiency.

20.1.5.3 Gemcitabine
Gemcitabine is another chemotherapeutic agent which acts
as an antimetabolite. It is a nucleoside analog (2″,2′-
difluoro-deoxycytidine; dFdC) that is phosphorylated intra-
cellularly [132–134] by deoxycytidine kinases and interferes
with DNA replication. The diphosphate inhibits ribonu-
cleotide reductase that is crucial for the production of
deoxynucleotide triphosphates needed for normal DNA
synthesis, whereas the triphosphate is incorporated into the
DNA instead of deoxycytidine triphosphate [132–134].

A series of phase II studies, none including more than 41
evaluable patients, has investigated the activity of gemc-
itabine as monotherapy for MBC. In chemotherapy-naïve
patients, response rates vary between 14.3 and 37 %,
whereas in anthracycline- and taxane-pretreated patients,
response rates between 0 and 23 % where observed. In
pretreated patients, activity as single agent is modest, but the
toxicity profile is favorable [135].

Due to the lack of overlapping toxicities and the expecta-
tion of noncross resistance, gemcitabine has been investigated
in combination regimens, e.g., with taxanes. In a registrational
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phase III first-line trial, Albain et al. compared paclitaxel as a
single agent (175 mg/m2, q3w) to the combination of pacli-
taxel and gemcitabine (175 mg/m2, d1/1250 mg/m2, d1, 8;
q3w). The trial demonstrated a significant 3-month improve-
ment in OS, the trial’s primary endpoint (18.6 vs.
15.8 months, p = 0.048) as well as response rates (41.4 vs.
26.2 %, p < 0.001) and TTP [59, 136]. Toxicity, mainly in
terms of myelosuppression was also significantly increased.
Today, three-weekly paclitaxel can no longer be considered a
standard, as weekly schedules have demonstrated signifi-
cantly improved response rates, TTP, and overall survival
[49]. In a head-to-head comparison of docetaxel plus gemc-
itabine versus docetaxel plus capecitabine, a regimen which
has provided a significantly improved OS over single agent
docetaxel, no significant differences in terms of efficacy or
toxicity could be discovered [136, 137]. Based on the phase III
trial, gemcitabine has been approved by the FDA and EMA in
combination with paclitaxel for the first-line treatment of
metastatic breast cancer after failure of prior adjuvant
anthracycline-containing therapy, unless anthracyclines are
contraindicated (Table 20.6). In addition, gemcitabine is used
in the treatment of ovarian cancer, pancreatic cancer, and
non-small-cell lung cancer.

Trials trying to demonstrate a benefit from the addition of
gemcitabine to adjuvant regimens have failed thus far.

Side effects of gemcitabine include nausea and vomiting,
myelosuppression, pulmonary toxicity including ARDS,
hepatotoxicity (transaminitis), haematuria, rash, hemolytic
uremic syndrome (HUS), capillary leak syndrome, and
posterior reversible encephalopathy. Gemcitabine exacer-
bates toxicity of radiotherapy and administration should be
avoided within 7 days of radiotherapy.

20.2 Targeted Therapies

20.2.1 Human Epidermal Growth Factor
Receptor 2 (HER2)-Targeted
Therapies

20.2.1.1 Trastuzumab
The Human Epidermal Growth Factor Receptor 2 gene
(HER2), a member of the erbB epidermal growth factor
receptor tyrosine kinase family, has been independently
described by several groups in the mid 1980s [138–141]
(Table 20.7).

HER2 is also referred to as HER2/neu or ErbB-2. Shortly
thereafter, Slamon and colleagues provided evidence that the
HER2 gene was overexpressed and amplified in 20–30 % of
patients with EBC. They further found HER2
overexpression/amplification to be a strong and independent
prognostic factor in this setting [142, 143]. Several groups,

including researchers at Genetech Inc. have developed
murine monoclonal antibodies against the extracellular
domain of HER2, which proved to be potent inhibitors of
cell growth in HER2 overexpressing human breast cancer
xenografts. The most potent of these antibodies, muMAB
4D5, was in turn humanized to minimize the generation of
human anti-mouse immune responses possibly neutralizing
its effects in humans. The resulting chimeric antibody was
called trastuzumab and entered clinical trials. Since then an
unprecedented success story in the therapy of breast cancer
has begun [144].

In a multinational phase II trial 222 patients who had
received one or two chemotherapies for MBC were treated
with trastuzumab monotherapy. The response rate was 15 %
with a median duration of response of 9.1 months within the
intention to treat population. However, in patients with
HER2 ampflification the response rate was 19 % compared
to 0 % in patients who were found to be negative by
fluorescence in situ hybridization (FISH) [145]. In a phase II
study carried out in the first-line setting the response rate for
single agent trastuzumab amounted to 26 % (35 % in HER2
amplified) [146].

A pivotal first-line phase III trial randomized 469 HER2
overexpressing patients to either chemotherapy alone or in
combination with trastuzumab. Patients who had received
anthracyclines in the adjuvant setting received paclitaxel
175 mg/m2 three-weekly, the remaining were mainly treated
with doxorubicin/cyclophosphamide, both for six cycles.
The addition of trastuzumab significantly improved response
rates (32 % vs. 50 %, p < 0.001), PFS (4.6 months vs.
7.4 months, p < 0.001) and overall survival (20.3 months
vs. 25.1 months, p = 0.046). Over 70 % of patients received
open-label trastuzumab as one of the subsequent therapies,
which might have obscured the real survival benefit from
trastuzumab. In the subgroup of patients treated with pacli-
taxel combined with trastuzumab, response rates were
increased from 17 to 41 % and PFS from 3 months to
6.9 months [147]. An additional phase II study (n = 186)
provided further evidence of the efficacy of trastuzumab in
combination with docetaxel. The addition of trastuzumab to
docetaxel in the first-line treatment of patients with
HER2-positive breast cancer improved response rates from
34 to 61 % (p = 0.0002) as well as overall survival from
22.7 to 31.2 months. This OS benefit was observed despite
57 % crossing over to trastuzumab upon progression as part
of the trial. In fact, OS in patients who did not cross over to
trastuzumab was merely 16.6 months [148]. The combina-
tion of trastuzumab and vinorelbine proved equally effective
as trastuzumab plus docetaxel in the randomized phase
III HERNATA trial, of which the first has a favorable tol-
erability [84]. This combination has not been approved by
the FDA or EMA.
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Table 20.7 HER2-directed therapies

Anti-Her2 Agent Trade
name®

(examples)

Mode of action Dosing Interactions Selected side effects

Trastuzumab Herceptin Humanized monoclonal
antibody targeting the
extracellular domain of the
HER2 protein
Inhibition of HER2-signalling,
antibody-dependent cellular
cytotoxicity (ADCC)

2 mg/kg body weight per
week after a loading dose of
4 mg/kg or 6 mg/kg body
weight per week after a
loading dose of 8 mg/kg;
600 mg absolute as a 5 min
subcutaneous injection (EMA,
EU)

Cardiotoxicity, infusion
reactions, skin rash, flu-like
symptoms, headache,
diarrhea, nausea, vomiting,
fatigue, abdominal pain,
pulmonary toxicity including
cough, dyspnea, interstitial
pneumonitis, ARDS,
exacerbation of
chemotherapy-induced
neutropenia, anemia, myalgia
Trastuzumab can cause fetal
harm (e.g., oligohydramnion,
pulmonary hypoplasia, etc.)

Lapatinib Tykerb
(USA),
Tyverb
(EU)

HER-1 and HER-2 receptor
tyrosine kinase inhibitor (TKI)
Inhibits autophosphorylation
of HER1 (EGFR) and HER2
and downstream signalling

1250 mg daily p.o. in
combination with
capecitabine (2000 mg/m2 d
1–14, q3w); 1500 mg p.o.
daily in combination with
letrozol 1000 mg p.o. daily in
combination with trastuzumab

Interaction
with
inhibitors
and inducer
of CYP3A4
and
CYP2C8

Diarrhea, nausea, vomiting,
skin rash, erythema
multiforme, fatigue,
arthralgia, cardiotoxicity,
headache, abdominal pain,
loss of weight, hepatotoxicity,
e.g., elevation of liver
enzymes, interstitial lung
disease, paronychia
Lapatinib can cause fetal harm
Lapatinib should be
administered with caution to
patients who have or may
develop prolongation of QTc

Pertuzumab Perjeta Humanized monoclonal
antibody directed against the
dimerization domain of
HER2. Pertuzumab inhibits
the interaction of HER2 with
other HER family members.
Ligand-activated signaling
from HER2:HER1 and HER2:
HER3 heterodimers is thereby
inhibited

420 mg pertuzumab
(absolute) q3w following a
loading dose of 840 mg
(absolute)

Cardiotoxicity (left ventricular
dysfunction), infusion
reactions, anaphylactic
reactions, diarrhea, nausea,
vomiting, fatigue, skin rash,
loss of weight, neutropenia,
febrile neutropenia, elevated
liver enzymes

Trastuzumab-Emtansin
(T-DM1)

Cadcyla Antibody–drug conjugate
consisting of the humanized
monoclonal antibody
trastuzumab, directed against
HER2 covalently linked to
emtansine (DM-1), a potent
anti-microtubule agent.
T-DM1 is internalized upon
binding to the HER2 receptor
on HER2 overexpressing cells
and the cytotoxic agents is
released intracellularly

3.6 mg/kg body weight q3w CYP3A4
inhibitors

Thrombocytopenia,
hepatotoxicity, elevation of
liver enzymes,
hyperbilirubinemia, nodular
regenerative hyperplasia,
pulmonary toxicity (e.g.,
interstitial lung disease,
pneumonitis), infusion related
reactions, anaphylaxis,
cardiotoxicity, peripheral
neuropathy
Can cause embryofetal death
or birth defects

Afatinib Giotrif,
Gilotrif

40 mg p.o./d (max. 50 mg/d)
Currently approved for lung
cancer only. Phase II/III trials
in breast cancer negative

P-gp
inhibitors

Diarrhea, interstitial lung
disease, bullous and
exfoliative skin disorders,
hepatoxicity, hepatic toxicity,
keratitis
Embryofetal toxicity

These highlights do not include all the information needed to use the respective drugs safely and effectively. See full prescribing information for all
information needed to use these agents safely. We do not take responsibility for the correctness of the content
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As a result of these trials trastuzumab has been approved
by the FDA in 1998 for the first-line therapy of
HER2-positive breast cancer in combination with paclitaxel
or as a single agent as second or third-line therapy. In Europe
trastuzumab was approved by the EMA in 2000 and is now
registered for first-line therapy in combination with pacli-
taxel and docetaxel or as a single agent after two prior
chemotherapies for metastatic disease including anthracy-
clines and taxanes. In Europe, trastuzumab has consecutively
also been approved for the treatment of metastatic disease in
combination with anastrozol in HER2- and HR-positive
disease for patients without prior trastuzumab therapy for
MBC (see below), as well as in combination with lapatinib, a
TKI directed against epidermal growth factor receptor
(EGFR) and HER2 for patients with HER2-positive and
HR-negative disease having failed prior therapy with tras-
tuzumab in combination with chemotherapy [149, 150].

A randomized phase III trial compared the combination of
anastrozol and trastuzumab to anastrozol alone in
trastuzumab-naïve patients who have had no prior therapy for
metastatic HER2- and ER-positive breast cancer. Response
rates as well as PFS were significantly improved in the com-
bination arm, however, at a low level. TheORRwas 20.3 % in
the combination arm compared to 6.8 % in the monotherapy
arm (p = 0.018) and PFS was 4.8 months compared to
2.8 months (p = 0.0016), respectively. OS did not show a
significant improvement (23.9 vs. 28.5, p = 0.33) [150].

Several strategies have been investigated for patients
progressing on or after treatment with trastuzumab. In a
phase II trial (n = 156) conducted by the German Breast
Group, patients who had progressed after prior first-line
therapy containing taxane and trastuzumab were randomized
to either capecitabine alone or in combination with trastu-
zumab. The trial was prematurely closed due to slow accrual.
However, the “treatment beyond progression” arm demon-
strated significantly higher response rates (48 % vs. 27 %,
p = 0.01) and a prolonged TTP (8.5 months vs. 5.8 months,
HR 0.69; p = 0.03). The OS was longer in patients treated
with capecitabine plus trastuzumab. However, this obser-
vation did not reach statistical significance (25.5 months vs.
20.4 months, p = 0.26) [151].

There is further evidence for the strategy to continue
treatment with trastuzumab after disease progression from a
phase III trial investigating the combination of trastuzumab
and lapatinib versus lapatinib alone in this setting. An
overall survival benefit was seen in patients with
HER2-positive and HR-negative disease [149, 152].

Further treatment options for patients progressing on or
after treatment with trastuzumab will be discussed in sub-
sequent sections on lapatinib, pertuzumab and T-DM1.

Based on its activity against metastatic HER2-positive
breast cancer, several studies analyzed the benefit of tras-
tuzumab in the (neo)adjuvant setting.

In early randomized neoadjuvant trials, like the NOAH
trial, pathologic complete response rates showed a twofold
increase due to trastuzumab, resulting in unprecedented pCR
rates, which were confirmed in additional neoadjuvant trials,
like TECHNO and GeparQuattro [153–157]. The achieve-
ment of a pCR was strongly correlated with survival in those
trials, which have reported survival.

One of the pivotal trials in the adjuvant setting was the
HERA trial (n = 5099). It started in 2001 as an international
multicenter trial and randomized patients to either 1 or
2 years of trastuzumab or to observation alone after com-
pletion of standard neoadjuvant or adjuvant chemotherapy in
women with HER2-positive, node-positive, or high-risk
node-negative breast cancer (NCT00045032). It was shown
that after a median follow-up of 8 years the addition of one
year of trastuzumab significantly reduced the relative risk for
death by 24 % (82.7 % vs. 77.4 %%; HR 0.76, p = 0.0005)
in the intention to treat population. 8-year DFS was 71.2 %
versus 64.8 % (HR 0.76, p < 0.0001) in the ITT analysis.
These benefits were observed despite 52.1 % of patients in
the observation arm crossing over to trastuzumab prior to a
DFS event after the first results of the trial were released
[158, 159]. In contrast, continuing trastuzumab for 2 years
instead of one did not improve outcomes any further [159].

At the same time, two large randomized adjuvant trials in
North America investigated the efficacy of 12 months of
trastuzumab, added to a sequential adjuvant regimen con-
sisting of doxorubicin/cyclophosphamide (AC) followed by
paclitaxel. Trastuzumab was either started concomitantly to
weekly1 or three-weekly2 paclitaxel or sequentially after
completion of chemotherapy3 and compared to the same
adjuvant regimens without trastuzumab. The trials were very
similar in design and the FDA and National Cancer Institute
(NCI) allowed a joint efficacy analysis of both trials. The
definitive OS analysis showed that adjuvant trastuzumab led
to a relative reduction in mortality by 37 %, accompanied by
a relative improvement in DFS by 40 %. 10-year OS rates
improved from 75.2 to 84 % (HR 0.63, p < 0.001) and DFS
rates from 62.2 to 73.7 % (HR0.60, p < 0.001), respectively
[160, 161]. The N9831 trial also compared concomitant
(starting with paclitaxel) to sequential adjuvant trastuzumab.
The concomitant arm revealed a 5-year DFS rate of 84.4 %
compared to 80.1 % in the sequential arm (HR 0.77,
p = 0.02). However, this did not meet the prespecified sta-
tistical criteria to be significant in this interim analysis [162].
Today, the concomitant administration of trastuzumab to
paclitaxel in sequential regimens is a common practice and a
standard of care based on these results.

1in NCCTG N9831 and NSABP B31.
2in NSABP B31.
3in N9831.
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The Breast Cancer International Research Group 006
phase III trial (BCIRG 006; n = 3222) randomized patients
to either AC-T with (AC-TH) or without trastuzumab
(AC-T) or TCbH (Docetaxel, Carboplatin and trastuzumab)
[21]. Both trastuzumab containing regimens were superior to
AC-T in terms of DFS. There was a small nonsignificant
numerical difference in DFS events between AC-TH and
TCbH in favor of AC-TH. However, this was counterbal-
anced by a fivefold increase of congestive heart failure at
10 years (21 vs. 4) and an increased risk of
treatment-associated leukemia (8 vs. 1) in the AC-TH arm.
[21, 30] The trial was not powered to detect differences
between the AC-TH and the TCbH arm.

In the FinHer trial HER2-positive patients (n = 232) were
randomized to receive trastuzumab or not for 9 weeks in
parallel to either three cycles of docetaxel or vinorelbine,
followed by FE100C as adjuvant therapy. Despite the short
duration of therapy, the addition of trastuzumab led to an
improvement in DFS from 78 to 89 % at 3 years (HR 0.42,
p = 0.01) and a nonsignificant improvement of 3-year OS
from 89.7 to 96.3 % (HR 0.41, p = 0.07) [163].

The French PHARE trial investigated whether a shorter
duration of trastuzumab was enough. In this non-inferiority
trial 6 months of trastuzumab failed to meet the criteria to
prove non-inferiority compared to 1 year of adjuvant tras-
tuzumab, which remains the current standard of care [164].
The HERA trial additionally compared one versus 2 years of
adjuvant trastuzumab. No significant benefit was seen from
continuing trastuzumab beyond 1 year [165]. As a conse-
quence of these data, the FDA first granted approval to
adjuvant trastuzumab in 2006. It is currently labeled as part
of a regimen consisting of doxorubicin, cyclophosphamide,
either paclitaxel, or docetaxel or in combination with doc-
etaxel and carboplatin or as a single agent following multi-
modality anthracycline-based therapy. In 2006, trastuzumab
was approved as adjuvant therapy for HER2+ EBC in Eur-
ope. In addition, the EMA recently approved a subcutaneous
formulation of a fixed dose of trastuzumab based on the
neoadjuvant phase III HannaH trial [166].

One of the main side effects of trastuzumab is cardiac
dysfunction. Trastuzumab-related cardiotoxicity is distinct
from type 1 cardiotoxicity observed with anthracyclines, in
such a way that there is no dose/effect relationship and it is
mostly reversible upon discontinuation of therapy. HER2 is
also expressed on cardiomyocytes and is thought to be
implicated in the repair of cell damage.

The definition of cardiac events slightly differed within
the large randomized adjuvant trials. However, the trials
report results within the same order of magnitude. After
8-years of follow-up the HERA trial reported rates of severe
congestive heart failure (CHF, NYHA III & IV) of 0.8 % in
the trastuzumab containing arms (1- and 2-years, sequen-
tially) versus 0 % in the control arm. The rate of confirmed

significant drops in LVEF (>10 % and below 50 %) was
7.2 % for 2 years, and 4.1 % versus 0.9 % in the 1 year and
control group, respectively. Acute recovery occurred in more
than 80 % of patients [167]. In a long-term safety analysis
NSABP B31 and N9831 reported cardiac events mainly
defined as NYHA III & IV CHF in 4.0 and 3.4 % for the
concomitant arms compared to 1.3 and 0.6 % in the control
arms, again with a high rate of spontaneous recovery upon
cessation of trastuzumab [168, 169]. One point worthy of
note is that 6.9 % of patients in NSABP B31 had unac-
ceptably low post-AC LFEV measurements, precluding the
start of trastuzumab therapy altogether [168]. The rate of
cardiac death within the trials was very low and did not
significantly differ between experimental and control arms. It
is mandatory to assess left ventricular ejection fraction
(LVEF) prior to initiation of trastuzumab and at regular
intervals during treatment.

Apart from infrequent infusion reactions, which are easily
controlled, trastuzumab is well tolerated, and especially,
hematologic toxicities are negligible. Another rare but
potentially serious adverse reaction is pulmonary toxicity,
e.g., in the form of interstitial pneumonitis.

20.2.1.2 Lapatinib
Lapatinib is a small molecule dual tyrosine kinase inhibitor
(TKI) directed against epidermal growth factor receptor
(EGFR) and HER2. Lapatinib inhibits receptor signaling by
binding to the ATP-binding pocket of the EGFR/HER2
protein kinase domain, preventing self-phosphorylation and
subsequent activation of the signal cascade. Therefore, it
could potentially abrogate signaling from constitutively
active HER2 receptors, e.g., caused by shedding of the
extracellular domain of the HER2 receptor, which cannot be
inhibited by trastuzumab and in addition from HER1/HER2
heterodimers.

In a phase III study, the combination of lapatinib and
capecitabine compared to capecitabine alone resulted in a
prolonged TTP of 6.2 versus 4.3 months (HR 0.57,
p < 0.001) and an increased response rate of 23.7 % com-
pared to 13.9 % (OR 1.9, p = 0.017). OS in the ITT popu-
lation was not significantly improved, however, the trial was
stopped early as it met prespecified criteria for superiority
and crossover to the combination was offered to patients in
the control arm. The benefit was achieved without an
increase in serious toxic effects or symptomatic cardiac
events in patients with normal left ventricular ejection
fraction at baseline [170–172]. Based on this trial, lapatinib
was approved in combination with capecitabine in 2006 for
the treatment of patients with advanced or metastatic
HER2-positive breast cancer, who had received prior ther-
apies, including anthracyclines, taxanes, and trastuzumab
(second or third line). In a direct comparison of capecitabine
plus either lapatinib or trastuzumab as part of a large
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randomized phase III trial (CEREBEL), however, the
lapatinib-based combination was inferior to trastuzumab
plus capecitabine [173]. An attempt to prove benefit of
lapatinib in patients with HER2-negative MBC in a large
randomized phase III trial based on the inhibition of EGFR
in addition to HER2 failed [174].

Subsequently, the indication for lapatinib has been
expanded in the US and Europe to include the combination
of lapatinib and letrozol in HER2- and HR-positive patients.
However, the underlying phase III trial was run in the
first-line setting and patients had neither been pretreated with
trastuzumab nor an aromatase inhibitor [175, 176]. The
combination of lapatinib plus letrozol was tested against
letrozol alone and demonstrated a significantly improved
PFS and ORR, yet, without an improvement in OS. There
are no comparisons of lapatinib (or trastuzumab) plus an AI
versus trastuzumab plus chemotherapy, for which a clear
survival benefit has been demonstrated in first-line therapy.
This combination might be an alternative for patients who
are not candidates for chemotherapy or with a very low
disease burden, although the efficacy is lower than the
combination of trastuzumab and chemotherapy. In Europe,
the indication for lapatinib has also been expanded to
include the combination of lapatinib and trastuzumab for
trastuzumab refractory HER2-positive, HR-negative
patients. A randomized phase III trial showed a significant
improvement in OS from 9.5 to 14 months (HR 0.74,
p = 0.026), which was restricted to the HR-negative sub-
group (HR 0.68, p = 0.012) [149, 152]. However, today
there are other compelling treatment options after progres-
sion on or after treatment with trastuzumab (see below).

The most common side effect, which leads to a discon-
tinuation of lapatinib is diarrhea. Skin rash and elevation of
liver enzymes are further common side effects of lapatinib.
Although rarely life-threatening, the physical and psy-
chosocial distress associated with these dermatologic reac-
tions may reduce compliance with EGFR inhibitors [177–
179]. There are data suggesting that the occurrence and
severity of rash might correlate with clinical response [180],
but the final confirmation of this correlation is still pending.
Cardiac toxicity is a major concern in drugs targeting HER2
based on the data from trastuzumab. Perez et al. analyzed
cardiac toxicity in 3689 patients treated with lapatinib within
phase I–III trials. There was a 1.3 % incidence of symp-
tomatic and asymptomatic decreases in LVEF in patients
treated with lapatinib compared to 0.7 % in patients from
comparator arms within these trials [181]. Thus, the cardiac
toxicity of lapatinib appears to be comparably small [182].

In the neoadjuvant setting, the NeoALTTO study
demonstrated promising results for lapatinib in combination
with trastuzumab and chemotherapy. The dual HER2
blocking strategy lead to an almost twofold increase in pCR
rates compared to chemotherapy plus trastuzumab alone

[181, 183]. In its adjuvant counterpart, the ALTTO trial
(n > 8000), however, the dual inhibition of HER2 by tras-
tuzumab and lapatinib disappointingly did not significantly
improve DFS or OS [184]. The experimental arm investi-
gating chemotherapy and lapatinib as the single anti-HER2
agent was closed early due to inferiority to the standard arm
of chemotherapy plus trastuzumab, an observation in keep-
ing with results from several neoadjuvant trials [183, 185–
187].

20.2.1.3 Pertuzumab
Pertuzumab (Perjeta®) is a fully humanized monoclonal
antibody directed against the dimerization domain of HER2,
preventing homo- as well as heterodimerization of HER2
with other HER family members, including the EGFR,
HER3, and HER4 [188]. As a result, pertuzumab inhibits
downstream signaling of two key signal pathways regulating
cell growth and survival: the mitogen-activated protein
kinase (MAPK) pathway and the phosphatidylinositol-
3-kinase (PI3K) pathway. Inhibition of these signaling
pathways can result in cell growth arrest and apoptosis
[189]. In addition, it is thought to contribute to
antibody-dependent cell-mediated cytotoxicity (ADCC).

The efficacy and safety of pertuzumab have been inves-
tigated in two phase II and one phase III trial in MBC. The
phase II trials included patients who had received at least
three prior lines of chemotherapy and had progressed on
trastuzumab. Patients received pertuzumab plus trastuzumab
without chemotherapy. In BO17929 (n = 66), the combi-
nation demonstrated significant antitumor activity with a
response rate of 24.2 % and a median PFS of 5.5 months
[190]. To determine if the observed effect was a result of the
combination of pertuzumab and trastuzumab or mainly
pertuzumab alone, a second cohort was recruited which was
initially treated with single agent pertuzumab with trastu-
zumab added in upon progression of disease. Results for the
monotherapy with pertuzumab were disappointing (ORR
3.4 %) but activity could be recovered by the addition of
trastuzumab (ORR 17.9 %), providing solid evidence that
the clinical benefit is only obtained by the combination of
the two antibodies [191].

The main evidence for the efficacy of pertuzumab plus
trastuzumab was obtained from the pivotal CLEOPATRA
trial. In this large randomized, placebo-controlled phase III
trial, patients were randomized to docetaxel plus trastuzu-
mab and either pertuzumab or placebo as first-line therapy
for HER2-positive breast cancer. Patients were allowed to
have received prior (neo)adjuvant chemotherapy with or
without trastuzumab if the disease-free interval was more
than 12 months. Response rates in the pertuzumab group
were significantly increased from 69.3 to 80.2 %
(p = 0.001) as was median PFS (Δ 6.1 months; HR 0.62,
p < 0.001). The effect size observed in patients who had
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received prior trastuzumab was identical. However, even
more striking was an unprecedented improvement of OS by
15.7 months from 40.8 to 56.6 months (HR 0.68, p < 0.001)
[192–194]. These results have clearly defined the new
standard for the first-line treatment of HER2-positive meta-
static breast cancer. In Europe and the US, pertuzumab has
been approved in combination with docetaxel and trastuzu-
mab for the treatment of patients with HER2-positive
advanced breast cancer, who have not received prior
anti-HER2 or chemotherapy for metastatic disease.

In addition, two neoadjuvant phase II trials, the Neo-
Sphere and the TRYPHAENA trial demonstrated superior
pCR rates for the dual blockade with pertuzumab and tras-
tuzumab. Taken together with the large survival benefit in
metastatic disease, these data have led to the approval of
pertuzumab in combination with trastuzumab and
chemotherapy in the neoadjuvant setting, based on pCR as a
possible surrogate for survival.

In the Neosphere trial, 417 patients with HER2 + primary
breast cancer and tumors larger than 2 cm were randomized
to four cycles of docetaxel in combination with either tras-
tuzumab or pertuzumab alone or the combination of both.
A chemotherapy-free treatment option consisting of the
combination of trastuzumab and pertuzumab was also
investigated. Patients receiving docetaxel in combination
with pertuzumab and trastuzumab achieved a pCR rate of
45.8 %, which was significantly higher than that in the
docetaxel/trastuzumab group (29 %; p = 0.0063). The
chemotherapy-free treatment arm achieved a pCR rate of
16.8 % (31 % for HER2+/HR− patients) and the
docetaxel/pertuzumab combination 23 % [195].

The TRYPHAENA trial was designed to evaluate the
safety and tolerability of trastuzumab and pertuzumab in
combination with either anthracycline-based or
carboplatin-based neoadjuvant chemotherapy. 225 patients
were randomized to three cycles of FEC followed by three
cycles of docetaxel and either trastuzumab and pertuzumab
concurrently with the entire adjuvant chemotherapy or
beginning with docetaxel. The third arm received a combi-
nation of docetaxel (75 mg/m2), carboplatin (AUC5), tras-
tuzumab, and pertuzumab. PCR rates (ypT0 ypN0) ranged
from 45.3 to 51.9 %, with the highest pCR rate observed in
the anthracycline-free treatment arm. The FDA and EMA
have now approved pertuzumab in combination with
chemotherapy for neoadjuvant therapy in HER2-positive
patients with a high risk of recurrence [196].

The main adverse reactions observed with pertuzumab (in
combination with trastuzumab and chemotherapy) are diar-
rhea, neutropenia, febrile neutropenia, and asthenia. Cardiac
safety is a main concern in HER2-directed therapy, espe-
cially in dual HER2-blockade. However, the addition of
pertuzumab to trastuzumab in the available trials only mar-
ginally increased the rates of cardiac events. In the

CLEOPATRA trial, the rate of symptomatic congestive heart
failure was 1.8 % in the combination group compared to
1.0 % in patients only receiving trastuzumab. The rate of
decline of LVEF by more than 10 % and below the 50 %
threshold was also slightly higher (6.6 % vs. 3.8 %), how-
ever, the majority of patients recovered spontaneously after
cessation of treatment with pertuzumab and trastuzumab
[197, 198].

20.2.1.4 Ado-Trastuzumab Emtansine, T-DM1
T-DM1 (Kadcyla®) is a novel antibody–drug conjugate
composed of emtansine covalently linked to trastuzumab.
Emtansine, a maytansine derivative, is a highly potent
anti-microtubule agent. Trastuzumab specifically directs the
linked emtansine against HER2-overexpressing cells,
thereby minimizing exposure of normal tissue and increasing
the therapeutic window.

The EMILIA trial randomized 991 patients, who had
previously been treated with a taxane and trastuzumab, to
either lapatinib/capecitabine or T-DM1. Compared to cape-
citabine and lapatinib, T-DM1 significantly prolonged the
median PFS from 6.4 to 9.6 months (HR 0.65, p < 0.001) as
well as overall survival from 25.1 to 30.9 months (HR 0.68,
p < 0.001). Moreover, T-DM1 also demonstrated a lower
overall toxicity and was generally well tolerated. Rates of
adverse events of grade ⩾3 were higher for
lapatinib/capecitabine than for patients treated with T-DM1
(57 % vs. 41 %) [199, 200]. Based on the EMILIA study,
the FDA and EMA granted T-DM1 approval in 2013 for the
treatment of patients with HER2-positive metastatic breast
cancer who have previously been treated with a taxane and
trastuzumab. Patients must have received prior therapy for
metastatic disease or must have relapsed within 6 months
after completing adjuvant therapy.

An additional large phase III trial (TH3RESA) comparing
T-DM1 to a physician’s choice of treatment in patients, who
had previously been treated with at least two lines of
HER2-directed therapies for advanced disease, including
trastuzumab, lapatinib, and a taxane provides further evi-
dence for the efficacy and tolerability of T-DM1. In this
heavily pretreated population, with more than half of
patients having received at least three prior lines of therapy
for advanced disease, T-DM1 significantly prolonged PFS
from 3.3 to 6.2 months (HR 0.528, p < 0.0001) as well as
OS from 15.8 to 22.78 months (HR 0.68, p = 0.0007) [201,
202].

The most prominent grade 3/4 adverse events of T-DM1
are thrombocytopenia and elevated liver enzymes. Cardiac
events were low in both trials.

Based on data from EMILIA and TH3RESA, T-DM1 is
now the standard of care as second-line therapy of
HER2-positive MBC, as well as in later lines if prior therapy
did not include T-DM1 [203].
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T-DM1 does also appear to have some activity in CNS
metastasis. A subgroup analysis of the EMILIA trial focus-
ing on patients with brain metastasis at baseline demon-
strated a longer OS in patients treated with T-DM1 (26.8 vs.
12.9 months; HR 0.38, p = 0.008) [204]. In addition, several
case series document response of brain metastases to T-DM1
[205, 206].

Given the benefit from the addition of pertuzumab to
trastuzumab plus docetaxel observed in CLEOPATRA, a
large randomized phase III trial, the MARIANNE trial, set to
investigate the combination of T-DM1 and pertuzumab in
the first-line setting. MARIANNE randomized 1095 women
with HER2-positive MBC to either trastuzumab plus a tax-
ane or to T-DM1 plus either placebo or pertuzumab. Sur-
prisingly, none of the treatment arms showed a significantly
improved PFS (13.7, 14.1, and 15.2 months, respectively)
[207] and OS data are still immature. Thus, standards for
first and second-line treatment choices remain unaffected.

The role of T-DM1 in the (neo)adjuvant setting is cur-
rently scrutinized in several trials. The ADAPT trial recently
reported a pCR rate (ypT0/is ypN0) of 41 % in HER2- and
HR-positive patients treated with only four cycles of T-DM1
(± endocrine therapy) [208].

20.2.1.5 New HER2-Directed Agents
and Combinations Under
Investigation

Currently a new generation of HER2-directed TKIs is under
investigation. The most extensively studied members are
neratinib and afatinib, both irreversible inhibitors, neratinib
directed against HER1, −2 and −4, and afatinib a pan-HER
inhibitor. For both agents, diarrhea is a main dose-limiting
toxicity [199].

Afatinib has failed to demonstrate a benefit in phase II
and III trials in breast cancer (LUX-Breast 1 and 3) and is
unlikely to gain approval for HER2-positive MBC [209,
210].

Neratinib has yielded some positive data in clinical trials
and has recently demonstrated to prolong invasive
disease-free survival (iDFS) in the ExteNET trial
(NCT00878709), which randomized patients with
HER2-positive PBC within 1 year after completion of
adjuvant trastuzumab to either 1 year of neratinib or pla-
cebo. IDFS was significantly improved in the group treated
with neratinib (HR 0.73, p = 0.023), an effect that was
exclusively observed in the HR-positive subgroup (HR 0.57,
p = 0.004) [211]. These data are in contrast to data from the
extended (2 years) trastuzumab arm in the HERA trial [159].

Based on the hypothesis, that downstream activation of
the PI3K-Akt-mTOR pathway can be responsible for tras-
tuzumab resistance, preclinical data have demonstrated that
resistance to trastuzumab can be reversed by the addition of
everolimus, an oral mTOR inhibitor blocking the PI3K

pathway (Table 20.8) [212]. The combination of
chemotherapy, trastuzumab, and everolimus has been
investigated in two phase III trials for MBC, BOLERO-1,
and BOLERO-3. The two trials demonstrated no or only a
marginal benefit in terms of DFS [213, 214]. Nonetheless, it
was indicated that HR-negative patients might derive more
benefit from adding everolimus to trastuzumab. However, at
this point there is no role for everolimus in the therapy of
HER2-positive metastatic breast cancer. Several PIK3CA
inhibitors such as BYL719, taselisib, and pilaralisib are
currently being investigated in HER2+ breast cancer [65].
The addition of bevacizumab, a recombinant humanized
monoclonal antibody against VEGF, to trastuzumab and
chemotherapy has not improved outcomes in early or
metastatic breast cancer in two large randomized phase III
trials (AVAREL, BETH) [80, 81].

20.2.2 Antiangiogenic Agents

Neo-angiogenesis is one of the hallmarks of cancer impli-
cated in tumor growth, invasion, and metastasis. It is a
prerequisite for the progression of solid tumors. Inhibition of
tumor angiogenesis is therefore regarded as an attractive
therapeutic target. Table 20.9 summarizes antiangiogenic
therapies used or investigated in breast cancer.

20.2.2.1 Bevacizumab
Bevacizumab (Avastin®) is a recombinant humanized
monoclonal IgG1 antibody that binds to vascular endothelial
growth factor A (VEGF-A), one of the most potent
pro-angiogenic factors and inhibits its biologic activity
in vitro and in vivo assay systems [215]. Bevacizumab
prevents the interaction of VEGF with its receptors (Flt-1
and KDR) on the surface of endothelial cells, which nor-
mally leads to endothelial cell proliferation and new blood
vessel formation. Administration of bevacizumab to xeno-
transplant models of colon cancer in mice caused reduction
of microvascular growth and inhibition of metastatic disease
progression. Therapies that inhibit VEGF may have multiple
effects on angiogenesis and tumor growth, most importantly,
reducing the tumor’s blood supply, preventing the devel-
opment of new blood vessels in the tumor and facilitating the
delivery of chemotherapy to the tumor cells, which can be
explained by the concept of “normalization of tumor vas-
culature” [216–218].

Based on preclinical findings demonstrating activity of
bevacizumab in breast cancer, bevacizumab was tested in
MBC initially as monotherapy. Cobleigh et al. evaluated the
safety and efficacy in a phase I/II dose escalation trial in
patients with previously treated MBC [219]. The overall
response rate was 9.3 % (confirmed response rate, 6.7 %)
and the median duration of confirmed response was
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Table 20.8 Endocrine therapies and targeted agents used in combination with endocrine therapy

Agent Trade
name®

(examples)

Mode of action Dosing Interactions Selected adverse effects

Tamoxifen Nolvadex Selective estrogen receptor
modulator. Tamoxifen is a
prodrug that needs to be
metabolized into several active
metabolites including endoxifen

20 mg daily p.o. Interaction with inhibitors
of CYP2D6
Strong inhibitors of
CYP2D6 should be
avoided as they might lead
to significantly reduced
levels of active metabolites
May increase
anticoagulant effects if
used in combination with
coumarin-type
anticoagulants

thromboembolic events, raised
blood triglyceride levels, vaginal
bleeding, endometrium
hyperplasia, endometrial polyps
and endometrial cancer, headache,
vaginal discharge and dryness,
pruritus vulvae, fluid retention, hot
flushes, menopausal symptoms,
hair thinning, mood disturbances,
visual disturbances, including
corneal changes, retinal vein
thrombosis, retinopathy and
cataracts, fatigue, elevation of
liver enzymes, fatty liver may
cause fetal harm

Exemestan
Anastrozol
Letrozol

Aromasin
Arimidex
Femara

Steroidal irreversible aromatase
inhibitor
Nonsteroidal AI
Nonsteroidal AI

25 mg daily p.o.
1 mg daily p.o.
2.5 mg daily p.o.

CYP450 enzymes Loss of bone mineral density,
osteoporosis, fractures, fatigue,
raised blood triglyceride,
hypercholesterinemia, vaginal
dryness, vaginal bleeding,
headache, hot flushes, increased
sweating, night sweats,
menopausal symptoms, arthralgia,
headache, nausea, vomiting, skin
rash, hair thinning, elevation of
liver enzymes

Goserelin
Leuprorelin

Zoladex
Enantone
Gyn

GnRH (gonadotropin-releasing
hormone)- agonist

3.6 mg q4w s.c. (the
10.8 mg q12w dose
is only approved for
the treatment of
prostate cancer)
3.75 mg q4w s.c. or
IM (not US)

None Fatigue, hot flushes, increased
sweating, loss of bone mineral
density, osteoporosis,
hypertension, hypotension,
headache, arthralgia, menopausal
symptoms, decreased libido,
vaginitis, seborrhea, peripheral
edema, emotional lability,
depression, hypersensitivity
reactions

Fulvestrant Faslodex Selective estrogen receptor
downregulator

500 mg q4w IM
with an additional
dose on day 15 of the
first cycle

None Nausea, vomiting, constipation,
diarrhea, abdominal pain,
headache, back pain, hot flushes,
sore throat, vaginal bleeding,
thromboembolic events
Due to its intramuscular injection,
fulvestrant should be used with
great caution in patients with
bleeding disorders,
thrombocytopenia or taking
anticoagulants

Everolimus Afinitor An oral mTOR inhibitor
targeting mTORC1, one of the
two mTOR complexes

10 mg daily p.o. CYP3A4, p-GP;inhibitors
and inducers should be
avoided

Hyperglycemia,
hypertriglycerinemia,
hypercholesterinemia,
noninfectious pneumonitis,
infections, infestations, oral
ulcerations, renal impairment,
anemia, lymphopenia,
neutropenia, thrombocytopenia,
impaired wound healing. Avoid
live vaccines and close contact
with those who have received live
vaccines.
Can cause fetal harm

(continued)
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Table 20.8 (continued)

Agent Trade
name®

(examples)

Mode of action Dosing Interactions Selected adverse effects

Palbociclib Ibrance an oral cdk4/6 inhibitor 125 mg once daily
taken 21 days
followed by 7 days
off-treatment

CYP3A inhibitors and
inducers (should be
avoided)

neutropenia, leukopenia,
infections, febrile neutropenia,
fatigue, nausea, anemia,
stomatitis, headache, diarrhea,
thrombocytopenia, constipation,
alopecia, vomiting, rash, and
decreased appetite, pulmonary
embolism
can cause fetal harm

These highlights do not include all the information needed to use the respective drugs safely and effectively. See full prescribing information for all
information needed to use these agents safely. We do not take responsibility for the correctness of the content

Table 20.9 Antiangiogenic agents

Agent Trade
name

Mode of action Dosing Interactions Selected adverse effects

Bevacizumab Avastin Humanized monoclonal anti-VEGF
a monoclonal IgG1 antibody

10 mg/kg q2w or 15 mg/kg
q3w IV (for breast cancer) in
combination with paclitaxel or
capecitabine as first-line
treatment of MBC
EMA approval, not approved
for breast or ovarian cancer by
the FDA

Proteinuria, hypertension,
hypertensive crisis, hemorrhage,
arterial and venous thromboembolic
events, surgery and wound healing
complications, gastrointestinal
perforations and fistulae, reversible
posterior leukoencephalopathy
syndrome (RPLS), fatigue, nausea,
vomiting, mucositis, stomatitis,
fatigue, congestive heart failure,
may increase risk of osteonecrosis
of the jaw.
Bevacizumab may cause fetal harm.

Sorafenib Nexavar Multi-tyrosine kinase inhibitor with
antiproliferative (RAF, c-KIT,
Flt-3) and anti-angio-genic
(VEGFR-2, PDGFR-β) effects

800 mg/d (400 mg twice daily)
p.o.
Not approved for breast cancer,
has failed to provide evidence
of efficacy in phase II/III trials

Interaction
with
inhibitors
and inducer
of
CYP3A4

Palmar-plantar erythrodysesthesia,
skin rash, severe skin toxicity,
hypertension, (hypertensive crisis),
hemorrhage, nausea, vomiting,
diarrhea, drug induced hepatitis
(monitor liver enzymes),
myelosuppression, electrolyte
disturbances including
hypophosphatemia, QT
prolongation, cataract, arterial and
venous thrombosis, gastrointestinal
perforations.
Can cause fetal harm

Sunitinib Sutent Multi-tyrosine kinase inhibitor with
antiproliferative (c-KIT, CSF1R)
and anti-angio-genic (VEGFR-R,
PDGFR) effects

GIST and RCC: 50 mg orally
once daily, with or without
food, 4 weeks on treatment
followed by 2 weeks off.
pNET: 37.5 mg orally once
daily, with or without food,
continuously without a
scheduled off-treatment period.
Not approved for the treatment
of breast cancer. Negative
findings from phase II/III trials

Interaction
with
inhibitors
and inducer
of
CYP3A4

Hepatotoxicity, proteinuria,
hemorrhage, QT interval
prolongation, hypertension, wound
healing and surgical complications,
left ventricular dysfunction, thyroid
dysfunction, hypoglycemia,
dermatologic toxicities including
erythema multiforme and Stevens–
Johnson syndrome, osteonecrosis of
the jaw, thromboembolic events
Sunitinib can cause fetal harm

(continued)
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5.5 months (range 2.3–13.7 months) with an overall survival
of 10.2 months. Bevacizumab was well tolerated; the main
side effects were headache, nausea and vomiting, hyperten-
sion, minor bleeding (epistaxis), venous thromboembolic
events, and proteinuria. The dose-limiting toxicity was
headache associated with nausea and vomiting. This was
neither caused by hypertension nor by brain metastases.

Several phase III trials have subsequently investigated the
efficacy of bevacizumab in combination with chemotherapy.
The pivotal open-label randomized phase III trial, ECOG
2100, demonstrated that the addition of bevacizumab to
paclitaxel increased median PFS from 5.9 to 11.8 months
(HR 0.6, p < 0.001) and doubled the response rates (25.2 %
vs. 49.2 %, p < 0.001) in first-line unselected metastatic
breast cancer. However, there was no significant improve-
ment in OS [220, 221].

In 2008, the FDA granted accelerated approval for
bevacizumab to be used in combination with first-line
paclitaxel for metastatic HER2-negative breast cancer, based
on these results. Approval by the EMA followed in 2009.

Consistent with E2100, all of the phase III trials in the
first-line setting (AVADO, Ribbon-1) as well as later lines
(Ribbon-2), demonstrated significantly improved overall
response rates as well as progression-free survival, even if at
a considerably lower level, but failed to provide evidence
that bevacizumab in combination with first-line

chemotherapy prolongs overall survival [123, 222–224]. The
efficacy of bevacizumab in addition to weekly paclitaxel
could further be confirmed by identical results observed for
the combination in the TURANDOT study (PFS 11 months,
ORR 44 %) and CALGB 40502 study (PFS 10.6 months)
[225, 226].

Subsequently, a pooled analysis of the three randomized
phase III first-line trials including 2447 patients also failed to
demonstrate any indication of an overall survival benefit
from bevacizumab [227]. Triple-negative breast cancer is
associated with a significantly higher expression and more
frequent amplification of VEGF-A [228–230]. This has led
to the hypothesis of a specifically higher activity of antian-
giogenic agents in TNBC. Yet, neither of the individual
trials nor the combined analyses found a sign of a more
pronounced or even OS benefit from bevacizumab in
triple-negative MBC. The combined analysis included 621
patients with TNBC from these trials and confirmed the
increased ORR (42 % vs. 23 %) and PFS (8.1 vs.
5.4 months; HR 0.63; p < 0.0001), however, without a trend
for an improved OS (18.9 vs. 17.5 months; HR 0.96; ns)
[227].

In November 2011, the FDA revoked its accelerated
approval for bevacizumab for the treatment of breast cancer
based on the findings from the confirmatory trials. Thus,
bevacizumab is no longer approved for the treatment of

Table 20.9 (continued)

Agent Trade
name

Mode of action Dosing Interactions Selected adverse effects

Aflibercept
(VEGF-Trap)

Zaltrap Fully human soluble VEGF
receptor fusion protein targeting
vascular endothelial growth factor
(VEGF)

4 mg/kg body weight q2w IV
in combination with FOLFIRI
approved for mCRC
Not approved for breast cancer

Proteinuria, hypertension
(hypertensive crisis), fatigue,
nausea, vomiting, mucositis,
stomatitis, hemorrhage, epistaxis,
wound healing disturbances,
gastrointestinal perforations and
fistulae, arterial and venous
thromboembolic events, neutropenia
(in combination with
chemotherapy), infusion and
hypersensitivity reactions, reversible
posterior leukoencephalopathy
syndrome (RPLS)
May cause fetal harm.

Ramucirumab Cymraza fully human monoclonal antibody
directed against the extracellular
domain of VEGFR-2 which blocks
the interaction between VEGF A,
C, D and VEGFR-2

8 mg/kg q2w IV as single agent
or in combination with weekly
paclitaxel
Approved for metastatic gastric
cancer
not approved for breast cancer

Hypertension, arterial and venous
thromboembolic events,
hemorrhage, gastrointestinal
perforations and fistulae, impaired
wound healing, infusion reactions,
reversible posterior
leukoencephalopathy syndrome
(RPLS), clinical deterioration of
liver Child-Pugh B or C liver
cirrhosis.
May cause fetal harm

These highlights do not include all the information needed to use the respective drugs safely and effectively. See full prescribing information for all
information needed to use these agents safely. We do not take responsibility for the correctness of the content
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metastatic breast cancer in the US. Other indications
remained untouched from this decision. In contrast, beva-
cizumab remains approved in the EU by the EMA for
first-line treatment of HER2-negative metastatic breast can-
cer in combination with paclitaxel and capecitabine.

The role of bevacizumab in early breast cancer has also
been investigated in several phase II and III trials. Data from
neoadjuvant trials provide evidence for a moderate
improvement of pCR rates from the addition of bevacizumab
to anthracycline- and taxane-based neoadjuvant chemother-
apy. In the German neoadjuvant GeparQuinto trial
(n = 1948), adding bevacizumab significantly improved
pCR rates (ypT0/is ypN0) from 16.5 to 20.5 % (p = 0.03).
This effect was completely driven by patients with TNBC
(27.9 vs. 39.3 %, p = 0.003) [231]. In GeparQuinto, beva-
cizumab was only given during the neoadjuvant treatment
phase. Thus, effects of longer adjuvant bevacizumab main-
tenance could not be investigated. The trial reported no
trends for improved survival (DFS and OS), neither in the
overall study population nor in the TNBC subgroup [232].
At the same time, the NSABP B40 phase III trial reported a
numerical but insignificant increase of pCR by the addition
of bevacizumab, from 23 to 27.9 % (p = 0.08) [233]. In
contrast to GeparQuinto, a significant difference in pCR rates
was observed within the HR-positive subgroup (11.1 % vs.
16.8 %, p = 0.03). Recently, a randomized neoadjuvant trial
exclusively conducted in triple-negative disease, the
CALGB 40603 (Alliance) trial (n = 443), reported a mar-
ginal increase in pCR (ypT0/is ypN0) from 44 to 52 %
(p = 0.057) for patients randomized to bevacizumab [116].
Thus, data from the neoadjuvant trials remain inconclusive.

It is still a matter of debate how far pCR rates can be
regarded a surrogate for survival and moreover, how large
the increment in pCR rates has to be in order to translate into
a survival benefit. Thus, data from adjuvant trials have to be
regarded as more informative in this respect. To date, two
large adjuvant randomized phase III trials have reported
survival data in addition to the neoadjuvant NSABP B40 in
which patients received adjuvant bevacizumab maintenance
therapy [234]. BEATRICE (n = 2591) exclusively included
patients with triple-negative disease. The trial randomized
patients after standard adjuvant chemotherapy to either
12 months of adjuvant bevacizumab maintenance or obser-
vation [235]. After a median follow-up of 32 months, there
was no significant difference in invasive DFS (iDFS), the
primary endpoint. 3-year iDFS was 82.7 in the observation
arm versus 83.7 % in patients randomized to receive beva-
cizumab (HR 0.87, p = 0.18). Based on the number of
events in this triple-negative population a signal of efficacy
could have been expected if there was any clinically
meaningful difference, despite the relatively short follow-up.
The second large randomized phase III trial investigating the
adjuvant role of bevacizumab, the ECOG 5103 trial

(n = 4950), also included all HR-positive patients. Patients
either received standard chemotherapy consisting of AC
followed by weekly paclitaxel alone or in combination with
bevacizumab concomitantly to the chemotherapy-only or for
an additional maintenance phase [236]. There was no sig-
nificant difference in iDFS between the chemotherapy-only
arm and the bevacizumab maintenance arm. 5-year iDFs was
77 % for chemotherapy-only and 80 % for patients receiving
bevacizumab maintenance (HR 0.87, p = 0.17). 5-year OS
rates were identical between the two arms (90 %). In patients
with triple-negative disease, there seemed to be a trend for a
better iDFS in patients receiving bevacizumab (HR 0.77,
95 % CI 0.58–1.03). In NSABP B40, which also included
patients with HR-positive disease, bevacizumab led to a
significant improvement in OS (HR 0.68, p = 0.004). The
effect, however, was more pronounced in the HR-positive
subset. Thus, the data on bevacizumab in the adjuvant set-
ting are inconsistent and bevacizumab does not play a role in
the treatment of primary breast cancer.

To date, there is no clinically useful validated predictive
biomarker for the benefit of bevacizumab, precluding the
possibility to define a subgroup of patients with clearer
benefit from bevacizumab and possibly an OS improvement.
Retrospective analyses of several prospective trials have
suggested that plasma VEGF-A levels might provide such a
biomarker for patient selection. The prospective MERIDIAN
trial (NCT01663727) was designed to validate the predictive
value of plasma VEGF-A. Patients were randomized to
paclitaxel plus either placebo or bevacizumab as first-line
therapy, stratified by baseline plasma VEGF-A. The trial
confirmed the well-recognized PFS benefit from beva-
cizumab (HR 0.68, p = 0.0007) but failed to demonstrate any
meaning of pVEGF-A as a predictive biomarker. There was
no differential benefit from bevacizumab comparing the
pVEGF-A high versus low group. The results have only been
presented in abstract form at the ESMO meeting 2015 [237].

Due to the only modest benefit associated with beva-
cizumab, the ESO-ESMO 2nd international consensus
guidelines for advanced breast cancer (ABC2) state that this
is only an option in selected cases for first- (and second-)
line therapy [2]. This might apply, e.g., to situations in
which a fast response is of importance (e.g., heavy disease
burden, visceral crisis) and in which combination
chemotherapy regimens might otherwise be considered.

The most important bevacizumab-associated side effects
are hypertension, proteinuria, thromboembolic events,
bleeding, surgery and wound healing complications, bowel
perforations, fistulae, and reversible posterior leukoen-
cephalopathy syndrome (RPLS) as a very rare but serious
complication. Bevacizumab has also been suspected to
increase the risk of osteonecrosis of the jaw when combined
with bisphosphonates and also to increase the risk of
symptomatic congestive heart failure.
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20.2.2.2 Antiangiogenic Tyrosine Kinase
Inhibitors (TKIs) and Other
Agents, Sorafenib, Sunitinib

In addition to monoclonal antibodies, a series of tyrosine
kinase inhibitors (TKIs) against pro-angiogenic kinases like
VEGF- and PDGF-receptors has been developed, including
Sunitinib, Sorafenib, and Pazopanib. As a result of the
increased off-target effects of these TKIs, combination with
chemotherapeutic agents has proven difficult. Their efficacy
as monotherapy in MBC is limited with ORRs ranging from
0 to 11 % [238–241]. Sunitinib and Sorafenib have been
developed in phase IIb/III programs.

Sunitinib (SUTENT®)
Sunitinib is an oral multi-targeted antiangiogenic tyrosine
kinase inhibitor (TKI). It inhibits vascular endothelial
growth factor receptor (VEGFR), platelet-derived growth
factor receptor (PDGFR), stem cell factor receptor (KIT),
and colony-stimulating factor-1 receptor (CSF1R). Cur-
rently, it is approved in the US and EU as a single agent for
the treatment of gastrointestinal stromal tumors (GIST),
advanced renal cell carcinoma (RCC) and pancreatic neu-
roendocrine tumors (pNET). Sunitinib demonstrated an
overall response rate of 11 % in a single-arm phase II trial in
patients with metastatic breast cancer who were pretreated
with anthracycline and taxane [242]. It has been extensively
investigated in a series of phase III clinical trials, but failed
to prove any benefit both as monotherapy and in combina-
tion with chemotherapy. However, it caused considerable
additional toxicity [238, 243–245]. Further development of
sunitinib in breast cancer has been discontinued.

Sorafenib (NEXAVAR®)
Sorafenib is an oral inhibitor of multiple tyrosine kinases,
currently indicated for hepatocellular carcinoma, advanced
renal cell carcinoma, and differentiated thyroid carcinoma. It
inhibits RAF kinases, c-KIT, and Flt-3, VEGFR-2 as well as
PDGFR-β and has antiproliferative as well as antiangiogenic
effects, targeting both tumor and endothelial cells [246, 247].
It has been hypothesized that this broader spectrum of
activity might help bypass some of the resistance mecha-
nisms observed with bevacizumab which prevent greater
efficacy of the anti-VEGF-mAB. Sorafenib demonstrated
activity in a phase IIb study in combination with either
capecitabine or gemcitabine in patients who had received
prior therapy with bevacizumab, though accompanied by a
high rate of palmar-plantar erythema (45 % grade 3)
[248, 249]. However, in the confirmatory placebo-controlled
phase III trial, sorafenib, when combined with capecitabine,
failed to improve PFS (HR 0.97, p = 0.46) or OS (HR 1.19,
p = 0–93), but expectedly caused extensive toxicities [250].
Other randomized trials investigating the combination of

sorafenib and docetaxel also failed to demonstrate efficacy of
sorafenib in chemotherapy combinations [251, 252]. Based
on the available data, further investigations of the role of
sorafenib in breast cancer do not seem warranted.

Several other antiangiogenic multi-tyrosine kinase inhi-
bitors, like pazopanib (VOTRIENT®) and cediranib, have
been investigated in breast cancer [253–256]. In the light of
their modest activity but considerable toxicity none of these
antiangiogenic TKIs will play a role in the treatment of
MBC.

20.2.2.3 Aflibercept, VEGF-Trap (ZALTRAP®)
Aflibercept (VEGF-Trap) is a fully human soluble VEGF
receptor fusion protein with a unique mechanism of action. It
is a potent inhibitor of angiogenesis that binds to VEGF-A
with higher affinity than monoclonal antibodies. It blocks all
VEGF-A and -B isoforms plus placental growth factor
(PIGF), another pro-angiogenic factor involved in tumor
angiogenesis. VEGF-Trap exerts its antiangiogenic effects
through regression of tumor vasculature, remodeling, or
normalization of surviving vasculature and inhibition of new
tumor vessel growth. VEGF-Trap has a relatively long
half-life of approximately 2 weeks. Based on a significant
prolongation of OS in a randomized phase III trial, it has
been approved in combination with FOLFIRI for the treat-
ment of metastatic colorectal cancer (mCRC) after prior
therapy with oxaliplatin [257, 258]. The North Central
Cancer Treatment Group (NCCTG) N0573 2-stage phase II
trial explored the efficacy of single agent aflibercept in
metastatic breast cancer after prior therapy with anthracy-
clines and taxanes and could only demonstrate minor
activity with an overall response rate of 4.8 % and a median
PFS of 2.4 months. As the trial did not meet its primary
efficacy goals, the study was terminated after the inclusion of
21 patients [259]. Toxicity was as expected for an
anti-VEGF therapy. There is currently no further develop-
ment of aflibercept in breast cancer.

20.2.2.4 Ramucirumab (CYRAMZA®)
Ramucirumab is a fully human monoclonal antibody direc-
ted against the extracellular domain of VEGFR-2 which
blocks the interaction between VEGF and VEGFR-2. It has
demonstrated improvements in OS in metastatic gastric
cancer and advanced non-small-cell lung cancer [260, 261].
Ramucirumab is currently approved for the treatment of
metastatic gastric cancer. In breast cancer, ramucirumab has
been investigated in a large randomized phase III trial
(TRIO-012; n = 1144) in the first-line setting. Patients were
randomly assigned to either docetaxel plus placebo or
ramucirumab. The addition of ramucirumab did not lead to a
meaningful improvement of clinical outcome (PFS: HR
0.88, p = 0.08; OS HR 1.01, p = 0.92) [262]. There are
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currently no ongoing trials for the clinical development of
ramucirumab in breast cancer.

20.2.2.5 Trebananib (AMG386)
Apart from VEGF and its receptors, a second key regulatory
pathway, the angiopoetin axis, is involved in the induction
and regulation of tumor angiogenesis. Angiopoetin-1 and
Angiopoetin-2 (Ang-1, Ang-2) regulate the vasculature by
binding to their proprietary receptor tyrosine kinase tie-2.
Vascular remodeling is regulated by the balance between
Ang-1 and Ang-2. Ang-1, predominantly secreted by vas-
cular smooth muscle cell and pericytes, leads to vessel
normalization, whereas Ang-2 increases vessel destabiliza-
tion and endothelial cell migration [263–266]. Although
both pathways, VEGF/VEGFR and angiopoetin/Tie-2, are
distinct they interact and block both pathways simultane-
ously which may lead to a more complete control of tumor
growth than blocking just one. Trebananib is a novel
recombinant peptide-Fc fusion protein (peptibody) selec-
tively targeting the interaction of Ang1 and Ang2 with the
Tie2 receptor. In preclinical studies, the combination of
bevacizumab and trebananib showed enhanced antitumor
activity compared to each drug alone. In a randomized phase
III trial (TRINOVA-1, n = 919) in recurrent ovarian cancer,
trebananib (15 mg/kg) demonstrated activity when added to
weekly paclitaxel with a significantly prolonged median PFS
(HR 0.66, p < 0.0001). At the interim analysis there was no
significant difference in overall survival [267]. Generalized
or localized edema as well as pleural effusions and ascites
account for the most striking toxicity specifically associated
with trebananib. In breast cancer, the efficacy of trebananib
was investigated in a large randomized phase II trial. Patients
with metastatic, HER2-negative breast cancer received
weekly paclitaxel in combination with bevacizumab plus
two different doses of trebananib or in combination with
either bevacizumab or trebananib alone. The trial was unable
to demonstrate a significant prolongation of PFS from the
addition of trebananib to paclitaxel and bevacizumab [268].

20.2.3 Endocrine Therapy (ET)

About 60–80 % of breast cancers are hormone receptor
(HR) positive. The concept of endocrine therapy in the
treatment of breast cancer was already introduced in 1896
when George Beatson reported surgical removal of the
ovaries (now known as the major source of estrogen) could
benefit women with inoperable breast cancer. However, at
that time neither estrogens nor their receptors and functions
were known. See Table 20.8 for a summary of antihormonal
agents and targeted agents used in combination with endo-
crine therapy.

20.2.3.1 Selective Estrogen Receptor
Modulators (SERMs), Tamoxifen

Selective estrogen receptor modulators (SERMs), in contrast
to complete estrogen receptor (ER) antagonists, exert dif-
ferential tissue selective, mixed agonist–antagonist effects.
These tissue selective effects vary between the different
members of the class. Upon dimerization, estrogen receptors
are translocated into the cell nucleus and exert most of their
function as transcription factors. Further, nongenomic
functions of ER have been described but are not very well
understood yet.

Most SERMs exhibit anti-estrogenic effects on breast
tissue and some members of this class of drugs have proven
to be effective chemopreventive agents against breast cancer.
However, several SERMs, e.g., tamoxifen exhibit agonistic
activity in the endometrium, which in the case of tamoxifen
leads to a significantly (two- to threefold) increased risk of
endometrial cancer, which has been observed in many trials.
In contrast, raloxifen does not seem to have any relevant
stimulatory effects on the endometrium. In addition, SERMs
generally exhibit tissue selective agonist activity on the
bone, which in the case of raloxifen, has been clinically
exploited to prevent and treat osteoporosis [269]. These
tissue selective agonistic activities are not observed with
therapies purely leading to estrogen deprivation like aro-
matase inhibitors (AIs), which explains their detrimental
effects on bone mineral density and unchanged risk of
endometrial cancer. Although not fully understood, most of
the tissue-specific antagonist–agonist activity of SERMs is
explained by three interactive mechanisms: differential
expression of ERα and ERβ in different target tissues, a
differential conformational change upon ligand binding, and
differential expression and binding of ER co-regulatory
proteins.

Tamoxifen
Tamoxifen has been the most commonly used drug for the
treatment of breast cancer for decades. It is currently used for
the treatment of HR-positive advanced and early breast
cancer, irrespective of stage and menopausal status.
Tamoxifen is the standard endocrine treatment for male
breast cancer as well.

Tamoxifen itself is considered a prodrug with relatively
weak affinity for ER and is subject to extensive metabolism.
For the conversion of tamoxifen into its clinically active
metabolites 4-hydroxy-tamoxifen and endoxifen (4-hydroxy-
N-desmethyltamoxifen), the cytochrome P450 enzyme
CYP2D6 in the liver is the rate limiting step. The active
metabolites have a 30–100-fold greater affinity for ER and
endoxifen is regarded as the most clinically active metabolite.
CYP2D6 is a highly polymorphic gene, and it has been
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suggested that patients carrying variants with lower enzy-
matic activity (poor metabolizers) might derive less benefit
from tamoxifen. Endoxifen blood levels do vary according to
CYP2D6 genotype and are influenced by the concomitant use
of CYP2D6 inhibitors like paroxetine. In addition, some
retrospective studies have demonstrated reduced clinical
activity of tamoxifen in poor metabolizers [270–274].
However, several subsequent clinical investigations have
produced conflicting results [275]. A retrospective analysis of
CYP2D6 variants in two large randomized phase III trials of
adjuvant endocrine therapy (BIG 1-98 and ATAC) failed to
provide any evidence of a predictive role of CYP2D6 genetic
testing with regards to benefit from tamoxifen [276, 277].
Therefore, currently there is no role of CYP2D6 testing to
tailor endocrine therapy for breast cancer.

Tamoxifen first reported activity as an endocrine therapy
option for the treatment of breast cancer in 1971 with a
response rate of 22 % [278]. Of note, early trials have not
been conducted exclusively in HR-positive patients but in
unselected populations [279]. Compared to other endocrine
treatment options available at the time, tamoxifen had a
favorable toxicity profile. Subsequent trials have confirmed
the clinical activity of tamoxifen in metastatic breast cancer
and a meta-analysis including more than 5000 patients from
clinical trials demonstrated a response rate of 30–34 % with
an additional 19 % of patients achieving a stable disease for
more than six months [279, 280]. Higher doses than 20 mg
per day did not provide improved efficacy [281–283].

Tamoxifen was first approved by the FDA in 1977 and
subsequently also in Europe for the treatment of advanced
breast cancer and later for the treatment of early breast
cancer for both pre- and postmenopausal women as well.
According to the Early Breast Cancer Trialists’ Collabora-
tive Group (EBCTCG) meta-analysis, 5-years of adjuvant
tamoxifen reduces breast cancer mortality by about a third
(HR 0.68, p < 0.00001), largely independent of age, pro-
gesterone receptor (PR) status and use of chemotherapy.
5-years of tamoxifen were significantly more effective in
reducing the risk of recurrence and breast cancer deaths than
1–2 years of tamoxifen. In ER-positive disease the annual
breast cancer mortality rates are similar during years 0–4 and
5–15 as is the proportional risk reduction by tamoxifen
during these years. As a result of this carry-over effect the
cumulative risk reduction is more than twice as big after
15 years as at year 5 [283, 284]. Recently, two large ran-
domized phase III trials, ATTOM and ATLAS, have
demonstrated a significant benefit from 10 years of tamox-
ifen compared to 5 years. The absolute reduction of breast
cancer mortality seen in these trials 15 years after starting
adjuvant endocrine therapy was about 3 % and deaths from
endometrial cancer or pulmonary embolism were signifi-
cantly increased. Thus, the expected gain in the individual

patient has to be weighed against the risk of potentially fatal
adverse events [285, 286].

In the US, tamoxifen has also been approved for women
with DCIS to reduce the risk of invasive cancer in later life
and as a prophylaxis for women at high risk for breast cancer
based on results from the NSABP B24 and the NSABP P1
trial [283, 287–289].

Tamoxifen is a well tolerated and accepted drug; how-
ever, there are some side effects, which may interfere with
compliance and some which are potentially fatal. Adverse
events include hot flashes, vaginal discharge, vaginal dry-
ness, pruritus vulvae, headaches, dizziness, mood
alterations/depression, hair thinning and/or partial hair loss,
fluid retention/edema, visual disturbances (e.g., cataracts,
corneal disturbances, and retinopathy), elevation of liver
enzymes, elevation of triglyceride levels, hypercalcemia, and
loss of appetite. The potentially dangerous side effects of
tamoxifen include deep vein thrombosis, pulmonary embo-
lism, and endometrial cancer. The risk of endometrial cancer
is increased by a factor of 2–7 and is explained by the
tissue-specific agonistic effect of tamoxifen on the endo-
metrium. These cancers occur almost exclusively in post-
menopausal women and become clinically evident by
postmenopausal bleeding. Serial ultrasound scans for the
detection of endometrial thickening is not helpful, as many
patients develop subendometrial edema, induced by tamox-
ifen, which cannot be discriminated from malignant growth.

20.2.3.2 Aromatase Inhibitors
Whereas in premenopausal women, estrogen is mostly pro-
duced by the ovaries, in the postmenopausal setting estrogen
synthesis mainly occurs in peripheral tissues through the
conversion of androgens produced in the adrenal gland into
estrogen by an enzyme called aromatase. This can effectively
and specifically be inhibited by third-generation aromatase
inhibitors (AIs). There are three third-generation aromatase
inhibitors in clinical use for the treatment of breast cancer
today, namely: anastrozol, exemestane, and letrozol. In
contrast to nonsteroidal AIs (letrozole and anastrozol),
exemestane, a steroidal AI, covalently binds to the enzyme
leading to an irreversible inhibition. Third-generation AIs,
the most potent and specific as well as least toxic AIs, can
reduce serum estrogen levels by more than 95 % [290].

Several randomized phase III trials have investigated the
efficacy of the three AIs compared to tamoxifen in the
first-line treatment of HR-positive advanced breast cancer in
postmenopausal women. At the time, the trials were con-
ducted and only a minority of patients in these trials had
received prior adjuvant endocrine therapy (14–19 %) [291–
293]. In all of these trials AIs compared favorably to
tamoxifen with objective response rates (ORR) from 30 to
46 % and time to progression (TTP) ranging from 9.4 to
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10.7 months. In addition, aromatase inhibitors have also
demonstrated clinical activity after the failure of tamoxifen
[294]. In turn, letrozol, anastrozole, and exemestane have
been approved for the treatment of HR-positive metastatic
breast cancer in postmenopausal women and have largely
replaced tamoxifen as the first-line therapy. Whereas ster-
oidal and nonsteroidal aromatase inhibitors seem not to be
completely cross-resistant, there is no evidence to suggest
that any of these agents are superior to the others [295, 296].

The role of aromatase inhibitors in the adjuvant setting
has been investigated in a series of phase III trials pursuing
several strategies, including upfront aromatase inhibitors,
switching to an AI after 2–3 years of tamoxifen or extended
therapy with an AI after completion of 5 years of tamoxifen.
All of these trials demonstrate a superiority of AIs over
tamoxifen alone in the adjuvant treatment of postmenopausal
HR-positive breast cancer [297–302]. BIG 1-98 directly
compared 5 years of letrozole to 5 years of tamoxifen and
demonstrated a significant overall survival advantage for
letrozole at an 8-year follow-up, both for the ITT population
and an analysis adjusting for crossover (IPCW) [IIT: HR
0.87; p = 0.048; IPCW: HR 0.79; p = 0.0006] [299].

In a large patient-level meta-analysis from the EBCTCG
including 31, 920 women from 9 randomized trials, patients
treated with 5 years of an aromatase inhibitor compared to
5 years of tamoxifen had a significantly improved DFS (HR
0.8; p < 0.0001) and OS (HR 0.89; p = 0.1), with absolute
10-year gains of 3.6 % for DFS and 2.7 % for OS. In con-
trast, 5 years of an AI were only marginally better in terms of
DFS (RR 0.9; p = 0.045—absolute difference 0.7 %) but not
OS (RR 0.96; p = 0.45) if compared to tamoxifen for 2–
3 years followed by an AI. The sequencing strategy, how-
ever, was significantly more effective compared to 5 years of
tamoxifen (DFS RR 0.82; p = 0.0001 and OS RR 0.82;
p = 0.0002) [303]. There is no evidence to suggest superi-
ority of one AI over the others in the adjuvant therapy. Based
on the available data, it is generally recommended in inter-
national guidelines (e.g., NCCN, ASCO, AGO, St. Gallen),
that adjuvant endocrine therapy for postmenopausal women
should include an AI (if tolerated) [54, 304–306]. However,
the optimal sequence and duration remains elusive.

It is also a widely accepted concept that giving an AI
upfront to high-risk patients (e.g., with axillary lymph node
involvement) might be beneficial. However, switching to
tamoxifen after 2–3 years of AI can be considered in case of
intolerability since there was no statistically significant dif-
ference in DFS among patients who received 5 years of AI
compared to 2–3 years of AI followed by tamoxifen [307].
This concept is mainly supported by results from BIG 1-98,
which has also investigated an inverse sequence of letrozole
followed by tamoxifen.

As more than half of breast cancer recurrences occur
more than 5 years after the initial diagnosis and after

completion of tamoxifen, several trials have investigated the
strategy of extended endocrine therapy with AIs (MA.17,
ABCSG 6a, NSABP B33) [308–311]. All of these trials
have shown a reduction of breast cancer recurrence (HR
0.60–0.68). MA.17, the largest of these trials, comparing
5 years of letrozole to placebo after completion of 5 years of
tamoxifen, also provided evidence for an OS benefit in
node-positive patients (HR 0.61, p = 0.04) [308, 309, 312].

Aromatase inhibitors are generally well tolerated. Their
toxicity profile substantially differs from tamoxifen. In contrast
to tamoxifen AIs are not associated with an increased risk of
endometrial cancer and venous thromboembolic events.
Instead, they lead to a more pronounced bone loss and a higher
rate of fractures as well as musculoskeletal symptoms like
arthralgias and osteoarthritis. Musculoskeletal symptoms are
estimated to occur in up to 50 % of patients and lead to a
treatment discontinuation in 20 % [313]. Further common side
effects are vasomotor symptoms (hot flushes), increased
sweating, depression, edema, increases in cholesterol levels,
and an increased risk of cardiac ischemic events (myocardial
infarction, angina). It is advisable to monitor bone mineral
density regularly in women who take AIs [307].

In premenopausal women the inhibition of the aromatase
does not significantly decrease the production and the
amount of circulating estrogen, but the initial slight decrease
in estrogen levels activates the hypothalamus and pituitary
axis to increase gonadotropin secretion, which in turn
increases the FSH and LH levels. Aromatase inhibitors are
contraindicated for premenopausal women.

20.2.3.3 Fulvestrant—Selective Estrogen
Receptor Downregulator (SERD)

Fulvestrant is a selective estrogen receptor downregulator
(SERD), which are directed against estrogen receptors and
exert purely antagonistic effects. Fulvestrant is the only
representative of the class of drugs currently in clinical use.
It competitively binds to estrogen receptors with a binding
affinity 100 times greater than that of tamoxifen [314]. Upon
binding, it blocks ER dimerization and DNA binding, inhi-
bits nuclear uptake, and increases the turnover and degra-
dation of ER leading to inhibition of estrogen signaling.

Clinically, fulvestrant was first developed at a dose of
250 mg given as a monthly intramuscular injection. Ful-
vestrant250 was shown to be equally effective as anastrozole
in patients who had progressed on endocrine therapy (mostly
tamoxifen) [294]. Based on these results, fulvestrant
received approval as a further option for HR-positive
advanced breast cancer by the FDA in 2002 and in Europe
in 2004 for the treatment of hormone receptor-positive
metastatic breast cancer in postmenopausal women with
disease progression following anti-estrogen therapy.

A randomized neoadjuvant phase trial (NEWEST) poin-
ted to a greater biologic activity of fulvestrant at a dose of

20 Systemic Therapy 367



500 mg compared to 250 mg, including a significantly
higher reduction of Ki67 labeling index [315]. This and
further data prompted several trials to investigate the clinical
efficacy of this higher dose.

The FIRST trial, a randomized phase II trial, compared
fulvestrant500 to anastrozole as first-line therapy for meta-
static breast cancer. Although there was no difference in
clinical benefit rate (primary end point) or response, the TTP
was significantly longer in the fulvestrant arm (23.5 vs.
13.1 months; HR 0.66; p = 0.01) as well as overall survival
(54.1 vs. 48.4 months; HR 0.7; p = 0.04) [316, 317]. Results
of the ongoing confirmatory phase III FALCON trial are
expected in 2016 (NCT01602380). The CONFIRM trial
(phase III) randomized patients with HR-positive metastatic
breast cancer, who experienced progression after prior
endocrine therapy with tamoxifen or an AI to either ful-
vestrant 500 mg q4w or 250 mg q4w. Patients treated with
500 mg of fulvestrant had significantly longer PFS (6.5 vs.
5.5 months; HR 0.81; p = 0.0006) as well as OS (26.4 vs.
22.3 months; HR 0.81; p = 0.016) [318, 319].

Fulvestrant has a similar tolerability profile as anastrozole
and AIs, but with a significantly lower incident of muscu-
loskeletal symptoms like arthralgia. Like the AIs, fulvestrant
lacks the increased risk of endometrial cancer and throm-
boembolism observed with tamoxifen, because it is void of
any estrogenic effects. In current clinical trials, fulvestrant
has turned into a preferred endocrine combination partner
due to its efficacy and tolerability.

20.2.3.4 Combination of Endocrine Therapies
As the currently available endocrine drugs have different
modes of actions and are partially noncross-resistant, several
trials set out to investigate combinations of endocrine ther-
apies to improve efficacy of ET. However, conflicting results
have been reported from the comparison of the combination
of fulvestrant (250 mg) with anastrozole versus anastrozole
as a single agent. The FACT trial demonstrated no advantage
from the combination, whereas the SWOG S0226 trial
showed a benefit in terms of TTP and OS [320, 321]. Fur-
thermore, the SoFEA trial provided similar efficacy for the
combination of fulvestrant and anastrozole compared with
fulvestrant or exemestane alone as second-line endocrine
therapy. Therefore, until there is further evidence, combi-
nations of endocrine therapies should not be adopted into
routine clinical practice [296, 322].

20.2.3.5 Gonadotropin-Releasing Hormone
(GnRH) Analogs

Synthetic GnRH or luteinizing hormone (LHRH) analogs
differ from native GnRH by a 100–200-fold stronger binding
affinity to GnRH receptors on pituitary gonadotroph cells.
Synthetic GnRH/LHRH analogs lead to an initial intense
release of stored luteinizing hormone (LH) and

follicle-stimulating hormone (FSH) called flare-up effect,
resulting in a transient raise in serum estradiol in women.
A prolonged application of these agents, as opposed to the
pulsatile secretion that occurs naturally, however, leads to a
desensitization of gonadotropin producing cells caused by
downregulation of GnRH/LHRH receptors and a dysregu-
lation of intracellular signaling [323]. This leads to an
inhibition of LH/FSH secretion and ultimately the produc-
tion of estradiol. GnRH/LHRH analogs are administered as
depot injections. In contrast, GnRH/LHRH antagonists,
which are not in clinical use against breast cancer, inhibit
gonadotropin secretion by direct competitive receptor
blockade without receptor downregulation.

After the first description of this therapeutic principle by
Beatson in 1896[324], ovarian ablation, either by means of
oophorectomy or radioablation remained the gold standard
for the treatment of premenopausal patients with advanced
breast cancer for decades. Subsequently, GNRH/LHRH
analogs have demonstrated similar efficacy, providing an
alternative. In early trials, tamoxifen has demonstrated
comparable efficacy to ovarian ablation [325, 326]. Later
trials as well as a meta-analysis proved that the combina-
tion of tamoxifen and GnRH/LHRH analogs was superior
than either agent alone in terms of PFS and OS [327, 328].
Hence, the combination of tamoxifen with ovarian ablation
is the standard recommended by current international
guidelines (ABC2 consensus; National Comprehensive
Cancer Network [NCCN], Guidelines, breast cancer, ver-
sion 1.2016; AGO, v2016.1) [2, 305, 306]. After progres-
sion on or after tamoxifen and with an indication for
further endocrine therapy, it is currently recommended for
pre- and perimenopausal patients to be treated by ovarian
ablation (either by GnRH-A or through surgical
oophorectomy) and then treated as if they were post-
menopausal [2, 296, 305].

Data on the adjuvant use of GnRH analogs are more
inconclusive. Adding tamoxifen to goserelin after six cycles
of CAF as adjuvant treatment of breast cancer in pre-
menopausal women significantly improves DFS [329].

However, for many years, evidence from randomized
trials to demonstrate benefit from the addition of goserelin to
tamoxifen in the adjuvant setting was lacking and a
patient-level meta-analysis provided only very limited
information [330]. Recently, data from a randomized phase
III trial (SOFT) demonstrated that the addition of ovarian
ablation (by means of GnRH analogs, radioablation, or
oophorectomy) did not significantly improve DFS in the
overall study population [331]. However, a subgroup anal-
ysis showed that for women at sufficient risk of recurrence to
warrant adjuvant chemotherapy, ovarian function suppres-
sion improved outcomes but at the cost of tolerability [331].
Based on these data, the use of GnRH analogs in the adju-
vant endocrine treatment of premenopausal patients remains
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an option for selected individual patients after weighing risk
of recurrence, expected benefit, tolerability, and QoL [332].

Side effects include hot flushes, sweating, emotional
lability, depression, anxiety, loss of bone mineral density,
dizziness, headache, arthralgia, musculoskeletal symptoms,
amenorrhea, seborrhea, decreased libido, vaginitis, dys-
pareunia, breast atrophy, peripheral edema, weight gain, and
tiredness.

Currently, goserelin (Zoladex®) is the only agent
approved for the palliative treatment of advanced breast
cancer in pre- and perimenopausal women in the US as well
as Europe. In addition, leuprorelin has received approval for
metastatic breast cancer in Europe. Several additional
GnRH/LHRH analogs are available for the treatment of
advanced prostate cancer. Based on their mode of action
there is no rationale for the use of GNRH analog in post-
menopausal patients. GnRH/LHRH analogs are also used for
several gynecologic diseases as well as in assisted
reproduction.

20.2.3.6 Further Targeted Agents Used
in Combination with Endocrine
Therapies

Some patients with HR-positive MBC show primary resis-
tance to endocrine therapy and the remaining patients will
ultimately develop secondary resistance and progress. Fur-
thermore, since most patients today receive adjuvant endo-
crine therapy, some even for an extended duration of
10 years, patients we treat in the first-line setting today,
differ substantially from those included in the large phase III
trials on AIs and fulvestrant in first-line, which included
predominantly ET naïve patients. They are likely to develop
endocrine resistance more quickly. Endocrine resistance
therefore presents a major clinical problem.

A huge effort has been undertaken to target mechanisms
of endocrine resistance such as the PIK3CA/AKT/mTOR
pathway, the cell cycle machinery, and the cross talk
between HR and growth factor receptor signaling by com-
bining endocrine therapies with novel targeted agents to
restore endocrine sensitivity. With everolimus, an mTORC1
inhibitor, and palbociclib, a cdk4/6 inhibitor, two such
agents have received approval and document the progress
made.

mTOR and PIK3CA Inhibitors
Preclinical studies provide evidence that growth factor
receptor signaling pathways, particularly those that converge
on phosphatidylinositol 3-kinase (PI3K) and mitogen-
activated protein kinase (MAPK/ERK), are involved in
resistance to endocrine therapy [333, 334]. PI3K is the most
frequently altered pathway in breast cancer. PI3K activation,
experimentally, is associated with de novo and acquired
endocrine resistance and blocking the pathway can restore

endocrine sensitivity. Based on this rational several agents
blocking the PI3K-Akt-mTOR at different levels have been
developed and are in clinical testing.

Everolimus (Afinitor)
Everolimus is an oral mTOR inhibitor targeting mTORC1,
one of the two mTOR complexes (mTORC1 & 2). Based on
results from the randomized, double-blind phase III
BOLERO-2 trial (n = 724), everolimus has been approved for
the treatment of postmenopausal women with HR-positive
MBC in combination with exemestane after failure of a
nonsteroidal AI. In BOLERO-2, patients randomized to the
combination of exemestane and everolimus had a signifi-
cantly longer PFS (6.9 vs. 2.8 months; HR 0.43; p < 0.001)
[335]. However, OS was not significantly improved (31.0 vs.
26.6 months; HR, 0.89; p = 0.1426) [336]. Supporting data
come from a randomized phase II trial (TAMRAD), com-
paring tamoxifen plus everolimus to tamoxifen alone, pro-
viding a significant improvement in time to progression
(TTP) from 4.5 to 8.6 months (HR 0.54) [337].

However, the toxicity profile of everolimus can be chal-
lenging. In BOLERO-2, the rate of grade 3/4 adverse events
was significantly higher in patients receiving everolimus
compared to placebo (55 % vs. 33 %) as was the proportion
of patients who discontinued treatment due to adverse events
(29 % vs. 5 %) [336]. Side effects of everolimus include
stomatitis and oral ulcerations, noninfectious pneumonitis,
increased risk of infections, hyperglycemia, elevation of
blood lipid levels, elevation of liver enzymes, renal failure,
hematologic toxicity including anemia, neutropenia, lym-
phopenia, thrombopenia, impaired wound healing, rash,
fatigue, and gastrointestinal disturbances amongst others.
Patients should avoid live vaccines and close contact to
those who have received live vaccines.

Ongoing translational research has been trying to inves-
tigate predictive biomarkers, however, thus far has failed to
do so. For example, activating PIK3CA mutations, major
candidates, at least if tested mainly on primary tumor tissue
did not provide any predictive information [338].

PIK3CA Inhibitors
Alterations in PIK3CA are the most frequent molecular
alterations in HR-positive breast cancer and are identified in
45 and 29 % of luminal A and B tumors, respectively [296].
However, the role of PIK3CA mutations in luminal breast
cancers is complex and still not entirely understood. Their
implications might in fact play distinctive roles in early
versus advanced breast cancer. In primary breast cancer the
presence of PIK3CA mutations is consistently associated
with good prognosis luminal A-like breast cancers (lower
grade, less lymph node involvement, and progesterone
receptor positivity) [339]. In advanced ER-positive breast
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cancers selected by primary endocrine therapy, PIK3CA
mutations may behave as a mechanism of endocrine resis-
tance that merits combined therapy [340]. In fact, in vitro,
the combination of estrogen deprivation and PI3K inhibition
acts synergistically [341]. PI3K therefore constitutes an
attractive target in combination with endocrine therapy in
breast cancer.

Several PI3K inhibitors are currently in clinical devel-
opment programs, ranging from unspecific pan-PI3K inhi-
bitors (e.g., buparlisib) to modern third generation, α isoform
specific PIK3CA inhibitors (e.g., alpelisib, taselisib), sparing
off-target effects, and as hoped, unnecessary toxicity. Most
activation mutations affect hot spot regions within PIK3CA
[342].

First clinical data have emerged from randomized trials.
In a randomized phase II trial (FERGI), pictilisib, a
pan-PI3K inhibitor, when added to fulvestrant, was associ-
ated with a nonsignificant PFS improvement from 5.1 to
6.6 months (HR 0.74; p = 0.095). PIK3CA mutation status
did not predict outcome [343]. The BELLE-2 trial, a ran-
domized, double-blind, placebo-controlled phase III trial,
randomized postmenopausal patients who progressed after
or on an AI, to fulvestrant plus either placebo or buparlisib
(BKM120), a pan-Class I PI3K inhibitor, that targets all four
PI3K isoforms. The trial met its primary endpoint by
increasing PFS in the full study population by 1.9 months
from 5.0 to 6.9 months (HR 0.78; p < 0.001). PI3K acti-
vation, determined by PI3K mutations (mostly in the pri-
mary tumor) and PTEN loss, did not predict PFS benefit
from buparlisib, a coprimary endpoint in the trial. However,
PIC3CA mutations determined in circulating tumor DNA
(ctDNA) at the time of entering the trial was a significant
predictive factor for activity of buparlisib. In patients with
PIC3CA ctDNA mutations there was a PFS improvement
from 3.2 to 7.0 months (HR 0.58; p < 0.001), whereas in
patients without ctDNA PIK3CA mutations there was no
difference in PFS by treatment (6.8 months in both arms)
[344]. Buparlisib was associated with considerable toxicities
and grade 3/4 AEs were significantly more frequent with
buparlisib (77.3 % vs. 32 %). The safety profile was mainly
characterized by elevation of liver enzymes, rash, hyper-
glycemia, and mood disorders like depression and anxiety
[344]. The PFS benefit in the ITT population is modest at
best. The ctDNA PIK3CA mutant subgroup may derive a
clinically meaningful benefit, if this predictive biomarker is
validated. Future will tell if this will outweigh the toxicity
associated with this pan-PI3K class I inhibitor. It is likely,
however, that clinical development will move to another
class of PI3K inhibitors.

There is hope that PI3Kα-selective inhibitors might offer
an improved therapeutic index, with greater activity and less

toxicity. Alpelisib (BYL719) and Taselisib (GDC0032) are
examples of this class of drugs. Currently, large randomized
phase III trials investigating their role are ongoing and will
provide more definitive answers concerning the future of
PIK3CA inhibitors in HR+ breast cancer (SOLAR
[Alpelisib], NCT02437318; SANDPIPER [Taselisib],
NCT02340221).

Palbociclib (Ibrance™) and Cdk4/6 Inhibitors
Translational research points to a profound deregulation of the
cyclin D1/CDK4/6/retinoblastoma (Rb) pathway in
HR-positive breast cancer, with frequent cyclin D1 amplifi-
cations, gains in CDK4 and overexpression of Rb [345, 346].
The activation of CDK4/6 by cyclin D leads to Rb phos-
phorylation and progression of the cell cycle into S phase and
is associated with resistance to endocrine therapy [296, 347].
In vitro studies showed that luminal ER-positive cell lines
(including those, which are HER2 amplified) were most
sensitive to palbociclib, an orally active, highly selective
inhibitor of the cyclin D kinases (CDK)4 and CDK6, whereas
non-luminal/basal-like cell lines were most resistant. Palbo-
ciclib preclinically demonstrates synergy with endocrine
therapies [348]. These observations served as a rationale to
develop palbociclib primarily in HR+ breast cancer. In the
randomized phase II PALOMA-1 trial, palbociclib in com-
bination with letrozole as first-line therapy for HR+ MBC in
postmenopausal patients, significantly improved PFS from
10.2 to 20.2 months in comparison to letrozole alone (HR
0.48; p = 0.0004) [349]. Based on these results, the FDA
granted palbociclib in combination with letrozole in the
first-line setting accelerated approval in 2015. Approval for
Europe by the EMA is currently outstanding, but is expected
in 2016. Subsequently, data from the randomized,
double-blind, placebo-controlled phase III trial (PALOMA-2)
confirmed the activity. In contrast to PALOMA-1,
PALOMA-2 recruited patients with advanced HR-positive,
HER2-negative breast cancer who had relapsed or progressed
during prior endocrine therapy. Patients were randomized to
fulvestrant in combination with either palbociclib or placebo.
The median progression-free survival was increased from
3.8 months in the placebo arm to 9.2 months with palbociclib
(HR 0.42; P < 0.001). Turner et al. [350] Palbociclib is very
well tolerated, with a rate of treatment discontinuation due to
AEs of only 2.6 %. Hematologic toxicities, predominantly
neutropenia and lymphopenia, make up for the most frequent
grade 3/4 toxicities. However, despite the rate of grade 3/4
neutropenia of 62 % febrile neutropenia was a rare event in
PALOMA-2 (0.6 %) and was not different when compared to
the placebo arm [350]. Other common side effects of palbo-
ciclib are leukopenia, anemia, thrombopenia, fatigue, hair
loss, and stomatitis.
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Based on these results the FDA has extended the indi-
cation of palbociclib to the combination with fulvestrant in
women progressing after or on prior endocrine therapy.

Due to a favorable toxicity profile compared to ever-
olimus in daily clinical practice, palbociclib is often used in
earlier lines. Apart from palbociclib, two further cdk4/6
inhibitors, ribociclib (LEE011), and abamaciclib
(LY2853219), are being investigated in phase III clinical
trials (MONALEESA-2; MONARCH-2). In addition, large
randomized phase III trials are currently recruiting patients
with HR-positive primary breast cancer to investigate the
role of palbociclib in the post-neoadjuvant (PENELOPE–
NCT01864746) and adjuvant setting (PALLAS–
NCT02513394).

20.2.4 PARP-Inhibitors

Homologous recombination (HR) represents an important
error-free DNA repair mechanism for double strand breaks.
HR uses the homologous sequence of the sister chromatid
which is used to precisely repair the double strand break.
The BRCA1 and BRCA2 genes are important components
of the HR machinery. In BRCA-associated tumors, the
nonmutated BRCA1/2 allele is inactivated. In turn, these
tumors accumulate double strand breaks and are character-
ized by genomic instability. The inhibition of base excision
repair in such cells leads to the accumulation of double
strand breaks during replication, which cannot be repaired
accurately due to the HR deficiency. Poly-
(Adenosine-Diphosphate)-Ribose-Polymerase (PARP) is an
enzyme centrally involved in BER. Inhibiting PARP in HR
deficient cells leads to specific synthetic lethality [351].

Phenotypic similarities between basal-like subtype and
BRCA-associated breast cancers have lead to the strategy to
select patients for PARP-inhibition by their TNBC pheno-
type. An alternative strategy is to restrict the development of
PARP inhibitors to BRCA-associated breast cancer types.
Currently several PARP inhibitor such as Olaparib, Veli-
parib, Rucaparib, Niraparib, Talazoparib (BMN673), and
others are undergoing clinical development. Olaparib was
the first PARP inhibitor to be granted regulatory approval of
recurrent high-grade serous ovarian cancer by the FDA and
the EMEA. Olaparib was first developed in a single-arm
phase II study recruiting patients with BRCA-associated
breast cancer in two consecutive cohorts treated with
100 mg bid and 400 mg bid, respectively. This trial
demonstrated a promising dose-dependent ORR of 22 %
(100 mg bid) and 41 % (400 mg bid) with a median PFS of
5.7 months for the higher dose [352]. Similar results were
observed for BRCA-associated ovarian cancer [353].

Gelmon et al. studied the efficacy of Olaparib in unse-
lected TNBC. However, they were unable to demonstrate

any confirmed responses among 26 patients included which
was in contrast to the efficacy observed in ovarian cancer in
the same trial [354]. A recent study including several BRCA-
associated solid tumors demonstrated a discouraging ORR
of only 12.9 % with a PFS of only 3.7 months in the 62
BRCA-associated breast cancers included. The ORR seemed
to be higher in breast cancer patients without prior platinum
chemotherapy (20 % vs. 9.5 %). However, again results
were more promising in the ovarian cancer cohort. Overall,
these data suggest that PARP-inhibition at least by Olaparib
is more effective in (BRCA associated) ovarian cancer than
in BRCA associated breast cancer.

As part of the I-Spy 2 trial the combination of Carboplatin
and Veliparib added to weekly Paclitaxel and followed by
Doxorubicin/Cyclophosphamide led to a doubling of the
pCR rate in the triple-negative study population from 26 to
52 %. Trial statistics predict a probability of 90 % of success
for this combination in a phase III trial [355]. Currently
several PARP inhibitors are in clinical development for
breast cancer in the adjuvant, neoadjuvant, and metastatic
setting. Table 20.10 summarizes current phase III trials
investigating PARP inhibitors in breast cancer. Olaparib is
usually well tolerated, with moderate side effects including,
nausea, vomiting as well as anorexia and fatigue. Of more
concern are long-term adverse events which include
increased rates of treatment-associated MDS and AML
especially when these drugs are used in the adjuvant setting.

20.2.5 Bone-Targeted Agents

Breast cancer patients are at risk of several skeletal com-
plications, including treatment-induced bone loss leading to
osteoporosis and an increased fracture risk. In addition, the
majority of patients with advanced breast cancer will
develop bone metastases, which can lead to pain, dysfunc-
tion, fractures, and hypercalcemia as an oncologic emer-
gency. Bone-targeted agents are used to prevent or treat
these conditions. In addition, there is data suggesting
potential role of bone-targeted agents in the adjuvant setting
to prevent recurrences and decrease mortality (Table 20.11).

20.2.5.1 Bisphosphonates
Bisphosphonates (BPs) are synthetic analogs of naturally
occurring pyrophosphates of the bone matrix. They are
subdivided into nonnitrogenous and nitrogenous (amino)
bisphosphonates, which differ partly in their mode of action
by which they inhibit osteoclasts and in their capacity to
inhibit bone absorption [356, 357]. Bisphosphonates are
clinically used for the treatment of osteoporosis, osteitis
deformans (Paget’s disease of the bone), bone metastases,
malignancy-associated hypercalcemia, and multiple
myeloma.
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Nonnitrogenous Bisphosphonates
BPs are taken up by osteoclasts via endocytosis and then
further metabolized to compounds that replace the terminal
pyrophosphate moiety of adenosine triphosphate (ATP),
forming a nonfunctional molecule that competes with ATP
in the cellular energy metabolism. Accumulation of these
metabolites inhibits the absorption capacity and induces

apoptosis by inhibiting ATP-dependent enzymes. This leads
to an overall decrease in bone absorption [356, 357].

Nitrogenous Bisphosphonates
(Amino-bisphosphonates)
Second- and third-generation, nitrogen-containing BPs, fur-
thermore block farnesyl diphosphate (FPP) synthase, a key

Table 20.10 Current Phase III trials of PARP inhibitors in breast cancer (modified after [110])

Sponsor ClinicalTrial.gov
Identifier

Trial Treatment Population Biomarker

Abbvie NCT02032277 Brightness Carboplatin-based
NAC + Veliparib/Palcebo

Triple-negative early breast
cancer

–

AstraZeneca NCT02032823 OlympiA Maintainance Olaparib/Placebo HER2-early breast cancer BRCA1/2
mutation

AstraZeneca NCT02000622 OlympiaD Olaparib versus Physician’s
choice

Advanced/metastatic
HER2-breast cancer

BRCA1/2
mutation

Abbvie NCT02163694 Brocade Carboplatin/Paclitaxel plus
Veliparib/Placebo

Advanced/metastatic
HER2-breast cancer

BRCA1/2
mutation

Tesaro NCT01905592 BRAVO Niraparib versus Physician’s
choice

Advanced/metastatic
HER2-breast cancer

BRCA1/2
mutation

BioMarin NCT01945775 EMBRACA Talazoparib versus Physician’s
choice

Advanced/metastatic
HER2-breast cancer

BRCA1/2
mutation

Source Marmé and Schneeweiss [393]. Epub 2015 Jun 24. Copyright © 2015 Karger Publishers, Basel, Switzerland
Abbreviations: NAC neoadjuvant chemotherapy

Table 20.11 Bone-targeted agents

Agent Trade name®

(selection)
Mode of action Dosing Interactions Selected adverse events and

precautions

Zoledronate Zometa® Inhibition of
osteoclasts

4 mg q4w
(q3w) IV

Absorption reduced if
taken together with
calcium, Mg, Fe
containing substances
or antacids

Acute phase reactions with flu-like
symptoms and musculoskeletal pain,
electrolyte disturbances including
hypocalcemia, hypophosphatemia,
hypomagnesenemia, renal failure,
edema, osteonecrosis of the jaw and
atypical femoral fractures. Stomach
pain, dyspepsia, inflammation and
erosions of the esophagus and
diarrhea predominantly for oral BPs
Precaution sufficient hydration!
Substitution of vitamin D and
calcium p.o. according to specific
label
Can cause fetal harm.

Ibandronate Bondronate® 6 mg q4w
(q3w) IV
or 50 mg
daily p.o.

Clodronate Bonefos® 1,600 mg
daily p.o.

Pamidronate Aredia® 90 mg
q4w (q3w)
i.v.

Denosumab Xgeva®

Prolia® (for the
treatment and
prevention of
osteoporosis
only)

Fully human
monoclonal
IgG2-anti-RANKL
antibody

Xgeva:
120 mg s.
c. q4w
Prolia:
60 mg s.c.
q6 m

None Osteonecrosis of the jaw,
hypocalcemia (severe and fatal cases
reported), hypophosphatemia, acute
phase reactions, atypical fractures,
fatigue/asthenia
Supplementation of calcium and
vitamin D required to prevent severe
hypocalcemia
Can cause fetal harm

These highlights do not include all the information needed to use the respective drugs safely and effectively. See full prescribing information for all
information needed to use these agents safely. We do not take responsibility for the correctness of the content
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enzyme of the mevalonate pathway. Loss of FPP synthesis
and its metabolites prevents posttranslational modifications
of small GTPases (Ras, Rab, Rho, and Rac), which are
crucial in the regulation of various processes important for
osteoclast function. The disruption of the mevalonate path-
way leads to the accumulation of isopentenyl pyrophosphate
(IPP) in osteoclasts, which is converted to a cytotoxic ATP
analog [356]. The potency of amino-BPs, e.g., zoledronic
acid, in preclinical experiments is substantially higher than
that of first generation bisphosphonates like clodronate
(Table 20.12) [358].

The clinical activity of BPs to prevent so-called
skeletal-related events (SREs) in patients with bone metas-
tases, defined as pathological fractures, hypercalcemia,
spinal cord compression, or the need for surgical interven-
tion or radiotherapy has been demonstrated in several phase
III trials as well as a meta-analysis [359–366]. They are also
effective in reducing bone pain and improving global quality
of life [359, 362]. In a randomized phase III trial comparing
zoledronic acid (ZA) to placebo, ZA significantly delayed
the time-to-first-SRE and reduced the overall rate of SRE by
41 % (HR 0.59, p = 0.019) compared with placebo [359].

In keeping with preclincal data, zoledronic acid has
demonstrated the highest efficacy in reducing the risk of
skeletal complications when compared to other BPs [367–
370]. It is the most commonly used BP in the oncologic
setting, however, risk of related adverse events like
osteonecrosis of the jaw (ONJ) might also be higher com-
pared to less potent BPs.

Zoledronate, clodronate, ibandronate, and pamidronate
are approved for the therapy of (bone-) metastasized breast
cancer, whereas alendronate is only approved for osteo-
porosis in postmenopausal women. Recommended agents
for the use in the United States are zoledronate (4 mg IV
every 3–4 weeks) and pamidronate (90 mg IV every 3–
4 weeks) as indicated by the National Comprehensive
Cancer Network guideline, breast cancer version 1.2016. In
addition to zoledronate and pamidronate, ibandronate and

clodronate are recommended for the treatment of bone
metastases in Europe.

According to its label, zoledronate is administered as a
4 mg intravenous infusion every 3–4 weeks with concomi-
tant substitution of calcium and vitamin D. Recent evidence
suggests that prolonging dosing intervals to 12 weeks after a
year of 3–4 weekly dosing does not compromise efficacy,
but might have fewer side effects [356, 371].

The toxicity profile of bisphosphonates is favorable, with
the most frequent side effects being acute phase reactions,
manifesting as fever, chills, and mylagias. They can be
observed in up to 55 % of patients [372] and usually occur
within 24 h of the first infusions and are short lived.
Antipyretics and anti-inflammatory drugs can successfully
alleviate symptoms. Not all BPs are associated with the same
frequency of acute phase reactions. Zoledronate has a higher
tendency compared to other BPs. Furthermore, two infre-
quent but serious adverse events are of major concern: renal
toxicity and osteonecrosis of the jaw (ONJ). ONJ is a rare
but severe event, which is reported in approximately 1.3 %
of patients treated with zoledronate in randomized trials as
therapy for bone metastases [373, 374]. The risk for devel-
oping ONJ is considerably higher during intravenous
amino-bisphosphonate therapy than in patients on oral BPs.
Most affected patients present with specific risk factors like
poor oral hygiene, history of dental extractions, preexisting
dental or paradontal disease, use of dental appliances,
radiotherapy, and concomitant administration of antiangio-
genic agents [374]. Prior to the start of IV BP therapy,
patients should be referred to a dentist or dental surgeon for
an examination. If required, dental surgical procedures
should ideally be completed before the start of the treatment
and if dental extractions become necessary during BP ther-
apy, special measures have to be taken. Other risk factors for
ONJ are corticosteroid use, diabetes mellitus, smoking, as
well as the potency of the bisphosphonate, and the duration
of use. Patient education about these serious side effects is
crucial.

Table 20.12 Summary of
different classes of
bisphosphonates and their relative
potencies

Nonnitrogenous bisphosphonates Potency in relation to etidronate [358]

First generation Etidronate 1

Clodronate 10

Tiludronate 10

Nitrogen-containing bisphosphonates

Second generation Pamidronate 100

Neridronate 100

Alendronate 500

Ibandronate 1000

Third generation Risedronate 2000

Zoledronate 10,000

20 Systemic Therapy 373



Renal toxicity is a further major concern with (IV) BPs.
Increased creatinine levels from baseline are seen in about
10 % of patients under BP therapy. The rates vary between
the individual BPs. Monitoring of serum creatinine levels
and creatinine clearance is crucial during IV BP therapy and
additional nephrotoxic drugs should be avoided if possible.
Of note, patients with metastatic cancer are at risk of kidney
failure as a result of numerous predisposing factors like
frequent administration of contrast media, analgesics, and
last but not least nephrotoxic cytotoxic agents. The use of
denosumab for this indication avoids this problem. Further
side effects include edema and electrolyte imbalances,
including hypophosphatemia, hypocalcemia and hypomag-
nesemia, and atypical fractures. Prophylactic substitution of
vitamin D and calcium is therefore recommended during BP
therapy [372]. Oral administration of BPs like ibandronate or
clodronate can also provoke dyspepsia and gastroesophageal
irritation as well as diarrhea [356].

20.2.5.2 Rank Ligand (RANKL) Inhibitors
Denosumab
Denosumab is a fully human monoclonal IgG2 antibody that
specifically targets a ligand known as RANKL (Receptor
Activator of NF-κB Ligand), which is a key mediator of
osteoclast formation, function, and survival. RANKL is
naturally expressed by osteoblasts and counterbalanced by
osteoprotegrin, its natural inhibitor to keep bone turnover in
balance. Tumor cells within the bone can secrete cytokines
(e.g., TNF, IL-1, TGF-β) which stimulate the expression and
secretion of RANKL in osteoblast. Upon binding to its
receptor (RANK), which is expressed on immature osteo-
clasts, RANKL leads to osteoclast differentiation, activation,
and survival, thereby inducing bone absorption. Denosumab
mimics the endogenous function of osteoprotegrin to prevent
bone resorption.

The clinical activity of denosumab to prevent SREs has
been evaluated in three phase III registrational trials, with
identical study design, comparing denosumab (120 mg s.c.
q28d) to IV zoledronate, the most potent BP in clinical use, in
patients with bone metastases. In the phase III trial, investi-
gating the use of denosumab in breast cancer metastasized to
the bone (n = 2046), denosumab was superior to zoledronic
acid and significantly delayed the time-to-first SRE (HR 0.82;
p = 0.01), the primary endpoint, as well as the time-to-first
and subsequent SRE (RR 0.77, p = 0.001) [375]. Consistent
results were reported for patients with bone metastases from
solid tumors in the other trials. However, denosumab did not
show superiority in patients with multiple myeloma [376–
378]. An integrated analysis demonstrated that denosumab
was also significantly superior in preventing bone pain and
improving quality of life [378, 379].

Denosumab 120 mg s.c., q28d (XGeva®) has been
approved for the prevention of SRE in patients with bone
metastases from solid tumors by the FDA in 2010 and the
EMA for Europe in 2011.

Based on a large randomized phase III trial, denosumab
60 mg s.c. (Prolia®) given every 6 months, in the US is also
indicated to increase bone mass in women at high risk for
fracture receiving adjuvant aromatase inhibitor therapy for
breast cancer [380]. In addition, in the US as well as in
Europe, denosumab 60 mg s.c. given every 6 months has
received approval for the treatment of postmenopausal
women with osteoporosis at high risk for fracture. In a large
randozimed phase III trial, denosumab reduced the risk of
new vertebral fractures by 68 % (RR 0.32; p < 0.001) [381].

As denosumab can induce severe and potentially
life-threatening hypocalcemia, supplementation of calcium
and vitamin D is essential, as is the monitoring of serum
calcium levels and the education about associated signs and
symptoms. Other relevant adverse effects include ONJ,
which occurred in 1.8 % of patients within the phase III
trials in patients with bone metastases [373], acute phase
reactions, fatigue/asthenia, hypophosphatemia, and nausea.
Atypical fractures of the femur neck are further rare events.

20.2.5.3 Adjuvant Use of Bone-Targeted Agents

Adjuvant Bisphosphonates
In addition to their ability to inhibit bone resorption in bone
metastases, preclinical data from animal models and early
clinical data suggested that bisphosphonates might also play
a role in preventing bone metastases [382]. As a conse-
quence, bisphosphonates have been investigated as adjuvant
therapies for early breast cancer. Several adjuvant trials have
reported improved bone metastases-free, disease-free, and
overall survival for oral clodronate and intravenous zole-
dronic acid [383, 384]. However, other trials failed to
demonstrate similar benefits from adjuvant bisphosphonates
[385–387]. Prespecified and exploratory subgroup analyses
in these trials suggested that benefits are restricted to post-
menopausal or older patients [388].

Finally, a large individual patient data-based
meta-analysis carried out by the Early Breast Cancer Trial-
ists’ Collaborative Group (EBCTCG), including 18766
patients treated within 26 clinical trials addressed the ques-
tion of the role of adjuvant bisphosphonate therapy. In this
meta-analysis significant effects on recurrences, distant
recurrences, bone metastases, and breast cancer mortality
were observed but proved to be small and of borderline
significance in the overall population. However, among the
11,767 postmenopausal patients within these trials, a highly
statistically significant reduction in recurrences (RR 0.86,
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p = 0.002), distant recurrences (0.82, p = 0.0003), bone
recurrences (0.72, p = 0.0002) and breast cancer mortality
(0.82, p = 0.002) was observed, whereas mortality from
other causes was unchanged. Further subgroup analysis did
not demonstrate a differential effect by type or schedule of
bisphosphonate, duration of therapy, and hormone receptor
status [389]. In contrast, no benefit from adjuvant bisphos-
phonates was seen in premenopausal patients.

Although possible explanations, why this effect is only
seen in postmenopausal women remain hypothetical, there is
some preclinical data from mouse models that support the
validity of this observation. In a mouse model, zoledronate
only inhibited the formation of bone metastases in ovariec-
tomized animals [390].

The data on adjuvant bisphosphonates are controversially
perceived and discussed amongst experts, due to the
conflicting results of the individual trials. The current 2016
version of the American National Comprehensive Cancer
Network (NCCN) guidelines does not give a statement
regarding the use of BPs in the adjuvant setting, whereas the
most recent (2016) yearly updated treatment guideline by the
“Arbeitsgemeinschaft Gynäkologische Onkologie”
(AGO) recommends the use of adjuvant BPs in post-
menopausal patients. Finally, the Panel of the 2015 St. Gallen
International Expert Consensus on the Primary Therapy of
Early Breast Cancer was divided on this question, with a small
majority supporting the adjuvant use of BPs in post-
menopausal patients and only a minority supporting their use
in premenopausal patients receiving LHRH plus tamoxifen.

Adjuvant Denosumab
Recently, a randomized, placebo-controlled phase III trial
(ABCSG-18, NCT00556374), investigating the role of adju-
vant denosumab (60 mg s.c. q6 m) reported data on the pre-
vention of clinical bone fractures during adjuvant aromatase
inhibitor therapy, its primary endpoint. The addition of
denosumab led to a 50 % relative reduction in clinical frac-
tures [391]. The substantial difference in the primary endpoint
led the independent data monitoring committee to recommend
that patients should be offered unblinding and cross over to
denosumab in case they received placebo. As a result, a
time-driven, “premature” DFS analysis (secondary endpoint)
was recommended and performed. The results of the DFS
analysis were presented at the San Antonio Breast Cancer
Symposium in December 2015. The intention to treat analysis
showed a borderline significant improvement in DFS (HR
0.816, p = 0.051), which reached significance in a sensitivity
analysis, censoring at crossover (HR 0.81, p = 0.042) as well
as in a subgroup analysis of patients with a tumor size larger
than 2 cm (HR 0.66, p = 0.017) [392]. Due to the limitations
mentioned above, the adjuvant use of denosumab 60 mg s.c.

q6 m, cannot be recommended, as yet. It does, however,
represent a valuable treatment option to prevent fractures and
bone loss in patients at risk. For a general recommendation of
denosumab as adjuvant therapy in breast cancer, results from
the randomized, placebo-controlled phase III D-Care trial
(NCT01077154) have to be awaited. This trial investigates the
efficacy of denosumab (given at higher doses of 120 mg s.c.)
to reduce recurrences in patients with early breast cancer at
high risk of recurrence.

Until further data are available, recommendations for
individual patients have to be made on an individual basis,
taking into account, bone mineral density, the risk of frac-
tures, adjuvant therapy, menopausal status, risk of recurrence
as well as potential adverse effects of bisphosphonates and
denosumab.
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21HER2-Targeted Therapy

Phuong Dinh and Martine J. Piccart

21.1 Introduction

In 1987, the initial description of the HER2 proto-oncogene
was described as a poor prognostic factor in breast cancer. In
2001, the first randomized trial of a monoclonal antibody
directed against HER2 in combination with chemotherapy
for the treatment of metastatic HER2-positive (HER2+)
breast cancer was published. In 2005, the dramatic benefit of
trastuzumab in the adjuvant setting was presented in multiple
presentations at the American Society of Clinical Oncology
(ASCO)—which significantly impacted clinical practice
worldwide. The HER2+ landscape, since, has not stopped to
evolve with research continuing in neoadjuvant strategies
and the development of new molecules for dual inhibition of
HER family of receptors.

The HER2+ subtype of breast cancer represents less than
25 % of incident breast cancers, and traditionally has been
regarded as having the more aggressive phenotype, higher
recurrence rates and reduced survival [1, 2]. The remarkable
progress in anti-HER2 therapeutics, over the last decades,
has undoubtedly improved long-term outcomes for HER2+
patients. Nonetheless, a proportion of these patients still do
poorly, and treatment resistance remains a problem. Deci-
phering the resistance mechanisms will facilitate better tai-
loring of therapy to individual patient tumors and further
improve patient outcomes.

This chapter will discuss the evolution of HER2-targeted
therapy, beginning with the initial success of trastuzumab to
the controversies that remain, and from there, to the dis-
cussion of newer anti-HER2 approaches currently under
investigation.

21.2 Targeting the HER2 Receptor

HER2 belongs to the human epidermal growth factor
receptor family of tyrosine kinases consisting of EGFR
(HER1; erbB1), HER2 (erbB2, HER2/neu), HER3 (erbB3),
and HER4 (erbB4). All these receptors have an extracellular
ligand-binding region, a single membrane-spanning region,
and a cytoplasmic tyrosine-kinase-containing domain, the
last being absent in HER3. Ligand binding to the extracel-
lular region results in homo- and heterodimer activation of
the cytoplasmic kinase domain and phosphorylation of a
specific tyrosine [3], leading to the activation of various
intracellular signaling pathways involved in cell proliferation
and survival.

HER2 was first identified as an oncogene activated by a
point mutation in chemically induced rat neuroblastomas [4],
and soon after, found to be amplified in breast cancer cell
lines [5]. In the clinic, patients with HER2 gene amplified
tumors were shown to represent less than 25 % of the human
breast population, having poorer disease-free survival [1, 6–
8], and also displaying resistance to certain chemothera-
peutic agents [9–11].

With the accumulating body of evidence supporting the
HER2 oncogene hypothesis, the HER2 receptor represented
an ideal target for anticancer therapy. By targeting HER2
receptors, either intracellularly or extracellularly, down-
stream pathways could be indirectly inhibited to induce cell
cycle arrest, apoptosis, as well as inhibition of tumor cell
invasion and metastases [12].

Up until recently, trastuzumab and lapatinib had been the
mainstays of anti-HER2 treatment in combination with
chemotherapy. Trastuzumab (Herceptin; Genentech, South
San Francisco) is a recombinant, humanized anti-HER2
monoclonal antibody that exerts its action through several
mechanisms including (1) induction of receptor
downregulation/degradation, (2) prevention of HER2 ecto-
domain cleavage, (3) inhibition of HER2 kinase signal
transduction via ADCC, and (4) inhibition of angiogenesis.
Lapatinib is a small molecule tyrosine kinase inhibitor which
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is capable of dual receptor inhibition of both EGFR and
HER2. It is an ATP mimetic that competitively binds to the
ATP-binding cleft at the activation loop of target kinases,
thereby inhibiting both kinase activities.

More recently, two additional HER2-directed therapies
have been approved for HER2+ breast cancer. Pertuzumab is
a recombinant, humanized, monoclonal antibody directed
against the extracellular dimerization domain (subdomain II)
of HER2, preventing dimerization of HER2 with other
members of the HER family, such as HER3, HER1, and
HER4. This results in inhibited downstream signaling of two
key pathways that regulate cell survival and growth (the
mitogen-activated protein kinase [MAPK] pathway, and the
phosphoinositide 3-kinase [PI3 K] pathway), in addition to
mediating antibody-dependent cell-mediated cytotoxicity
[13]. Ado-trastuzumab emtansine (T-DM1) is a human epi-
dermal growth factor receptor 2 (HER2)-targeted
antibody-drug conjugate composed of trastuzumab, a stable
linker (MCC), and the cytotoxic agent DM1 (derivative of
maytansine; mertansine). T-DM1 retains the mechanisms of
action of trastuzumab, but also acts as a, selectively delivered,
tubulin inhibitor. Following antigen-mediated binding to the
tumor cell, T-DM1 is endocytosed and intracellularly catab-
olized resulting in the release of its cytotoxic moiety [14].

21.2.1 ASCO/CAP Updated Recommendations
for HER2 Testing

A HER2 positive status is not only an adverse prognostic
marker in breast cancer but also a positive predictive marker
of response to anti-HER2 therapies. Tailored treatment
requires proper identification of these patients who are most
likely to derive benefit, and least likely to experience
unnecessary toxicity. Recently, the American Society of
Clinical Oncology and the College of American Pathologists
have updated their 2007 clinical practice guidelines for
HER2 testing in breast cancer with the 2013 version [15].
The update not only provides guidelines for the test perfor-
mance parameters, with the aim of improving test accuracy,
reproducibility, and precision, but also provides compre-
hensive recommendations on the post-analytical interpreta-
tion of the results, and requires improved communication
among healthcare providers. Notably, for in situ hybridiza-
tion interpretation, the 2013 guidelines returned to the prior
threshold of a HER2/CEP17 ratio of 2.0 or greater for posi-
tive and eliminated 1.8–2.2 as the equivocal range. Also, the
HER2 signal/nucleus ratio was accounted for, with 6.0 or
greater for positive and 4.0 to less than 6.0 for equivocal,
even in cases with a HER2/CEP17 ratio less than 2.0.

HER2 status is thus reported as an algorithm of positive,
equivocal, negative, or indeterminate. The HER2 test is
reported as positive if: (a) IHC 3+ positive or (b) ISH

positive using either a single probe ISH or dual-probe ISH.
The HER2 test is reported equivocal if: (a) IHC 2+ equivocal
or (b) ISH equivocal using single probe ISH or dual probe
ISH. For equivocal cases, a reflex test should be ordered on
the same specimen using the alternative test. The HER2 test
is reported as negative if a single test (or all tests) performed
in a tumor specimen show: (a) IHC 1+ negative or IHC 0
negative or (b) ISH negative using single probe ISH or dual
probe ISH. The HER2 test is reported as indeterminate if
technical issues prevent one or both tests (IHC and ISH)
performed in a tumor specimen from being reported as
positive, negative, or equivocal. This may occur if specimen
handling was inadequate, if artifacts (crush or edge artifacts)
make interpretation difficult, or if the analytic testing failed.

21.3 Trastuzumab in the Metastatic Setting

Since the first reports of trastuzumab’s activity in HER2+
MBC, many studies have been conducted to investigate the
optimum schedule in this patient group, both as single-agent
therapy and in combination.

21.3.1 Single-Agent Therapy in Heavily
Pretreated Patients

In an early trial evaluating weekly trastuzumab efficacy in
222 women with HER2+ MBC that had progressed after one
or two chemotherapy regimens [16], the response rate
(RR) was 15 % in the intent-to-treat population and was
significantly higher in strong HER2+ overexpressers (18 %
vs. 6 % for those with 3+ and 2+ IHC, respectively). The
median response duration was 9.1 months. Cardiac dys-
function was the most common adverse event, occurring in
5 % of treated patients, many of whom had received prior
doxorubicin. The alternative 3-weekly schedule of trastu-
zumab was investigated in a phase II study [17] of 105
patients where comparable results were achieved (overall
RR of 19 % and clinical benefit rate of 33 %). Median time
to progression (TTP) was 3.4 months (range 0.6–
23.6 months).

21.3.2 First-Line Single-Agent Therapy

The benefit of first-line trastuzumab monotherapy was
studied in 114 women with HER2+ MBC [18] randomized
to receive first-line treatment with trastuzumab 4 mg/kg
loading dose, followed by 2 mg/kg weekly, or a higher
8 mg/kg loading dose, followed by 4 mg/kg weekly. RRs in
111 assessable patients with 3+ and 2+ HER2 overexpres-
sion by IHC were 35 % (95 % CI 24.4–44.7 %) and none
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(95 % CI, 0–15.5 %), respectively. The RRs in 108
assessable patients with and without HER2 gene amplifica-
tion by FISH analysis were 34 % (95 % CI 23.9–45.7 %)
and 7 % (95 % CI 0.8–22.8 %), respectively. Interestingly,
overall RR was nearly double that reported for previously
treated patients [19]. There was no clear evidence of a dose–
response relationship for response, survival, or adverse
events.

21.3.3 Trastuzumab in Combination
with Chemotherapy

21.3.3.1 Trastuzumab and Taxanes
Preclinical studies have shown additive or synergistic
interactions between trastuzumab and multiple cytotoxic
agents, including platinum analogs, taxanes, anthracyclines,
vinorelbine, gemcitabine, capecitabine, and cyclophos-
phamide [19]. The pivotal randomized combination trials of
trastuzumab [20] demonstrated that trastuzumab plus a tax-
ane is associated with a clinical benefit that is superior to that
of a taxane alone.

The first trial enrolled 469 HER2+ MBC patients who
had not received prior treatment for advanced disease. For
those patients who had previously received anthracyclines in
the adjuvant setting or who were not suitable to receive
anthracyclines (n = 188), randomization took place between
paclitaxel with or without trastuzumab. All other patients
(n = 281) were randomized to receive an anthracycline plus
cyclophosphamide with or without trastuzumab. The addi-
tion of trastuzumab to chemotherapy was associated with a
longer TTP (median 7.4 vs. 4.6 months; P < 0.001), a
higher rate of objective RR (50 % vs. 32 %, P < 0.001), a
longer duration of response (median 9.1 vs. 6.1 months;
P < 0.001), a lower rate of death at 1 year (22 % vs. 33 %,
P = 0.008), and longer survival (median survival 25.1 vs.
20.3 months; P = 0.01 and 20 % relative reduction in the
risk of death overall) [21]. However, cardiotoxicity was
more common with combined treatment, especially with AC
plus trastuzumab (27 %), leading to the recommendation
that anthracyclines and trastuzumab should not be combined.

In a phase II study of 95 HER2-normal and HER2+ MBC
patients evaluating weekly trastuzumab and paclitaxel ther-
apy [21], the overall RR was 56.8 % (95 % CI 47–67 %). In
those with HER2+ tumors, the overall RR was higher than
those with HER2-normal tumors (range of 67–81 % com-
pared with range of 41–46 %). Treatment was associated
with grade 3/4 neutropenia in 6 %, and 3 patients had severe
cardiac complications.

In the M77001 trial which investigated the combination
of weekly trastuzumab plus weekly or 3-weekly docetaxel in
188 MBC patients, the median overall survival (OS) was
22.7 months with docetaxel alone and 31.2 months with

trastuzumab plus docetaxel. Median TTP (10.6 vs.
5.7 months) was superior for trastuzumab plus docetaxel
versus docetaxel alone [22].

In a multicenter phase II trial with 101 HER2+ MBC
patients randomized between combination therapy trastuzu-
mab plus docetaxel and sequential therapy of single-agent
trastuzumab followed at disease progression by docetaxel
alone as first-line chemotherapy [23], the median PFS was
9.4 versus 9.9 months and the 1-year PFS rates were 44 %
versus 35 %, respectively. The overall response rates
(RRs) were 79 % versus 53 %, (P = 0.016), and overall
survival was 30.5 versus 19.7 months, (P = 0.11). In the
sequential group, RRs to monotherapy trastuzumab and
subsequent docetaxel were 34 and 39 %, respectively, with a
median PFS during single-agent trastuzumab of 3.9 months.
The incidence and severity of neuropathy were significantly
higher in the combination group. Retrospective analysis of
trastuzumab treatment beyond progression (applied in 46 %
of patients in the combination group and 37 % in the
sequential group) showed a correlation with longer overall
survival in both treatment arms (36.0 vs. 18.0 months and
30.3 vs. 18.6 months, respectively). Thus, first-line treat-
ment with sequential trastuzumab, then docetaxel resulted in
a similar PFS compared with combination trastuzumab and
docetaxel, but the RR was lower and the overall survival
nonsignificantly shorter.

21.3.3.2 Trastuzumab and Platinum Salts
In addition to a possible synergistic interaction [24], in vitro
data suggests that trastuzumab may also reverse primary
platinum resistance by modulating HER2 activity [25]. The
benefit of adding platinum salts to trastuzumab-based com-
bination therapy was shown in a phase III trial comparing
trastuzumab and paclitaxel with and without carboplatin in
194 women with HER2+ MBC [26]. The addition of car-
boplatin to paclitaxel and trastuzumab significantly
improved RR (52 % vs. 36 %) and median PFS (10.7 vs.
7.1 months). Although the triple therapy was associated with
higher rates of grade 3/4 hematologic toxicity, there was no
difference in the rates of neurologic, cardiopulmonary, or
febrile complications.

In contrast, a lack of benefit for adding carboplatin to
trastuzumab plus a taxane was shown in the BCIRG 007 trial
[27], in which 263 previously untreated patients with HER2
FISH+ MBC were randomly assigned to trastuzumab plus 8
courses of either docetaxel alone (TH) (100 mg/m2 every
3 weeks) or docetaxel (75 mg/m2 every 3 weeks) plus car-
boplatin (TCH) (AUC of 6). There was no significant dif-
ference in terms of the primary endpoint, time to progression
(medians of 11.1 and 10.4 months, respectively; hazard
ratio, 0.914; 95 % CI, 0.694–1.203; P = 0.57), RR (72 %
for both groups), or overall survival (medians of 37.1 and
37.4 months, respectively; P = 0.99). Rates of grades 3 or 4
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adverse effects for doublet versus triplet therapy respec-
tively, were neutropenic-related complications, 29 and
23 %; thrombocytopenia, 2 and 15 %; anemia, 5 and 11 %;
sensory neuropathy, 3 and 0.8 %; fatigue, 5 and 12 %;
peripheral edema, 3.8 and 1.5 %; and diarrhea, 2 and 10 %.
Adding carboplatin, therefore, did not enhance docetaxel–
trastuzumab antitumor activity.

21.3.3.3 Trastuzumab Plus Vinorelbine
Trastuzumab and vinorelbine constitute effective and
well-tolerated first-line treatment for HER2+ MBC. In a
multicentre phase II study evaluating this combination in 54
women [28], the RR was 68 % (95 % CI 54–80 %). Two
patients experienced cardiotoxicity in excess of grade 1; one
patient experienced symptomatic heart failure. This combi-
nation was also shown to be effective in patients who had
progressed while receiving anthracyclines and taxanes [29–
31]. The combination of trastuzumab with vinorelbine was
well tolerated in all of these trials. There was no evidence
that this combination resulted in more cardiac events com-
pared with trastuzumab alone.

21.3.3.4 Trastuzumab with Capecitabine
Several studies have demonstrated that trastuzumab and the
5-fluorouracil prodrug, capecitabine, have at least additive
antitumor activity in human breast cancer models [32], and
this has been supported by several clinical studies. In a phase
II trial of 27 MBC patients refractory to anthracyclines and
taxanes who received capecitabine (1250 mg/m2 twice daily
for 14 of every 21 days) plus weekly trastuzumab, there
were 12 objective responses (45 %) with 4 complete
responses [33]. Nine additional patients (33 %) had disease
stabilization for at least 9 weeks, and the median PFS was
6.7 months. There was a low incidence of grade 3 or 4
adverse events. This high RR was mirrored in a phase II
study of first line trastuzumab–capecitabine therapy, in
which an objective RR of 76 % (5 CR, 14 PR) was recorded
[34]. In both phase II studies, the combination of trastuzu-
mab plus capecitabine was generally well tolerated. There
was no evidence of greater cardiotoxicity with this
combination.

21.3.3.5 Trastuzumab Plus Gemcitabine
Trastuzumab plus gemcitabine was evaluated in a phase II
study [35] with 64 patients where the majority (95 %) had
been treated with prior anthracyclines and taxanes. Gemc-
itabine (1200 mg/m2 weekly Day 1, 8 in a 21-day cycle)
plus weekly doses of trastuzumab was administered until
disease progression. The objective RR was 38 % in the
intent-to-treat population (23 of 61) and 44 % among the 39
patients with HER2 3+ expression. The median response
duration was 5.8 months, median OS was 14.7 months, and
median TTP was 5.8 months. Trastuzumab plus gemcitabine

was well tolerated with no cases of clinical congestive heart
failure.

21.3.3.6 Trastuzumab and Eribulin
Eribulin mesylate [36] is a non-taxane inhibitor of micro-
tubule dynamics in the halichondrin class of antineoplastic
drugs. Eribulin has a novel mode of action that is distinct
from those of other tubulin-targeting agents; it only binds to
the growing positive ends, inhibiting the microtubule growth
phase without affecting the shortening phase and causing
tubulin sequestration into nonproductive aggregates.

In a multicenter, phase II, single arm study of 52 patients
[37] with recurrent or metastatic HER2+ breast cancer,
eribulin mesylate at 1.4 mg/m2 was administered intra-
venously (I.V.) on days 1 and 8 of each 21-day cycle with an
initial trastuzumab dose of 8 mg/kg I.V. on day 1, followed by
6 mg/kg of trastuzumab on day 1 of each subsequent cycle.
The overall RR was 71.2 % (n = 37) with median TTR of
1.3 months, DOR of 11.1 months, and PFS of 11.6 months.
The most common grade 3/4 treatment-emergent adverse
events were neutropenia in 20 (38.5 %) patients, peripheral
neuropathy in 14 (26.9 %; all Grade 3) patients, fatigue in 4
(7.7 %) patients, and febrile neutropenia in 4 (7.7 %)
patients. Because of the high overall RR, prolonged median
PFS, and acceptable safety profile, combination
eribulin/trastuzumab is an acceptable treatment option for
locally recurrent or metastatic HER2+ breast cancer.

A Phase II study is currently being conducted to look at
the combination of eribulin, trastuzumab, and pertuzumab in
metastatic, unresectable locally advanced, or locally recur-
rent HER2+ breast cancer [38].

21.3.3.7 Trastuzumab with Polychemotherapy
Trastuzumab has also been added to combination
chemotherapy for MBC. Several studies have shown that
triple combinations are effective and produce high RRs [27,
39–44], although overlapping toxicities must be carefully
considered.

21.3.4 Trastuzumab in Combination
with Hormonal Therapy

In the estrogen receptor (ER) positive patient populations,
the rate of HER2 positivity is between 11 and 35 % [45–47].
Resistance to hormonal therapy, particularly tamoxifen,
appears to be a characteristic of ER+, HER2+ tumors [48],
and it has been hypothesized that the addition of trastuzumab
to hormonal therapy may overcome this relative resistance.
In preclinical studies, the combination of tamoxifen with
anti-HER2 antibodies can produce a greater inhibitory effect
on cell growth than either agent alone [49, 50]. There is also
some evidence that compared with tamoxifen, aromatase
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inhibitors may elicit a greater response in HER2+ tumors
[51]. Taken together, these findings provide a clear rationale
for combining trastuzumab with hormonal agents in patients
with HER2+/ER+ MBC.

In a multicenter, open-label, phase II trial assessing the
combination of letrozole and trastuzumab in 31 evaluable
patients with HER2+/ER+ MBC [52], a RR of 26 %,
including 1 CR, was reported. An additional 8 patients had
stable disease. Two patients withdrew from the study due to
toxicity (1 patient had grade 3 arthralgia and 1 patient
developed congestive heart failure).

The international, multicenter, randomized, phase III
TAnDEM trial evaluated anastrozole with or without tras-
tuzumab in the first- and second-line treatment of post-
menopausal women with HER2+/ER+ MBC [53], and
allowed for crossover at the time of progression. A total of
208 patients were randomized (103 patients received tras-
tuzumab plus anastrozole; 104 received anastrozole alone).
Patients in the trastuzumab plus anastrozole arm experienced
significant improvements in PFS compared with patients
receiving anastrozole alone (hazard ratio = 0.63; 95 % CI,
0.47–0.84; median PFS, 4.8 vs. 2.4 months; log-rank
P = 0.0016). In patients with centrally confirmed hormone
receptor positivity (n = 150), median PFS was 5.6 and
3.8 months in the trastuzumab plus anastrozole and anas-
trozole alone arms, respectively (log-rank P = 0.006).
Overall survival in the overall and centrally confirmed hor-
mone receptor-positive populations showed no statistically
significant treatment difference; however, 70 % of patients
in the anastrozole alone arm crossed over to receive trastu-
zumab after progression on anastrozole alone. Incidence of
grade 3 and 4 adverse events was 23 and 5 %, respectively,
in the trastuzumab plus anastrozole arm, and 15 and 1 %,
respectively, in the anastrozole alone arm; one patient in the
combination arm experienced New York Heart Association
class II congestive heart failure.

21.3.5 Trastuzumab After Disease
Progression

An important clinical question is whether trastuzumab
should be continued after progression on a first-line
trastuzumab-containing regimen. Preclinical data and retro-
spective analysis of clinical trials support the hypothesis that
continuing treatment with trastuzumab after disease pro-
gression may provide patient benefit [54–56].

An extension study of the pivotal phase III trial of tras-
tuzumab combined with chemotherapy as first-line treatment
evaluated the safety of continuing the biological agent
monotherapy beyond disease progression [53]. Although not
designed to evaluate efficacy, the RR to second-line trastu-
zumab was similar for patients who initially received

chemotherapy alone and for those who initially received
chemotherapy plus trastuzumab (14 and 11 % respectively),
as was median response duration (about 7 months). In
another retrospective analysis, trastuzumab alone or com-
bined with a different chemotherapy was continued beyond
disease progression in 80 patients with HER2+ MBC [54].
Continued trastuzumab appeared safe, and 32 responses
were noted (4 complete responses).

In a study of 105 patients with HER2+ MBC who had
received two or more trastuzumab-containing regimens [55],
RRs were, in fact, similar for second line as compared to
first-line therapy, with some first-line nonresponders even-
tually achieving a response in second-line treatment. Non-
fatal cardiac events were reported in 22 patients and most
patients were able to continue trastuzumab.

Two prospective trials looking at this issue prematurely
closed. The first was the US Intergroup study randomizing
patients who had progressed on taxanes plus trastuzumab to
vinorelbine versus vinorelbine plus trastuzumab. This trial
closed early due to low accrual. The other was the BIG 3-05
study [57] which randomized 152 patients who had pro-
gressed on trastuzumab to either capecitabine or capecita-
bine plus trastuzumab. This trial also closed early due to
slow accrual but the preplanned interim analysis of 119
patients showed a longer TTP favoring the combination arm
(33 vs. 24 weeks, P = 0.178), and no difference in serious
adverse events.

In a pooled analyses [58] of 2618 patients treated with
trastuzumab beyond progression in 29 studies (4 randomized
controlled phase III trials, 2 observational studies, 8
prospective nonrandomized trials, and 15 retrospective case
series), the median RR, TTP, and OS obtained from the
selected articles were 28.7 %, 7, and 24 months. This pooled
analysis confirms that continuing trastuzumab beyond the
first progression continues to be 1 of the effective and pre-
ferred choices in HER2+ MBC, failing a trastuzumab-based
first-line regimen.

In a large German observational study of 1843
trastuzumab-treated patients [59], a sub-cohort of 418 ful-
filled the selection criteria for the trastuzumab beyond pro-
gression analysis with 261 continuing trastuzumab and 157
discontinuing. Survival from progression was significantly
longer in those patients continuing trastuzumab treatment
beyond disease progression (median 22.1 months vs.
14.9 months; HR = 0.64; P = 0.00021).

21.3.6 Trastuzumab and New Drugs

21.3.6.1 Lapatinib
Lapatinib is a small molecule tyrosine kinase inhibitor which
is capable of dual receptor inhibition of both EGFR and
HER2. It is an ATP mimetic that competitively binds to the
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ATP-binding cleft at the activation loop of target kinases,
thereby inhibiting both kinase activities. Lapatinib also has
the advantage of being able to bind and inhibit p95HER2,
which is the truncated form of HER2 lacking an extracellular
domain but possessing greater kinase activity than wild-type
HER2. Because trastuzumab is unable to neither bind nor
inhibit p95HER2, its resistance may be mediated at least, in
part, through the expression of p95HER2 in disease
progression.

In single-agent phase I/II studies, lapatinib has resulted in
objective responses between 4.3 and 7.8 % in HER2+
patients who had progressed on multiple
trastuzumab-containing regimens [60], with a substantial
number having stable disease at 4 months (34–41 %) and
6 months (18–21 %).

A randomized study of lapatinib alone or in combination
with trastuzumab in 296 women [61] with HER2+
trastuzumab-refractory metastatic breast cancer was con-
ducted to investigate a chemotherapy-free option. The
combination of lapatinib with trastuzumab was superior to
lapatinib alone for PFS (hazard ratio [HR] = 0.73; 95 % CI,
0.57–0.93; P = 0.008) and CBR (24.7 % in the combination
arm vs. 12.4 % in the monotherapy arm; P = 0.01). A trend
for improved OS in the combination arm was observed
(HR = 0.75; 95 % CI, 0.53–1.07; P = 0.106). There was no
difference in overall RR (10.3 % in the combination arm vs.
6.9 % in the monotherapy arm; P = 0.46). The most fre-
quent adverse events were diarrhea, rash, nausea, and fati-
gue; diarrhea was higher in the combination arm (P = 0.03).
The incidence of symptomatic and asymptomatic cardiac
events was low (combination therapy = 2 and 3.4 %;
monotherapy = 0.7 and 1.4 %, respectively).

In the updated analyses of the combination study
EGF10151, which was a phase III randomized comparison
of lapatinib plus capecitabine versus capecitabine alone in
399 women with advanced HER2+ breast cancer that had
progressed on trastuzumab, the addition of lapatinib pro-
longed TTP with a hazard ratio (HR) of 0.57 (95 % CI,
0.43–0.77; P < 0.001) and provided a trend toward
improved overall survival (HR: 0.78, 95 % CI: 0.55–1.12,
P = 0.177), and fewer cases with CNS involvement at first
progression (4 vs. 13, P = 0.045) [62].

A multicenter phase II study of lapatinib in 242 patients
with brain metastases from HER2+ breast cancer [63]
demonstrated objective responses to lapatinib in 6 % of
patients. In an exploratory analysis, 21 % of patients expe-
rienced a ≥20 % volumetric reduction in their CNS lesions.
An association was observed between volumetric reduction
and improvement in progression-free survival and neuro-
logic signs and symptoms. Of the 50 evaluable patients who
entered the lapatinib plus capecitabine extension, 20 %
experienced a CNS objective response and 40 % experi-
enced a ≥20 % volumetric reduction in their CNS lesions.

This study confirmed the modest CNS antitumor activity of
lapatinib, with additional responses observed with the
combination of lapatinib and capecitabine.

21.3.6.2 Pertuzumab
In preclinical models, pertuzumab inhibits the growth of
HER2-overexpressing cell lines in vitro and potent synergy
is observed with the combination of trastuzumab and per-
tuzumab. Tumor regression also occurs when pertuzumab is
added after progression on trastuzumab alone [64, 65].

In a phase II single arm clinical trial, 66 patients with
HER2+ MBC who had progressed on trastuzumab were
treated with trastuzumab and pertuzumab. Trastuzumab was
given either as an 8 mg/kg IV loading dose followed by
6 mg/kg q3 weeks or as a 4 mg/kg loading dose followed by
2 mg/kg IV weekly, and pertuzumab was given as an
840 mg IV loading dose followed by 420 mg IV q3 weeks.
An objective RR of 24.2 % with a clinical benefit rate
(CBR) of 50 % was seen including 5 (7.6 %) complete
responses (CR), 11 (16.7 %) PR, and 17 (25.8 %) SD lasting
6 months or greater [66].

These results led to the phase III randomized,
double-blind trial called CLEOPATRA [67], which was a
study of 808 patients with HER2+ MBC who had not
received prior trastuzumab therapy in the metastatic setting.
These patients were randomized to receive docetaxel and
trastuzumab with either pertuzumab (THP) or placebo (TH).
Only 11 % of patients had received trastuzumab in the
adjuvant or neoadjuvant setting, thus this study primarily
tested the activity of dual HER2 monoclonal antibody
therapy in a trastuzumab-naïve population. Median PFS was
12.4 months with placebo and 18.5 months with pertuzumab
[hazard ratio (HR) 0.62 (95 % CI: 0.51–0.75), P < 0.0001].
At the time of the independent assessment of PFS, the
interim analysis of OS showed a trend in favor of the per-
tuzumab group, but this was not significant. After a
follow-up of 30 months, the results showed a statistically
significant improvement in OS favoring the
pertuzumab-containing arm, with a 34 % reduction in the
risk of death (HR: 0.66; 95 % CI: 0.52–0.84; P = 0.0008).
At median follow-up of 50 months, the statistically signifi-
cant improvement in OS in favor of the pertuzumab group
was maintained (HR: 0.68; 95 % CI: 0.56–0.84;
P = 0.0002). The median OS was 40.8 months in the control
group and 56.5 months in the pertuzumab group, with dif-
ference of 15.7 months. The objective RR in the
CLEOPATRA trial was 69.3 % in the control group and
80.2 % in the pertuzumab group. The difference in RR was
10.8 percentage points (95 % CI: 4.2–17.5; P = 0.001).
As OS at the interim analysis did not cross the stopping
boundary for significance, the statistical test result for
objective RR was considered to be exploratory. An analysis
of the incidence and time to development of CNS metastases
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[68] in patients from the CLEOPATRA trial showed that the
proportion of patients developing CNS as first site of disease
progression was similar between the control group (51 of
406, 12.6 %) and the pertuzumab group (55 of 402, 13.7 %).
The median time to progression in the CNS was
11.9 months in the control group and 15.0 months in the
pertuzumab group (HR: 0.58; 95 % CI: 0.39–0.85;
P = 0.0049). Median OS in patients who developed CNS
metastases showed a trend in favor of the pertuzumab group,
being 26.3 months versus 34.4 months in the control and
pertuzumab groups, respectively (HR: 0.66; 95 % CI: 0.39–
1.11). The difference observed was not statistically signifi-
cant for the log-rank test (P = 0.1139) but was significant for
the Wilcoxon test (P = 0.0449). In June 2012, the FDA
approved pertuzumab in combination with trastuzumab and
docetaxel for HER2+ MBC in patients who had not received
prior HER2-directed therapy or chemotherapy for metastatic
disease. The European Medicines Agency (EMA) gave its
approval in March 2013.

Several studies with pertuzumab are ongoing. In the
frontline metastatic setting, PHEREXA (NCT01026142) will
evaluate pertuzumab, trastuzumab with capecitabine in
improving PFS in 452 patients. PERUSE (NCT01572038)
will evaluate the combination of pertuzumab, trastuzumab
and taxane in the first-line treatment of 1438 HER2+ patients.
PERTAIN (NCT01491737) is a phase II study randomizing
250 patients, studying the combination of pertuzumab, tras-
tuzumab and an aromatase Inhibitor in ER+ and HER2+
MBC. VELVET (NCT01565083) is evaluating pertuzumab,
trastuzumab and vinorelbine in a single arm phase II study of
first line metastatic or locally advanced HER2+ breast cancer.

21.3.6.3 Ado-Trastuzumab Emtansine (T-DM1)
T-DM1 is an ADC consisting of DM1, a maytansinoid
antimicrotubule agent, bound to trastuzumab through
nonreducible thioether bonds. T-DM1 delivers this highly
potent cytotoxic agent specifically to HER2-expressing cells.
Once T-DM1 binds to HER2 on the cell surface, the
T-DM1-HER2 complex is internalized and the antibody
component is proteolytically degraded, releasing the DM1
into the cytoplasm [69]. Importantly, T-DM1 retains the
biologic activity of trastuzumab (i.e., HER2 signaling
blockade and induction of ADCC) [70].

Given the promising activity seen in phase I studies,
several phase II studies have been completed with the
3.6 mg/kg q3-week dosing schedule. In the single arm
proof-of-concept study that enrolled 112 patients with HER2
+ MBC who progressed on HER2-directed therapy [71]
(median of 8 prior therapies, with prior trastuzumab and
almost two-thirds (66/112) had received prior lapatinib), the
objective RR was 25.9 % (95 % CI: 18.4–34.4 %). Of 75
patients who had previously discontinued trastuzumab due to
progression, 21 achieved objective responses (ORR 28.0 %,

95 % CI: 18.2–38.9 %). Of the 66 patients who previously
had received lapatinib, the objective RR was 24.2 % (95 %
CI: 14.5–36.0 %). The median PFS was 4.6 months (95 %
CI: 3.9–8.6 months).

In a confirmatory phase II study of T-DM1 in 110 patients
who previously received chemotherapy and two
HER2-directed therapies including lapatinib and trastuzumab
[72], the objective RR was 32.7 % (95 % CI: 24.1–42.1 %)
and median PFS 7.2 months.

In the frontline setting, T-DM1 was compared
head-to-head with trastuzumab plus docetaxel (HT) in a
randomized phase II trial for the treatment of HER2+ locally
advanced or MBC [73] with 137 patients who had not
received chemotherapy for metastatic disease and if they
were ≥6 months from prior chemotherapy in the adjuvant
setting. Sixty-seven patients were treated with T-DM1,
compared to 70 patients treated with HT. The median PFS
was 14.2 months for T-DM1 versus 9.2 months for HT (HR
0.59; 95 % CI: 0.36–0.97; P = 0.035). There were three CRs
in the HT arm and seven CRs in the T-DM1 arm
(P = 0.453). For patients who received T-DM1, the ORR
was 64.2 % (95 % CI: 51.8–74.8 %) compared to 58.0 %
(95 % CI: 45.5–69.2 %) for HT. OS was similar between the
two arms, although at the time of reporting, only 13 deaths
had occurred. Compared to HT, fewer grade 3/4 AEs were
seen in the T-DM1 arm (46.4 % vs. 90.9 % for TDM-1 and
HT, respectively). Overall, T-DM1 treatment resulted in
fewer treatment discontinuations (7.2 %) compared to for
HT (34.8 %) and fewer serious AEs (20.3 % vs. 25.8 %).

The phase III randomized EMILIA trial unequivocally
demonstrated the efficacy of T-DM1 in patients with HER2
+, trastuzumab-pretreated MBC [74]. A total of 991 subjects
with HER2+ advanced breast cancer, previously treated with
taxane and trastuzumab were randomized to receive TDM-1
or lapatinib plus capecitabine. A statistically significant
improvement in ORR was seen with T-DM1 compared with
lapatinib and capecitabine (43.6 % vs. 30.8 %, P < 0.001).
Median PFS was 9.6 months for T-DM1 vs. 6.4 months
with lapatinib and capecitabine (HR 0.65; 95 % CI: 0.55–
0.77; P < 0.001), and median OS at the second interim
analysis was 30.9 versus 25.1 months (HR 0.68; 95 % CI:
0.55–0.85; P < 0.001). Fewer grade 3 or greater toxicities
were seen with T-DM1 compared to lapatinib and capeci-
tabine, with rates of 41 and 57 %, respectively. Thrombo-
cytopenia and elevated transaminases were more common
with T-DM1, while diarrhea, nausea, vomiting,
palmar-plantar dysesthesia were more common in the lapa-
tinib and capecitabine arm. Based on this seminal result,
both the FDA and EMA have licensed T-DM1 as
monotherapy for HER2+ MBC in patients who had previ-
ously received taxane and trastuzumab-based therapy [75].

TH3RESA [76] was a randomized, open-label trial
evaluating T-DM1 versus treatment of physician’s choice in
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patients who had previously received two or more
HER2-directed therapies, including trastuzumab and lapa-
tinib as well as taxane chemotherapy. A total of 602 patients
were enrolled: 404 received T-DM1 and 198 patients
received therapy per physician’s choice. For the T-DM1
arm, median PFS was 6.2 months, compared to 3.3 months
for TPC (stratified HR 0.528, 0.422–0.661, P < 0.001).
Interim OS data also demonstrated a trend toward
improvement in the T-DM1 arm (HR 0.552, 95 % CI:
0.369–0.826, P = 0.0034). T-DM1 treatment resulted in
fewer grade 3 or greater AE compared to TPC: 32 % versus
43 %, respectively. Grade 3 thrombocytopenia was the only
AE more frequently seen with T-DM1 and was seen in 5 %
of patients treated with T-DM1, compared with 2 % in the
control arm. Grade 3 neutropenia, diarrhea and febrile neu-
tropenia were all more common for TPC than for T-DM1
arm.

There are several ongoing phase II and III studies with
T-DM1. MARIANNE (NCT01120184) is a three-arm phase
III study randomly assigning 1095 patients with progressed
or recurrent locally advanced or previously untreated meta-
static HER2+ breast cancer to receive T-DM1 plus per-
tuzumab (363 patients), T-DM1 plus placebo (367 patients),
or HT (docetaxel or paclitaxel; 365 patients). At the time the
trial was initiated, the control arm represented the standard
of care for this patient population. After a median follow-up
of 35 months [77], both T-DM1—containing regimens
showed non-inferior PFS, but not superiority, over HT. The
median PFS was 15.2 months in the T-DM1 plus per-
tuzumab arm (hazard ratio [HR] 0.87, 95 % CI [0.69, 1.08];
P = 0.14), 14.1 months with T-DM1 alone (HR 0.91, 95 %
CI [0.73, 1.13]; P = 0.31) compared with 13.7 months with
HT. The overall survival data were not yet reached. The
objective response rate was 64.2, 59.7, and 67.9 % among
the T-DM1 plus pertuzumab, T-DM1 alone, and HT arms,
respectively. However, the median duration of response was
21.2 months (95 % CI [15.8, 29.3]) in the T-DM1 plus
pertuzumab arm, 20.7 months (95 % CI [14.8, 25.0]) in the
T-DM1 alone arm, and 12.5 months (95 % CI [10.5, 16.6])
in the HT arm. Rates of grade 3/4 neutropenia, febrile
neutropenia, and diarrhea were lower in the T-DM1—con-
taining arms. Rates of alopecia were also substantially lower
with T-DM1, as were health-related quality of life outcomes
as assessed by patient-reported physical and functional
well-being. The median time to a five-point or more decrease
from baseline in the Health-Related Quality of Life score
ranged from 7.7 months with T-DM1 and 9.0 months with
T-DM1 plus pertuzumab to 3.6 months with HT.

21.3.7 The Algorithm for Treating Metastatic
HER2+ Breast Cancers (ASCO
2014 Guidelines)

21.3.7.1 First-Line Therapy
HER2-targeted therapy in combination with chemotherapy
in the first-line setting is associated with improvements in
RR, PFS, TTP and OS, when compared with chemotherapy
alone. The recommended regimen is a combination of tras-
tuzumab, pertuzumab, and a taxane-based primarily on the
results of CLEOPATRA [64].

For patients who had disease recurrence greater than
12 months of trastuzumab-based adjuvant treatment, clini-
cians should follow the first-line therapy recommendation—
i.e., offer pertuzumab/trastuzumab/taxane.

For patients who had disease recurrence within 12 months
of trastuzumab-based adjuvant treatment, clinicians should
follow the second-line therapy recommendation—i.e., offer
T-DM1.

21.3.7.2 Second-Line Therapy
If a patient’s HER2+ advanced breast cancer has progressed
during or after first-line HER-2 targeted therapy, clinicians
should recommend T-DMI as a second line treatment-based
primarily on the results of EMILIA [74].

21.3.7.3 Third-Line Therapy and Beyond
If a patient’s HER2+ advanced breast cancer has progressed
during or after second-line or greater HER2-targeted treat-
ment, clinicians should recommend further HER-2 targeted
therapy. If the patient has not received TDM-1 or per-
tuzumab, then clinicians should offer TDM-1 (EMILIA [74])
or pertuzumab (informal consensus) respectively. If the
patient has received both TDM-1 and pertuzumab, options
include: lapatinib and capecitabine, as well as other combi-
nations of chemotherapy and trastuzumab, lapatinib and
trastuzumab, or hormonal therapy (in ER+ and HER2+
patients only).

21.4 Trastuzumab in the Adjuvant Setting

21.4.1 Adjuvant Trastuzumab Trials—Efficacy
Results

Current clinical guidelines clearly state that standard of care
in 2015 recommends the use of the monoclonal anti-HER2
antibody, trastuzumab, in combination with or after adjuvant
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chemotherapy in medically fit patients diagnosed with
Stage I to III HER2+ breast cancer. The four landmark
randomized trials investigating the benefit of adjuvant tras-
tuzumab National Surgical Adjuvant Breast and Bowel
Project [NSABP] B-31 and North Central Cancer Treatment
Group [NCCTG] N9831 [78], HERA [79] and Breast Can-
cer International Research Group [BCIRG] 006 [80] in their
initial analyses reported outcomes with median follow-ups
of 24–36 months. With enrollment of over 13,000 women,
the range in benefit in disease-free survival (DFS) in favor of
trastuzumab was with hazard ratios (HRs) between 0.48 and
0.67 (P < 0.0001), and the range in benefit in overall sur-
vival (OS) was between 0.59 and 0.67 (P = NS to
P = 0.015). Absolute improvements in DFS ranged from 6
to 11 %, with corresponding absolute differences in OS of
1–2.5 %.

With longer follow-up from these trials (8-year median
follow-up from HERA [79] and from the combined analyses
of NSABP B-31 and NCCTG N9831 [78]), there continues
to be statistically and clinically significant improvements in
DFS and OS. Though the magnitude of benefit, as measured
by HRs, appears to have lessened slightly over time as more
events (both relapses and deaths) occur, absolute gains in
overall survival are larger now than in earlier analyses.
Relapses unfortunately continue to occur at a relatively
constant rate over time in the trastuzumab-treated arm(s)—
with an estimated 10-year DFS of 73.7 % from the com-
bined analyses of NSABP B-31 and NCCTG N9831 [78]
(Tables 21.1 and 21.2).

21.4.2 Adjuvant Trastuzumab Trials: Safety
Results

Hypersensitivity was the most common adverse effect of
trastuzumab, and occurred mainly with the first infusion.
Unexpected short-term side effects did not emerge in any of
the trials, with the exception of 9 cases of interstitial pneu-
monitis in B-31 and N9831 [78], though the relationship to
trastuzumab is still not clearly defined. Cardiotoxicity
remains the most important adverse effect of trastuzumab.
Across the adjuvant trials, the definitions for cardiac events,
the schedules for cardiac monitoring, analyses of cardiac
endpoints and follow-up times all differed.

Nonetheless, it appeared that the incidence of cardiac
events with trastuzumab was not high, with initial reports
ranging from 0.4 % in the BCIRG 006 trial [80] and 4.1 %
in the B-31 [78] trial. Within the control arms of all studies,
the incidence of cardiac events ranged from 0 to 0.8 %. With
longer follow-up, the cumulative incidence of cardiac
adverse events plateaus, with cardiac events rarely occurring
following completion of trastuzumab treatment. In the
HERA [79] study, at 8-year follow-up, only 4.1 % of
patients experienced NYHA Class I/II cardiac dysfunction
with a left ventricular ejection fraction (LVEF) drop of 10 %
or more below baseline and to an absolute LVEF of 50 % or
less. The majority of cardiac events secondary to trastuzu-
mab were reversible in nature.

Table 21.1 Initial reports from the large adjuvant trastuzumab trials

Trial Herceptin
duration

Median
F/U

Treatment
arms

No. patients HR for DFS
(95 % CI)

2–3 year
DFS (%)

HR for OS
(95 % CI)

2 year
OS (%)

HERA [79] 1 year 24
months

Chemo 1698 77.4 95.1

Chemo → H 1703 0.64
(0.64 − 0.76)

85.8 0.66
(0.47 − 0.91)

96.0

NSABP
B-31 [78]

1 year 24
months

AC → P 1679 75.4 91.7

NCCTG
N9831

AC → P→H 1672 0.48
(0.39 − 0.59)

87.1 0.67
(0.48 − 0.93)

94.3

BCIRG
006 [80]

1 year 36
months

AC → T 1073 81 N/A

AC → TH 1074 0.61
(0.46 − 0.76)

88 0.59
(0.42 − 0.85)

N/A

TcarboH 1075 0.67
(0.54 − 0.83)

87 0.66
(0.47 − 0.93)

N/A

Abbreviations: HR hazard ratio; DFS disease-free survival; OS overall survival; H trastuzumab; NSABP National Surgical Adjuvant Breast and
Bowel Project; A doxorubicin; C cyclophosphamide; P paclitaxel; NCCTG National Central Cancer Treatment Group; BCIRG Breast Cancer
International Research Group; T docetaxel; carbo carboplatin
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21.4.3 The Sequencing and Timing
of Adjuvant Trastuzumab
Treatment

In the 4 adjuvant trials, the timing of trastuzumab initiation
varied considerably. In HERA [79], trastuzumab was
delayed for a median time of 8 months after surgery; for
4 months in the combined B-31 and N9831 [78] group, and
for 1 month in the platinum-taxane arm of BCIRG 006 [80].
In the NCCTG N9831 study, an unplanned, premature
analysis directly comparing arms C (concurrent) and B (se-
quential) showed a numerical increase in DFS (84.4 % vs.
80.1 %), favoring the concurrent arm, although it did not
meet statistical significance. There was no difference in
toxicity between the two arms either. Despite these results,
for convenience and earlier completion of therapy, it may be
overall advantageous to deliver the trastuzumab concurrent
with the taxane [81].

21.4.4 The Duration of Adjuvant Trastuzumab
Treatment

At present, the standard of care is for 1 year of adjuvant
trastuzumab therapy. The FinHer [82] was a phase III ran-
domized adjuvant trial of 1010 breast cancer patients, of
which 232 had HER2+ tumors. In the HER2+ cohort,
patients were randomly assigned to 9 weeks of trastuzumab
versus 12 months of trastuzumab, with chemotherapy. The
shorter trastuzumab treatment in FinHer produced compa-
rable hazard ratios for 3-year RFS (0.42) and OS (0.41),
although, the confidence intervals were wide for both (95 %
CI 0.21–0.83, P = 0.001 and 95 % CI 0.16–1.08, P = 0.07
respectively). This may, in part, be explained by the upfront
use of trastuzumab within a synergistic chemotherapy
combination with vinorelbine or docetaxel, or the efficacious
administration of FEC itself. Furthermore, synergism

between FEC and trastuzumab may have occurred, due to
the long half-life of trastuzumab exerting its action several
weeks after the last administration [83]. This group of
investigators has successfully completed recruitment of 2168
patients in November 2014 into a trial directly comparing the
9-weeks of trastuzumab therapy to 52-weeks—the SOLD
trial (NCT00593697)—and results are awaited.

Other studies including PHARE [84] (Protocol of Her-
ceptin Adjuvant with Reduced Exposure) and PERSE-
PHONE (no longer recruiting; results awaited), also
compared shorter duration trastuzumab (6 months) versus 1
year of standard treatment. PHARE is an open-label, ran-
domized, phase III trial with 1691 patients randomly
assigned to receive 12 months of trastuzumab and 1693 to
receive 6 months of trastuzumab. After a median follow-up
of 42.5 months, 175 disease-free survival events were noted
in the 12-month group and 219 in the 6-month
group. A 2-year disease-free survival was 93.8 % (95 %
CI 92.6–94.9) in the 12-month group and 91.1 % (89.7–
92.4) in the 6-month group (hazard ratio 1.28, 95 % CI
1.05–1.56; P = 0.29). 119 (93 %) of the 128 cardiac events
(clinical or based on assessment of left ventricular ejection
fraction) occurred while patients were receiving trastuzu-
mab. Significantly more patients in the 12-month group
experienced a cardiac event than did those in the 6-month
group (96 [5.7 %] of 1690 patients vs. 32 [1.9 %] of 1690
patients, P < 0.0001). The study failed to meet its
no-inferiority endpoint to show that 6 months of treatment
with trastuzumab was non-inferior to 12 months of
trastuzumab.

In the HERA study [79], the comparison of 2 years
versus 1 year of trastuzumab treatment involved a landmark
analysis of 3105 patients who were disease-free 12 months
after randomisation to one of the trastuzumab groups, and
was planned after observing at least 725 disease-free sur-
vival events. 367 events of disease-free survival in 1552
patients in the 1 year group and 367 events in 1553 patients

Table 21.2 Longer term follow-up from the large adjuvant trastuzumab trials

Trial Median F/U Treatment arms HR for DFS (95 % CI) DFS (%) HR for OS (95 % CI) OS (%)

HERA [79] 8 year Chemo 76.0 N/A

Chemo → H 0.76 (0.67 − 0.86) 0.76 (0.65 − 0.88) N/A

NSABP B-31 [78] 8.4 year AC → P 62.2 75.2

NCCTG N9831 AC → P→H 0.60 (0.53 − 0.68) 73.7 0.63 (0.54 − 0.73) 84.0

BCIRG 006 [80] 5.5 year AC → T 75 87

AC → TH 0.64 (0.53 − 0.78) 84 0.63 (0.48 − 0.81) 92

TcarboH 0.67 (0.54 − 0.83) 81 0.77 (0.60 − 0.99) 91

Abbreviations: HR hazard ratio; DFS, disease-free survival; OS overall survival; H trastuzumab; NSABP National Surgical Adjuvant Breast and
Bowel Project; A doxorubicin; C cyclophosphamide; P paclitaxel; NCCTG National Central Cancer Treatment Group; BCIRG Breast Cancer
International Research Group; T docetaxel; carbo carboplatin
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in the 2-year group (hazard ratio [HR] 0.99, 95 % CI 0.85–
1.14, P = 0.86). HRs for a comparison of 1 year of trastu-
zumab treatment versus observation were 0.76 (95 % CI
0.67–0.86, P < 0.0001) for disease-free survival and 0.76
(0.65–0.88, P = 0.0005) for overall survival, despite cross-
over of 884 (52 %) patients from the observation group to
trastuzumab therapy. Thus, the updated HERA results con-
firmed that 1 year of treatment provides a significant
disease-free and overall survival benefit compared with
observation, and that 2 years of trastuzumab did not produce
any additional benefit compared with 1 year of trastuzumab
[85].

21.4.5 Avoiding Anthracyclines

BCIRG 006 [80] was interesting in its suggestion that a
non-anthracycline regimen, combined with trastuzumab may
be adequate to treat HER2+ early breast cancer patients. The
study randomly assigned 3222 women with HER2+
early-stage breast cancer to receive doxorubicin and
cyclophosphamide followed by docetaxel every 3 weeks
(AC-T), the same regimen plus 52 weeks of trastuzumab
(AC-T plus trastuzumab), or docetaxel and carboplatin plus
52 weeks of trastuzumab (TCH). At a median follow-up of
65 months [86], with 656 events, the estimated disease-free
survival rates at 5 years were 75 % among patients receiving
AC-T, 84 % among those receiving AC-T plus trastuzumab,
and 81 % among those receiving TCH. Estimated rates of
overall survival were 87, 92, and 91 %, respectively. No
significant differences in efficacy (disease-free or overall
survival) were found between the two trastuzumab regimens,
whereas both were superior to AC-T. The rates of congestive
heart failure and cardiac dysfunction were significantly
higher in the group receiving AC-T plus trastuzumab than in
the TCH group (P < 0.001). Eight cases of acute leukemia
were reported: seven in the groups receiving the
anthracycline-based regimens and one in the TCH group
subsequent to receiving an anthracycline outside the study.
The addition of 1 year of adjuvant trastuzumab significantly
improved disease-free and overall survival among women
with HER2-positive breast cancer. The authors argued that
the risk—benefit ratio favored the non-anthracycline TCH
regimen over AC-T plus trastuzumab, given its similar
efficacy, fewer acute toxic effects, and lower risks of car-
diotoxicity and leukemia.

21.4.6 Small HER2+ Tumors

In the four phase 3 randomized trials involving more than
8000 patients [78–80], trastuzumab when administered in
combination with or after chemotherapy, resulted in

recurrence risk reduction by approximately 50 %, with
improvement in overall survival. However, all of these trials
focused largely on patients with stage II or stage III HER2+
breast cancers, with limited information to guide optimal
treatment of T1a–bN0 HER2+ breast cancers. Currently, no
single standard treatment regimen is recommended for
patients with stage I HER2+ breast cancer.

Several studies have examined the risk of disease recur-
rence in small HER2+ breast cancer patients who have not
received trastuzumab or, in most cases, chemotherapy. The
largest of the studies focused on 520 patients in the NCCN
[87] database who had small HER2+ breast cancers (≤1 cm).
The 5-year rate of DFS was 94 % for patients with T1bN0
ER− tumors, 93 % for T1aN0 ER− tumors, and 94–96 % for
patients with T1a–bN0 ER+ disease. A study from the M.D.
Anderson Cancer Center [88] suggested that among 98
patients with T1a–bN0 HER2-positive tumors, the 5-year rate
of recurrence-free survival was 77.1 %, and the 5-year rate of
survival free from distant recurrence was 86.4 %. In a study
of 117 node-negative, HER2-positive tumors measuring up
to 2 cm in a tumor registry in British Columbia, Canada [89],
the 10-year rate of relapse-free survival was 68.3 % among
patients with hormone-receptor-negative tumors and 77.5 %
among patients with hormone-receptor-positive tumors.
Although recurrence rates vary across these studies, the rates
range from approximately 5 to 30 %, with distant recurrences
occurring in as many as 20 % of patients with tumors mea-
suring up to 1 cm. The studies consistently suggest that the
risk of recurrence, at least in the first 5 years, is higher in the
ER- group than in the ER+ group.

Although patients with stage I HER2+ tumors are
expected to derive a smaller absolute benefit from adjuvant
therapy than those with larger or node-positive tumors, the
data suggest that they remain at more than minimal risk for a
recurrence of breast cancer, and therefore, adjuvant trastu-
zumab should be actively considered for these smaller
tumors.

In an uncontrolled, single group, multicenter,
investigator-initiated study of adjuvant paclitaxel and trastu-
zumab [90] in 406 early HER2+ breast cancer patients (tumors
≤3 cm), patients received weekly treatment with paclitaxel
and trastuzumab for 12 weeks, followed by 9 months of
trastuzumabmonotherapy.With amedian follow-up period of
4.0 years, the 3-year rate of DFS was 98.7 % (95 % CI 97.6–
99.8). A total of 13 patients (3.2 %; 95 % CI, 1.7–5.4)
reported at least one episode of grade 3 neuropathy, and 2 had
symptomatic congestive heart failure (0.5 %; 95 % CI, 0.1–
1.8), both of whom had normalization of the left ventricular
ejection fraction after discontinuation of trastuzumab. A total
of 13 patients had significant asymptomatic declines in ejec-
tion fraction (3.2 %; 95 % CI, 1.7–5.4), as defined by the
study, but 11 of these patientswere able to resume trastuzumab
therapy after a brief interruption.
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21.4.7 Trastuzumab and/or Other Targeted
Therapies

21.4.7.1 Lapatinib
The ALTTO (Adjuvant Lapatinib and/or Trastuzumab
Treatment Optimisation) trial [91] was a four-arm random-
ized adjuvant study comparing trastuzumab for 12 months
(T), lapatinib for 12 months (L), trastuzumab for 12 weeks
followed sequentially by lapatinib for 34 weeks (T → L),
and the combination of trastuzumab and lapatinib for
12 months (TL). It randomly assigned 8381 patients, of
whom 40 % had node-negative disease and 57 % had hor-
mone receptor-positive disease. Although the study was
powered for 850 DFS events, the study was analyzed at
4.5 years (median) of follow-up as per protocol stipulation
but with only 555 DFS events. At the first efficacy interim
analysis, the comparison of L to T crossed the futility
boundary, and as such, the L arm was crossed over to a
recommended course of trastuzumab for 12 months. At the
time of reporting of the efficacy of the primary endpoint at
the 2014 ASCO Annual Meeting, the 4-year DFS for the T,
T → L, and TL arms were 86, 87 and 88 %, respectively.
The HR comparing TL and T was 0.84 (0.70–1.02;
P ≤ 0.048), which was not significant, for a P ≤ 0.025 was
required for statistical significance. The interaction test for
hormone receptor status and for schedule of anti-HER2
therapy was not significant. However, numerically, the
sequential administration of anti-HER2 therapy arms had
some difference (T vs. T → L 4-year DFS of 83 % vs.
86 %, respectively), whereas the combination arms did not
(T vs. TL 4-year DFS of 90 % vs. 90 %, respectively).
Lapatinib was also associated with a greater rate of adverse
events, which subsequently led to only 60–78 % of patients
in the lapatinib treatment arms receiving at least 85 % of the
intended dose intensity of L.

TEACH (Tykerb® Evaluation After Chemotherapy) was
a placebo-controlled, multicentre, randomized phase 3 trial
which evaluated the effectiveness of 12 months of lapatinib
versus placebo, given as either immediate or delayed ther-
apy, in HER2+ early breast cancer [92]. 3161 women were
enrolled and 3147 were assigned to lapatinib (n = 1571) or
placebo (n = 1576). After a median follow-up of
47.4 months (range 0.4–60.0) in the lapatinib group and
48.3 (0.7–61.3) in the placebo group, 210 (13 %)
disease-free survival events had occurred in the lapatinib
group versus 264 (17 %) in the placebo group (hazard ratio
[HR] 0.83, 95 % CI 0.70–1.00; P = 0.053). Central review
of HER2 status showed that only 2490 (79 %) of the ran-
domized women were HER2+. 157 (13 %) of 1230 con-
firmed HER2+ patients in the lapatinib group and in 208
(17 %) of 1260 in the placebo group had a disease-free
survival event (HR 0.82, 95 % 0.67–1.00; P = 0.04).

Serious adverse events occurred in 99 (6 %) of 1573 patients
taking lapatinib and 77 (5 %) of 1574 patients taking pla-
cebo, with higher incidences of grade 3-4 diarrhea (97 [6 %]
vs. nine [<1 %]), rash (72 [5 %] vs. three [<1 %]), and
hepatobiliary disorders (36 [2 %] vs. one [<1 %]). This
study did not show any significant difference in disease-free
survival between groups when analyzed in the
intention-to-treat population.

21.4.7.2 Pertuzumab
APHINITY (NCT0135887—Adjuvant Pertuzumab and
Herceptin IN IniTial therapY of breast cancer) is a large
adjuvant study that randomized 4800 patients with stage I-III
HER2+ breast cancer to standard chemotherapy
(non-anthracycline- or anthracycline-based) concurrent with
pertuzumab/trastuzumab, or to standard chemotherapy con-
current with trastuzumab. In both arms, the same
HER2-targeted therapy is administered postchemotherapy to
complete 1 year of therapy. Recruitment has completed and
the results are awaited. Indeed, if these results were to be
positive, the addition of pertuzumab to
chemotherapy/trastuzumab in the adjuvant setting will likely
become standard of care.

21.4.7.3 Neratinib
Neratinib is an orally available,
6,7-disubstituted-4-anilinoquinoline-3-carbonitrile irre-
versible inhibitor of the HER-2 receptor tyrosine kinase with
potential antineoplastic activity. Neratinib binds to the
HER-2 receptor irreversibly, thereby reducing autophos-
phorylation in cells, apparently by targeting a cysteine
residue in the ATP-binding pocket of the receptor. Treat-
ment of cells with this agent results in inhibition of down-
stream signal transduction events and cell cycle regulatory
pathways; arrest at the G1-S (Gap 1/DNA synthesis)-phase
transition of the cell division cycle; and ultimately decreased
cellular proliferation. Neratinib also inhibits the epidermal
growth factor receptor (EGFR) kinase and the proliferation
of EGFR-dependent cells [93].

ExteNET is a double-blind phase III trial of neratinib
(240 mg orally once daily) versus placebo in 2821 women
with early-stage HER2+ (local confirmation) breast cancer
after adjuvant treatment with trastuzumab, the primary
endpoint being iDFS. At 24 months [94], patients who
received neratinib had an iDFS rate of 93.9 % compared to
91.6 % in the placebo group (hazard ratio [HR] 0.67, 95 %
CI [0.50, 0.91]; P = 0.009). There were 73 distant recur-
rences (5.1 %) in the placebo group, and 52 (3.7 %) in the
neratinib group. Patients with hormone receptor-positive
disease were observed to derive an even greater benefit with
neratinib therapy, and the iDFS rates were 95.4 % for ner-
atinib and 91.2 % for placebo (P = 0.001). There was no
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significant difference in the patients with hormone
receptor-negative disease (92.0 % vs. 92.2 %). Diarrhea was
the most common adverse event with neratinib; grade 3/4
diarrhea occurred in 39.9 % of patients compared with
1.6 % of patients who received placebo. Overall survival
data are still needed before neratinib could be considered a
new standard, and questions remain about which populations
will benefit from this therapy.

21.4.7.4 Bevacizumab
In HER2+ breast cancer, preclinical models have demon-
strated that HER2 amplification is associated with an
increase in VEGF gene expression [95]. The vascular
endothelial growth factor (VEGF) receptor family plays an
essential role in angiogenesis, and therefore, in cancer
metastases dissemination [96]. The principal agent targeting
VEGF is bevacizumab, a humanized monoclonal antibody
directed against VEGF which can reduce tumor angiogenesis
[97] and the tumor interstitial fluid pressure, leading to a
better delivery of large therapeutic molecules into solid
tumors.

The addition of bevacizumab (Avastin) to adjuvant
chemotherapy did not improve invasive disease-free survival
or overall survival in patients with high-risk HER2-positive
breast cancer in the large randomized phase III BETH trial
[98]. BETH enrolled 3509 women with HER2+
node-positive or high-risk node-negative breast cancer in
two cohorts. Cohort 1 included 3231 patients randomly
assigned to receive the non-anthracycline regimen TCH
(docetaxel, carboplatin, and trastuzumab) or TCH plus
bevacizumab. In cohort 2, 278 patients were randomly
assigned to anthracycline-based therapy with T-FEC-H
(docetaxel, fluorouracil, epirubicin, cyclophosphamide,
plus trastuzumab) with or without bevacizumab.

At a median follow-up of 38 months, the rate of invasive
disease-free survival in cohort 1 was 92 % in both TCH
arms (with and without bevacizumab), and in cohort 2, 89 %
in the anthracycline-containing arms without bevacizumab
versus 91 % with bevacizumab. This difference between the
anthracycline and non-anthracycline-containing arms was
not statistically significant.

21.5 Neoadjuvant HER2+ Approaches

21.5.1 Neoadjuvant Trastuzumab

The standard clinical use of neoadjuvant chemotherapy
today can be categorized into two populations of patients:
the locally advanced breast cancers (LABC) and the primary
operable breast cancers (POBC). The defined purpose for the
use of neoadjuvant chemotherapy for LABC is to convert a
baseline inoperable condition to an operable state. In POBC,

neoadjuvant chemotherapy has the potential to downstage a
tumor and thus convert a baseline mastectomy candidate into
a breast conservation candidate. Other advantages of deliv-
ery in the neoadjuvant setting include the ability to study
new agents with the utility of a surrogate endpoint for out-
come; the ability to obtain tumor tissue for pharmacody-
namic assessment, understanding of biology and discovery
of predictive biomarkers; earlier initiation of systemic ther-
apies; and the ability to monitor response. There remains an
ongoing debate regarding the correlation of pCR status and
long-term clinical outcomes such as DFS, EFS, and OS.
Multiple studies have repeatedly demonstrated a prognostic
effect for the cohort of patients achieving a pCR—particu-
larly those achieving a pCR in breast and lymph nodes
(tpCR). Recently, a pooled analysis of 12 large trials of
11,955 patients treated with preoperative chemotherapy with
available data on pCR and at least 3-year follow-up data on
EFS and OS was performed by the FDA (CTNeoBC pooled
analysis) [99]. The analysis demonstrated that the associa-
tion between pCR and long-term outcomes was strongest in
triple negative breast cancer and HER2+/ER− breast cancers
treated with trastuzumab. The German Breast Group also
performed a similar analysis with seven of their trials
involving 6366 patients [100]. They found similar results to
the CTNeoBC pooled analyses (Table 21.3).

The first landmark trial investigating the benefit of
neoadjuvant trastuzumab in the LABC setting was the
NOAH trial [101]. NOAH randomly selected 228 patients
with HER2+ disease to receive a neoadjuvant regimen
consisting of doxorubicin, paclitaxel, cyclophosphamide,
methotrexate, and 5-fluorouracil (CMF) with or without
concurrent trastuzumab (throughout the entire chemothera-
peutic regimen). This is the largest randomized trial of a true
locally advanced and inflammatory population to date. The
trastuzumab-treated cohort demonstrated a significantly
superior rate of pCR in breast and nodes (total pCR [tpCR];
38 % vs. 19 %; P ≤ 0.001), which ultimately translated to
an improved 3-year event-free survival (EFS; 71 % vs.
56 %, HR 0.59; 95 % CI, 0.38–0.90). Although the use of
the specific chemotherapy regimen from NOAH is not likely
to be common, the concept of neoadjuvant trastuzumab
concurrent with chemotherapy now is.

21.5.2 Lapatinib-Based Neoadjuvant
Regimens

The GeparQuinto study [102] compared trastuzumab
(8 mg/kg loading dose followed by 6 mg/kg every 3 weeks
given concurrently with chemotherapy during the preoper-
ative period) with lapatinib (1250 mg/day continuously for
12 weeks) added to a backbone of four cycles of epirubicin
(90 mg/m2) and cyclophosphamide (600 mg/m2) followed
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by four of docetaxel (100 mg/m2) in 615 patients with HER2
+ disease. A significantly higher tpCR rate (breasts and
nodes) was seen in the trastuzumab arm (30.3 % vs. 22.7 %;
odds ratio 0.68; 95 % CI, 0.47–0.97; P ≤ 0.04). Further-
more, in this study, dose reductions were required in nearly
one-third of patients receiving lapatinib, prompting a pro-
tocol amendment reducing the lapatinib dose to
1000 mg/m2. The smaller CHER-LOB study [103] was
conducted using a chemotherapy backbone of weekly
paclitaxel (80 mg/m2) for 12 weeks followed by
three-weekly 5-fluorouracil, epirubicin, cyclophosphamide
(FEC; 500/75/500 mg/m2, respectively) with either weekly
trastuzumab (4 mg/kg loading dose followed by 2 mg/kg
weekly) or lapatinib (1250 mg daily) given concurrently
with chemotherapy. This study also examined the efficacy of
a trastuzumab-lapatinib doublet with dose-adjusted lapatinib
(750 mg/day). Dual HER2 targeting substantially improved
pCR (breast and nodes) over either trastuzumab or lapatinib
alone. pCR rates were 46 % (90 % CI, 34.4–58.9 %), 25 %
(90 % CI, 13.1–36.9 %), and 26.3 % (90 % CI, 14.5–
38.1 %), respectively. As was seen in the GeparQuinto trial,
gastrointestinal toxicity with lapatinib was a significant
adverse event. More than 50 % of those receiving lapatinib

experienced diarrhea of grade 1 or higher, even after a
protocol amendment directing a dose reduction from 1500 to
1250 mg/day in the single-agent arm, and from 1000 to
750 mg/day in the doublet arm. The NeoAdjuvant Lapatinib
and/or Trastuzumab Optimization (NeoALTTO) trial [104]
was a three-armed study addressing the comparative efficacy
of single compared with dual HER2 blockade using trastu-
zumab (4 mg/kg loading dose followed by 2 mg/kg weekly),
lapatinib (1500 mg daily), or a combination (trastuzumab
standard dose and lapatinib 1000 mg daily), alongside
weekly paclitaxel (80 mg/m2) chemotherapy. This trial
scheduled a 6-week lead in period of targeted therapy alone
before introduction of paclitaxel for a further 12 weeks of
therapy. Dual HER2 targeting induced tpCR (breast and
nodes) rates in 46.8 % of patients compared with 27.6 % in
the trastuzumab alone arm (P ≤ 0.0007). There was no
statistically significant difference in pCR rates between the
trastuzumab alone and lapatinib alone arms (27.6 and 20 %;
P ≤ 0.13). The NSABP B-41 study [105] randomly selected
529 patients with HER2+ disease to receive doxorubicin
(60 mg/m2) and cyclophosphamide (600 mg/m2) every
3 weeks for four cycles, followed by weekly paclitaxel
(80 mg/m2) for a further 12 weeks with either concurrent

Table 21.3 Neoadjuvant trials of dual HER2 targeted therapies

Trial No. of patients Treatment arms Pcr (breast and nodes) (%) p 3-year EFS (%)

GeparQuinto 309 ECH → TH 31.3 P < 0.05 N/A

311 ECL→ 21.7 N/A

NeoALTTO 149 H → HP 27.6 76

154 L → LP 20.0 P = 0.13 78

152 HL → HLP 46.9 P = 0.001 84

CHER-LOB 36 HP → FECH 25 N/A

39 LP → FECL 26.3 N/A

46 HLP → FECHL 46.7 N/A

NSABP B-41 177 AC → HP 52.5 (breast) N/A

171 AC → LP 53.2 (breast) P = 0.9852 N/A

171 AC → HLP 62.0 (breast) P = 0.095 N/A

CALGB 40601 120 HP 40 (breast) N/A

67 LP 32 (breast) N/A

118 HLP 51 (breast) P = 0.11 N/A

NeoSphere 107 TH 29.0 (breast) N/A

107 PerHT 45.8 (breast) P = 0.0141 N/A

107 PerH 24.0 (breast) N/A

96 PerT 16.8 (breast) N/A

Tryphena 73 PerHFEC → PerTH 61.6 (breast) N/A

75 FEC → PerTH 57.3 (breast) N/A

77 TcarboHPer 66.2 (breast) N/A

Abbreviations: pCR pathologic complete response; EFS event-free survival; E epirubicin; C cyclophosphamide; H trastuzumab; T docetaxel;
L lapatinib; P paclitaxel; F 5-fluorouracil; NSABP National Surgical Adjuvant Breast and Bowel Project; A doxorubicin; CALGB Cancer and
Leukemia Group B; Per pertuzumab; carbo carboplatin
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weekly trastuzumab (4 mg/kg loading dose followed by
2 mg/kg weekly), 1250 mg of lapatinib daily, or weekly
trastuzumab plus lapatinib (750 mg/day). pCR was achieved
for 62 % of patients receiving combination HER2 targeting
compared with 52.5 % in the trastuzumab arm (P ≤ 0.095).
There was no significant difference between the trastuzumab
and lapatinib alone arms (52.5 % vs. 53.2 %; P ≤ 0.990).
The Cancer and Leukemia Group B 40601, a neoadjuvant
phase III trial of weekly paclitaxel (T) and trastuzumab
(H) with and without lapatinib (L) in HER2-positive breast
cancer, was presented at the 2013 ASCO Annual Meeting
[106]. This trial randomly selected 305 patients, of which
two-thirds had clinical stage II disease. The pCR rates in the
breast alone were 51 % (42–60 %) THL, 40 % (32–49 %)
TH, 32 % (22–44 %) TL. The combination arm of THL was
not significantly different from the standard arm of trastu-
zumab and paclitaxel (P ≤ 0.11).

21.5.3 Pertuzumab-Based Neoadjuvant
Regimens

In the NeoSphere trial [107], 417 women with HER2+
POBC/LABC disease were randomly selected to receive
either four cycles of neoadjuvant trastuzumab (8 mg/kg
loading dose, followed by 6 mg/kg every 3 weeks), doc-
etaxel (75 mg/m2 escalating to 100 mg/m2 as tolerated) and
pertuzumab (loading dose 840 mg, followed by 420 mg
every 3 weeks), or trastuzumab plus docetaxel, or per-
tuzumab and trastuzumab without chemotherapy, or per-
tuzumab plus docetaxel. The combination of dual-HER2
targeting and docetaxel induced a pCR (breast) for 45.8 %
(95 % CI, 36.1–55.7) compared with 29 % of those ran-
domly assigned to trastuzumab and docetaxel (95 % CI,
20.6–38.5; P ≤ 0.0141). After surgery, all patients received
three cycles of FEC and the remainder of 1 year of trastu-
zumab. pCR was achieved for 24.0 % of those receiving
pertuzumab and docetaxel and 16.8 % of women who were
treated with dual HER2 targeted therapy in the absence of
chemotherapy. Neither short nor long-term clinical outcomes
(EFS and OS) have been reported yet from NeoSphere.

TRYPHENA [108] was a phase II trial with cardiac
safety as the primary endpoint. All 225 participants received
dual HER2 targeting with trastuzumab and pertuzumab. The
three study arms were randomly assigned to 500 mg
5-fluorouracil, 100 mg epirubicin, and 500 mg/m2

cyclophosphamide (FEC100) for three cycles, followed by
docetaxel (75 mg/m2) with concurrent with trastuzumab and
pertuzumab; FEC for three cycles followed by docetaxel
with trastuzumab and pertuzumab given only alongside
docetaxel; or six cycles of docetaxel, carboplatin, trastuzu-
mab, and pertuzumab. In this trial, pCR (breast) was a

secondary endpoint, with rates ranging between 57.3 and
66.2 %, in keeping with results published in other studies.
The lack of an arm without pertuzumab limits the extrapo-
lation of these results to other studies and to standard clinical
practice. In September 2013, the U.S. Food and Drug
Administration (FDA) granted accelerated approval to per-
tuzumab in combination with trastuzumab and chemother-
apy as a neoadjuvant treatment regimen in patients with
HER2+ locally advanced, inflammatory, or early-stage dis-
ease (tumor size <2 cm or with positive lymph nodes).

21.5.4 Neratinib-Based Neoadjuvant
Regimens

Neratinib has been studied in a neoadjuvant manner as part
of the I-SPY 2 program, as well as in an extended manner in
a placebo-controlled trial in a population of patients fol-
lowing 1 year of standard adjuvant trastuzumab-based
therapy. In the I-SPY 2 trial, neratinib was given in com-
bination with weekly paclitaxel (80 mg/m2 for 12 weeks) in
both the HER2+ and HER2− cohorts [109]. All patients
subsequently received sequential doxorubicin (60 mg/m2)
and cyclophosphamide (600 mg/m2) for four cycles without
neratinib or trastuzumab before proceeding to definitive
surgery. In the HER2+ signature cohort, the pCR rate was
39 % in the neratinib plus paclitaxel arm, compared to 23 %
in the trastuzumab plus paclitaxel arm. The magnitude of
improvement in pCR was similar regardless of the hormone
receptor status in the HER2+ cohort. No significant differ-
ence in pCR rates was seen in the HER2− signature cohort.
A significant rate of grade 2–3 diarrhea was seen, however,
in the neratinib arms resulting in dose reductions/holds in
65 % of cases for neratinib (vs. 15 % in the control arm).

21.6 Other Exploratory Anti-HER2 Blockade
Strategies

The main mechanisms for resistance to anti-HER2 therapy
with trastuzumab include redundancy, reactivation and
escape. Redundancy within the HER receptor layer refers to
the ability of the pathway to continue to signal despite being
partially inhibited because of redundant ligands and receptors
that enable alternative dimerization patterns. Reactivation, on
the other hand refers to the ability to reactivate pathway
signaling at or downstream of the receptor layer such as with
activating HER or downstream mutations, or loss of down-
stream pathway negative-regulating mechanisms. Escape
refers to the use of other pathways, which may preexist or be
acquired at the time of resistance, but are not usually driving
the cancer cell when HER2 is uninhibited [110, 111].
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Multiple other pathways and mechanisms involved in
intrinsic and acquired resistance to HER-targeted therapy
have been suggested, including various receptor and cellular
tyrosine kinases (e.g., MET, IGFR-1, c-SRC, and EphA2)
[112–114], mucins [115], regulators of cell cycle and
apoptosis [116–118] and various elements of the tumor
microenvironment and the host immune system [119–121].

21.7 Conclusion

HER2 is a redundant, robust and powerful signaling path-
way and understanding the mechanisms mediating resistance
to HER2 blockade has opened new therapeutic avenues
which have resulted in significant improvements in patient
outcomes. Different combinations of anti-HER2 therapies
have been explored and the next challenge is to find pre-
dictive biomarkers to identify cohorts of patients that may
need differential combinations and/or durations of
anti-HER2 therapies. HER2+ breast cancer has, indeed,
come a long way, and trastuzumab has revolutionized the
HER2+ subtype from being one with the worst prognosis to
one arguably with the best long-term outcomes. The evo-
lution continues as the mechanisms of HER2 resistance get
further unraveled.
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22Inflammatory and Locally Advanced Breast
Cancer

Tamer M. Fouad, Gabriel N. Hortobagyi, and Naoto T. Ueno

22.1 Introduction

The term locally advanced breast cancer (LABC) includes a
variety of breast tumors with different prognoses, ranging
from neglected slow-growing tumors to the aggressive
inflammatory breast cancer (IBC). These tumors continue to
be challenging because of their high rate of relapse and
subsequent death. However, with the multidisciplinary
approach that includes preoperative systemic therapy, sur-
gery, and radiotherapy, the prognosis for these patients has
improved. In general, patients with tumors larger than
5.0 cm in diameter, patient with tumors that involve the skin
or the chest wall, or patients with fixed axillary lymph node
metastasis, or any supraclavicular, infraclavicular, or internal
mammary lymph node metastasis are considered to have
LABC. This encompasses a subset of patients with stage IIB
disease (T3N0) and stage IIIA to IIIC disease. A distinct
subtype of LABC, IBC, is a rapidly progressive disease
characterized by the presence of edema and erythema of the
skin.

This chapter reviews the epidemiology, staging, diagno-
sis, prognostic factors, molecular markers, and treatment
approaches for these malignancies. IBC, although included
in the definition of LABC, will have separate annotations
due to its distinct clinical presentation and aggressive
behavior.

22.2 Epidemiology

Since the establishment of screening programs with mam-
mography, the rate of patients diagnosed with LABC has
significantly declined. Among women who participate in
regular mammographic screening programs, less than 5 %
have stage III disease [1]. However, national and worldwide
rates remain higher, perhaps because many women from
underserved populations in the USA and other countries do
not have access to screening programs; in consequence,
LABC constitutes approximately 8–10 % of women diag-
nosed with breast cancer in the USA, while in countries with
limited resources that figure is closer to 60 % [2–4]. In terms
of age distribution, patients diagnosed with stage III con-
stituted the following proportions relative to all patients
diagnosed with breast cancer in the USA between 2003 and
2013: 22 % of patients are 29 years or younger, 15 % are
30–39 years, 10 % are 40–49 years, 10 % are 50–59 years,
8 % are 60–69 years, 7 % are 70–79 years, and 20 % are
80 years or older according to the American College of
Surgeons National Cancer Data Base statistics [4]. The same
source indicates that patients with stage III breast cancer
have a 5-year relative survival rate of 54 % and a 10-year
relative survival rate of 36 % [4]. However, LABC includes
different tumors with important variations in outcome that
not only depend on the anatomical stage and biological
tumor subtype but are also influenced by socioeconomic and
ethnic characteristics.

IBC is a rare, distinct epidemiologic form of LABC. An
analysis by Hance et al. of the Surveillance, Epidemiology,
and End Results (SEER) database [5] looked at 180, 224
histologically confirmed invasive breast cancer patients
diagnosed between the years 1988 and 2000. IBC comprised
approximately 2 % of all breast cancer cases in the database.
The mean age at diagnosis of IBC was 58.8 years, and these
patients were younger than patients with non-IBC LABC,
who tended to present at a mean age of 66.2 years
(P < 0.001). Interestingly, among women with IBC, the
median age at diagnosis was younger for African American
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women than for white women. During this time period, the
analysis also showed the incidence rate of IBC increasing by
approximately 25 % for white women (2.0–2.5 cases per
100,000 women-years) and 19 % for black women (2.6–3.1
cases per 100,000 women-years) [6]. Differences in IBC
incidence rates have also been observed within different
states in the USA, and also across different countries,
accounting for approximately 6 and 10 % of all breast
cancers in Tunisia and Egypt, respectively [7–9]. Due to the
rarity of IBC, epidemiological studies that have addressed
the etiology of IBC are sparse and mostly retrospective.
Factors such as age of menarche, menopausal status,
smoking, and alcohol consumption have not been consis-
tently associated with IBC [6, 10]. In a small retrospective
study by Chang et al. [10], high body mass index (BMI >
26.65 kg/m2) was associated with an increased risk of IBC
when compared to non-IBC patients (odds ratio >2.40, 95 %
CI 1.05–5.73). Clinical and epidemiological studies that
have investigated the clinical outcome of patients with IBC
have consistently demonstrated a worse outcome when
compared to both LABC and non-T4 breast cancer, stage for
stage [11–13]. In the SEER study by Hance et al. [5], IBC
accounted for 7 % of all breast cancer-specific deaths and
had a median survival of 2.9 years compared to 6.4 years for
patients with LABC. Anderson et al. [14] showed that the
5-year actuarial survivals for all breast cancer patients who
had either estrogen receptor (ER)-positive or ER-negative
tumors were 91 % (95 % CI, 90.8–91.2 %) and 77 % (95 %
CI, 76.6–77.5 %), respectively, when compared to IBC
patients whose corresponding survivals were 48.5 % (95 %
CI, 45.2–52.1 %) and 25.3 % (95 % CI, 22.1–28.5 %) for
ER-positive and ER-negative tumors, respectively.

22.3 Diagnosis and Staging

Like any breast cancer, LABC can be detected by mam-
mography, but most of the cases are easily palpable and even
visible since some of them represent neglected tumors pre-
sent for a long time before diagnosis. However, some LABC
can present without a dominant mass, requiring diagnostic
mammographic and sonographic assessment and, on occa-
sions, magnetic resonance imaging (MRI). Core needle
biopsy is the preferred method for histologic diagnosis.
Incisional biopsies are seldom required. Diagnosis can also
be established by fine needle aspirate (FNA). Although this
modality cannot differentiate invasive from noninvasive
tumors, it provides information about tumor grade, estrogen,
progesterone, and HER2/neu receptor status, as well as other
markers, such as p53 and Ki67. FNA may also be used to
confirm the presence of lymph node metastasis when guided
by ultrasound. Once the diagnosis of invasive cancer is
made, the patient should undergo a full staging evaluation to

determine the extent of the disease. A complete physical
examination is complemented with baseline biochemical
profile and tumor markers. Bilateral mammograms are
essential to rule out clinically occult lesions in the same or
the contralateral breast. Ultrasonography is useful to mea-
sure tumor size but is even more important to assess whether
axillary, supraclavicular, or infraclavicular lymph nodes are
involved. MRI is used mainly to define the extent of local
disease in patients for whom neither mammography nor
sonography provides clear bidimensional measurements.
Additionally, it is crucial to mark the exact tumor site with
titanium clips or other radiopaque material under mammo-
graphic or sonographic guidance before administering
neoadjuvant therapy, especially given the improved com-
plete clinical and pathological response rates with newer
regimens. This procedure is mandatory in patients who are
candidates for breast conservation surgery as well as for
accurate pathological assessment of the tumor bed [15].

Once the extent of local involvement is established,
patients should have evaluation for systemic disease. Chest
radiograph, radionuclide bone scan, and computed tomog-
raphy (CT) of the abdomen are usually obtained to rule out
distant metastases. Other tests, such as CT scan of the chest,
pelvis, or brain, and body MRI are performed if physical
examination or symptoms indicate the need for these
examinations. Increasingly, positron emission tomography
(PET) is being employed for initial staging of patients with
locally advanced breast cancer and to determine the potential
malignant nature of solitary masses in other organs [16, 17].

The diagnosis of IBC is clinical. Unlike other forms of
invasive breast cancer that usually present with a painless
mass, IBC has a variety of clinical presentations, making the
diagnosis somewhat difficult. In 1956, Haagensen [18] rec-
ognized this problem and established a set of clinical diag-
nostic criteria that are still in use. Clinical characteristics of
IBC include a painful, tender, rapidly enlarging breast, and
edema and erythema of the skin of the breast. More often
than not, a breast mass is not palpable. Other changes
associated with IBC include “peau d’orange” (skin of an
orange) appearance of the overlying skin of the breast [19]
that represents the exaggerated appearance of hair follicle
pits that occurs secondary to skin edema. Flattening, crust-
ing, and retraction of the nipple can also occur as the disease
progresses [20]. Unfortunately, most of the clinical charac-
teristics associated with IBC are nonspecific, resulting in a
significant number of cases being initially diagnosed as
mastitis or breast abscesses. This results in delays in
appropriate investigation, and together with the rapid rate of
disease progression that is pathognomonic of IBC, a sig-
nificant proportion of patients present with advanced dis-
ease. Multiple reports have shown the high frequency of
ipsilateral axillary and supraclavicular lymph node involve-
ment, with up to one-third of patients also presenting with
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distant metastases at the time of diagnosis compared to
non-IBC [5, 11, 13]. Figure 22.1 shows different clinical
presentations of IBC. The pathological characteristic of IBC
is the presence of dermal lymphatic invasion, and although
this frequently correlates with the clinical findings, it is not
always the case and therefore it is not considered

pathognomonic of IBC but is helpful in confirming the
clinical diagnosis. The TNM system from the American
Joint Committee on Cancer (AJCC) designates IBC as a T4d
tumor that is staged as either IIIB, IIIC or IV, depending on
the staging work-up [21].

Fig. 22.1 Different
presentations of inflammatory
breast cancer: mild erythema and
edema a, skin discoloration b,
classic “peau d’orange” (skin of
an orange), flattening, crusting,
and retraction of the nipple can
also occur as the disease
progresses c
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As with LABC, histologic diagnosis of invasive breast
cancer can be made by core biopsy or FNA, although two
additional skin punch biopsies are highly recommended.
Baseline assessment is the same recommended for any
LABC; unfortunately, IBC grows to advanced stages with-
out necessarily forming a palpable mass, and this pattern of
growth, which infiltrates in sheaths, as opposed to forming
masses explains why many IBCs are difficult to image with
conventional mammography. However, new imaging

techniques are being studied for the diagnosis and follow-up
of this disease. In an 80-patient study at the MD Anderson
Cancer Center, MRI was the most accurate imaging tech-
nique in detecting a primary breast parenchymal lesion in
IBC patients. Sonography was useful in diagnosing regional
nodal disease. PET/CT provided additional information on
distant metastasis [22]. Figure 22.2 shows a case of IBC
imaged by MRI and PET scan.

Fig. 22.2 Contrast-enhanced
T1-weighted fat-saturated axial
image shows asymmetric
nonmass-like enhancement in the
right breast (long arrows), with
marked global skin thickening
(short arrows) a. Coronal
PET/CT in a different plane
shows hypermetabolic right
breast mass (long arrows), and
right subpectoral adenopathy
(short arrows) b
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22.4 Management

LABC and IBC should be treated by a multidisciplinary
team, where all interested specialists (radiologists, patholo-
gists, medical oncologists, surgeons, and radiation oncolo-
gists) examine the patient, review the diagnostic tests, and
together determine the best type and sequence of treatments
before they are implemented.

22.5 Systemic Therapy

Preoperative systemic therapy (chemotherapy, HER2-
directed therapy, or hormonal therapy) is advantageous
since it has the potential of in vivo assessment of tumor
response and of reducing the extent of the primary tumor and
regional lymphatic disease to make breast conservation an
option. The selection of the appropriate preoperative therapy
should be carefully considered on a case-by-case basis.

22.5.1 Neoadjuvant Chemotherapy

22.5.1.1 Preoperative Anthracycline and Taxane
The current standard neoadjuvant regimen for the treatment
of both LABC and IBC includes anthracycline and taxane
[23]. Ever since the first clinical trials with neoadjuvant
chemotherapy were reported in the 1970s [24], several ran-
domized trials as well as in a large meta-analysis have
demonstrated that neoadjuvant and adjuvant chemotherapy
produce equivalent outcomes in both patients with operable
and locally advanced disease.

The National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-18 randomized 1523 patients with T1-3, N1-0,
and M0 breast cancer to receive either a preoperative or
postoperative regimen consisting of four cycles of doxoru-
bicin plus cyclophosphamide (AC) [25]. Overall, a clinical
complete response (CR) was seen in 35 % of patients, but
only 17 % of patients who had locally advanced disease with
a primary tumor greater than 5 cm in diameter had a clinical
CR. Rates of response to primary chemotherapy were 75 %
for all patients with LABC compared with 81 % for patients
with tumors measuring 2–5 cm in diameter and 79 % for
patients with tumors less than 2 cm. In this trial, comparison
of the adjuvant and neoadjuvant groups revealed no differ-
ences in the 5-year rates of disease-free survival (66.3 % vs.
66.7 %) or OS (80.0 % vs. 79.6 %). No survival differences
were seen in the subgroup of patients with T3 tumors.
However, in an update of the trial results presented at the
National Cancer Institute State of the Sciences Meeting, there
was significantly higher recurrence-free survival rate for
patients treated with neoadjuvant chemotherapy, although
this benefit appeared to be restricted to the premenopausal

group [25]. Similarly, the NSABP B-27 study included
women with T3 or N1 breast tumors. All patients received
four cycles of AC preoperatively and were randomized to
either no additional preoperative chemotherapy (group 1),
four additional cycles of preoperative docetaxel 100 mg/m2

(group 2), or four additional cycles of docetaxel given after
surgery (group 3). All treatment groups showed similar OS
and DFS rates [25]. Moreover, a meta-analysis of 9 ran-
domized trials that included patients with stage III showed no
differences in terms of mortality, disease progression, or
distant disease recurrence between patients who received
neoadjuvant and adjuvant treatments for breast cancer [26].

The benefit of adding a taxane to the standard
anthracycline-based neoadjuvant regimen for LABC was
confirmed in multiple studies. The NSABP-B27 trial, dis-
cussed above, demonstrated that preoperative AC followed
by docetaxel was associated with equivalent DFS and OS to
the postoperative treatment arms. Moreover, the addition of
docetaxel was associated with increased pCR rates when
compared with preoperative AC alone (26.1 % vs. 13.7 %,
P < 0.0001) [25]. A similar result was reported in a study
from MD Anderson Cancer Center, which showed that
paclitaxel followed by fluorouracil, doxorubicin, and
cyclophosphamide (FEC) resulted in improved pCR rates
from 15.7 to 28.2 % [27]. Taxanes given as a single agent
were found to be less effective than either the dose-dense or
sequential regimens. The role concurrent versus sequential
taxanes and dose-dense chemotherapy was evaluated in
more detail in the “GeparDuo” study by the German
Gynecologic Oncology Group (AGO) [28]. This phase III
study investigated 913 women with untreated operable
breast cancer (T2-3, N0-2, and M0) randomly assigned to
receive either doxorubicin plus docetaxel (concurrent) every
14 days for four cycles with filgrastim support, or doxoru-
bicin plus cyclophosphamide every 21 days followed by
docetaxel every 21 days for four cycles each (sequential).
The likelihood of achieving pCR was significantly greater
with sequential docetaxel (14.3 %; n > 63) than with con-
current (7.0 %; n > 31) (odds ratio, 2.22; 90 % CI, 1.52–
3.24; P < 0.001).

22.5.1.2 Platinum Agents
The addition of carboplatin to neoadjuvant therapy for
patients with locally advanced TNBC stems from its activity
in the treatment of metastatic TNBC as well as from its
proposed role in TNBC associated with BRCA1 mutation
carriers. In the German GeparSixto trial, patients received a
3-drug backbone neoadjuvant regimen consisting of pacli-
taxel and nonpegylated liposomal doxorubicin with beva-
cizumab and were then randomized to either additional
carboplatin (weekly) or no carboplatin [29]. Patients who
received additional carboplatin experienced significantly
higher pCR rates (53 % vs. 37 %). However, this was also
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accompanied by a higher rate of toxicity-associated treat-
ment discontinuation (49 % vs. 36 %) in the carboplatin
arm. In the CALGB 40603 phase II trial, patients received
weekly paclitaxel plus dose-dense AC and were randomly
assigned to concurrent carboplatin and/or bevacizumab [30].
The improved pCR rate (54 % vs. 41 %) seen with the
addition of carboplatin was again associated with more
severe (grade 3/4) toxicity. In this study, only 80 % of
patients who were assigned to receive carboplatin were able
to complete all four doses due to therapy-related adverse
effects. Similarly, improved pCR rates were seen in the
adaptive multicohort phase II trial, I-SPY 2, which randomly
assigned patients with TNBC to receive dose-dense AC/T
plus or minus the combination of carboplatin and an oral
PARP inhibitor (veliparib). Whether this improvement was
attributed to carboplatin, veliparib, or the combination was
not determined [31]. Despite consistently higher pCR rates
associated with carboplatin in these trials, it comes at the
expense of significant treatment-related toxicity and delays
and it is not clear if this translates into long-term benefits.
This has led many to express caution regarding the routine
incorporation of carboplatin in the treatment of patients with
triple-negative disease.

22.5.1.3 Other Noncross-Resistant Agents
The GeparTrio study tested the role of noncross-resistant
chemotherapy after no clinical response to two cycles of
docetaxel, doxorubicin, and cyclophosphamide (TAC) [32].
Patients with histologically confirmed invasive, unilateral, or
bilateral breast cancer were included in the GeparTrio study.
LABC was eligible and randomized to a different stratum.
Six-hundred and twenty nonresponding patients were ran-
domized to continue TAC or to receive a combination of
vinorelbine and capecitabine for four cycles. The pCR rates
were similar and quite low in both arms of the study (5.3 %
vs. 5.9 %, P > 0.7). This study, as well as the Aberdeen
neoadjuvant trial [33], shows the low probabilities of pCR in
clinical nonresponders to initial chemotherapy. Similar
results were confirmed later in the GeparQuinto [34].

22.5.2 Preoperative HER2-Directed Therapy

22.5.2.1 Trastuzumab
Several prospective studies of LABC have addressed the role
of trastuzumab in combination with primary systemic
chemotherapy in patients with HER2-positive tumors. The
first study reported used a combination docetaxel and cis-
platin every 3 weeks with weekly trastuzumab for four
cycles in 48 patients (including some IBC patients). The
pCR rate was 17 % in breast and axilla, and the regimen was
well tolerated [35]. A second single-arm study used a
combination of docetaxel and trastuzumab in 22 patients.

They reported a clinical complete response (CR) rate of
40 %, including nine patients with IBC [36]. The NOAH
(NeOAdjuvant Herceptin) trial [37, 38] is the largest inter-
national phase III randomized trial of neoadjuvant trastuzu-
mab in combination with chemotherapy in patients with
HER2-positive LABC. All patients received neoadjuvant
chemotherapy with three cycles of doxorubicin–paclitaxel, 4
cycles of paclitaxel, and 3 cycles of cyclophosphamide/
methotrexate/5-fluorouracil. Patients with HER2-positive
tumors (n > 288) were randomized to receive concomitant
trastuzumab or chemotherapy alone. Addition of trastuzu-
mab significantly improved the pCR rate (43 % vs. 23 %,
P > 0.002). The authors concluded that neoadjuvant trastu-
zumab in combination with chemotherapy is feasible and
highly active in patients with HER2-positive LABC.
A pooled analysis of two randomized studies of neoadjuvant
trastuzumab, including the NOAH trial above, confirmed the
improved pCR rates, lower relapse rates, and a trend toward
lower mortality associated with the administration of tras-
tuzumab [37, 39, 40]. The largest benefit was observed in
locally advanced patients.

22.5.2.2 Pertuzumab
Pertuzumab is a recombinant, humanized, monoclonal anti-
body that inhibits dimerization of HER2 and has a comple-
mentary mechanism of action to trastuzumab by binding to a
different epitope of the HER2 receptor. The combination of
pertuzumab with trastuzumab and docetaxel as a neoadjuvant
regimen received accelerated approval by the FDA in the
neoadjuvant setting for patients with HER2-positive locally
advanced tumors. This was based on higher pCR levels seen
with the combination in two phase II trials: NeoSphere and
TRYPHAENA. Both studies included patients with IBC. The
NeoSphere trial randomized patients into one of four groups:
trastuzumab plus docetaxel, pertuzumab plus docetaxel,
pertuzumab and trastuzumab, or the combination all of three
drugs. The combination of pertuzumab plus trastuzumab and
docetaxel was associated with higher pCR rates compared to
trastuzumab plus docetaxel (45.8 % vs. 29 %; P = 0.0063)
[41]. A 5-year analysis that was recently published shows
overlapping confidence intervals for both PFS and DFS [42].
Similarly, in the TRYPHAENA trial, 223 women with
operable, locally advanced, or inflammatory HER2-positive
breast cancer were assigned to receive trastuzumab plus
pertuzumab and randomly assigned to receive either con-
current FEC followed by concurrent docetaxel, FEC alone
followed by concurrent docetaxel or concurrent docetaxel
and carboplatin [43]. The incidence of adverse cardiac events
was low (≤5 %), and the pCR rates were equivalent across all
three arms (62, 57, and 66 %). Surprisingly, both these trials
report high pCR rates even when dual HER2-targeted therapy
is given without chemotherapy, particularly in patients with
ER-negative disease.
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22.5.2.3 Lapatinib
Lapatinib is a dual tyrosine kinase inhibitor, which targets
the HER2/neu and epidermal growth factor receptor (EGFR)
pathways. The GeparQuinto is a phase III trial that compared
the addition of either lapatinib or trastuzumab to four cycles
of epirubicin/cyclophosphamide followed by docetaxel. The
pCR rate was higher in patients who received trastuzumab
plus chemotherapy compared to patients who received lap-
atinib plus chemotherapy (30.3 % vs. 22.7 %, P = 0.04)
[44]. The lapatinib regimen was less tolerated and, given the
inferior results, is not recommended in place of trastuzumab.

Several trials have explored the potential of combining
two HER2-targeting therapies in the neoadjuvant setting.
The NeoALTTO trial randomized patients into one of 3
arms: lapatinib plus paclitaxel, trastuzumab plus paclitaxel,
or the combination of lapatinib and trastuzumab plus pacli-
taxel [45]. The combination arm was associated with a pCR
rate of 51.3 % or an increase of 21.1 % above the trastu-
zumab arm (P = 0.0001), whereas there was no difference
between the lapatinib and trastuzumab arms. The combina-
tion arm was also associated with higher grade (3/4) toxicity
compared to trastuzumab alone. The extraordinary pCR rates
reported in the NeoALTTO trial have been the subject of
much debate after the results of two trials, the NSABP B-41
and the recently published CALGB 4060, failed to show a
statistically significant difference in pCR rates between the
combined trastuzumab–lapatinib arms and single-agent
HER2-directed therapy [46, 47]. Moreover, a follow-up of
the NeoALTTO showed no difference in terms of event-free
survival or overall survival between treatment groups [48].

22.5.3 Neoadjuvant Endocrine Therapy

The role of neoadjuvant hormonal therapy for patients with
LABC with hormone receptor-positive tumors has been
assessed in several small studies. Veronesi et al. [49] treated
46 postmenopausal women with LABC with no inflamma-
tory signs with tamoxifen. At 6 weeks, 17 % of patients had
an objective response; with further therapy, 30 % of all
patients achieved responses. Although these response rates
are somewhat lower than those typically reported for
chemotherapy, this study demonstrated that hormonal ther-
apy is a safe and effective alternative in postmenopausal
women for whom chemotherapy may not be an option.
The MD Anderson Cancer Center experience with neoad-
juvant tamoxifen includes a single-arm trial of 47 patients
with LABC who either were older than 75 years or had
severe comorbid conditions that precluded the use of
chemotherapy. After 6 months of therapy, 47 % of patients
had achieved an objective response and 6 % of patients had
a CR. At a median follow-up of 40 months, 49 % of all
patients remained disease-free [50]. More recently, the

Grupo Español de Investigación del Cáncer de Mama
(GEICAM) conducted a randomized phase II study in which
95 luminal breast cancer patients were assigned to receive
either four cycles of neoadjuvant EC followed by four cycles
of docetaxel or 24 weeks of exemestane (with LHRH analog
in premenopausal patients) [51]. Clinical response rate was
higher in the chemotherapy arm (66 % vs. 48 %); however,
only 3 patients in the chemotherapy arm achieved pCR and
none of the patients in the exemestane arm did. Grade 3 or 4
toxicity was significantly higher in the chemotherapy arm
(47 % vs. 9 %) in this study. These results confirm that
induction hormonal therapy is less effective than
chemotherapy. However, for postmenopausal patients who
cannot tolerate or decline chemotherapy, hormonal treatment
is a viable alternative.

When it comes to the choice of neoadjuvant endocrine
therapy, evidence suggests higher response rates with aro-
matase inhibitors compared to tamoxifen (55 % vs. 36 %) in
patients with hormone receptor-positive breast cancer who
were ineligible for breast-conserving surgery [52].
The PROACT trial (PreOperative Anastrozole Compared
with Tamoxifen) randomly assigned 451 women with hor-
mone receptor-positive breast cancer to treatment with three
months of either neoadjuvant anastrozole or tamoxifen [53].
The study included patients with both operable and inoper-
able breast cancer. Overall response rates were similar for
both treatment options. These studies established the benefit
of neoadjuvant hormonal therapy in a subset of patients not
treated with chemotherapy. However, for postmenopausal
patients who can tolerate chemotherapy, this remains the
recommended treatment.

22.5.4 Investigational Therapy

22.5.4.1 Angiogenesis Inhibitors
The benefit of incorporating angiogenesis inhibitors in the
preoperative treatment of LABC remains unclear. Data on
the use of bevacizumab in the adjuvant setting come from
four clinical trials, GeparQuinto, CALGB 40603, NSABP
B-40, and the recently published ARTemis. The German
GeparQuinto trial randomized patients with breast cancer
including those with locally advanced T3 and T4 breast
cancer and IBC into one of 5 treatment arms. Initial reports
found a significantly higher pCR rate in the bevacizumab
arm in patients with hormone receptor-negative disease only
[54]. Despite the encouraging results from GeparQuinto, a
recent update failed to show an improvement in DFS or OS
rates among patients who received bevacizumab [55]. In the
CALGB 40603 phase II trial, patients received weekly
paclitaxel plus dose-dense AC and were randomly assigned
to concurrent carboplatin and/or bevacizumab [30]. The
addition of bevacizumab improved pCR rates (59 % vs.
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48 %, P = 0.0089). However, the CALGB 40603 study did
not support the addition of bevacizumab in patients with
TNBC when the definition of pCR included the presence of
residual tumor in the axilla, and it is not known whether this
approach improves survival. Consistent with these results,
the phase III ARTemis study also confirmed that the highest
pCR rates associated with neoadjuvant bevacizumab were
seen among ER-negative and minimally ER-positive patients
[56]. In contrast to the other 3 trials, the NSABP B-40
reported the highest pCR rates associated with incorporation
of bevacizumab in patients with hormone receptor-positive
rather than negative tumors [57]. Results of the secondary
outcomes of the NSABP B-40 published in 2015 reported an
improved OS associated with bevacizumab, in contradiction
to other studies [58]. At this time, it is not clear which
patients are most likely to benefit from the addition of
angiogenesis inhibitors. Given the high rates of serious
adverse events and the regulatory restrictions on its use in
the treatment of breast cancer, bevacizumab should only be
administered within a well-designed clinical trial.

22.5.4.2 mTOR Inhibitors
The GeparQuinto trial also evaluated the use of the m-TOR
inhibitor, everolimus, in combination with paclitaxel in
patients who did not respond to neoadjuvant EC with or
without bevacizumab. No difference in pCR rates (3.6 % vs.
5.6 %) was reported, and almost 50 % of patients in the
combination arm are reported to have terminated therapy due
to toxicity [54].

22.5.4.3 PARP Inhibitors
Poly(ADP-ribose) polymerases (PARP) inhibitors cause
DNA damage by inhibiting enzymes involved in
DNA-damage repair. This is thought to be particularly
effective in tumors with defective BRCA1 or BRCA2 genes
that are also involved in DNA repair. The role of the oral
PARP inhibitor, veliparib, was evaluated in the neoadjuvant
treatment of TNBC in the multiple cohort adaptive phase II
trial, the I-SPY 2 (Investigation of Serial Studies to Predict
Your Therapeutic Response with Imaging and Molecular
Analysis 2). Patients with TNBC who received veliparib and
carboplatin in addition to neoadjuvant dose-dense AC/T
achieved higher pCR rates compared to those who did not
(52 % vs. 26 %) [59]. Despite being encouraging, there was
no way to determine whether the improved rates were due to
carboplatin, the PARP inhibitor, or the combination.

22.5.5 Immunotherapy

Checkpoint inhibitors are antibodies that block immunoin-
hibitory receptors (e.g., CTLA-4 or PD-1) that are expressed
on tumor cells, thus rendering tumors more susceptible to

attack by cytotoxic T cells. Since their successful use in
advanced melanoma, there has been considerable interest in
their role in locally advanced triple-negative and inflamma-
tory breast cancer. The Keynote 173 is an ongoing trial
(NCT02622074) of pembrolizumab plus neoadjuvant
chemotherapy in locally advanced triple-negative breast
cancer. Pembrolizumab is an anti-PD1 antibody, which
provides dual ligand blockage of PD-L1 and PD-L2 with
recent approval in melanoma and clinical activity reported in
multiple tumor types. Similarly, MPDL3280A is a novel
PDL-1 inhibitor that is currently being tested in combination
with nab-paclitaxel in neoadjuvant treatment of locally
advanced TNBC (NCT02530489).

22.5.6 Systemic Therapy in Patients Who Do
not Achieve PCR

Additional postoperative chemotherapy is not recommended
in patients with LABC or IBC who have completed a full
course of neoadjuvant chemotherapy, even in those who
have not achieved pCR [60, 61]. Nonetheless, several
ongoing trials are designed to assess the efficacy of new
agents in patients who do not achieve pCR. These include
the KATHERINE trial (NCT01772472), which compares
TDM-1 and trastuzumab in patients with HER2-positive
tumors who do not show pCR. OLYMPIA (NCT02032823)
is a phase II trial that investigates the efficacy of olaparib in
patients with TNBC who are BRCA1/2 carriers and have
residual tumors after neoadjuvant chemotherapy. PENE-
LOPE (NCT01864746) examines the role of the cyclin D
kinase 4/6 inhibitor, palbociclib, when combined with
endocrine therapy who have residual cancer in the lymph
nodes (Table 22.1 and Fig. 22.3).

22.5.7 Systemic Therapy for Inflammatory
Breast Cancer

IBC is a challenging clinical entity characterized by rapid
progression and early dissemination. Before the introduction
of combination chemotherapy in the treatment paradigm,
IBC was a uniformly fatal disease with fewer than 5 % of
patients, treated with either surgery and/or radiotherapy,
surviving past 5 years, with an expected median survival of
less than 15 months [69]. Its management in the last
40 years has evolved [20], with current treatment guidelines
emphasizing the use of a multidisciplinary approach [70]
using neoadjuvant systemic therapy followed by locore-
gional treatment, including surgery and RT.

Historically, the use of surgery [71], RT [72], or a com-
bination of the two [73] improved locoregional control rates
but had minimal effect on survival, and most patients died of
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distant disease. One of the earliest studies that showed the
benefit of neoadjuvant chemotherapy in the treatment of IBC
was a retrospective analysis of 179 patients with stage
III IBC, in which patients who received chemotherapy fol-
lowed by surgery and RT had a superior 5-year disease-free
survival of 40 % compared to 24 % for patients who
received surgery and RT, and with 6 % for patients who
received radiation alone [74]. Several other studies have
confirmed the survival advantage conferred by the addition
of neoadjuvant chemotherapy to locoregional therapy, as
well as the higher survival outcomes for patients who
achieve a clinical CR or a pCR [75, 76].

The use of anthracycline-based chemotherapy is known to
improve both disease-free survival and OS in breast cancer
patients [76]. The MD Anderson group compared four
anthracycline-containing regimens in combination with
locoregional therapy in a total of 242 patients with IBC
[77–80]. All four regimens had equal efficacy, with an overall
response rate of 72 % and a pCR rate of 12 % after neoad-
juvant chemotherapy. Patients who achieved either a com-
plete or a partial response had 15-year OS rates of 51 and
31 %, respectively, compared to 7 % for those who achieved
minimal response. The addition of taxanes to anthracycline
neoadjuvant chemotherapy in the treatment of IBC has also
shown benefit. A study from MD Anderson compared FAC

Table 22.1 Clinical and
pathological response for stage III
breast carcinoma after combined
modality treatment

Authors Year Regimen No. of
patients

Pathological
CR (%)

Clinical
response (%)

NSABP B-18
[26]

2005 ACx4 743 13 79

Estevez [62] 2003 Weekly Doc 56 16 68

Buzdar [63] 1999 Pacx4 versus FACx4 174 8
16

80
80

Aberdeen trial
[64]

2002 CVAPx8
CVAPx4 → Docx4

50
47

16
34

66
94

GeparDuo [28] 2005 A + Doc
AC → Doc

455
458

8
16

77
87

NSABP B-27
[65]

2003 ACx4
ACx4 → Doc

762
752

9
19

86
91

AGO [66] 2002 E + Pacx4
Ex3 → Pacx4

233
242

N/A Clinical CR:
10
18

GeparQuattro
study [66]

ECx4 → Doc + Cap + Tz 456 19
45

N/A

TECHNO trial
[66]

ECx4 → Pac + Tz 217 39 N/A

Coudert [67] 2006 Docx6 + Tz 33 42 88

Penault-Llorca
[68]

Various regimen
Without trastuzumab

51
287

23
7

N/A

Buzdar [39] 2007 Pacx4 → FECx4
Pacx4 → FECx4 + Tz

42 26
65

N/A

NOAH trial [37,
38]

2010 AP → Pac → CMF
AP → Pac → CMF + Tz

235 19
38

N/A

NeoALTTO
trial [45, 48]

Lap + Pac
Tz + Pac
Lap + Tz + Pac

450 24
29
51

53
30
67

NeoSphere [41,
42]

2012 TH
THP
HP
TP

417 29
46
17
24

81
88
66
74

TRYPHAENA
[43]

2013 Tz + Pz + FEC → Doc
FEC → Doc + Tz + Pz
Doc + Carbo + Tz + Pz

225 62
57
66

Clinical CR:
50
28
40

CT chemotherapy; NA not available; RT radiation therapy; S surgery
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(fluorouracil/doxorubicin/cyclophosphamide) alone with
FAC followed by paclitaxel, in patients with IBC, and
showed higher pCR rates (25 % vs. 10 %) and higher median
OS and progression-free survival in the group receiving the
additional taxane, although the survival differences were
limited to the patients with ER-negative tumors [81].

A high incidence of HER2 overexpression has been
observed in patients with IBC, suggesting the appropriate
setting for the use of trastuzumab. Several prospective studies
mentioned above that included patients with IBC have
addressed the issue of trastuzumab in combination with
neoadjuvant chemotherapy. The first trial, from the University
of Miami, used a combination docetaxel and cisplatin every
3 weeks with weekly trastuzumab for four cycles in 33
patients with LABC and IBC, achieving pCR rate of 22 %
[35]. A second study, from Baylor College of Medicine in
Houston, combined docetaxel with trastuzumab in 22
patients, nine of which had IBC: 40 % of all patients had a
complete clinical response [36]. The NOAH trial focused on
LABC and included patients with IBC; 235 of them had
HER2-positive disease and were randomized to either
chemotherapy, or chemotherapy plus concomitant trastuzu-
mab. pCR rates were 38 % in the group that received addi-
tional trastuzumab and 19 % in the group that received
chemotherapy alone. These results, in combination with the
survival advantage seen with the addition of adjuvant trastu-
zumab [82, 83] in early stage breast cancer patients, indicate
an important role for trastuzumab in the treatment of patients
with HER2-overexpressed/HER2-amplified IBC. Further-
more, lapatinib, a potent dual (ErbB1 and ErB2) reversible,

tyrosine kinase inhibitor, is also being currently studied in
patients with HER2-overexpressed IBC. A phase II trial to
confirm the sensitivity of IBC to lapatinib and to determine
whether response is HER2- or EGFR-dependent was com-
pleted by Johnston et al. [84] in 45 patients with recurrent or
anthracycline-refractory IBC. There was a 50 % response rate
to lapatinib in patients that had HER2-positive tumors; time to
progression was not reported. The authors concluded that
lapatinib was well tolerated with clinical activity in heavily
pretreated HER2-positive, but not EGFR-positive/ HER2-
negative IBC. In this study, coexpression of pHER2 and
pHER3 in tumors seems to predict for a favorable response to
lapatinib. Later on, a phase II trial of 42 patients with newly
diagnosed HER2-positive IBC was reported by Boussen et al.
[85]. Patients went on to receive lapatinib monotherapy (days
1–14) followed by an additional 12 weeks in combination
with weekly paclitaxel. The primary objective was pCR in
breast and lymph nodes at the time of definitive surgical
resection upon completing 14 weeks of therapy. Of the
evaluable patients, 78 % had a clinical response and 18 % had
a pCR. Although encouraging results for the dual HER2
blockade with lapatinib–trastuzumab in addition to neoadju-
vant chemotherapy were reported in the NeoALTTO study,
the use of this combination has become less desirable after two
phase III trials failed to show a statistically significant benefit
and results from the ALTTO study failed to show an advan-
tage for the use of lapatinib–trastuzumab in addition to
chemotherapy in the adjuvant setting. The most exciting
development in the treatment of stage III IBC came with the
recent accelerated approval of the neoadjuvant combination of

Fig. 22.3 Locally advanced breast cancer that presented with an exophytic mass a and follow-up after 4 cycles of 5-FU, doxorubicin, and
cyclophosphamide b
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pertuzumab with trastuzumab and docetaxel in
HER2-positive IBC. The regulatory approval was based on
higher pCR levels seen with the combination in two phase II
trials: NeoSphere and TRYPHAENA, which are discussed in
detail earlier in this chapter.

The role of high-dose chemotherapy with autologous
bone marrow transplant has been explored in patients with
IBC, but no definitive data have demonstrated improved
survival. Arun et al. described a series of 24 patients with
IBC who underwent high-dose chemotherapy with autolo-
gous stem cell transplantation in addition to standard mul-
tidisciplinary treatment. The 2-year OS rate was 73 % [86].
Investigators from Washington University reported the
4-year OS rate of 47 patients treated with high-dose
chemotherapy and stem cell transplantation to be at 52 %
[87]. Another trial of bone marrow transplantation for IBC
from Germany involved 56 patients who had a 3-year sur-
vival rate of 72 % [88]. The larger report of this intervention
included 120 patients who received conventional dose
chemotherapy and surgery and were treated sequentially
with single- or tandem-cycle dose-intense chemotherapy
regimens. At a median follow-up of 61 months (range, 21–
161 months), the estimated 5-year relapse-free survival
(RFS) and OS rates were 44 % (95 % CI, 34–53 %) and
64 % (95 % CI, 55–73 %), respectively [89]. The recently
published PEGASE 07 trial evaluated the addition of post-
operative docetaxel-5FU to dose-intense EC with stem cell
support [90]. After a median follow-up of 60 months,
identical results in terms of 5-year DFS (55 %) and OS
(70 %) were observed in patients who received postopera-
tive docetaxel-5FU. The use of unconventional treatment
regimens in both the experimental and control arm makes
this study difficult to interpret. Although the survival data
from these trials seems encouraging, the patient populations
were highly selected, and further research is clearly needed
before high-dose chemotherapy with stem cell transplanta-
tion is recommended outside the context of a clinical trial.

Other agents that are currently being studied for the
treatment of IBC include antiangiogenic agents and Ras
pathway inhibitors. IBC tumors are known to be highly
vascular tumors that express a number of angiogenic factors
such as vascular endothelial growth factor (VEGF) [91].
This has prompted a number of studies looking at the role of
anti-VEGF agents such as bevacizumab [92] and sunitinib
[93], in combination with chemotherapy, in the treatment of
IBC, with promising results. In a study of 21 patients with
IBC and LABC, bevacizumab reduced angiogenesis in
post-treatment tumor biopsies and dynamic contrast-
enhanced MRI [92]. Similarly, a phase I trial of semaxanib
(SU5416), a potent tyrosine kinase inhibitor that targets the
VEGF pathway, showed the drug may have some clinical
activities in patients with IBC [93]. Data on the clinical use

of bevacizumab in the neoadjuvant setting come from 4
clinical trials. The GeparQuinto and the ARTemis trials
enrolled patients with IBC, while the CALGB 40603 and the
NSABP B-40 did not. Both the GeparQuinto and the
ARTemis trials report highest pCR rates with the use of
neoadjuvant bevacizumab among patients with hormone
receptor-negative tumors. However, updated results from the
GeparQuinto [55] failed to show an improvement in DFS or
OS rates among patients who received bevacizumab.

Tipifarnib, a farnesyl transferase inhibitor (FTIs) that
targets RhoC proteins, which are overexpressed in IBC, has
entered phase II trials in combination with neoadjuvant
chemotherapy for IBC [94, 95]. A phase II study
(NCT01036087) exploring the role of panitumumab,
nab-paclitaxel, and carboplatin followed by FEC neoadju-
vant chemotherapy for patients with primary HER2-negative
inflammatory breast cancer reported high pCR rates in
triple-negative IBC [96]. Several agents that target the
inflammatory pathways, such as chemokine receptor antag-
onists, prostanoid receptors (EP4) antagonists, and novel
selective COX inhibitors (apricoxib, tranilast), are currently
under investigation both in the preclinical and in the clinical
settings in IBC [97].

22.6 Local Therapy

Historically, patients with locally advanced disease have
been treated with radical mastectomy if technically possible.
In 1943, Haagensen and Stout, two surgeons at Memorial
Hospital in New York, published the results of surgical
treatment in patients with breast cancer. They reviewed 1040
women, 61.5 % of them treated with radical mastectomy; of
these, 36 % were free of disease at 5 years. Reviewing the
cases of the patients whose disease recurred, the authors
identified eight factors that were associated with recurrence:
distant metastases, inflammatory carcinoma, supraclavicular
lymph node involvement, edema of the arm, satellite breast
skin nodules, intercostal or parasternal nodules, extensive
edema of skin over the breast, and carcinoma that developed
during pregnancy or lactation. They concluded that any of
these signs of advanced disease made a tumor “categorically
inoperable.” The authors also defined five “grave signs”:
skin ulceration, edema of limited extent, fixation of tumor to
the chest wall, axillary lymph nodes greater than 2.5 cm in
diameter, and fixed axillary lymph nodes. Any patient who
had two or more “grave signs” was also considered to have
inoperable disease since only one of such patients was
without disease recurrence at 5 years. Finally, the authors
recommended that surgery not be performed in patients with
locally advanced disease who had the worst prognoses [98].
After this publication, fewer patients with LABC were
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treated with mastectomy, although surgical treatment did not
produce high survival rates even in those patients considered
to have operable disease under the referenced criteria.

Failure of mastectomy alone to produce good survival rates
prompted the use of primary RT for locally advanced tumors,
especially those that were considered inoperable. In 1965,
Baclesse [99] reported a series of 431 patients that received
primary RT. The 5-year survival was 41 % for the 95 patients,
who were classified as having Columbia Clinical Classifica-
tion stage C disease, and 13 % for the 200 patients who had
stageD. In a retrospective series of 454 patientswith T3, or T4,
nonmetastatic breast cancer who underwent primary RT and
133 ofwhomalso underwentmastectomy, themedian survival
was 2.5 years, and relapse occurred in 45 % of patients within
18 months. The authors concluded that RT alone was inade-
quate for patients with LABC [100]. For patients who are
treated with primary RT, a high dose of radiation is necessary
to optimize local control. This was initially described in a
retrospective review of 137 patients, by Harris et al. [101],
who found that treatment with a total radiation dose greater
than 6000 radswas associatedwith improved local control and
improved freedom from distant metastatic relapse. Likewise,
Sheldon et al. [102] found that among 192 patientswith LABC
treated with RT alone, the patients that received total doses
greater than 6000 cGy had improved rates of local control
(83 % vs. 70 %, P > 0.06). However, such higher doses were
associated with long-term complications, including chest wall
fibrosis, brachial plexopathy, lymphedema, skin ulceration,
and rib necrosis [103, 104].

Evidence supports the importance of local control with
adequate surgery and RT for LABC. A series of 542 patients
treated at MD Anderson Cancer Center with neoadjuvant
chemotherapy, mastectomy, and radiation were compared to
134 patients who received similar treatment but without
radiation. Irradiated patients had a lower rate of
local-regional recurrence (10-year rates: 11 % vs. 22 %,
P > 0.0001), and radiation reduced local-regional recurrence
for patients with clinical T3 or T4 tumors, pathological
tumor size greater than 2 cm, or four or more positive nodes
(P < 0.002 for all comparisons). Radiation improved
cause-specific survival in patients with stage equal or greater
than IIIB, clinical T4 tumors, and four or more positive
nodes (P < 0.007 for all comparisons). On multivariate
analyzes of cause-specific survival, the hazard ratio (HR) for
lack of radiation was 2.0 (95 % CI, 1.4–2.9; P < 0.0001).
The authors concluded that after neoadjuvant chemotherapy
and mastectomy, comprehensive radiation was found to
benefit both local control and survival for patients presenting
with clinical T3 tumors or stage III disease and for patients
with four or more positive nodes [105]. One of the benefits
of neoadjuvant chemotherapy for patients with LABC is that
it can result in downstaging sufficient enough to allow for
breast conservation in patients who otherwise would not be

candidates for limited surgery. In a review of 143 patients
with stage IIB to IIIC, who had complete or partial response
to induction chemotherapy and underwent mastectomy and
axillary lymph node dissection at the MD Anderson Cancer
Center, the authors applied strict criteria to determine which
of these patients might have been candidates for breast
conservation. Thirty-three patients (32 %) had complete
resolution of skin edema, residual tumor diameter less than
5 cm, and absence of known multicentric disease or exten-
sive lymphatic invasion and would have been eligible for
breast conservation surgery [106]. At the time of surgery,
42 % of these patients had a pCR of the primary tumor and
45 % were node-negative; no eligible patients had multi-
centric disease; and none developed recurrence in the chest
wall after mastectomy. At a median follow-up of 34 months,
three patients had developed metastatic disease, suggesting
that breast-conserving surgery is a reasonable option for
carefully selected patients with LABC. Kuerer et al. [107]
reviewed the MD Anderson experience of breast-conserving
therapy following neoadjuvant chemotherapy in 109 patients
with stage II or III breast cancer. Fifty-five percent of
patients had a clinical CR and half of them had a pCR.
Chemotherapy decreased the median tumor diameter from 4
to 1 cm, and due to the high response rate, the authors
recommended that metallic tumor markers be placed in
patients if the primary tumor shrinks to 2 cm or less in
diameter. Calais et al. [108] treated patients with neoadju-
vant chemotherapy followed by mastectomy for tumors at
least 3 cm in diameter or lumpectomy for tumors smaller
than 3 cm. They reported that 49 % of patients could be
treated with breast-conserving therapy and that rates of local
failure did not differ for the patients treated with mastectomy
versus breast conservation. In 1978, De Lena et al. [24]
demonstrated that LABC could be managed effectively with
neoadjuvant chemotherapy, RT, and then adjuvant
chemotherapy. With this approach, most patients had breast
preservation, with a local recurrence rate of 24 %. Other
investigators have similarly reported that regimens of
induction chemotherapy followed by irradiation permit
breast preservation and have associated rates of local relapse
rates of 19–24 % [109, 110]. Some authors have recom-
mended that breast conservation via either lumpectomy or
irradiation be used only in those patients who respond to
induction chemotherapy, reserving mastectomy for patients
who do not adequately respond to chemotherapy [111, 112].
Table 22.2 summarizes the MD Anderson Selection Criteria
and Contraindications for Breast conservation in patients
with LABC. Other investigators have confirmed that with
careful patient selection, breast conservation after induction
chemotherapy is as effective as mastectomy in 34–81 % of
patients with locally advanced disease [113, 114].
In NSABP B-18, patients who were treated with four cycles
of neoadjuvant regimen of doxorubicin and
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cyclophosphamide (AC) had a higher rate of breast conser-
vation than did women treated with adjuvant AC (67 % vs.
60 %; P > 0.002). However, of the 69 women who were
initially recommended for mastectomy but whose tumors
were downstaged and treated with lumpectomy after AC
therapy, 14.5 % had recurrence in the ipsilateral breast,
compared with only 6.9 % of those women who were ini-
tially candidates for lumpectomy (P > 0.04) [115]. Findings
of the EORTC Trial 10902 were similar; 23 % of the
patients in the neoadjuvant chemotherapy arm, who were
initially candidates only for mastectomy, were able to be
treated with lumpectomy instead [116]. In general, the
indications for BCT after neoadjuvant therapy are similar to
those used for women with newly diagnosed breast cancer
who did not receive neoadjuvant therapy. In 2002, the
American College of Surgeons, the American College of
Radiology, the College of American Pathologists, and the
Society of Surgical Oncology published consensus recom-
mendations for the appropriate selection of patients for BCT
[117]. Similar guidelines have been developed by the
Canadian Steering Committee on Clinical Practice Guideli-
nes for the Care and Treatment of Breast Cancer [118].

The ASCO guidelines recommend against the use of
sentinel lymph node biopsy (SLNB) in women with large or
locally advanced (T3/T4), or inflammatory breast cancer
[119]. For these patients, axillary lymph node dissection
remains unavoidable even when the nodes are clinically
negative. This is based on the assumption that SLNB would
be less reliable in this setting, given that larger tumors are
known to have a higher risk of axillary lymph node spread
(T3: 68 %; T4: 86 %) [120]. However, several studies have
shown to the contrary that performing SLNB in T3 tumors
with clinically negative nodes is associated with relatively
low false-negative rates [121, 122]. As a result, some sur-
geons do not recognize performing SLNB in this setting as a
contraindication. For women with LABC who wish to

undergo breast reconstruction, delayed reconstruction with
autologous tissue is preferred for these women especially
those who are likely to need postmastectomy radiation, as
this produces fewer complications with acceptable cosmetic
results (Table 22.2).

The radiation dose and treatment fields used to treat breast
cancer do not change with the use of neoadjuvant systemic
therapy. Patients treated with breast-conserving surgery
should receive postoperative whole-breast irradiation. Like-
wise, patients who are treated with mastectomy should
receive postmastectomy radiation to the chest wall and
regional lymph nodes. Although preoperative systemic
therapy may cause downstaging of the disease, it should not
affect the indications for postoperative radiation and deci-
sions should be based on preoperative clinical stage. The
American Society of Therapeutic Radiation Oncology rec-
ommends adjuvant RT for postmastectomy patients who had
locally advanced disease or four or more positive axillary
lymph nodes [123]. Buchholz et al. [124] investigated local
recurrence rates in patients treated with neoadjuvant
chemotherapy followed by mastectomy without adjuvant
radiation. They found that the risk of local recurrence was a
function of both the extent of pathological residual disease
and the initial clinical stage [124, 125]. For this reason, in our
institution, the current recommendation is postmastectomy
irradiation for all patients with clinical LABC (any T3, or any
N2-3 disease) including those who achieve pCR [126].

IBC is inoperable by definition. The standard manage-
ment of this entity is multidisciplinary, including
neoadjuvant chemotherapy, mastectomy, local-regional
radiotherapy, and hormonal therapy for hormone receptor-
positive disease. Breast-conserving surgery and SLNB are
not an option for women with IBC and all women with
operable disease after neoadjuvant treatment should undergo
mastectomy with axillary lymph node dissection. In a small
report of 26 patients with IBC, who were treated with

Table 22.2 MD Anderson
cancer center selection criteria
and contraindications for
breast-conserving surgery after
primary systemic therapy

Selection criteria

Patient desires breast-conserving therapy

Adequate response to neoadjuvant systemic therapy

Ability to completely excise residual disease with acceptable cosmesis

Availability of RT

Contraindications

Skin edema

Residual tumors ≥5 cm

Skin or chest wall fixation

Extensive lymphovascular invasion

Extensive suspicious microcalcifications

Multicentricity

Medical contraindications to radiation
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neoadjuvant chemotherapy, RT, surgery and adjuvant
chemotherapy, the authors noted local recurrences in two of
ten patients treated with mastectomy and in 7 of 13 patients
treated with breast conservation [127].

Immediate reconstruction following surgery should be
avoided in patients with IBC given the risk of delaying
radiotherapy and the high risk of local recurrence. Subse-
quent radiation therapy at a total dose of 60 gray (Gy) should
follow mastectomy in patients that do not have poor risk
factors. For women with IBC who also have risk factors for
recurrence, an escalated radiation dose may achieve better
locoregional control. Even with optimal local therapy, the
rates of local-regional relapse from IBC remain high. In a
report of 95 patients from Washington University, the
local-regional failure rates were 73 % for patients treated
with radiation alone, 27 % for those treated with radiation
and surgery, 65 % for patients treated with chemotherapy
plus radiation, and 16 % for those treated with chemother-
apy, surgery, and radiation [128]. Even with combined
modality, most reports show that 14–34 % of patients will
experience a local recurrence [79, 128–130]. Some studies
have suggested an improvement in local control by using
twice-daily fractionated RT [131, 132]. Chu et al. [132]
reported that such therapy reduced the rates of local relapse
from 69 to 33 %. A second report by Barker et al. [131]
showed a reduction from 46 to 27 %. Additional ways of
reducing the rates of local-regional failure in IBC using
newer techniques of RT are under investigation.

22.7 Molecular Biology of IBC

When compared to noninflammatory LABC, IBC tumors
tend to be of high grade, have a negative hormone receptor
status [133], and overexpress HER2 [134], all factors that
predict for a poorer outcome [5]. Other biological features of
IBC include the constitutive activation of major inflamma-
tory signaling pathways, mutation at the p53 suppressor
gene, overexpression of E-cadherin, and increased expres-
sion of pro-angiogenic factors.

The designation of “inflammatory” in IBC derives from
the breast skin changes that resemble an acute inflammatory
process. These skin changes are due to invasion of the
dermal lymphatic vessels by tumor emboli rather than
infiltration of inflammatory cells [135], and it is believed that
these invasive tumor emboli create the reservoir for cancer
cells that then further disseminate through the body to form
distant metastases. However, although a true state of
inflammation is not present in IBC, there is evidence to
suggest the constitutive activation of major inflammatory
signaling pathways (JAK/STAT, NF-κB, and COX-2) [97].
In a recent study, the immune-checkpoint blocker, PDL1,
was overexpressed in 38 % of IBC samples [136]. This was

seen in samples with estrogen receptor-negative status,
basal, and ERBB2-enriched aggressive subtypes. PDL1
overexpression was also associated with better pCR rates in
response to chemotherapy. Moreover, inflammatory cytoki-
nes such as interleukin-6, gamma interferon, TGF-beta, and
TNF-α have been linked to tumorigenesis in IBC. This has
led to the testing of anti-inflammatory agents such as
selective COX-2 inhibitors in IBC [97].

High-throughput methods using cDNA microarrays
have been used to study the phenotypic features of IBC. Van
Laere et al. [137] performed genome-wide expression pro-
filing of 16 IBC and 18 nonstage-matched non-IBC pre-
treatment samples. Using unsupervised hierarchical
clustering, they identified a set of 50 genes that segregated
IBC samples from non-IBC samples with an accuracy of
88 %. They observed a high number of nuclear factor kappa
B (NF-kB)-related genes in the IBC samples compared to
the non-IBC samples. NF-kB is an important mediator of
cell migration, invasion, and metastasis that may contribute
to the aggressive nature of IBC. Bertucci et al. [138] iden-
tified a set of 109 genes (from 81 patients, 31 of which had
IBC) that correctly predicted 79 % of IBC specimens and
89 % of non-IBC specimens, and a set of 85 genes that had
an 85 % accuracy of predicting for pCR. In an extension of
the same study [139], the authors showed that the subtypes
(luminal A and B, basal, ERBB2-overexpressing and
normal breast-like) used to classify non-IBC tumors [140]
were also present in their IBC cohort, suggesting that despite
the aggressive phenotype of IBC, it may not be distin-
guishable from other breast cancers. In contrast, Van Laere
et al. [137] were able to segregate IBC tumors into basal-like
and ErbB2-overexpressing groups that could be distin-
guished from non-IBC tumors. The discrepancy between the
two studies may be explained by the different definitions of
IBC used to include patients in both studies and, at the same
time, illustrates how this may affect the results and inter-
pretation of any molecular study. Using Affymetrix profile
data (HGU133-series), the same group analyzed whole-
genome expression data from 137 patients with IBC and 252
patients with non-IBC (nonIBC). Differences in the genomic
signature were found to correspond to differences in the
proportion of molecular subtypes [141]. Similarly, a separate
study that compared microdissected IBC to non-IBC sam-
ples using gene expression analysis and comparative geno-
mic hybridization was unable to demonstrate a validated
dataset that identifies IBC [142], while a gene expression
analysis comparing triple-negative IBC to non-IBC did not
report differences in subtype distribution [143].

MicroRNAs (MiRNAs) are a class of small noncoding
RNA molecules that have been found to play a role in reg-
ulating cellular proliferation, apoptosis, migration, and dif-
ferentiation. MicroRNA analysis, comparing IBC to
non-IBC, revealed lower expression of miRNA-205 which
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correlated with worse distant metastasis-free survival and
overall survival [144]. Another study showed that high
serum miR-19a levels were predictive of favorable clinical
outcome in patients with metastatic HER2+ IBC [145].

The function of the p53 gene product is to inhibit tumor
growth through cell-cycle arrest or induction of apoptosis.
Mutation or absence of the p53 gene is associated with
tumor progression, and decreased response to chemotherapy
occurs in at least 50 % of sporadic breast cancers; in addi-
tion, a high level of p53 protein in the nucleus is associated
with poor clinical outcome [146]. In an analysis of 24
patients with IBC, Riou et al. [147] showed that patients
with tumors that exhibited a combination of a p53 gene
mutation and nuclear expression of the p53 protein had an
8.6-fold higher risk of death when compared to the patients
with tumors with wild-type p53. An analysis of 48 patients
with IBC at the MD Anderson Cancer Center [148] con-
firmed these results, showing a lower estimated 5-year
progression-free survival and OS for patients with nuclear
p53-positive (35 and 55 %, respectively) compared to
p53-negative tumors (44 and 54 %, respectively).

E-cadherin, a calcium-regulated, transmembrane glyco-
protein expressed in normal breast epithelium, is essential to
maintain cell–cell adhesion contact and is considered to be a
tumor suppressor. Loss of E-cadherin contributes to
increased proliferation and promotes invasion and metas-
tases [149]. Both animal and human IBC tumor models have
paradoxically shown an increased expression of E-cadherin
compared to non-IBC breast tumors. Tomlinson et al. [150]
observed that in the MARY-X xenograft model, E-cadherin
was overexpressed 10- to 20-fold and was required for IBC
tumor emboli formation in the dermal lymphatics of nude
and SCID mice. In addition, the same IBC xenograft model
has also been shown to express the sialyl-Lewis
X/A-deficient MUCI, a glycoprotein that acts as ligand for
the cell adhesion receptor E-selectin and that promotes
lymphovascular invasion [151]. Kleer et al. [149] confirmed
these preclinical findings in patient samples by comparing
20 IBC samples to 22 stage-matched, non-IBC tumor sam-
ples. Thus, it appears that the overexpression of E-cadherin
and expression of sialyl-Lewis X/A-deficient MUCI is
unique to IBC and appears to contribute to the integrity of
the tumor emboli as they invade dermal lymphatics.

IBC tumors are known to be highly vascular with asso-
ciated features of angiolymphatic invasion consisting of
increased microvessel density, high endothelial cell prolif-
eration, and expression of angiogenic factors (basic
fibroblast growth factor [bFGF], VEGF, interleukin-6, and
interleukin-8) [91, 133]. The WIBC-9 animal xenograft IBC
model overexpresses other angiogenic factors such as
Ang-1, Tie-1, and Tie-2, when compared to a noninflam-
matory breast cancer xenograft (SK-BR3) [152]. Lymphan-
giogenic factors, including VEGF-C, VEGF-D, VEGFR-3,

Prox-1, and lymphatic vessel endothelial receptor 1, have
also been shown to be strongly expressed in IBC [153].

The role of p27kip1, a cyclin-dependent kinase inhi-
bitor that is thought to be involved in induction of apoptosis,
cell adhesion, promotion of cell differentiation, and regula-
tion of drug resistance [154, 155], was studied in IBC by
M. D Anderson investigators who evaluated the role of
p27kip1 in 38 IBC patients that had received primary sys-
temic chemotherapy [156]. In this study, p27kip1 was
downregulated in the majority of patients (84.2 %) and
predicted for poor outcome.

A preclinical study directed to identify genetic determi-
nants of IBC was completed by van Golen et al. [157]. The
authors found 17 transcripts to be differentially expressed
between the IBC cell line SUM149 and human mammary
epithelial cells (HME), nine of which were expressed solely
in the tumor cell line. Using in situ hybridization technique,
expression patterns of all seventeen transcripts were further
confirmed in 20 archival IBC and 30 non-IBC LABC tissue
samples. Two genes were found that were uniquely altered
in the IBC specimens compared to the non-IBC samples:
Rho C GTPase was found overexpressed in more than
90 % of IBC tumors compared to 38 % of non-IBC speci-
mens. WNT-1-induced secreted protein 3 (Wisp 3) was
found lost in more than 80 % of IBC specimens versus only
21 % of non-IBC tumors. The role of both genes in IBC has
since been extensively studied [157]. Rho C GTPase, a
member of the Ras superfamily of small GTP-binding pro-
teins [158], is thought to contribute to the metastatic char-
acteristic of IBC by promoting cell motility and invasion,
disruption of cell–cell junctions, and upregulation of
angiogenic factors (VEGF, bFGF) [159, 160]. WISP3, a
gene coding for insulin-like growth factor-binding-related
protein (IGFBP-rP9), has been shown to be a tumor sup-
pressor gene [161], regulating tumor cell growth, invasion,
and angiogenesis. Loss of Wisp 3 protein expression is
thought to contribute to the aggressive phenotypic feature of
IBC. In vitro evidence also shows that Wisp 3 shares an
inverse relationship with Rho C GTPase expression [162].

Evidence also suggests that some IBC tumors may
express stem cell surface markers (CD44+/CD24–/low and
aldehyde dehydrogenase 1 [ALDH-1] enzyme production)
[163]. This was also seen in the SUM149 IBC cell line and
the Mary-X preclinical model of IBC and may be associated
with poor prognosis [163, 164].

Despite the multitude of studies that have looked at the
role of various molecular markers described above, in IBC, a
more thorough understanding of the biology of IBC is
required. The markers described above are not specific for
IBC and their prognostic and predictive roles have been
studied in small groups of patients. Therefore, they cannot
be considered validated and further studies will be important
to distinguish LABC from IBC at the molecular level.
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22.8 Prognostic Factors of Locally Advanced
Breast Cancer

Several prognostic factors have been described for patients
with locally advanced breast cancer who undergo preoper-
ative chemotherapy. These include clinical stage at diagno-
sis, pathological response to chemotherapy, and hormone
receptor and HER2 receptor status [165]. An analysis of 340
patients treated at MD Anderson examined the patterns of
local-regional recurrence (LRR) and ipsilateral breast tumor
recurrence (IBTR) with neoadjuvant chemotherapy followed
by conservative surgery and radiation therapy. More than
40 % of patients had locally advanced disease at diagnosis
[166]. Advanced nodal involvement at diagnosis, residual
tumor larger than 2 cm, multifocal residual disease, and
lymphovascular space invasion was found to predict higher
rates of LRR and IBTR.

22.8.1 Pathological Complete Response (pCR)

Despite being widely used as a primary endpoint for the
evaluation of neoadjuvant trials, the value of pathological
compete response (pCR) as a surrogate for overall survival
benefit is not without controversy as higher pCR rates have
not always translated into improved outcomes. The prog-
nostic significance of pCR has been evaluated in several
meta-analyses, the largest of which was conducted by the
Collaborative Trials in Neoadjuvant Breast Cancer
(CTNeoBC) working group and included almost 12,000
patients from 12 randomized trials [167]. This study included
data from patients with both locally advanced and operable
breast cancer. Patients who achieved a pCR were associated
with significant improvements in event-free survival
(EFS) and overall survival (OS). pCR rates varied by breast
cancer subtype. The association between pathological CR
and long-term outcomes was strongest in patients with
triple-negative breast cancer and in those with HER2-positive
and hormone receptor- negative tumors who received tras-
tuzumab. Although the study ended the controversy sur-
rounding the preferred definition of pCR (ypT0/is ypN0), it
was unable to validate pathological CR as a surrogate end-
point for improved EFS and OS. The authors suggest that this
may be due to the heterogeneous nature of the treatment
received by the study population, especially among hormone
receptor-positive subsets who tend to receive the most
effective treatment (endocrine therapy) after pCR is deter-
mined, thus diluting the prognostic effect of pCR.

von Minckwitz et al. [165] also examined the prognostic
impact of pCR among various intrinsic breast cancer sub-
types in an analysis of 6377 patients who had received
neoadjuvant anthracycline- and taxane-based chemotherapy
for operable or nonoperable primary breast cancer. In the

study, pCR was associated with improved DFS in luminal
B/HER2-negative (P = 0.005), HER2-positive/nonluminal
(P < 0.001), and triple-negative (P < 0.001) tumors but not
in luminal A (P = 0.39) or luminal B/HER2-positive
(P = 0.45) breast cancer.

The controversy about the value of pCR as a surrogate for
OS benefit has been reignited after results of the ALTTO
trial failed to translate the outstanding pCR rates reported in
the NeoALTTO for the use of dual anti-HER2 therapy
(trastuzumab and lapatinib) into a survival benefit in the
adjuvant setting [168]. Similarly, a meta-regression analysis
of 29 studies failed to support the use of pCR as a surrogate
endpoint [169].

22.8.2 Prognosis in Patients Who Do
not Achieve pCR

In patients who receive neoadjuvant systemic therapy but do
not achieve pCR, there are several models currently being
evaluated to better define the prognosis of these patients.
These include calculation of the residual cancer burden
(RCB) score, the breast cancer index (BCI), the clinico-
pathological stage, and biological markers (CPS-EG) score
and for patients treated with preoperative endocrine therapy:
the preoperative endocrine prognostic index (PEPI) score
[170–172].

TheRCB (residual cancer burden) score requires collecting
several pathological measurements that are not routinely
recorded such as the percent of invasive cancer cells in the
residual tumor as well as the size of the largest nodal meta-
static deposit [173]. Although the RCB score was found to
correlate with outcome in patients who had received neoad-
juvant anthracycline- and taxane-based chemotherapy, further
validation is required in LABC and IBC before it can be used
in routine practice. The RPCB score is an integrated score of
RCB and Ki67 and was found to provide more accurate
prognosis than when either variable is used alone [174, 175].

22.9 Survival

Patients with LABC cancer are at high risk of relapse and
death as a result of metastatic disease. A phase III clinical
trial conducted by the National Cancer Institute reported on
the long-term survival of patients with stage III IBC and
non-IBC who were treated using combined modality therapy
[176]. The fifteen-year OS survival was 20 % for IBC
(median OS 3.8 years) versus 50 % for stage IIIA and 23 %
for stage IIIB non-IBC. Neither pathologic response, nor the
presence of dermal lymphatic invasion was found to affect
survival in IBC. Similarly, a retrospective analysis from the
MD Anderson Cancer Center studied patients categorized
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into 2 groups on the basis of their clinical diagnosis of IBC
or non-IBC LABC. LABC was defined as stage IIB, IIIA,
IIIB, or IIIC breast cancer (AJCC system) [21]. A clinical
diagnosis of IBC required the presence of diffuse erythema,
heat, ridging, or peau d’orange (corresponding to T4d in the
AJCC classification system) [21]. The clinical diagnosis was
confirmed for all patients by assessment of a multidisci-
plinary team, and all patients were treated in separate but
parallel protocols with similar multidisciplinary approaches
consisting of induction chemotherapy, locoregional treat-
ment (surgery and radiotherapy), adjuvant chemotherapy,

and hormonal therapy (for ER-positive disease). The median
follow-up period was 69 months, and pCR rates were 13.9
and 11.7 % in the IBC and non-IBC LABC groups,
respectively (P > 0.42). The 5-year estimates of cumulative
incidence of recurrence were 64.8 % for IBC and 43.4 % for
non-IBC LABC (P < 0.0001). Patients with IBC had sig-
nificantly higher cumulative incidence of local-regional
recurrence and distant soft-tissue and bone disease. The
5-year OS rates were 40.5 % for the IBC group (95 % CI,
34.5–47.4 %) and 63.2 % for the non-IBC LABC group
(95 % CI, 60.0–66.6 %; P < 0.0001) (see Fig. 22.4).

Fig. 22.4 Kaplan–Meier representation of relapse-free survival (RFS)
rates by patient group: a IBC (red line) versus LABC (blue line);
b Kaplan–Meier representation of overall survival (OS) rates are shown
in the same two patient groups. Kaplan–Meier representation of RFS is
shown in two patients’ groups: c IBC versus non-IBC LABC (T4 only)

and d Kaplan–Meier representation of OS rates in the same groups.
Kaplan–Meier representation of RFS in two patients’ groups is shown
for e IBC versus non-IBC LABC (stage IIIB) and f Kaplan–Meier
representation of OS rates in the same groups. From Cristofanilli et al.
[11]
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The authors concluded that IBC was associated with a worse
prognosis and a distinctive pattern of early recurrence
compared with LABC [11].

Using data from National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) program, Schlicht-
ing et al. [177] compared the survival of 4441 patients with
stage III IBC and 32,867 patients with stage III non-IBC
diagnosed between 1990 and 2000. The analysis which
again included patients with stage III A (non-IBC) reported a
median survival of 4.75 years for stage III IBC versus
13.4 years in patients with stage III non-IBC (P < 0.0001).
Dawood et al. also analyzed data from SEER to compare the
outcome of IBC and non-IBC among stage-matched patients
with stage IIIB and IIIC breast cancer diagnosed after the
adoption of multidisciplinary management and anthracy-
cline-/taxane-based polychemotherapy as a standard of care
(between 2004 and 2007). At 2 years, BCSS was 84 %
versus 91 % in IBC versus non-IBC, respectively
(P = 0.008) [178].

Unfortunately, despite the clear stepwise advances that
are being made in the adjuvant treatment of breast cancer
with the introduction of novel agents in the treatment of
breast cancer (e.g., taxanes, aromatase inhibitors, and
HER2-targeting therapy), the impact of such therapies on the
outcome of patients with IBC has not been clear [12]. In a
study at MD Anderson Cancer Center, 398 patients with IBC
were treated between 1974 and 2005 to evaluate whether
survival had improved over the past 30 years. Patient out-
comes were tabulated and compared among four decades of

diagnosis. The study was unable to find a difference in either
the risk of recurrence or death between the various
decade-of-diagnosis groups (median recurrence-free sur-
vival = 2.3 years; median OS = 4.2 years) [12]. Another
report from Panades et al. [179] also failed to show breast
cancer-specific survival differences when comparing IBC
patients treated between 1980 and 1990 with patients treated
between 1991 and 2000. The 10-year breast cancer-specific
survival rates were 27.4 % (95 % confidence interval [CI],
18.8–36.7 %), and 28.6 % (95 % CI, 20.3–37.5 %),
respectively (P > 0.37).

In a recent analysis using data from the National Cancer
Database, researchers were able to demonstrate nationwide
disparities in the use of trimodality therapy in patients with
stage III IBC that fluctuated from 58.4 to 73.4 % annually
[180]. Patients who received all three treatment modalities
had the highest survival rates (5- and 10-years OS = 55.4
and 37.3 %, respectively) compared to those who did not.

Taken together, this evidence demonstrates that IBC
should be treated separately from non-IBC LABC and that
the use of standard combinations of cytotoxic agents alone
will not substantially modify the prognosis of patients with
this disease. More sensitive diagnostic interventions and
novel therapeutic strategies should be developed to increase
the efficacy of systemic treatments (Table 22.3).

Lastly, LABC and IBC, although molecularly heteroge-
neous, are approached based on the hormone receptor-
positive, HER2-positive, and triple-negative groupings.
Treatments for these three groups are partially overlapping,

Table 22.3 Outcome for
patients with inflammatory breast
cancer treated with combined
modality treatment

Study Date range Stage and
study design

Sample
size

Survival

Low et al.
[176]

1980–1988 Prospective
(NCI)
Stage III
(IBC vs.
non-IBC)

Total: 107
IBC: 46
Non-IBC:
61

OS at 15 years:
IBC versus non-IBC (IIIB): 20.0 %
versus 23.1 %

Cristofanilli
et al. [11]

1974–2000 Retrospective
(single
institution)
Stage III
(IBC vs.
non-IBC)

Total:
1071
IBC: 240
Non-IBC:
831

OS at 5 years:
IBC versus non-IBC: 40.5 versus 63.2
(P < 0.0001)

Dawood
et al. [178]

2004–2007 Retrospective
(SEER)
Stage III
(IBC vs.
non-IBC)

Total:
4304
IBC: 828
Non-IBC:
3476

BCSS at 2-years:
IBC versus non-IBC: 84 % versus
91 % (P = 0.008)

Schlichting
[177]

1990–2008 Retrospective
(SEER)
Stage III
(IBC vs.
non-IBC)

Stage III:
37,308
IBC: 4441
Non-IBC:
32,867

Median BCSS
Stage III, IBC versus non-IBC:
4.75 years versus 13.4 years
(P < 0.0001)

Rueth et al.
[180]

1998–2010 Retrospective
(SEER)
Stage III IBC

Total:
10,197

5- and 10-year survival: 55.4 and
37.3 %, respectively, in patients who
received trimodality therapy
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and the “major” therapeutic intervention is different in the
groups, endocrine therapy, HER2-directed therapy, and
chemotherapy, respectively, and should be complemented
with adequate local-regional therapy and reconstructive
surgery (Fig. 22.5).
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23Neoadjuvant Systemic Treatment (NST)

Cornelia Liedtke and Achim Rody

23.1 Indications for Neoadjuvant
Chemotherapy

Systemic treatment before surgical therapy of breast cancer
(neoadjuvant or preoperative systemic therapy, NST) has
become standard of care particularly among patients whose
indication for chemotherapy becomes evident at the time of
diagnosis. Neoadjuvant chemotherapy has been demon-
strated to result in survival rates comparable to those
expectable following adjuvant chemotherapy. This is con-
sequence to the fact that the cytotoxic drugs or schedules
used in the neoadjuvant setting should be the same as used
for adjuvant treatment. NST carries the potential for
adjustment of therapy during treatment based on treatment
response, may facilitate surgical approaches due to a
reduction in tumor burden and may provide time for genetic
testing, thereby enabling patient and physician to adjust the
treatment plan accordingly.

Many patients such as those with a non-inflammatory
hormone receptor (HR)-positive and HER2-negative, low
proliferating breast cancer (luminal A subtype) have no
indication for (neoadjuvant) chemotherapy due to low
chance for treatment response and therefore should receive
endocrine therapy only. In contrast, high-risk HR+, HER2
patients defined by high proliferation rate (Luminal B), high
tumor burden (e.g., large tumor size, extensive nodal
involvement), or further risk factors ( e.g., high-grade
molecular testing with high-risk classification) are candi-
dates for cytotoxic therapy. The use of chemotherapy in
HER2+ and triple-negative breast cancer (TNBC) is
mandatory, and for this reason, neoadjuvant chemotherapy
seems to be commonly used in combination with targeted

agents such as trastuzumab and pertuzumab or bevacizumab.
A lack of expression of estrogen and progesterone receptor
(ER, PR), overexpression of HER2, and absence of all
receptors (TNBC) and high proliferative activity indicated
by poor histopathological grading, high expression of Ki67,
or genomic grade index [1] are the most important predictors
for treatment response provided that optimal systemic ther-
apy has been performed [2]. Less important predictors are
young age, non-lobular tumor type, or early clinical response
after treatment initiation [3].

An indication for (neo) adjuvant chemotherapy may
result from factors such as:

• Unfavorable intrinsic subtype
• Poor prognosis based on histopathological and molecular

parameters
• High tumor burden with inoperable tumor spread
• Presentation of inflammatory breast cancer

suggest an absolute or relative indication for NST.
Moreover, an:

• Unfavorable breast-to-tumor relation,

which would require surgery by primary mastectomy
might also serve as an indication for neoadjuvant treatment
with the goal of downsizing the tumor and enabling breast
conservation after sufficient tumor response. Furthermore, it
has been shown that reduction in tumor size is associated
with a reduced size of excised tumor specimen and thereby
may lead to a better cosmetic outcome. Further (in part
future) objectives are to:

• individualize treatment according to an evaluation of a
midcourse treatment effect

• allow for an assessment of recurrence risk after neoad-
juvant therapy and surgery

• introduce post-neoadjuvant treatment concepts.
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23.2 Pathohistological Complete Remission
(pCR) as a Surrogate Marker
for Survival

23.2.1 Prognostic Significance of pCR

NST has gained broad acceptance in recent years as an
important approach in the treatment of breast cancer. This
includes not only clinical and therapeutic aspects, but also
specific issues of translational research. Achieving a
histopathological complete remission in the preoperative
setting is the primary goal of therapy, and numerous studies
have shown that the pCR is an independent prognostic
marker [4] and thus may serve as a surrogate marker for
long-term survival of breast cancer. However, the question is
debatable whether achieving a pCR also represents a valid
prognostic factor in all (molecular) tumor subgroups since
intrinsic subtypes are the major predictors of treatment
response [5, 6] with highest pCR rates being observed par-
ticularly among patients with triple-negative or with
HER2-positive breast cancer. Hence, several large-scale
analyses suggest that while pCR is an important outcome
parameter among patients with high-risk breast cancer sub-
types (such as triple-negative breast cancer (TNBC) or
HER2-positive/hormone receptor (HR)-negative breast can-
cer), other breast cancer subtypes (such as unaggressive
hormone receptor-positive (luminal A) breast cancer sub-
types) may have a favorable prognosis independent of
chemotherapy response. For instance, Cortazar et al. [4] were
able to demonstrate in a meta-analysis of 11,955 patients
from 12 neoadjuvant studies that overall pCR (defined as
ypT0, ypN0, or ypT0/ypN0) is associated with improved
overall survival. However, pCR has not been validated as a
surrogate endpoint for the event-free survival (EFS) or
overall survival (OS). In the analysis of the total cohort, a
significant benefit in terms of EFS (HR: 0.48; 95 % CI: 0.4–
0.54) and OS (HR: 0.36; 95 % CI: 0.31–0.42) could be
shown. In particular, achieving pCR in the subgroup of
triple-negative and HER2-positive/hormone receptor-
negative subtypes is associated with a significant advantage
in terms of EFS (triple-negative: HR 0.42; 95 % CI: 0.18–
0.33) and HER2-positive/HR-negative: HR 0.25; 95 % CI:
0.18–0.34. These data have not been confirmed for
HR-positive/HER2-negative breast cancer. However, most
studies were not able to differentiate tumors in Luminal A and
B tumors. Von Minckwitz et al. [7] in a meta-analysis of
german neoadjuvant trials were able to demonstrate pCR
representing a prognostic factor for disease-free survival only
in the group of Luminal B tumors and not in the group of
Luminal A tumors.

In the overall analysis of the various studies, Cortazar et al.
showed only a weak (and non-numeric) association between

increased pCR and improved EFS or OS. Nevertheless, to
achieve a pCR is considered to be an important endpoint for
regulatory authorities such as the Food and Drug
Administration.

23.2.2 Definitions of pCR

Achievement of pCR and its association with an improved
survival prognosis in patients with breast cancer is closely
related to its definition. The optimal definition of pCR so far
seems to be unclear. Furthermore, the question as to whether
residual DCIS should be included in the definition of pCR
(thereby being rendered prognostically irrelevant or not) is
still matter of intense discussion [7, 8]. Similarly, the rele-
vance of axillary metastases is still a matter for debate.
Hennessy et al. [9] could demonstrate that the outcome of
patients with cytologically proven axillar metastases mainly
depends on the treatment response in axillary nodes. Patients
who show a complete response in axillary nodes but not in
primary tumor have a clinical outcome that is comparable to
patients with pathological complete response in both primary
tumor axillary nodes.

Also, the simple dichotomy of chemotherapy response as
pCR or residual tumor has been frequently criticized since
response to chemotherapy may be perceived as a continuum
rather than a two tired-score. An optimized quantification of
chemotherapy response can be achieved, for example, by use
of semiquantitative scoring systems such as the residual
cancer burden (RCB) [10]. This index combines the
histopathological tumor diameter, tumor cellularity, and the
number and diameter of axillary lymph node metastases with
a value that reflects the extent of treatment response on a
scale of 0–3. These values correlate significantly with the
further prognosis of the patient. The RCB score, however, is
increasingly used primarily in the US or in the context of
studies.

23.3 Biomarkers in Neoadjuvant Systemic
Therapy

Given the high prognostic importance of pCR among
patients undergoing NST, there is particular and increasing
interest in defining factors that may predict for an achieve-
ment of pCR. Among the plethora of factors, some are of
particular importance such as:

– tumor-infiltrating lymphocytes (TILs)
– individual biomarkers
– parameters reflecting tumor cell proliferation.
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23.3.1 Tumor-Infiltrating Lymphocytes

Recent data could demonstrate with a high level of evidence
that TILs from patients treated within clinical trials are able
to predict treatment response reliably. This parameter has
gained particular interest in association with TNBC and
response to carboplatin [11]. There is, however, uncertainty
as to whether TILs may predict a substance-specific effect or
are rather associated with overall chemotherapy sensitivity.
Furthermore, before this biomarker justifies introduction to
daily clinical routine, hurdles, such as lack of standardization
in analysis of TILs, have to be overcome [12].

23.3.2 Individual Molecular Biomarkers
of Resistance

Several individual genes have been analyzed with respect to
their importance in predicting neoadjuvant treatment
response. For instance, while mutations in PIK3CA [13]
have not been demonstrated to be predictive in prospective
trials, a recent pooled analysis of four different clinical trials
(GeparQuattro/GeparQuinto, GeparSixto, NeoALTTO, and
CHERLOB) suggests that presence of PIK3CA mutations in
HER2+ breast cancer is associated with a significantly lower
rate of pCR [14]. PIK3CA mutations in HER2+ tumors
constantly are frequently found to be in the range of 20 %
irrespective of HR status, and an increase in response rates
has not been seen even if using a double blockade of HER2
by treatment combination with lapatinib and trastuzumab.

23.3.3 Tumor Cell Proliferation

The significance of expression of the proliferation marker
Ki-67 in particular in the distinction of luminal breast cancer
subtypes (luminal A vs. luminal B) is similarly intensely
discussed. Hormone receptor-positive breast cancers with an
increased expression of Ki-67 (luminal B subtype) are
strongly associated with a poor prognosis but show a higher
probability of responding to neoadjuvant chemotherapy.
Denkert et al. examined the association between the
expression of the proliferation marker Ki-67 and the
response to neoadjuvant chemotherapy as well as disease
prognosis in individual breast cancer subtypes. This analysis
was performed on the basis of 1166 pre-cytotoxic tumor
biopsies which have been obtained as part of the neoadju-
vant GeparTrio trial [15]. Denkert et al. stratified the patients
based on the Ki-67 expression in three groups with cutoff
values lower than 15 %, 15–35 %, and higher than 35 %,

respectively. It was found that Ki-67 has different prognostic
and predictive values in different breast cancer subtypes.

For patients with triple-negative breast cancer, for
example, a significant correlation between the immunohis-
tochemical expression of Ki-67 and the pathological com-
plete remission rate could be demonstrated. The pCR rates
for Ki-67 expression of ≤15, 15–35, and ≥35 % were 15, 22,
and 38 % (p = 0.003). However, overall survival probabil-
ities in the three groups were not significantly different. In
contrast, no significant correlation between the expression of
Ki-67 and patients prognosis has been showed. Accordingly,
the immunohistochemical expression of Ki-67 is a signifi-
cant predictive marker in terms of response to neoadjuvant
chemotherapy, but not a relevant biomarker for prognosis
among patients with TNBC. This should be considered when
interpreting surprisingly high Ki-67 expression levels in
patients with TNBC.

23.4 Choice of Chemotherapy Regimens
in Neoadjuvant Systemic Therapy

When deciding about neoadjuvant chemotherapy regimens,
physicians typically chose the same regimen that would have
been chosen in case of adjuvant therapy of the same patient.
Usually, neoadjuvant treatment regimens consist in combi-
nation chemotherapy regimens containing both taxanes and
anthracyclins sequentially or simultaneously. However,
anthracycline-free chemotherapy regimens may be consid-
ered a valuable alternative, particularly in case of car-
diotoxicity concerns.

In the German GeparTrio trial, patients with insufficient
response after two cycles of TAC chemotherapy were ran-
domised to either continue TAC chemotherapy or switch to a
non-cross-resistant chemotherapy with vinorelbine and
capecitabine. Although the response rates (i.e., pCR rates)
were not different [16], a significant improvement of
disease-free survival and overall could be reached (HR 0.71;
95 % Ki 0.60–0.85; p < 0.001 and HR 0.79; 95 % Ki 0.63–
0.99; 0 < 0.048, respectively). However, this effect was
different among distinct breast cancer subgroups: patients
with TNBC did not derive particular benefit (HR 0.87; 95 %
Ki 0.61–1.27; p = 0.464) whereas patients with hormone
receptor-positive disease showed significant improvement of
both study endpoints [17].

Response control during NST is an important issue par-
ticularly after cycle 2 of PST. Patients not responding to
NST and presenting with a tumor progression should stop
treatment, and immediate surgery or radiotherapy is
indicated.
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23.4.1 Choice of Therapy Regimens
in HER2-Positive Breast Cancer

In the adjuvant setting, the poor prognosis of this molecular
subgroup could be significantly improved by the anti-HER2
therapy with trastuzumab. In numerous neoadjuvant studies,
the addition of a HER2-targeted therapy to chemotherapy
showed a significant increase in pCR. Furthermore, a posi-
tive HER2 status is defined as a predictive marker of
response to neoadjuvant chemotherapy.

To date, there are numerous HER2-targeted drugs avail-
able—implying the question of the optimal treatment regi-
men is in this subgroup.

For instance, there is a significant body of evidence
regarding the use of lapatinib (alone or in combination with
trastuzumab) for use in neoadjuvant therapy in HER2-positive
breast cancer. For instance, in the small Phase-2-CHER-LOB
trial published by Guarneri et al. [18], a taxane-based
chemotherapy was followed by 4 cycles of FEC chemother-
apy, accompanied by an anti-HER2-targeted treatment con-
sisting of lapatinib or trastuzumab alone or dual blockade with
trastuzumab and lapatinib in combination. The pCR rate for
monotherapy with lapatinib or trastuzumab was 25 or 26.3 %,
respectively, but was doubled in the combination arm with
46.7 %.

Untch et al. [19] showed in the German GeparQuattro
trial that neoadjuvant therapy of HER2-positive breast can-
cer by combination of chemotherapy with trastuzumab is
associated with an increase in pCR rate to 31.7 % compared
to 15.7 % in the HER2-negative patient subgroup who did
not receive trastuzumab. In this context, it is noteworthy that
HER2-positive patients, who showed no response during the
first four cycles of EC, could still achieve a pCR rate of
16.6 % by switching to a taxane-containing combination
with trastuzumab compared to 3.3 % in the HER2-negative
subgroup.

In the German GeparQuinto trial, patients were randomly
assigned to receive trastuzumab (ECH-TH group) or

lapatinib (ECL-TL group) in addition to EC followed by
docetaxel. The rate of pCR was 30.3 % versus 22.7 % in the
trastuzumab arm, which was significantly higher compared
to the lapatinib arm. However, according to the adverse
events, there was 75 % rate of diarrhea in the lapatinib arm
with a dropout rate of 33.1 % [20].

Von Minckwitz et al. [21] could demonstrate in the
GeparSixto trial that the addition of carboplatin to pegylated
liposomal doxorubicin and paclitaxel in combination with
lapatinib and trastuzumab in HER2-positive breast cancer is
not associated with an improvement of achieving a pCR
(32.8 % with carboplatin versus 36.8 % without carbo-
platin). Thus, the anti-HER2 therapy with trastuzumab in
combination with neoadjuvant chemotherapy has provided
significant improvement by increasing rate of pCR.

To date, there are two major questions that need to be
addressed with regard to neoadjuvant therapy in
HER2-positive breast cancer:

• There is yet uncertainty as to under which circumstances
(i.e., scale, agents, and patient subgroup) improvements
in pCR reliably translate into an improvement of
survival.

• Given that in the view of new HER2-targeting com-
pounds evolving and investigated within clinical trials,
the optimal HER2-targeted agent to be combined with
trastuzumab is still a matter of debate.

One example regarding the association between pCR and
prognosis involves the NeoALTTO/ALTTO trials. The
NeoALTTO trial [22] (Fig. 23.1) prospectively randomized
a total of 455 HER2-positive breast cancer patients in three
treatment arms. All patients received preoperative 12 cycles
of paclitaxel weekly, either in combination with lapatinib or
trastuzumab alone or the combination of both. The combi-
nation of lapatinib and trastuzumab yielded the highest rate
of pCR (51.3 %) compared to trastuzumab alone with
29.5 % and lapatinib with 24.7 %. The difference between

Fig. 23.1 Design of the NeoALTTO trial
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trastuzumab and lapatinib was not of statistically significant.
Follow-up data of the NeoALTTO trial suggested superiority
of this combination therapy with regard to DFS; however,
statistical relevance could not be demonstrated which cer-
tainly was a consequence of lack of adequate power
regarding a survival endpoint [23]. Furthermore, in the
corresponding adjuvant trial (i.e., ALTTO) (Fig. 23.2)
among 8381 women with HER2-positive breast cancer, the
addition of lapatinib to trastuzumab did not result in a sig-
nificant increase in DFS compared to standard therapy with
trastuzumab (4.5-year DFS 86 % for trastuzumab vs. 88 %
for trastuzumab/lapatinib). However, again flaws with regard
to study design were held responsible for causing these
disappointing results such as inclusion of a large number of
patients with low-risk HER2-positive disease, and therefore,
lack of an adequate number of DFS-event again leading to a
lack of sufficient power.

One of the most promising agents for use in the neoadju-
vant setting rather than lapatinib is the HER2 dimerization
inhibitor pertuzumab. Gianni et al. [24] recently reported
results from NeoSphere trial. In this trial 417, HER2-positive
breast cancer patients with a tumor size larger than 2 cm were
randomized to four treatment arms: trastuzumab/docetaxel
versus pertuzumab/trastuzumab/docetaxel versus pertuzumab/
trastuzumab versus pertuzumab/docetaxel. There was a sig-
nificant increase in pCR by the addition of pertuzumab to
trastuzumab and docetaxel (45.8 % vs. 29.0 %). In the sub-
group of HER2-positive/HR-negative patients, a pCR rate of
63.2 % has been observed, and there was also an amazing rate
of pCR in the chemotherapy-free arm (16.8 % combination of
pertuzumab/trastuzumab). Moreover, patients who received
docetaxel in addition to trastuzumab and pertuzumab showed
a trend in terms of an improved disease-free survival. This
meant that pertuzumab has received a label extension for
neoadjuvant therapy situation in combination with

trastuzumab. Thus, the dual HER2 blockade by pertuzumab
and trastuzumab in combination with docetaxel may be
defined as a new gold standard.

Figure 23.3 summarizes the results of the most prominent
clinical trials addressing the role of dual HER2 blockade in
HER2-positive breast cancer.

23.4.2 Choice of Therapy Regimens in Patients
with TNBC

TNBC despite carrying an overall unfavorable prognosis is
characterized by an increased chance of response to neoad-
juvant chemotherapy that is reflected by increased rates of
pCR in association with this breast cancer subtype [25–28].
This phenomenon is often referred to as triple-negative
paradox in the literature [29] and may be explained primarily
by the following observations:

• Patients with TNBC that achieves a pCR have an optimal
prognosis which is not significantly inferior to patients
with non-TNBC achieving a pCR

• Patients with TNBC not achieving a pCR have a highly
unfavorable prognosis that is significantly inferior to that
observable among patients with other breast cancer
subtypes. This may be explained in part by the fact that
the adverse prognosis associated with non-pCR among
patients with non-TNBC subtypes may be compensated
by additional (post-neoadjuvant/adjuvant) systemic ther-
apy such as HER2-directed agents and/or endocrine
therapy.

Therefore, there is an urgent need to optimize efficacy of
neoadjuvant chemotherapy and thereby improve prognosis
among patients with TNBC through:

Fig. 23.2 Design of the ALTTO trial
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• optimization of chemotherapy scheduling (i.e., through
dose-dense/dose-intensified regimens) [30]

• use of additional agents in combination with standard
combination chemotherapy regimens

• development of novel targeted agents for patients with
TNBC

• identification of biomarkers in response to neoadjuvant
chemotherapy in TNBC to allow for treatment
individualization.

Sequential or simultaneous combination chemotherapy
containing both anthracyclins and taxanes has long been
regarded as standard neoadjuvant chemotherapy approach
for patients with TNBC. Several studies have aimed at
increasing chemotherapy efficacy through the addition of
novel agents such as capecitabine [31–33] or eribulin [34];
however, solid data and validation studies are lacking
despite the fact that subgroups analyses showed a significant
benefit in TN breast cancer subgroups by these approaches.

This has changed due to the observation that
triple-negative and/or BRCA1-associated breast cancer may
derive particular benefit from the addition of platinum-
containing agents. While historical data have suggested for

several years that platinum-containing chemotherapy may be
particularly beneficial to patients with TNBC [35], prospec-
tive evidence was lacking until the publication of two
important neoadjuvant clinical trials:

• GeparSixto (NCT01426880) by the German Breast
Group (GBG) [31] (Fig. 23.4)

• The CALGB/ALLIANCE-40603 (NCT00861705) by the
Cancer and Leukemia Group B (CALGB) (Fig. 23.5).

In the first study (GeparSixto) [36], 84 of 158 patients
with TNBC (53.2 %; 95 % CI 54.4–60.9) experienced a
pCR (defined as ypT0 ypN0) through the addition of car-
boplatin compared to 58 of 157 patients without carboplatin
(36.9 %; 95 % CI 29.4–44.5, p = 0.005). Among patients
with HER2-positive disease, no significant effect through
carboplatin could be observed. In interpretation of these
results, there is still an ongoing debate to what extend this
was achieved as a part of a substance-specific effect or
though introduction of a more intensified regimen. Most
importantly, at SABCS 2015, von Minckwitz and colleagues
demonstrated that the addition of carboplatin not only led to
an increase in pCR, but that this pCR benefit also translated

Fig. 23.3 Results of the most prominent clinical trials addressing the role of dual HER2 blockade in HER2-positive breast cancer
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Fig. 23.4 Design of the GeparSixto phase II trial

Fig. 23.5 Design of the CALGB 40603 phase II trial
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into an improved prognosis among patients with TNBC:
After a median follow-up of three years, disease-free sur-
vival for patients assigned to carboplatin was 85.5 % com-
pared with 76.1 % for patients assigned no carboplatin. This
meant that patients with TNBC who received carboplatin as
part of their neoadjuvant chemotherapy regimen were almost
half as likely to have had disease relapse at three years after
starting the treatment compared with those who did not
receive carboplatin, and it was those patients who had a pCR
were least likely to have disease relapse [37].

The second study (CALGB40603) analyzed the use of
carboplatin (and bevacizumab) among patients with TNBC in
addition to a sequential anthracycline/taxane chemotherapy
regimen [38]. Again, the addition of carboplatin resulted in an
increase in pCR rate 41–54 % (p = 0.0018). Since hemato-
logic toxicity and particularly SAEs were less common in
association with this latter regimen, the sequential use of
carboplatin is regarded by many as a more safely feasible
regimen in daily clinical management of patients with TNBC.
In contrast to the observations in GeparSixto, CALGB40603
could not demonstrate significant improvement of DFS with
the addition of carboplatin with 3-year rates of 74.1 and
83.2 %, respectively. Only an insignificant EFS hazard ratio
of 0.84 (95 % CI 0.58–1.22, P = 0.36) and a survival hazard
of 1.15 (95 % CI 0.74–1.79, P = 0.53) were observed [39].

Given that a lack of power might be responsible for the
lack of observing a significant effect, both analyses point
toward carboplatin playing an important role in the treatment
of primary TNBC. Overall, two distinct scenarios regarding
the future use of carboplatin among patients with TNBC
seem imaginable:

• Use of platinum salts as part of therapy intensification
aiming at increase efficacy at the cost of increased
toxicity.

• Use of platinum salts as part of therapy de-escalation by
replacing taxanes or more importantly anthracyclins to
improve the therapeutic index through the improvement
of treatment tolerability.

23.4.3 Biomarkers for Prediction of Platinum
Efficacy in TNBC

The following aspects may justify hesitation with regard to
routine use of platinum salts among patients with TNBC:

• The addition of carboplatin may lead to increase toxicity.
• Many patients (35–40 %) achieve a pCR with anthra-

cyclins and taxane chemotherapy without carboplatin and

in case of addition of platinum salts are exposed to
unnecessary toxicity.

• Data regarding a translation of the pCR benefit associated
with carboplatin into a survival benefit are contradictory.

Therefore, there is a yet unmet need to develop and
validate biomarkers that allow for stratification of patients
with TNBC into those that do need carboplatin and those
that do not.

In vitro data and preclinical analyses suggest a particular
sensitivity of BRCA1-associated breast cancers against
platinum salts [40]. Since TNBC may commonly observed
among patients carrying a BRCA1 mutation and further-
more, share many histological and molecular features with
hereditary breast cancer, there has been an intense (and yet
unsolved) debate as to whether diagnosis of TNBC or rather
diagnosis of hereditary breast cancer (regardless of molec-
ular subtype) represents the optimal predictive factor for the
use of carboplatin in a neoadjuvant treatment regimen.

While translational analyses of the GeparSixto study
could not confirm a predictive association between BRCA1
mutations and carboplatin efficacy among patients with
TNBC [41] analyses derived from patients in the metastatic
setting suggest a particular superiority of carboplatin com-
pared to docetaxel in first-line mono-chemotherapy among
patients with metastatic TNBC response rates 68 % versus
33.3 % (p = 0.03) [42]. Furthermore, given that in the
GeparSixto trial, carboplatin was used as an add-on rather
than a substitute for standard chemotherapy, one has to
acknowledge when analyzing data from that trial that a
biomarker that is associated with increased chance of pCR
from carboplatin may reflect (i) a platinum-specific effect or
(ii) an effect observed by a more intense therapy (irrespective
of the type of additional chemotherapy). Trials that compare
a carboplatin-based combination regimen to a similarly
intensive regimen using an alternative substance may pro-
vide a better answer as to whether BRCA predict for plat-
inum efficacy specifically. The German ADAPT TN trial
(Fig. 23.6) compares neoadjuvant chemotherapy with
carboplatin/nab-paclitaxel to a neoadjuvant regimen of
gemcitabine/nab-paclitaxel. pCR rates (ypT0/ypTis ypN0) as
reported at SABCS 2015 were 45.9 % versus 28.7 %
(p < 0.001), respectively [41].

In general, while carboplatin has for sometime been
suggested for use only in the presence of a BRCA1/2
mutation, its use is currently not limited to hereditary breast
cancer only. Nevertheless, given that the addition of carbo-
platin is associated with an increase in treatment toxicity,
indication of carboplatin should be seen with caution and
with a particular regard to the patient’s performance status,
tumor biology, and competing risks.
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23.4.4 Use of Bevacizumab in Neoadjuvant
Chemotherapy

Preclinical and translational data have long been regarded to
suggest particular benefit by the use of bevacizumab in
neoadjuvant systemic therapy particularly among patients
with TNBC and/or HER2-positive disease. Therefore, sev-
eral studies have analyzed the value of an addition of
bevacizumab to standard neoadjuvant chemotherapy. These
studies, however, have yielded conflicting results regarding
(i) the capability of bevacizumab in enhancing pCR rates,
(ii) efficacy of bevacizumab in molecular breast cancer
subgroups, and (iii) translation of pCR rate alterations into
prognostic effects [43, 44].

23.5 Neoadjuvant Endocrine Approaches

Neoadjuvant endocrine therapy is an option mainly for
postmenopausal women with highly endocrine-responsive
breast cancer and may represent an alternative to neoadju-
vant chemotherapy particularly in case of contraindications
for chemotherapy. Patients suitable for primary endocrine
therapy should present with tumors with high ER/PR sen-
sitivity, low nuclear grade, or low Ki67 [45].

In selected patients, 3 month of preoperative hormonal
treatment (anastrozole and exemestane) may be equally
effective compared to neoadjuvant taxane-based
chemotherapy (i.e., 4 × AT) [46].

However, it has to be acknowledged that pCR rates may
not represent the optimal study endpoint in the context of
primary endocrine therapy given that pCR rates in the
neoadjuvant endocrine setting are commonly very low. For

instance, after 3 months of tamoxifen therapy, pCR rates
may not exceed 2 %, and even in case of treatment with
aromatase, inhibitors may not be significantly higher.

Another critical issue refers to the optimal duration of
primary endocrine therapy, since prolonged endocrine ther-
apy (i.e., 4–6 months) has been associated with increased
response rates of up to 10 % [47].

In summary, neoadjuvant endocrine treatment approaches
may represent an option for those patients who are not
suitable candidates for neoadjuvant or adjuvant chemother-
apy or carry contraindications for surgery because of
comorbidities, a poor general condition or advanced age.

23.6 Novel Therapeutic Concepts:
Post-neoadjuvant Therapy, Dynamic
Biomarkers, and “Window Studies”

Pathological complete response rates have become a popular
study endpoint due to early availability and strict definition.

A major challenge yet, however, has become therapy of
patients that do not derive substantial benefit from neoadju-
vant multi-agent approaches and left with residual cancer at
the time of surgery. For these patents, additional/ alternative
treatment approaches are warranted. In this context,
post-neoadjuvant therapy might be an additional treatment
option. In the case of failure to achieve a pCR, the use of
additional non-cross resistant therapies could improve the
prognosis of these patients. Recent analyses (Japan) suggest
that post-neoadjuvant use of capecitabine might become an
option for patients with TNBC and residual tumor following
preoperative chemotherapy in the future. In addition to this, a
particular focus lies in the introduction of new substances,

Fig. 23.6 Design of the WSG ADAPT TN phase II trial
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such as the selective inhibitor of cyclin-dependent kinase
(CDK) 4 and 6 in hormone receptor-negative cancers
(Penelope B, NCT01864746) or trastuzumab-DM1, among
patients with HER2-positive disease (Katherine,
NCT01772472). On the other hand, achievement of a pCR
mirroring highly responsive disease might also justify the
reduction in treatment intensity such as, for instance, cessa-
tion of trastuzumab therapy in the post-neoadjuvant setting.
Unfortunately, at present there are no sufficient data available.
Studies that will investigate such treatment concepts, how-
ever, are still recruiting or in preparation.

Other studies use the neoadjuvant window to investigate
the biological response of tumor cells to a three-week primary
systemic therapy, as for example by determining tumor cell
proliferation before and after therapeutic intervention and
adjustment of further systemic treatment according to bio-
logical behaviour. In the ADAPT study (Adjuvant Dynamic
marker-Adjusted Personalized Therapy Trial optimizing risk
assessment and therapy response prediction in early breast
cancer), researchers of the West German Study Group
(WSG) analyze how in patients with hormone
receptor-positive breast cancer and a significant decrease in
Ki-67 expression after can be dispensed with three-week
endocrine therapy in adjuvant chemotherapy (http://www.
wsg-online.com). Comparable study concepts for patients
with other breast cancer subtypes (such as HER2-positive or
triple-negative tumors) are ongoing.

23.7 Surgical Considerations in the Context
of Neoadjuvant Systemic Therapy

While administering neoadjuvant chemotherapy, clinical
response of the tumor should be controlled during the course
of treatment. Thus, it is important to document the tumor
location accurately and to provide a titanium clip marker in
particular for small tumor volume or very good response of
tumors to therapy. A clip can be placed under ultrasound
control and carried out generously by mammographic con-
trol. In case of clinical suspicion of a pCR, preoperative wire
localization of the lying clip should be done for intraoper-
ative navigation. In addition to ultrasound and mammogra-
phy, operative planning can be enhanced by means of MRI
particularly in case of breast density of ACR3-4. Further-
more, MRI may increase preoperative estimation whether a
pCR may be expected. In case of significant tumor shrinkage
during neoadjuvant therapy, excision of the tumor in its new
border increases the chance of an optimal cosmetic outcome.
Moreover certain situations such as advanced breast cancer
with skin infiltration, inflammation, and/or multicentricity,
possible breast conservation is considered by some but may

be difficult to achieve. Therefore, strict indication and
detailed elucidation of the patient are warranted.

23.7.1 Sentinel Node Biopsy in the Context
of PST

The removal of the so-called sentinel lymph node (sentinel
lymphadenectomy, SLNE) is established as the gold stan-
dard of axillary staging in clinically uninvolved lymph nodes
(cN0), since the conduction of complete axillary dissection
is associated with a significant increase in operative mor-
bidity. Impaired movement of the arm due to iatrogenic
nerve lesions or a lymphedema of the affected arm may limit
the quality of life of the patient to a large extent.

In the primary treatment setting, the publication of the
results of the Z0011 study by the American College of
Surgeons Oncology Group (ACOSOG) has for the first time
led to a paradigm shift in the implementation of the axillary
staging. This trial was able to demonstrate that under certain
conditions even if limited lymph node involvement has been
detected a complete axillary clearing can be dispensed. In
this prospective randomized phase III trial, 445 women
received a complete axillary dissection after the detection of
involved sentinel nodes, whereas 445 women underwent
sentinel node biopsy only, even if this node showed tumor
involvement. The prerequisite for this was the presence of a
tumor with a cT1 or 2-stage, clinically node-negative axilla
(cN0), less than 3 involved lymph nodes as well as the
implementation of a breast-conserving therapy with breast
radiation and adequate systemic treatment. After a median
follow-up of 6.3 years no significant difference between the
two groups has been observed according to in-breast recur-
rences, axillary relapse, disease-free and overall survival.
This study is discussed very controversially in terms of
several aspects, e.g., this trial has been stopped early because
of difficulties in recruiting patients. Moreover, breast radia-
tion was a priori not clearly defined. Nevertheless, in view of
these study results and according to the principle “primum
non nocere,” axillary dissection cannot be recommended
unequivocally in cases if Z0011 criteria are met. This has
found its way into the appropriate guidelines.

Consequently, there is an intense discussion as to the
optimal time of axillary dissection in the context of PST in
order to similarly reduce the extend of axillary surgery with
the goal to reduce treatment-associated morbidity.

Patients with a clinically negative axilla are candidates for
SLNE analogous to the primary preoperative setting. If SLNE
is performed before systemic therapy (in a systemically
untreated axilla), the patient will need to undergo two surgical
procedures, i.e., SLNE before and removal of the primary
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tumor after NST. If SLNE is performed after axillary surgery,
there are concerns as to the adequacy of the procedure and as
to the loss of the prognostic/predictive information of axillary
status prior to NST with respect to tailoring of NST. Data
regarding the reliability of axillary staging by SLNE are
limited. Classe et al. analyzed 195 patients with advanced
breast cancer and found SLNE in patients that were clinically
node-negative before NST to be reliable with a detection rate
of 94.6 % and a false-negative rate of 9.4 %. Despite addi-
tional data not being available yet, SLNE may be carried out
following PST among patients that were clinically
node-negative before NST in selected cases [48].

More different yet better analyzed is the performance of
SLNE among patients that show an axillary conversion from
cN+ to ycN0 through NST. If SLNE was as reliable among
those patients, these individuals would benefit from an axil-
lary downstaging resulting in less extensive axillary surgery.
This optimistic vision is confronted by the concerns regarding
an increased false-negative rate of SLNB after NST and the
uncertainty as to what extent the clinical lymph node status
before PST could be incorporated in the decision for or
against a particular (e.g., dose-dense) chemotherapy regimen.

Two clinical trials that have attempted to address the
question of the optimal timing of axillary staging in the
context of PST are the German SENTINA and the Ameri-
can ACOSOG Z1071.

In the Z1071 study of the American College of Surgeons
Oncology Group (ACOSOG) [49], 637 patients were reg-
istered with pathological evidence of diseased axillary
lymph nodes with neoadjuvant chemotherapy. In all patients,
a SLNE was conducted with secondary komplettierender
axillary dissection. The detection rate was 92.7 % (95 % CI
90.5–94.6) indicated. Under chemotherapy, a conversion
rate of a positive axilla status before chemotherapy was
given to a negative lymph node status after primary systemic
therapy of 40 %. In 46 patients (7.1 %) an SLN could not be
identified, only one SLN was excised in 78 patients
(12.6 %). Of the remaining 525 patients with 2 or more
SLNs removed, no cancer was identified in the axillary
lymph nodes of 215 patients corresponding to a pathological
complete nodal response rate of 41.0 %. Among 39 patients,
no cancer was identified in the SLNs but was found in lymph
nodes obtained in completion ALND, corresponding to an
FNR of 12.6 %. However, only a sentinel lymph node was
removed, was the false-negative rate of 31.5 %. Before
background of these data, the authors of this study con-
cluded that the SLNB would after primary systemic therapy
a useful method stage for the event that 2 Sentinel lymph
nodes are removed and a dual tracer method (i.e., blue col-
oring and radio colloid) is used 29th. In this context, the
discussion about the optimal time of axillary dissection in
the context of PST can be seen.

These observations contradict data from Germany.
The SENTINA study [50] investigated the optimal time for
performing the axillary staging in the context of the PST and
recruited patients in 4 different study arms based on the
clinical lymph node status before and after PST (see
Chart 4). This corresponded to an arm of the study (see Arm
C) largely the study population of ACOSOG Z1071 study
and contained 592 patients. This arm showed a conversion
rate (i.e., clinically positive axilla prior systemic therapy for
clinically negative axilla after systemic therapy) of 52.3 %.
The false-negative rate (FNR) in this study arm was esti-
mated at 14.2 % (was carried out, i.e., a re-SLNE). In the
study arm in which patients a second SLNB after
chemotherapy received prior SLNE before chemotherapy,
the FNR was unacceptable 51.6 %. The authors of the study
therefore concluded that the FNR was not acceptable for
repeated SLNE after PST. The FNR of 14.2 % is well below
the rate observed in studies in primary operation (i.e.,
without prior chemotherapy) in the initial studies on the
SLNE.

At the present time, the publication of further results and
methodological details of the two studies should be awaited
before a final conclusion can be drawn. Before the safety of
the axillary staging by SLNE can be demonstrated beyond
doubt after neoadjuvant chemotherapy in patients converting
from cN+ to ycN0, SLNE after PST SHOULD not be rou-
tinely used. In patients with clinically normal axilla (cN0),
SLNE should be done before the start of PST.

23.8 Radiotherapy After NST

Retrospective data [51] from 106 non-inflammatory breast
cancer patients who achieved a pCR and have been treated
with mastectomy and postmastectomy radiation after NST
suggest that postmastectomy radiation therapy in patients
with advanced stage (stage III) provides a significant clinical
benefit in terms of local-regional recurrence and distant
metastases.
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24Metastatic Breast Cancer

Berta Sousa, Joana M. Ribeiro, Domen Ribnikar, and Fátima Cardoso

24.1 Introduction

24.1.1 Epidemiology

Breast cancer (BC) is the second most common cancer in the
world and, by far, the most frequent cancer among women
with an estimated 1.67 million new cancer cases diagnosed
in 2012 (25 % of all cancers) [1]. Metastatic breast cancer
(mBC) remains incurable, however, a greater knowledge
regarding tumour biology together with clinical factors hold
the promise of a better selection of therapy and a tailored
approach. In the last decades improvements have been
achieved in the treatment of mBC with 5 year survival rates
for patients with stage IV at initial diagnosis rising from
17 % in 1975–1979 to 33 % in 2005–2011 [2]. According to
SEER in 2015 the 5 year survival rate for mBC is around
25 % [3, 4].

24.1.2 New Biology Insights

In recent years it has become increasingly apparent that
advanced tumours follow a branched, i.e. Darwinian evo-
lutionary trajectory. Molecular analyses of metastatic breast
cancer support this concept as illustrated by the well-known
discordance rates in ER, PR and HER2 status between

primary and metastatic tumours that approaches 16, 40 and
10 %, respectively [5].

There are well-characterised drivers for BC as ER,
ERBB2, PIK3CA and AKT1 although currently the only
targetable molecular alterations are ER and HER2, which are
both prognostic and predictive factors [6, 7]. Studies that
reported the genomic landscape of mBC have shown a
higher incidence of TSC1/TSC2 [8], TP53, PIK3CA and
GATA3 mutations [9]. One of the main genomic alterations
in this setting that mediates endocrine resistance is ESR1
mutations that occur in 10–30 % of ER-positive mBC that
are resistant to AI [9]. In the MOSCATO-01 trial [10]
enrolling 700 patients with advanced-stage cancer of which
70 had mBC, alterations of the PTEN/PI3K/AKT and
FGFR/FGF pathways were the two most frequently detected
actionable pathways observed across all tumour types.

The prognostic factors commonly used in mBC are
mostly clinically based and comprise relapse-free interval,
involved organ sites, tumour biology and others individual
factors as weight loss, performance status or serum lactic
dehydrogenase (will be discussed later in this chapter).
There has been an effort to find new prognostic or predictive
factors that could better guide treatment. An intense research
has been conducted in circulating tumour cells (CTCs).
Studies have shown that the presence of CTCs, defined
usually as ≥5/7.5 mL whole blood, represent an independent
negative prognostic factor associated with worst PFS and OS
[11]. Furthermore, the dynamic changes in CTCs over the
course of treatment also seem to correlate with clinical
outcome [12] although in the larger SWOG SO500 study no
benefit in OS has been seen when treatment decisions were
based on CTC dynamics [13]. In summary, prognostic value
has been found with CTCs in mBC patients but its clinical
used needs additional research.

Predictive factors in mBC are mainly tissue-based
biomarkers and comprise the status of hormone receptors
and HER2. As previously said, discordance between the
primary and the metastatic specimen is frequently described
and can be found in 16 % for ER status, 40 % for PR status
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and 10 % for HER2 status [14]. According to the ABC
guidelines [15, 16] a biopsy of a metastatic lesion should be
performed, if easily accessible, not only to confirm diagnosis
(particularly when metastasis is diagnosed for the first time)
but also for biological markers reassessment (ER and
HER-2), at least once in the metastatic setting. In case of
discordance, it is currently not clear which result should be
used for treatment decision-making since evidence is lacking
to determine whether changing anticancer treatment on the
basis of change in receptor status affects clinical outcomes.
However, most recommendations consider the use of tar-
geted therapy (ET and/or anti-HER-2 therapy) when recep-
tors are positive in at least one biopsy regardless of timing.

Serum tumour biomarkers (CEA, CA15-5, CA 27-29) are
assays that detect circulating MUC-1 antigen in the periph-
eral blood and are used to evaluate response to treatment,
particularly in patients with non-measurable metastatic dis-
ease. A change in tumour markers alone should not be used
solely switch treatment. Serum tumour biomarkers should be
used as adjunctive assessments to contribute to decisions
regarding therapy [17].

Liquid biopsies, including circulating cell-free DNA
(cfDNA), provide a new promising, non-invasive tool for
diagnosis, prognosis and therapeutic response or resistance
monitoring in breast cancer. Regarding mBC setting it as
been suggested that the detection of ctDNA may have
prognostic and predictive value and can be used as a highly
specific and sensitive biomarker [18] and that serial mea-
surement of ctDNA may be a robust and accurate biomarker
for occult metastatic disease in patients diagnosed with pri-
mary breast cancer.

Genomic techniques allowing the molecular characteri-
sation of breast cancer, using several technologies are being
used to investigate the association between gene mutations
and therapeutic response. This would allow the identification
of candidates for specific mutation-driven treatments. Next
generation sequencing (NGS) technologies provide a more
complete view of the tumours molecular state and various
platforms for NGS for breast cancer are now commercially
available. Although they cannot be recommend for routine
clinical use because there is a lack of data supporting benefit
in guiding treatment decisions for patients with breast can-
cer. Genomic within the context of mBC holds the promise
to improve patient outcomes mainly through (a) identifica-
tion of oncogenic drivers that are potential targets of geno-
mic driven drug development like PIK3CA mutations [19]
FGFR1 amplifications [20], AKT1 mutations or EGFR
amplifications [21]. These candidates have already been
associated with an objective response when targeted clini-
cally. Other important contribution would be the (b) identi-
fication of genomic alterations responsible for secondary
resistance—like ESR1 or TSC1/2 mutations that could be
potentially targeted by agents like ER degrading agent

GDC 0810 [22] or mTOR inhibitors [23], respectively.
Other applications would be the (c) identification of
DNA repair defects, mutational processes and defects in the
DNA duplication mechanism to identify tumours that might
be sensitive to PARP inhibitors for exemple or (d) mecha-
nisms of immune escape at the individual level.

24.2 The Role of Imaging, Nuclear Medicine,
and Other Technology

FDG uptake has high positive predictive value for breast
cancer and its main application is for whole-body staging
namely detection of distant metastasis. Retrospectives stud-
ies repotted sensitivity and specificity rates (97.4 and
91.2 %, respectively) that compare favourably with the ones
described for a combination of conventional techniques
(85.9 and 67.3 %, respectively) [24]. In the metastatic set-
ting FDG-PET may allow early identification of nonre-
sponders in order to avoid futile chemotherapy. FDG-PET
with the addition of CT, as in most PET-CT scanners, seems
to be the most accurate method for bone staging since it
combines the best performance for osteolytic lesions seen
versus bone scan [25] whilst the addition of CT to PET
reveals osteoblastic lesions that may not be metabolically
active on FDG-PET alone. PET imaging of proliferation,
angiogenesis, and DNA damage/repair offers the opportunity
to detect changes in these fundamental aspects of tumour
biology that precede size reduction and may allow an earlier
evaluation of therapeutic efficacy. In breast cancer, most
studies have focused on proliferation imaging mainly based
on (18)F-labelled thymidine analogues or (18)
F-fluoroestradiol (18)F-FES for ER+ or 68Ga-ABY-025 for
HER2 positive breast cancer.

Several other imaging techniques, like computed
tomography (CT) scan or magnetic resonance imaging
(MRI) can also allow assessment of tumour response.
Scintigraphic bone scan is helpful but can be misleading due
to “healing flare”. Healing flare is a spurious increase in
radionuclide uptake because of reparative mineralisation
around healing metastases. The phenomenon is typically
seen between 2 weeks and 3 months following therapy, but
can rarely be seen as late as 6 months after treatment [26].

24.3 Treatment

24.3.1 General Principles

The main goal of treatment in mBC is to extend survival and
maintain optimal quality of life against treatment toxicities
[15, 16]. This requires management by a multidisciplinary
team due to the complexity of the decision-making and fast
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introduction of new treatment modalities. This team ideally
should include medical, radiation and surgical oncologists,
imaging experts, pathologists, psycho-oncologists, social
workers; specialised breast nurses palliative care specialists
and nutritionists [15, 16]. There is also evidence relating
improved survival to management in specialised institutions
[27].

The first step in order to manage treatment is to confirm
the histology of disease and biomarker expression such as
ER, PR and HER-2, usually provided from the primary and
metastatic specimen. The biology of the disease is determi-
nant to select the best systemic treatment among the wide
range of options. ER is a predictive marker of response to
endocrine therapy (ET) [28] which is the preferred treatment
because of the excellent tolerability profile. HER2 positivity
(HER2+) is a predictive marker for treatment with
anti-HER2 agents [29], and suppression of the HER2 path-
way should be maintained throughout the duration of active
treatment.

After assessment of the biology of disease several factors
will influence the initial therapeutic approach such as [15,
16]:

• Previous therapies response obtained and their toxici-
ties: The knowledge of previous treatments and best
response obtained gives us information about the possi-
bility of established mechanisms of resistance. In ER+/
HER2 negative disease definitions for primary and sec-
ondary ET have been established [16] although the pre-
cise mechanisms of this phenomenon are not completely
clear (see Sect. 1.3.2). Predictors of poor response to
chemotherapy are progression to previous CT regimens
in the metastatic setting or relapse within 12 months of
adjuvant chemotherapy [30–32]. There are also individ-
ual factors that can predispose for drug toxicity and this
knowledge is important to guide treatment.

• Interval for disease relapse or progression: Longer
disease-free survival usually is associated to a more
indolent disease phenotype and can be managed with less
aggressive treatments, while the opposite scenario is seen
if the disease-free interval or time to progression is short
[33, 34].

• Tumour burden is defined by the number and sites of
metastases. Higher burden of disease usually correlates
with a more aggressive phenotype [33]. This may imply a
preference for therapies with higher efficacy, even if less
tolerable, in order to manage special sites or to achieve a
faster disease control.

• Physiologic age; performance status; co-morbidities will
influence treatment choices as a prediction of drug tol-
erability. It is important to notice the work of the inter-
national society of geriatric oncology (SIOG) on geriatric

assessment tools to help guiding treatment choices for
this population [35].

• Need for rapid disease/symptom control; this demands
treatments with higher response rates. The term visceral
crisis means a rapid progression of disease associated
with severe organ dysfunction assessed by signs and
symptoms, laboratory studies and imaging. It must be
differentiated from the presence of visceral metastasis.

• Socio-economic, psychological factors, and patient
preference. It is important to involve patients and their
caregivers in the decision-making process as this will
allow better quality of life achievements.

There has been an effort to find out new predictive and
prognostic factors in mBC, in order to better tailor individual
treatment. At the moment, accepted prognostic factors are
disease-free interval, number of metastatic sites (burden of
disease), visceral disease involvement and biological mark-
ers. The intrinsic classification of breast cancer in Luminal
type (A/B), Basal, and HER-2 enriched has prognostic
impact in early breast cancer [36] and these molecular pro-
files seem to be preserved in the metastatic setting [37].
However, there is no additional information provided for the
management of metastatic disease with the use of genomic
profiles in this setting. Molecular classification of metastatic
disease is more complex and the knowledge of molecular
alterations is a matter of intensive research. Studies of CTC’s
in metastatic breast cancer have demonstrated potential use
as a prognostic and predictive factor but are still not ready
for clinical use [38].

Traditionally, chemotherapy (CT) has shown higher
efficacy in terms of response rate in visceral disease versus
bone involvement, ER negative and HER-2 positive disease
[39]. Bone involvement only, although having lower
response rates to CT, has longer survival compared to other
sites of disease, which is in agreement with less severe
disease [33, 40]. Low performance status, multiple disease
sites as well as progression with prior chemotherapy for
advanced disease are predictors of low response to additional
CT [33, 40]. Some algorithms to determine response to CT
have been developed, but are not used clinically due to the
heterogeneity of patients. Some data correlates response to
chemotherapy and higher proliferation rate assessed by ki-67
[41], S-phase fraction by flow cytometry [42] and lower
response rates with gene expression of genes that mediate
resistance: P-glycoprotein (gp170); drug efflux pump;
mutated p53 gene [43]. However, they are not ready for
clinical use.

The multiplicity of factors needed to be taken into
account for treatment decision exemplifies the complexity of
management of mBC. Treatment needs to be individualised
as a consequence of new emerging technologies and
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heterogeneity among patients. As previously highlighted in
this chapter, for the HER-2 positive disease, systemic
treatments should always include an anti-HER2 agent in
combination with chemotherapy or ET. CT is the only sys-
temic treatment available for triple negative disease, and it
needs to be considered in the ER+ population when there is
progression to endocrine agents, suspicious of resistance to
ET or a rapid disease progression. Local treatments also
need to be considered individually and in the next sections
the details about systemic treatment and local treatment will
be discussed.

Response to treatment should be assessed to monitor
efficacy and treatment duration. This assessment was already
discussed in this chapter and just to emphasise that it should
be individualised to the goals of treatment (e.g. symptom
palliation or tumour response) and the characteristics of the
disease.

24.3.2 Treatment of ER+HER2 Negative ABC

The ER+/HER2− disease represents 2/3 of breast cancers
and is better characterised molecularly nowadays by the
intrinsic subtype classification in Luminal A/B breast can-
cers [36]. Compared to Luminal A, Luminal B have lower
expression levels of ER or estrogen-regulated genes, lower
or no progesterone receptor (PR) expression, higher tumour
grade, higher expression of proliferation-related genes and
activation of growth factor receptor signalling pathways
such as IGF-1R and PI3 K/AKT/mTOR [44]. These trans-
late into a more aggressive phenotype and substantially
worse outcomes for this subtype. Approximately 20–30 %
of ER+/HER2 negative will relapse within 15 years, show-
ing some form of resistance to ET [45]. In the mBC setting
the differentiation between Luminal A/B is not used to guide
treatment, but it is important to be familiar with possible
mechanisms of resistance, which are similar to the molecular
changes that differentiate Luminal A versus B disease [46].

Currently, ERα expression is the main biomarker for ET
sensitivity. Mechanisms of endocrine resistance can be
multiple and are being the focus of intensive research. They
can involve alterations of the estrogen receptor itself, which
is a nuclear receptor, such as loss of the receptor by epige-
netic silencing or increase in function due to mutations in the
estrogen receptor-related gene (ESR1). The most frequent
are mutations in the LBD domain that confer a ligand
independent expression of ERα, and are found in 15–20 %
of metastatic sites specimens of previously treated patients
with ET [47]. ERs regulate cell growth and differentiation
activation by ligands, such as 17b-estradiol (E2) and by
binding directly to DNA at the estrogen response elements
(ERE) which activate the transcriptional process. The bind-
ing to DNA needs recruitment of coactivators, against

corepressors, or DNA bound transcriptional factors. For
instance, upregulation of coactivators such as activator
protein 1 (AP1), specificity protein 1 (SP1) and of the
transcriptional factor the nuclear factor-kB (NF-kB) is
associated with endocrine resistance [48].

There is also a complex network of pathways related to
receptor kinase signalling that cross-talk in a bidirectional
way with the ER pathway (Fig. 24.1). These pathways also
regulate processes such cell cycle, survival, metabolism,
motility and genomic instability. Activation of the
PI3K/AKT/mTOR or MAPK signalling pathway is possible
mechanisms of endocrine resistance [46, 49]. Downstream
effectors associated to activation of several membrane
receptors kinases, such as EGFR, HER2, IGFR-1 also
interplay with this network. Overexpression of these recep-
tors may be responsible for endocrine resistance [46].
Alterations in cell cycle regulators such as the overexpres-
sion of cyclin D1 and MYC [50, 51] and RB inactivation
[52], can also lead to endocrine resistance.

In conclusion, ER+ advanced breast cancer is charac-
terised by the presence of some degree of endocrine resis-
tance, for which the precise mechanisms is not completely
understood but new data is emerging from molecular testing
in tumour specimens. The terms primary resistance (or de
novo) and secondary (or acquired resistance) have been used
in clinical practice to refer to the disease that progresses
rapidly to ET treatment in the first case and disease that
responds initially and later progresses [16]. This classifica-
tion is arbitrary but has been used in clinical trials of new
agents for ER+/MBC disease. A commonly accepted defi-
nition of endocrine resistance is provided by the
ESO-ESMO ABC international consensus guidelines: (a) De
novo resistance: “relapse while on the first 2 years of adju-
vant ET, or progressive disease within 6 months of starting
first-line ET for MBC”; (b) Acquired resistance: “relapse
while on ET after the first 2 years, or a relapse within
12 months of completing such therapy, or progressive dis-
ease at ≥6 months after initiating ET for MBC”.

24.3.2.1 Endocrine Therapy
ET is the treatment of choice for ER+ mBC except in cases
of visceral crisis, or proven resistance to ET. In these situ-
ations CT is indicated. There are different classes of agents
in clinical use: (a) Selective estrogen modulators (SERM)
which antagonise the ER—Tamoxifen; (b) ER
down-regulators—Fulvestrant; (c) Aromatase inhibitors
(AIs) which are selective inhibitors of aromatase activity—
Anastrozole, Letrozole, Exemestane; (d) Synthetic analogues
of gonadotropin releasing hormone (GnRH)—Goserrelin;
(e) derivates of 17-OH Progesterone (Progestins)—
Medroxyprogesterone, Megestrol (see Table 24.1).

Tamoxifen was the first endocrine agent used in the
metastatic setting, with reported response rates of 34 % and
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stable disease for at least 6 months in 19 % [53]. AIs were
later introduced in the clinic [54] and several studies in
metastatic disease proved superiority to tamoxifen, specially
in the first line setting. A meta-analysis [55] evaluating the
use of these agents in comparison to tamoxifen and pro-
gestins, in first line or beyond, revealed an advantage in
overall survival (HR = 0.87; CI: 0.82–0.93) for AIs. These
results led to the use of these agents as standard first-line
treatment for postmenopausal women with mBC, with
similar effect found between different AIs [56–58]. For
premenopausal women, AIs cannot be used alone because
the aromatase enzyme in healthy ovaries is very sensitive to
gonadotropins which will be increased under treatment with
AIs throughout a negative feedback loop. Treatment options

are Tamoxifen or AIs plus ovarian suppression (GnRH
agonists) or ablation (oophorectomy or ovarian irradiation).
The advantage for the combination of LHRH with ET was
shown in a meta-analysis of tamoxifen plus LHRH studies
with increase in OS (HR = 0.78, p = 0.02) and response
rates (39 % versus 30 %) [59].

Fulvestrant is a ER antagonist that binds to ER, prevents
dimerisation, and leads to rapid degradation of the receptor.
It has been approved in MBC patients that progress or recur
after prior anti-estrogen therapy with similar results to AIs
after progression to several lines of treatment (Clinical
benefit rate approximately 30 %) [60, 61]. A meta-analysis
[62] of several studies did not show a difference between
Fulvestrant and other ET agents in survival and time to

Fig. 24.1 Estrogen receptor cross-talk pathways. Estrogen receptor
(ER) belongs to the nuclear transcription receptors family, which means
that activation occurs throughout binding to oestrogens. This complex
induces translocation to the nucleus, where DNA binding will activate
transcription of genes involved in proliferation, apoptosis and angio-
genesis. However, there is a cross-talk of ER with other receptors
families, such as the HER family (human epidermal receptor),
generating complex signalling pathways involving a variety of kinases,

as illustrated in this figure in a simplified version. AP-1/NF-kB—
transcription factors; AKT—protein kinase B; CoA—coactivator
proteins ER—estrogen receptor; ERE—estrogen response elements;
FULV—fulvestrant; Inhib—inhibitors; MAPK—mitogen-activated
protein kinase; mTOR—mammalian target of rapamycin; PI3K—
phosphatidylinositol 3-kinase; pTEN—phosphatase and tensin homo-
log; SOS-RAS.RAF-MEK—proteins of Ras pathway; S6K1—protein
of mTOR pathway; TAM—tamoxifen; TFS—transcription factors
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Table 24.1 Summary of phase III trials of endocrine therapy (ET) in mBC

Study arms/author/year Population ORR and/or CBR TTP/PFS (months) OS (months)

ANA versus TAM (Nabholtz et al.
2000) [192]

1st line
ER status unknown
n = 353

21 % versus 17 %,
p = n.s.
59 % versus 46 %,
p = 0.005

11 m versus 5.6 m
p = 0.005

33 m versus 32 m
p = n.s.

LET versus TAM
(Mouridsen et al. 2001) [193]

1st line
ER + (30 % of ER
unknown)
n = 907

32 % versus 21 %,
p = 0.0002
50 versus 38 %,
p = 0.0004

9.4 m versus 6.0 m
p < 0.0001

34 m versus 32 m
p = n.s.

EXE versus TAM
(Paridaens et al. 2008) [194]

1st line/2nd line
ER+
n = 391

46 % versus 31 %,
OR = 1.85;
p = 0.005

9.9 m versus 5.8 m
p = n.s.

37 m versus 47 m
p = n.s.

Systematic review AIs
(Riemsama et al. 2010) [195]

4 RCTs
LET, EXE and ANA
versus TAM
n = 2309

LET benefit
RR = 0.65, 95 % CI
0.52–0.82
EXE benefit
RR = 0.68, 95 % CI
0.53–0.99
ANA no benefit

LET benefit
HR = 0.70, 95 % CI
0.60–0.82
EXE marginal benefit
RR = 0.87, 95 % CI
0.70–1.08
ANA benefit
HR 1.42, 95 % CI
1.15 to not reported

No difference

FULV250 versus TAM
(Howell et al. 2004) [196]

1st line
ER+/unknown
n = 578

31.6 % versus
33.9 %,
OR = 0.87, p = n.s.

6.8 m versus 8.3 m
HR = 1.18, 95 % CI
0.98–1.44
p = n.s.

36.8 m versus
38.7 m
HR = 1.29, 95 % CI
1.01–1.64
p = 0.04

FULV250 versus ANA
(Osborne et al. 2003) [60]

1st line
ER+
(<10 % ER unknown)
n = 400

17.5 % versus
17.5 %,
OR = 1.01, p = n.s

5.4 m versus 3.1 m
HR = 0.96, 95 % CI
0.81–1.13
p = n.s.

Not reported

FULV250 versus EXE
(Chia et al. 2008)
[61]

Previously treated
(60 % at least 2 prior
lines)
ER+/unknown
n = 693

7.4 % versus 6.7 %,
p = n.s
32.2 versus 31.5 %,
p = n.s.

3.7 m versus 3.7 m
p = n.s.

Not reported

FULV250 versus FULV500
(Di Leo 2010 and 2014) [63, 197]

1st line
ER+
n = 736

9.1 % versus 10.2 %.
OR = 0.94, p = n.s
45.6 % versus
39.6 %
OR = 1.28, p = n.s

6.5 m versus 5.5 m
HR = 0.80, 95 % CI
0.68–0.94
p = 0.006

25.2 m versus
22.8 m
HR = 0.81, 95 % CI
0.69–0.96
p = 0.02

Combination ET

ANA versus ANA+FULV250
(Metha et al. 2012) [66]

1st line
ER+ (60 % ET naive)
n = 707

22 % versus 27 %,
p = n.s.
70 % versus 73 %,
p = n.s.

13.5 m versus 15 m
HR = 0.80, 95 % CI
0.68–0.94
p = 0.007

41.3 m versus
47.7 m
HR = 0.81, 95 % CI
0.65–1.00
p = 0.05

ANA+FULV250 versus ANA
+placebo
(Bergh et al. 2010) [65]

1st line
ER+ (1/3 ET naive)
n = 514

33.6 % versus
31.8 %, p = n.s.
55.1 % versus 55 %,
p = n.s.

10.8 versus 10.2 m
HR = 0.99, 95 % CI
0.81–1.2, p = n.s.

37.8 m versus
38.2 m
HR = 1.00, 95 % CI
0.76–1.32, p = n.s.

ANA+FULV250 versus FULV250
+placebo versus EXEMESTANE
(Johnston et al. 2013) [67]

1st line/2nd line
ER+ (30 % ET naive)
n = 723

7 % versus 7 %
versus 4 %, p = n.s.

4.4 m versus 4.8 m
versus 3.4 m
HR = 1.00, 95 % CI
0.83–1.21
p = n.s.

20.2 m versus 19.4
versus 21.6 m
HR = 0.95, 95 % CI
0.76–1.17, p = n.s.
HR = 0.84, 95 % CI
0.84–1.29, p = n.s.

(continued)
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progression, but potential benefit if first line treatment, in
patients less exposed to ET and if higher doses of Fulves-
trant were used. Recently, a phase 3 study [63] has shown
survival benefit for the high-dose regimens (500 mg IM day
0, 14, 28 and then monthly) in comparison with low dose
ones (median OS was 26.4 months for Fulvestrant 500 mg
and 22.3 months for 250 mg, HR = 0.81; 95 % CI 0.69–
0.96). A randomised phase III trial, the FALCON trial
(ClinicalTrials. gov identifier: NCT01602380) will answer
the question of best sequence between AIs and fulvestrant
and is comparing first line treatment with anastrozole to
fulvestrant 500 mg. The design of this trial was based on the
results of Fulvestrant First-Line Study Comparing Endocrine
Treatments (FIRST), which was a phase II, randomised,
open-label, comparing efficacy and safety of Fulvestrant
versus Anastrozole [64]. Fulvestrant was associated with
34 % decrease in the risk of progression (TTP 23.4 months
versus 13.1 months, HR 0.66; 95 % CI: 0.47–0.92) and an
unplanned OS survival analysis has shown a superior benefit
(54 versus 48 months, HR 0.70; 95 % CI: 0.50–0.98) that
needs to be confirmed in the phase 3 study.

The different mechanism of action of the different ET
agents has been the rational for ET combination trials. Three
main studies (SWOG, FACT, SoFEA) [65–67] were con-
ducted, mainly in first line setting, comparing AIs plus
Fulvestrant versus AIs alone. Overall, there was no benefit

for the combination, and only one study [66] (SWOG) did
show some improvement in PFS from 13.5 to 15 months
(HR = 0.8, 95 % CI: 0.68–0.94) but the majority of patients
(60 %) in this trial were ET naïve.

24.3.2.2 Biological and Endocrine Resistance
In order to overcome endocrine resistance new agents have
been developed. There are several signalling pathways
involved in this process, being the PI3K pathway (Fig. 24.1)
the most frequently altered in human tumours (45 %
Luminal A and 29 % in Luminal B breast cancers) [68]. The
mTOR inhibitors everolimus and temsirolimus were the first
agents tested in this setting, after preclinical evidence of
synergism between these agents and AIs [69]. The phase III
trial BOLERO-2 [70, 71], tested the combination of
exemestane and everolimus in patients progressing to
letrozole or anastrozole and did show a significant increase
in PFS of 4.6 months by local assessment and 6.9 months by
investigator assessment (HR = 0.38, 95 % CI 0.31–0.48) but
with no significant OS improvement. On the other hand,
Temsirolimus combined with letrozole in first line setting
[72] (HORIZON trial) did not show improved efficacy,
probably because the population of this trial were mainly ET
naïve patients (56 % patients did not receiving any prior
ET), and so not representative of an endocrine resistant
population. The results of a phase II study of Tamoxifen and

Table 24.1 (continued)

Study arms/author/year Population ORR and/or CBR TTP/PFS (months) OS (months)

ET and biologicals

LET versus LET+Lap (Jonhston
et al. 2009) [127]

1st line
ER+/HER2+
n = 219

15 % versus 28 %
OR = 0.4; p = n.s.
29 versus 48 %
OR = 0.4, p = 0.003

3 m versus 8 m
HR = 0.71, 95 % CI
0.53–0.96
p = 0.019

32.3 m versus
33.3 m
HR = 0.74, 95 % CI
0.50–1.1, p = n.s

ANA versus ANA+Trast (Kaufman
et al. 2009) [126]

1st line
ER+/HER2+
n = 103

20.3 % versus 6.8 %,
p = 0.018
27.9 % versus
42.7 %, p = 0.026

4.8 m versus 2.4 m
HR = 0.63, 95 % CI
0.47–0.84, p = 0.0016

28.5 m versus
23.9 m,
p = n.s.

LET versus LET+Bev (Martin et al.
2015) [198]

1st line
ER+/HER2−
n = 380

22 % versus 41 %;
p < 0.001
67 % versus 77 %;
p = 0.041

14.4 m versus 19.3 m
HR = 0.83, 95 % CI
0.65–1.06, p = n.s.

51.8 m versus
52.1 m
HR = 0.87, 95 % CI
0.58–1.32, p = n.s.

EXE+Eve versus EXE (Baselga
2012; Piccart 2014) [70, 71]

Previously treated
ER+
n = 724

9.5 % versus 0.4 %
p < 0.001

7.8 m versus 3.2 m
HR = 0.45 95 % CI
0.38–0.54
p < 0.001

31 m versus 26.6 m
HR = 0.89, 95 % CI
0.73–1.10
p = n.s.

FULV500+Palbo versus FULV500
(Turner et al. 2015) [77]

Previously treated
ER+
n = 521

10.4 % versus 6.3 %
p = n.s.
34 % versus 19 %
p < 0.001

9.2 m versus 3.8 m
HR = 0.42, 95 % CI
0.32–0.56
p < 0.001

Not reported

AIs—aromatase inhibitors; ANA—anastrozole; Bev—bevacizumab; CBR—clinical benefit rate; Eve—everolimus; ET—endocrine therapy; EXE
—exemestane; FULV250—fulvestrant 250 mg; FULV500—fulvestrant 500 mg; Lap—lapatinib; m—months; ORR—overall response rate; OS—
overall survival; Palbo—palbociclib; PFS—progression free survival; RCTs—randomised controlled trials; TAM—tamoxifen; TTP—time to
progression; Trast—trastuzumab

24 Metastatic Breast Cancer 457



Everolimus are also are in accordance to this rational [73]
where the combination of tamoxifen and Everolimus was
associated to significant increase of 4 months in TTP, and
mainly in the patients defined as secondary hormone resis-
tance. mTOR inhibitors are associated with higher toxicity
compared to ET alone and patients close monitoring is
needed. Main side effects are stomatitis (59 %), rash (39 %),
fatigue (37 %), anorexia (31 %), diarrhea (34 %); less fre-
quent but clinically relevant are non-infectious pneumonitis
(16 %) and hyperglycemia (14 %) [70, 74]. There has been
an effort to find predictive biomarkers of response to these
drugs but so far without success. A recent biomarker anal-
ysis from BOLERO-2 has shown that lower chromosomal
instability was correlated with benefit from everolimus but
PIK3CA mutations, FGFR1 and CCND1 ones were not
predictive [75].

Cyclin-dependent kinases (CDKs) are main regulators of
cell-cycle in mammalians by controlling checkpoints
throughout G1 to G2 phase. CDK 4, 6, 10 and 11 have a
direct role in cell cycle progression and became important
targets for cancer control [38]. The new compounds CDK4
and CDK6 inhibitors are under clinical evaluation in breast
cancer. Palbociclib (PD0332991) is an oral small molecule
selective inhibitor CDK4/6 and was evaluated in a phase II
randomised study (PALOMA-1) [76], where 165 post-
menopausal patients received as first line treatment for mBC
a combination of Palbociclib and Letrozole versus Letrozole
alone. An important increase in PFS from 10.2 to
20.2 months was seen (HR = 0.48, CI 95 % = 0.31, 0.74)
and based on this study the combination was given provi-
sional approval by FDA in this population setting. In order
to identify biomarkers of response, a cohort of patients with
amplification of Cyclin D1 gene (CCND1) and p16 loss
were compared to the wild type population, but unfortu-
nately not found to be predictive of response. A phase 3 trial
with same design as PALOMA-1 has finished accrued and
will be published soon. Subsequently, the PALOMA-3 study
[77] showed that the combination of Fulvestrant 500 mg and
Palbociclib in previously treated patients was also superior
to fulvestrant (significant improvement in PFS from 3.8 to
9.2 months, HR = 0.42, CI 95 % = 0.32, 0.56). In this
study, 36 % of patients were heavily pre treated having more
than three lines of therapy and premenopausal women
(21 %) were also include but all treated with Goserrelin. The
planned subgroup analysis also showed a benefit indepen-
dently of sites of disease, sensitivity to prior therapies or
menopausal status. The addition of cdk4/6 inhibitors led to
higher toxicity as neutropenia (78.8 versus 3.5 %), fatigue
(38 versus 27), but it is reassuring that the rate of febrile
neutropenia was very low (0.6 % in both arms) [78].
Ongoing studies are assessing several cdk4/6 inhibitors in
clinical trials in mBC, as well in the neoadjuvant and adju-
vant setting. Several new agents such as histone deacetylase

inhibitors [79] and PI3K inhibitors [80] are also been eval-
uated in several clinical trials.

In summary, the treatment of ER+ mBC patients includes
several ET treatments options, being the choice of treatment
dependent on the agent previously treated. There is no clear
evidence for the optimal sequence of treatment. First line
treatment options in patients that previously received adju-
vant ET includes AI, Fulvestrant and Tamoxifen. After first
line, options are fulvestrant plus Palbociclib, AI or Tam plus
Everolimus, AI, Fulvestrant, Tamoxifen or Megestrol acet-
ate. For premenopausal patient ovarian suppression/ablation
combined with another agent is the preferred choice. The
other agent may be Tamoxifen, AI, Fulvestrant or Fulves-
trant and Palbociclib.

24.3.2.3 Chemotherapy
In ER+ disease CT is only indicated in cases of rapid disease
progression, ET resistance or large tumour burden [15, 16].
The choice of CT should take in account the general health
status, tumour burden, prior treatments and patients prefer-
ences, towards a personalised treatment approach. For
patients CT naïve which represent only a minority of todays
patients, anthracyclines or taxanes monotherapy, have sim-
ilar efficacy [81] (RRs 33–38 %; median OS 19.2–
19.8 months). Several other agents are currently approved in
mBC such as capecitabine [82, 83], vinorelbine [84],
eribulin [85], gemcitabine [86], platinum agents [87] or
CMF [88]. The optimal sequence is currently unknown. If
there is concern for cardiotoxicity pegylated liposomal
doxorubicin [89] has shown similar efficacy to weekly
doxorubicin (median OS 22 versus 21 months), but with less
risk of cardiac injury (7 % versus 26 %), less alopecia (66
versus 20 %), less nausea (53 versus 37 %) and vomiting
(31 versus 13 %). Sequential monotherapy should be the
preferred choice. Combination CT does not provide and OS
advantage and should be reserved for cases where rapid
response is needed [84, 90].

24.3.3 Treatment of HER+ABC

The overexpression or gene amplification of HER2 is pre-
sent in 20–25 % of breast tumours [91]. HER2 is a mem-
brane tyrosine kinase receptor, belonging to the epidermal
growth factor receptor (EGFR) family and overexpression
leads to the activation of several downstream pathways
involved in increased proliferation [92].

Traditionally, HER2+ mBC was associated with poor
prognosis, but the development of anti-HER2 agents has
changed this scenario. In fact, nowadays this subtype has the
longer survival times achieved in the metastatic setting.
A retrospective study, analysing 2091 patients from the
MDACC [7] compared survival rates among three groups of
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patients receiving first line treatment: (1) HER-2+ disease
and treated with trastuzumab; (2) HER-2+ disease and not
treated with trastuzumab and (3) HER2 negative disease.
Highest 1-year OS rates were seen in HER2+ patients treated
with trastuzumab (86.6 %) and lowest in this subtype but not
receiving anti-HER2 treatment (70.2 %). The ER+ popula-
tion had an intermediate survival time (1 year OS of
75.1 %).

For activation of the HER2 pathway, HER2 receptor will
create homodimers or heterodimers with other EGFR pro-
teins, allowing the EGRF intracellular domains to be
autophosphorylated and/or transphosphorylated with subse-
quent activation of the Ras/Raf/mitogen-activated protein
kinase, the phosphoinositide 3-kinase/Akt, and the phos-
pholipase Cγ (PLCγ)/protein kinase C (PKC) pathways [92,
93].

Trastuzumab is a monoclonal antibody that binds to the
extracellular domain of HER-2 (sub-domain IV) and was the
first HER-2 directed agent approved in MBC. The mecha-
nism of action of trastuzumab is diverse: (1) HER-2 inter-
nalisation and degradation throughout activity of tyrosine
kinase- ubiquitin ligase c-CBL [94]; (2) Antibody-dependent
cellular cytotoxicity (ADCC) throughout activation of nat-
ural killer (NK) cells [95]; (3) inhibition of the MAPK and
PI3K/Akt pathway leading to inhibition of cell growth.

Subsequent agents were developed, working as blockers
of the receptor or/and inhibitors of the downstream sig-
nalling of the HER2 pathway. In clinical use are 3 agents:
(a) Lapatinib: tyrosine kinase inhibitor of EGFR1 and

HER2; (b) Ado-trastuzumab emtansine (also known as
T-DM1): antibody–drug conjugate that incorporates trastu-
zumab and a thioter linker that connects it to an antimicro-
tubule agent, DM1 and (c) Pertuzumab: like trastuzumab is
a monoclonal antibody to the extracellular domain of
HER-2, but that blocks a different site which is the binding
domain (sub-domain II), preventing HER2 dimerization as
an additional effect to trastuzumab (Fig. 24.1).

There is large amount of evidence to guide first line
treatment in this population but the same is not truth when
disease progresses. The best sequence of anti-HER2 agents
is still an open question, since information regarding treat-
ment efficacy after progression to several anti-HER2 agents,
mainly the new ones, is not yet available. The current results
of several trials are at least a confirmation of effectiveness of
sustained suppression of the HER2 pathway throughout the
lifetime of the patient.

24.3.3.1 First-Line Therapy (See Table 24.2)
Combination of CT and trastuzumab has shown higher
efficacy compared to CT alone [29, 96–101]. The first main
study conducted by Slamon et al. [29], evaluated 469
patients receiving AC (doxorubicin plus cyclophosphamide)
or 3 weekly Paclitaxel (if previous treated or with anthra-
cyclines) as first line treatment for mBC with or without
Trastuzumab. Response rate (RR) was increased from 32 to
50 % (p < 0.001) and OS from 20.3 to 25 months
(p = 0.046). Main secondary side effect was cardiac dys-
function, more prevalent and severe if anthracyclines were

Table 24.2 Combination of CT and anti-HER2 agents in mBC—main phase III trials

Study arms/author/year Population ORR and/or CBR TTP/PFS OS

First line treatment CT and trastuzumab

Trast+CTp versus CT
(Slamon et al. 2001) [29]

1st line
HER2+
n = 469

32 % versus 50 %,
p < 0.0001

7.4 m versus 4.6 m
RR 0.51, 95 % CI 0.41–
0.81
p < 0.0001

25 m versus 20.3 m
RR 0.80, 95 % CI 0.64–
1.00
p = 0.046

Trast+PAC+CARBO versus
Trast+PAC
(Neyland et al. 2006) [98]

1st line
HER2+
n = 196

52 % versus 36 %,
p = 0.004

10.7 m versus 7.1 m
HR 0.66, 95 % CI 0.59–
0.73
p = 0.03

35.7 m versus 32.2 m
HR 0.9
p = n.s.

Trast+VINO
versus
Trast+TAX
(Burstein et al. 2007) [97]

1st line
HER2+
n = 81
* early terminated
(poor accrual)

51 % versus 40 %,
p = n.s

8.5 m versus 6 m,
p = n.s.

Not reported

Trast+VINO versus Trast
+DOC
(Andersson et al. 2011) [100]

1st line
HER2+
n = 284

59.3 % versus
59.3 %, p = n.s

12.4 m versus 15.3 m
HR 0.94, 95 % CI 0.71–
1.25, p = n.s.

35.7 m versus 38.8 m
HR = 1.01, 95 % CI
0.71–1.42, p = n.s.

Trast+TAX+CARBO versus
Trast+TAX
(Valero et al. 2011) [101]

1st line
HER2+
n = 263

72 % versus 72 %,
p = n.s

11.1 m versus 10.4
HR = 0.91, 95 % CI
0.69–1.20
p = n.s.

37.1 m versus 37.4 m
HR = 1.0, 95 % CI 0.75–
1.35
p = n.s.

(continued)
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combined to Trastuzumab with a frequency rate of 27 %,
compared to 8 % if AC alone, 13 % if Paclitaxel plus tras-
tuzumab and 1 % if Paclitaxel alone. Trastuzumab was
approved for use in the metastatic setting in 1998. Other CT
agents as Docetaxel, weekly Paclitaxel and Vinorelbine have
been tested in this setting with equivalent efficacy. Docetaxel
is globally less tolerated, with higher risk of
neutropenia/leucopenia, infection, neuropathy, nail changes
and edema [97, 100]. Compared to taxanes, Vinorelbine [97,

100] was better tolerated and with similar efficacy, only
associated with anemia and neutropenia and hence less
recommended to patients with cytopenias mainly secondary
to bone marrow involvement. In this case, weekly paclitaxel
is the preferred regimen.

Combination CT associated with trastuzumab has also
been tested with platins and taxanes [98, 101–103], but no
OS survival benefit was seen, but mainly a significant and
meaningful increase in response rates at the cost of higher

Table 24.2 (continued)

Study arms/author/year Population ORR and/or CBR TTP/PFS OS

First line treatment CT and other anti-HER2 agents

Trast+DOC+Plac versus
Trast+DOC+Pert
(Baselga 2012) [111]

1st line
HER2+
n = 808

69.3 % versus
80.2 %,
p = 0.001

12.4 m versus 18.5 m
HR = 0.62, 95 % CI
0.51–0.75,
p < 0.0001

37.6 m versus not
reported
HR = 0.66, 95 % CI
0.52–0.84
p = 0.0008

TAX+Lap versus
TAX+Trast
(Gelmon et al. 2015) [117]

1st line
HER2+
n = 652

54 % versus 55 %,
p = n.s.
75.8 % versus
75.9 %, p = n.s.

9.0 m versus 11.3 m
HR = 1.37, 95 % CI
1.13–1.65, p = 0.001

37.8 m versus 38.2 m
HR = 1.00, 95 % CI
0.76–1.32, p = n.s.

Trast+TAX versus T-DM1
versus TDM1+PAC
(Ellis et al. 2015) [114]

1st line
HER2+
n = 365

67.9 % versus 59.7 %
versus 64.2 %

Trast+TAX versus T-
DM1
13.7 m versus 14.1 m
HR = 0.91, 95 % CI
0.73–1.13; p = n.s.
Trast+TAX versus T-
DM1+PAC
13.7 m versus 15.2 m
HR = 0.87, 95 % CI
0.69–1.08; p = n.s.
T-DM1 versus T-DM1
+PAC
14.1 m versus 15.2 m
HR = 0.91, 95 % CI
0.73–1.13, p = n.s.

Not reported

Second line treatment and beyond

CAP+Lap versus CAP
(Geyer et al. 2006 and
Cameron et al. 2010) [115]

Previously treated
HER2+
n = 324

22 % versus 14 %,
p = 0.009
27 % versus 18 %

8.4 m versus 4.4 m
HR = 0.49, 95 % CI
0.34–0.74,
p = <0.001

18.7 m versus 16.1 m
HR = 0.87, 95 % CI
0.71–1.08, p = n.s.

Trast+Lap versus Lap
(Blackwell et al. 2010) [124]

Previously treated
HER2+
n = 296

10.3 % versus 6.9 %,
p = n.s.
24.7 % versus 12.4 %
p = 0.01

12 wks versus 8.1 wks
HR = 0.73, 95 % CI
0.57–0.93,
p = 0.008

9.7 m versus 7.9 m
HR = 0.75, 95 % CI
0.53–1.07, p = n.s.

T-DM1 versus CAP+Lap
(Verma et al. 2012) [120]

Previously treated
HER2+
n = 991

43.6 % versus
30.8 %,
p = <0.001

9.4 m versus 5.8 m
HR = 0.66, 95 % CI
0.56–0.77
p = <0.001

30.9 m versus 25.1 m
HR = 0.68, 95 % CI
0.55–0.85,
p = <0.001

T-DM1 versus physician’s
choice
(Krop et al. 2014; Wildiers
et al. 2015) [122, 123]

Previously treated
anti-HER2
ER+/HER2+
n = 602

31 % versus 9 %,
p = <0.001

6.2 m versus 3.3 m
HR = 0.52, 95 % CI
0.36–0.82, p = 0.0016

22.7 m versus 15.8 m
HR = 0.68, 95 % CI
0.54–0.85, p = 0.007

CARBO—carboplatin; CAP—capecitabine; CTp—chemotherapy by protocol (Docetaxel or AC); DOC—Docetaxel; Lap—lapatinib; m—month;
ORR—overall response rate; OS—overall survival; PAC—paclitaxel; Per—pertuzumab; PFS—progression free survival; TTP—time to
progression; Trast—trastuzumab; TAX—taxane; T-DM1—trastuzumab emtansine; wks—weeks
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toxicity, mainly hematologic. These regimens should be
considered when fast control of the disease is needed.

There has been a continuing effort to develop new
anti-HER2 agents, with the aim to increase survival times,
which are still modest, and to overcome resistance to tras-
tuzumab treatment, as some patients do not respond initially
to this drug (<35 %) [104, 105]. Pertuzumab was recently
developed and the rational for combination with trastuzumab
was based on their complementary mechanism of action by
blocking different site domains of HER2. Phase I/II studies
proved synergy and efficacy for the combination [106–108]
leading to a phase III study—Cleopatra trial. This included
808 HER2+ mBC patients who were randomised to first line
treatment with a combination of pertuzumab, trastuzumab
and docetaxel or the same chemotherapy with trastuzumab
alone. A benefit was seen of PFS by 6.3 months (HR 0.68
CI95 % 0.58–0.80) and a substantial benefit in OS by
15.7 months (40.8 months–56.5 months, HR 0.68, CI 95 %
0.56–0.84) which is rarely seen in mBC [109, 110].
Importantly, the population of this study included mainly
trastuzumab naïve patients, with only 10 % receiving this
treatment previously, and is not therefore representative of
the majority of the mBC HER-2 population in daily clinic
nowadays. In addition all patients included in the Cleopatra
trial that received previous trastuzumab had a treatment free
interval of at least 12 months. Undoubtedly, for untreated
patients, the preferred first-line regimen is Docetaxel, Per-
tuzumab and Trastuzumab, being already approved for this
setting. It’s not clear yet if patients previously treated with
trastuzumab derive the same amount of benefit and the
optimal treatment of early relapses (≦12 months after or
during Trastuzumab) is still unknown.

The cytotoxic component is discontinued after achieving
best response to treatment (usually after 6–8 cycles) [111]
and the monoclonal antibodies should be continued. If the
tumour is ER+ it is recommended to add ET as maintenance
therapy.

The dual HER2 blockade with Trastuzumab and Per-
tuzumab was associated with some increase in toxicity.
Grade 3 toxicities described were neutropenia (40 versus
46.2 %), febrile neutropenia (7.6 % versus 13.8 %) and
diarrhea (9.3 versus 5.1 %) but there were no differences in
deaths due to febrile neutropenia or infection. Subsequently
a phase II study [112] evaluated the efficacy and safety for
the combination of weekly Paclitaxel (80 mg m2) with 3
weekly Trastuzumab and Pertuzumab in 69 patients on first
line (74 %) or second-line therapy (26 %). Median PFS in
the update analysis was 19.5 months (95 % CI, 14–
26 months), and at 1 year overall PFS was 70 % (95 % CI,
56–79 %), being higher in the first line setting compared to
previously treated patients. The toxicity profile favours
Paclitaxel, with no cases of febrile neutropenia or symp-
tomatic left ventricular systolic dysfunction, being an option

for patients not tolerating docetaxel. Combinations of dual
blockade with Vinorelbine have also been reported and
compare favourably; efficacy results are awaited [113].

The Marianne study was recently presented [114] and this
was an important study, including 1095 patients that com-
pared taxanes plus Trastuzumab to T-DM1 and T-DM1 plus
pertuzumab. Non-inferiority was achieved between arms but
superiority was not proven. Median PFS was similar in the
three arms being 13.7 months, 14.1 months and
15.2 months, respectively. More details from this study are
awaited in the full publication, and raise the question if the
dual blocked in first line setting is preferred to
Trastuzumab-based regimens.

24.3.3.2 Second-Line Therapy (See Table 24.2)
The first new anti-HER 2 agent approved in this setting was
Lapatinib. In HER2+ mBC patients, previously receiving
anthracyclines, taxanes and Trastuzumab, the addition of
Lapatinib to Capecitabine [115, 116], compared to capeci-
tabine alone, doubled TTP from 4.4 months to 8.4 months
(HR = 0.49, 95 %: CI 0.34–0.71). Main additional side
effect for the combination was diarrhea. This study led to the
approval of this agent in this setting, but mainly what it did
confirm was benefit of maintaining suppression of HER2
pathway, as two subsequent studies proved superiority of
trastuzumab in this setting.

The MA.31 trial [117] randomised 636 mBC patients to
first line therapy with taxanes for at least 24 weeks, with
Trastuzumab or Lapatinib. Taxanes could be weekly Pacli-
taxel or 3 weekly Docetaxel. PFS was significantly superior
in Trastuzumab arm, 11.4 months versus 8.8 months
(HR = 1.37, 95 %CI 1.13–1.65) and also more deaths
occurred in the Lapatinib arm (HR = 1.37, 95 % CI 1.13–
1.65). The aim of the second study, CEREBEL trial [118]
was to evaluate a potential benefit for first line capecitabine
and lapatinib versus the combination with trastuzumab in
preventing brain relapse as first relapse, based on previous
studies as the Landscape trial [119]. The study was prema-
turely closed with 540 patients because of very low brain
events. There was no statistical significance difference on the
incidence of brain metastases in both arms (3 % in lapatinib
arm versus 5 % in trastuzumab arm, p = 0.360), but PFS and
OS were longer in trastuzumab arm, 2 and 5 months,
respectively (HR for PFS, 1.30; 95 % CI, 1.04–1.64; HR for
OS, 1.34; 95 % CI, 0.95–1.64).

In both trials [117, 118], toxicity in the lapatinib arm was
associated with higher incidence of diarrhea, rash, nausea
and hyperbilirrubinemia, being only better to trastuzumab
for lower incidence of LVEF decrease.

The antibody–drug conjugate T-DM1 was later intro-
duced and tested in second and subsequent lines of treatment
against Capecitabine plus Lapatinib in the EMILIA study
[120]. Primary endpoints were PFS, OS and safety, and 991
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patients were included. It was shown an increase in OS of
nearly 5 months (30.9 versus 25.1 meses, HR 0.68, CI 95 %
0.55–0.85) as well as increase in PFS of 3.2 months (HR
0.65, CI 95 % 0.55–0.77) together with less toxicity (grade
¾ events 57 % versus 41 %). TDM1 was only associated
with more thrombocytopenia and increase in transaminases
but higher occurrence of diarrhea, nausea, vomiting, hand–
foot syndrome was seen in the Capecitabine and Lapatinib
arm. The benefit of T-DM1 was seen irrespective of the lines
of treatment received and also in patients progressing less
than 6 months of completing trastuzumab in the adjuvante or
neoadjuvant setting. For this reason the ASCO guidelines
[121] recommend T-DM1 in first line setting if short
disease-free interval.

24.3.3.3 Progression Beyond Second Line
Therapy

Based on EMILIA study [120] T-DM1 is an option for
third-line therapy, although previous treatment with Lapa-
tinib was an exclusion criterion in this trial. The need for
further evidence in previously treated HER2+ mBC patients
with several anti-HER2 and CT agents was the context for
the TH3RESA trial [122]. This was a phase 3 randomised
study were patients must have received at least two lines of
therapy, including a taxane in any setting, and were ran-
domised to TDM1 versus physician choice. The majority of
patients received Trastuzumab and CT (68 %), Trastuzumab
+Lapatinib (10 %), Trastuzumab+ET (2 %) and Lapatinib
+Capecitabine (3 %). There was a significant increase in
PFS from 3.3 to 6.2 months (HR 0.52, CI 95 % 0.42–0.66)
and in the recent update analysis of median OS from
15.8 months to 22.7 months (HR 0.68, CI 95 % 0.54–0.85)
despite a 45 % of cross-over rate. T-DM1 arm had better
tolerability (grade 3 events 32 % versus 43 %) [122, 123].

Before results from T-DM1 were available, the combi-
nation of trastuzumab and lapatinib was assessed in clinical
trials, with the rational for testing dual-blocking in heavily
pretreated patients. This was the population of EGF104900
trial [124] were patients were randomised to trastuzumab
plus lapatinib versus lapatinib alone after having received a
median of three prior trastuzumab-containing regimens;
55 % of cross-over rate was seen. The dual blockade was
associated with a significant increase in PFS which was the
primary endpoint (11.1 versus 8.1 weeks, HR = 0.74; 95 %
CI, 0.58–0.94), increased CBR (24.7 % versus 12.4 %;
p = 0.01) and a significant 4.5-month median OS advantage
(14 versus 9.5 months, HR, 0.74; 95 % CI, 0.57–0.97). The
main side effect for the combination was diarrhea and the
incidence of cardiac events were low (7.3 % in combination
arm and 2.1 % in monotherapy). Multivariate analysis has
shown as factors associated with improved survival ECOG
0, non-visceral disease and less than three metastatic sites
and less time from initial diagnosis till assignment in the

study, which means less duration of treatment for metastatic
disease.

Good data on pertuzumab use following disease pro-
gression on trastuzumab or other agents is not yet available.
Only phase 2 studies are reported [112] [109] and showed
CBR of 50 % and median PFS of 5.5 months, with good
tolerability. A second cohort evaluated pertuzumab in
monotherapy, but showed no efficacy [125] with CBR of
3.4 % versus 10.3 % when trastuzumab was also received.

In patients progressing after several lines of treatment it is
recommended to maintain trastuzumab and switch the
cytotoxic treatment [16, 121].

24.3.3.4 Treatment of HER2+/HR+ Disease
In selected cases of ER+/HER2+ disease, such as indolent,
low burden disease or contraindication for chemotherapy,
first line treatment with ET and Trastuzumab or Lapatinib is
an option. There are two main randomised trials assessing
treatment with Anastrozole and Trastuzumab [126] or
Letrozole plus Lapatinib [127] in this setting. There was a
significant increase in PFS but with no increase in overall
survival. Around 50 % of HER2+ patients are also ER+ and
this subtype is well represented in the CT clinical. Due to the
OS advantage in these trials, combination of an anti-HER2
agent with CT is also the preferred first line treatment for this
population but in some selected cases ET can be used.
Maintenance therapy with ET and anti-HER2 therapy is
recommended after maximum response is obtained with CT
[15, 16, 121].

24.3.3.5 Unanswered Questions
for Management HER2 Positive
Disease

There are no data for the optimal duration of anti-HER2
therapy in patients who achieve a complete remission.

New agents: Neratinib is a potent pan-tyrosine kinase
inhibitor that has activity against HER1, HER2 and HER4. It
has shown activity when combined to Capecitabine in pre-
viously treated patients with Trastuzumab (PFS 35.9–
40.3 months) [128] but with high diarrhea rates that occur-
red in 88 % of patients. An ongoing phase 3 study (NALA;
NCT 01808573) is assessing capecitabine plus Neratinib or
Lapatinib in patients progressing after 2 lines of treatment
for MBC with anti-Her2 agents. In previously untreated
patients recently it was reported a phase 3 trial comparing
Paclitaxel and Trastuzumab or Neratinib in first line setting
(N = 479). There was no difference in PFS (HR = 1.02;
95 % CI, 0.81–1.27) but Neratinib was associated with
grade 3 in 30.4 % of patients. A finding in this trial that
needs further confirmation with additional studies is a lower
incidence of central nervous system recurrences (relative
risk, 0.48; 95 % CI, 0.29–0.79; P = 0.002) and longer time
to central nervous system metastases (HR, 0.45; 95 % CI,
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0.26–0.78; P = 0.004) in the Neratinib and Paclitaxel
arm [129].

24.3.4 Treatment of Triple Negative ABC

Since triple negative breast cancer (TNBC) lack all the three
targets, ER, PR and HER-2 receptors, chemotherapy repre-
sents the only approved treatment approach. Response to
systemic therapy in metastatic TNBC lack durability and
overall survival is worse compared to other subtypes [130]. As
previously discussed sequential single-agent chemotherapy is
the best approach and combination chemotherapy should be
considered if an increase in response rates is a major goal.
Although conventional taxanes can be used as first line ther-
apy, it should be noticed that they are commonly prescribed in
the adjuvant setting and should not be rechallenged in case of
disease-free interval of less than 12 months [131]. The BRCA
functional statusmay play an important role in both, taxanes—
and platinum compounds—sensitivity [132].

Wysocky and colleagues [133] found there was higher
incidence of primary resistance to docetaxel-based therapy
among BRCA1-mutated TNBC patients. Available data of
clinical activity of platinum compounds suggest a promising
efficacy mainly in the neoadjuvant setting [134] but also in
metastatic setting [135]. However, recent results of a phase
III trial conducted in UK (TNT trial) [136] helped to clarify
the benefit of platins. This study included 376 mBC patients
with TNBC or carriers of BRCA1/2 mutations indepen-
dently of the biologic subtype. Patients were randomised to
first line treatment with Carboplatin (AUCx6) or docetaxel
(100 mg/m2) for 6–8 cycles or till progression. No difference
in overall response rate (ORR), PFS or OS was seen between
the two arms, proving evidence for no superiority of platins
in triple negative phenotype. An analysis of the intrinsic
subtype by PAM50 assay was also performed and again no
benefit was seen for platins if basal-like subtype. However,
patients with BRCA1 or two mutations (n = 43) experienced
higher ORR (68 % with carboplatin versus 33.3 % with
docetaxel) and PFS (6.8 months versus 4.8 months) being
this population the one that benefits more from platins.

Due to overall poor response of advanced TNBC patients
to standard chemotherapeutic agents there is an urgent need
for developing new molecular-directed targeted therapies for
this specific BC population. Since TNBC is generally a
highly proliferative neoplasm that needs constant angio-
genesis throughout all the phases of its development [137] it
was expected higher efficacy of the anti-VEGF monoclonal
antibody bevacizumab in this disease. The latter has been
shown to increase ORR and PFS in patients with MBC when
added to first-line chemotherapy in various randomised

phase III trials [138–141] but no OS benefit and the toxicity
was higher. No significant improvement of efficacy was seen
in the triple negative population [142] either.

Poly (ADP-ribose) polymerase (PARP)s are a large
family of multifunctional enzymes. PARP1 and PARP2 are
involved in the mechanism of single-stranded DNA base
excision repair by homologous recombination. In preclinical
models PARP inhibition has selective anticancer activity in
BRCA-1 and BRCA-2-deficient tumours with 100–1000
times greater killing power compared to BRCA-proficient
cells [143]. PARP inhibitors are an attractive target for
TNBC but the encouraging early studies with iniparib [144]
were not confirmed in a phase III trial of unselected TNBC
[145]. Another PARP inhibitor, olaparib, has recently also
been shown to be ineffective in the treatment of unselected
TNBC [146], therefore monotherapy with these agents is not
recommended. Further trials are ongoing and evaluating
treatment with PARP inhibitors in patients BRCA 1 or 2—
deficient tumours. Ongoing clinical trials are exploring the
role of other potential targeted agents in such as EGFR
inhibitors, mTOR inhibitors, Src tyrosine kinase inhibitors,
and immunotherapeutic approaches and non-steroidal
anti-androgens, in this last case for TNBC with androgen
receptor expression [147].

24.3.5 Treatment According to Special Sites

24.3.5.1 Bone Metastasis

General Recommendations
The management of bone metastasis should be discussed in a
multidisciplinary team that include orthopedic and
neuro-surgeons besides medical oncologists, radiation
oncologists and palliative care specialists [148].

24.3.5.2 Systemic Therapy of Bone Metastases
A bone modifying agent (bisphosphonate or denosumab)
should be routinely used in combination with other systemic
therapies [15].

Bisphosphonates are pyrophosphate analogues and bind
to the hydroxyapatite mineral bone matrix preventing
osteoclasts activity through induction of osteoclast apoptosis
and inhibition of osteoclast maturation and differentiation
[149]. They may also have antitumor effects by inducing
apoptosis, inhibiting angiogenesis and reducing levels of
vascular endothelial growth factor (VEGF) [150]. They have
shown significant efficacy in reducing skeletal-related events
(SREs) and delaying time to first SREs onset [148, 150].
There are many bisphosphonates available, including clo-
dronate, which is a second-generation bisphosphonate,
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pamidronate, which requests 2 h of infusion time; and
third-generation aminobisphosphonates ibandronate and
zoledronic acid (ZA).

The efficacy of ZA given intravenously was firstly tested
in a placebo-controlled trial randomising patients with BC
and bone metastases to receive either 4 mg of ZA every
4 weeks for 1 year or placebo [151]. There was a 39 % risk
reduction of SREs in patients who received ZA compared to
those who received placebo. Furthermore, ZA significantly
delayed time to first SRE with similar safety profile to pla-
cebo. Head to head comparison was done between ZA and
pamidronate in a large trial where 1648 patients with
metastatic bone lesions from BC were randomised to receive
either intravenous pamidronate 90 mg or intravenous ZA 4
or 8 mg every 3–4 weeks [152]. There was increased crea-
tinine level observed in the 8 mg ZA arm, therefore only the
4 mg ZA arm was considered for final analysis. ZA was
superior to pamidronate for the time to first SRE, skeletal
morbidity rate and risk of skeletal complications in patients
receiving ET but not chemotherapy [153].

The toxicity profile of bisphosphonates is generally
favourable with exception of renal adverse effects. However,
prolonged use of these bone modifying agents can induce
bone turnover suppression which may, in combination with
systemic chemotherapy, radiation therapy, steroid treatment
or dental procedures, cause osteonecrosis of the jaw
(ONJ) [154]. The most common site of ONJ is the mandible
bone (65 %), followed by maxilla bone (26 %), or both
(9 %).

There is recent evidence showing similar efficacy of
biphosphonates administration every 3 months compared
with every 4 weeks. The large CALGB trial (Alliance) [155]
(n = 1822/BC 833) showed non-inferiority for every
3 months regimen compared to the monthly one. A second
study, the OPTIMIZE-2 included 403 mBC patients with
bone disease that have received 10–15 months of IV
biphosphonates and then randomised between the two
schedules of administration. Again similar efficacy was
found in the less frequent schedule of administration (SREs,
pain control), together with fewer side effects (no cases of
ONJ) and is common current practice, mainly when high risk
for biphosphonates side effects.

Denosumab is another bone modifying agent that has
shown efficacy based on rapid suppression of bone turnover
[156]. It is a fully human immunoglobulin-G2 (IgG2)
monoclonal antibody against RANKL [157] and was com-
pared to ZA in three phase III trials. In the largest trial
conducted by Stopeck and colleagues [158] 2046 patients
were randomised to receive either subcutaneous Denosumab
120 mg and intravenous placebo or intravenous ZA 4 mg
(adjusted to creatinine clearance) and subcutaneous placebo
every 4 weeks [158]. It was demonstrated that Denosumab
significantly delayed time to first SRE (HR 0.82, p = 0.01).

Both drugs, ZA and Denosumab, were well-tolerated. There
were more renal adverse events with ZA compared to
denosumab whereas hypocalcemia occurred more frequently
with denosumab. ONJ was rare (1.4 % with ZA and 2.0 %
with denosumab). In this study, denosumab was also shown
to improve pain-prevention and pain control. In those
patients who had mild or absent pain at baseline, a 4-month
delay in progression to moderate or severe pain was
observed with denosumab compared to ZA (9.7 months
versus 5.8 months; p = 0.02). Moreover, denosumab was
superior to ZA in reducing bone-related complications and
maintaining quality of life of metastatic BC patients [159].

24.3.5.3 Locoregional Therapy of Bone
Metastases

There are two main locoregional treatment strategies for
bone metastases from breast cancer, palliative radiotherapy
and surgical management, respectively.

Palliative radiotherapy has two major goals, to prevent
SREs and palliate pain [160]. Around 75–80 % of patients
who receive radiotherapy (RT) achieves a good response on
pain control and need no further analgesics. RT has a direct
cytotoxic effect on tumour cells that leads to tumour
shrinkage, reduced tumour infiltration in the bone and
tumour cytokine production that is involved in nociception.
Furthermore, there is evidence of effect of ionising radiation
on osteoclasts and RANK-RANKL regulator system pro-
ducing analgesic effect [161].

Conventional fractionation usually involves daily frac-
tions of 1.8–2 Gy (5 fractions per week), however, the total
dose of RT depends on cancer radio sensitivity and tolerance
of tissues being exposed to radiant beam [162]. Another two
options for RT delivery are hyper fractionation and
hypo-fractionation. In hyper-fractionated RT the total dose is
divided into small doses and treatments are given more than
once per day; in hypo-fractionated RT, on the other hand, the
total dose is divided into large doses and treatments are
given once a day or less often. In a randomised clinical trial
evaluating the role of single fraction RT or multiple fractions
of RT [163] 272 patients with bone metastases from BC
were randomised to receive a single 8 Gy fraction or 20 Gy
in 5 fractions. It was concluded that single fraction RT is not
as effective as multiple fraction RT for neuropathic pain
treatment but may be considered for patients in poor per-
formance status and poor prognosis. Those patients with
good long-term prognosis or favourable biology of meta-
static BC might benefit from more complex RT techniques,
such as stereotactic radiosurgery and intensity-modulated
radiotherapy that can prevent possible long-term complica-
tions of RT [164].

Surgical stabilisation followed by RT is usually indicated
if a fracture of a long bone is revealed or if there is a high
risk of fracture [15, 16]. The optimal management of
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symptomatic spinal metastases is a combination of surgical
and RT treatments [165]. As it was shown in a cohort of 87
patients with metastatic BC treated with aggressive decom-
pression, advances in surgical techniques have allowed more
effective stabilisation of the spine as well as neurological
symptom control [166]. Aggressive surgical decompression
proved to be effective in achieving a good pain control with
preoperative pain levels, assessed with visual analogue scale
(VAS), reducing from a median of 6 to a median of 2 after
the intervention. In addition, 85 % of all the patients in the
study improved their neurologic function at 1 year. In spite
of these advantages of descompressive surgery combined
with RT, there is still no clear consensus nor evidence-based
guidelines about the indications for surgery and this treat-
ment strategy remains palliative and it does not prolong
survival [165].

24.3.5.4 Brain Metastasis

General Recommendations
Treatment strategy of brain metastases from BC should take
in account: location, size and number of lesions, biology of
the disease, severity of symptoms and patient performance
status and comorbidity. For patients with a solitary metas-
tasis and/or those whose single metastasis causing significant
cerebral edema and/or have severe symptoms because of a
mass effect, resection with or without postoperative radio-
therapy (RT) should be considered [167]. The role of
resection of a single brain metastasis was firstly defined in a
small randomised trial, which demonstrated a significant
improvement in overall survival (OS) from 15 to 40 weeks
for patients randomly assigned to resection and whole-brain
radiotherapy (WBRT) compared to RT alone [168]. Patients
with multiple brain metastases should also be offered
resection of a dominant metastatic deposit if causing neu-
rologic deficits and/or significant vasogenic edema, espe-
cially if midline shift is present [169].

Systemic Therapy of Brain Metastases
The majority of systemic agents used nowadays for systemic
treatment of metastatic BC are thought not to cross the intact
blood-brain-barrier (BBB) in significant concentrations to be
able to treat brain metastases. However, there is evidence
that disruption of the BBB occurs with metastatic brain
lesions and/or brain tumours and moderate effect with some
targeted drugs has been also reported [170]. Since patients
with HER-2 positive BC have higher incidence of brain
metastases, a specific interest in this subset exists. Tras-
tuzumab, a monoclonal antibody against HER-2 receptor,
has been shown to cross a disrupted BBB and is associated
with longer time to the development of brain metastases and
longer survival after its diagnosis [171, 172]. There are

currently ongoing trials evaluating the role of high-dose
trastuzumab and Trastuzumab-emtansine (TDM-1) on
HER-2 positive BC brain metastases [173]. Apart from
monoclonal antibodies such as trastuzumab, small molecule
inhibitors have also been used to target HER-2 positive
tumours. Geyer et al. found that combination therapy of
lapatinib, an inhibitor of HER-1 and HER-2 receptors, and
capecitabine was superior to capecitabine alone for treatment
of brain metastasis HER-2 positive BC patients previously
exposed to trastuzumab [115]. The Landscape trial was a
single arm phase II study evaluating 45 patients with brain
metastasis not previously treated with WBRT, capecitabine
or lapatinib (i.e. first line treatment) where the combination
of capecitabine and lapatinib resulted in 65.9 % of partial
responses [119].

Radiotherapy for Brain Metastases
WBRT is the standard of care for patients with multiple
brain metastases and those with limited choice of systemic
therapy options. The usual dosing and fractionation schedule
range from 20 Gy in 5 fractions to 30 Gy in 10 fractions or
up to 37.5 Gy in 15 fractions. A significant clinical response
after WBRT has been correlated with reduced deterioration
of neurocognitive function and improvement in certain
domains [174]. Adding WBRT to surgery has been shown to
improve local control of the disease, decrease failures within
the brain elsewhere and reduce death from intracranial pro-
gression [175]. In case if there is no radiotherapy given after
surgery the estimated local failure rate is as high as 45–60 %
[176]. Possible short-term toxic effects of WBRT include
otitis media, otitis externa, dermatitis and alopecia, while
long-term ones include neurocognitive decline, decline in
cerebellar function, cataracts and blindness [177]. A clini-
cally significant reduction in early neurocognitive decline
can be achieved with the use of intensity-modulated radio-
therapy (IMRT) that reduces the dose to the bilateral hip-
pocampi [178].

Radiosurgery or Stereotactic radiosurgery (SRS) may be
used nowadays for patients with a large solitary brain
metastasis receiving initial surgical resection, for those with
more than one but limited number of brain metastasis and/or
after failing WBRT. Most series have reported so far an
excellent rate of local control with the use of SRS alone or in
combination with WBRT [177, 179]. The recently published
EORTC 22952 trial, reported that SRS alone produced a
local control rate greater than surgery alone with a local
control rate at 1 year of 69 % versus 41 % for surgery and it
improved to 81 % when SRS was combined with WBRT
[180]. The main advantage of SRS technique is a more
favourable toxicity profile in comparison to WBRT. It cau-
ses less neurocognitive decline at 4 months postradiotherapy
than SRS and WBRT together [181]. The only agent that has
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shown promise in preserving neurocognitive decline is
memantine, an NDMA receptor agonist, which reduces
hippocampal injury [182].

24.3.5.5 Liver Metastasis
Because of a lack of prospective randomised data for the
management of liver metastases from BC, local therapy of
liver metastases should only be considered in highly selected
patients. Each case should be discussed with a multidisci-
plinary tumour board, before any decision is made. The best
option is inclusion in a clinical trial, when available [15, 16].

Treatment will include systemic therapy (biologics, ET,
chemotherapy), and in highly selected cases radio frequency
ablation, stereotactic RT, cytoreductive surgery or
chemo-embolization. This evidence comes only from reports
on single institutional experiences, including small number
of patients and old surgical and imagiology techniques
[183]. Based on this data liver resection is best suitable if:

(a) referral to centres where large volume of hepatic
resections are performed together with multidisci-
plinary management;

(b) patients have a good overall disease control with sys-
temic therapy;

(c) patients with normal liver function (up to 70 % of the
liver volume may be removed without risks of post-
operative failure) [184];

(d) although the evidence is less clear in BC in comparison
to colorectal cancer, similar principles of liver resection
used for colorectal liver metastases may be applied:
unilobar disease should be resected with hepatectomy;
solitary lesion can be ablated with radio frequency or
resected segmentally or non-anatomically; there is no
clear evidence for liver resection in bilobar multiple
metastases; isolated lung and bone metastasis should
not be a contraindication for liver resection;

(e) incomplete resection (R1, R2) of BC liver metastasis as
cytoreductive surgery is not proven to be beneficial.

In conclusion, it has been proposed that liver surgery may
be considered as an additional treatment strategy to systemic
therapy in highly selected BC patients including patients
with low operative risk, feasibility of complete resection, no
extrahepatic disease, except solitary bone and/or lung lesion
that is controlled with RT and/or surgery and disease control
with systemic therapy. It is urgent to evaluate which patients
with liver involvement will benefit from local control in
terms of survival.

24.4 Supportive Care and Survivorship
Issues

Every patient with metastatic disease needs to be told by
their treating oncologist that the disease is incurable but
treatable and this should be explained to them respecting
their privacy, culture and wishes mBC is highly heteroge-
neous and the psychosocial experience for women living
with the disease can also be diverse [185]. Some women are
diagnosed with primarily metastatic BC, others with relapsed
disease are able to live many years on well-tolerated sys-
temic treatments, and yet others live with more aggressive
disease that requests several treatments in a short period of
time. A major challenge of living with MBC is maintaining a
balance between threatening thoughts, feelings and several
lines of different treatments while pursuing a meaningful and
rewarding life. An important psychological aspect of meta-
static disease includes also major changes in life style as
cancer and its treatment has an impact in the life of patients
and their families.

There are many challenges for patients with MBC. These
include managing physical symptoms and side effects (pain,
fatigue), dealing with constant and/or changing treatment
schedules, accepting stable disease as a desirable outcome of
a specific therapy and importantly, accepting palliative care
[186]. Psychological challenges consist of coping with
uncertainty and unpredictable outcome of the disease, fear-
ing dependency of others, maintaining valued life goals,
fearing death and especially suffering. Special challenges are
interpersonal ones that include three major components:
having concerns for loved ones, feeling socially isolated and
lacking emotional support, communicating with friends and
family about the disease and death.

The two most common symptoms experienced by MBC
patients are pain and fatigue. PatientswithBCbonemetastases
can have severe pain and be limited in function as a result of
extensive bone lesions and nerve entrapment syndromes.
However, bone metastases are frequently very responsive to
palliative radiotherapy and analgesics are very effective.
Visceral involvement can also cause severe pain. Treatments
by itself can have important side effects: taxanes can cause
severe neuropathy and radiation can contribute to fibrosis and
nerve entrapment. Sincemany patients livingwithmBCdesire
to keep on working, the compliance to opioid analgesics can
be low in this cases, and compromise quality of life.

Fatigue is a complex symptom to manage as it is multi-
factorial and not completely understood being in part the
result of pro-inflammatory cytokines release [187] by the
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disease and systemic therapies. Treatment strategies for
cancer-related fatigue include physical activity, pharmaco-
logic therapy and complementary techniques such as yoga
and Tai chi.

Metastatic BC patients also experience clinically signifi-
cant depression and anxiety [188]. Cancer-related distress is
also increased after diagnosis of recurrent disease [189].
Although cancer-specific distress and general quality of life
improve over the year after diagnosis, physical symptoms of
the disease and functioning disabilities persist [190]. Factors
and/or patients characteristics that are associated with poorer
psychological adjustment in metastatic BC setting are
younger age, low social support, more severe physical
symptoms and denying of rational facts of long-term out-
come of metastatic disease [191].

Clinical visits include the monitoring of disease status but
also support to patients and relatives concerning psycho-
logical issues, job issues, specific side effects of treatment
and managing the most common symptoms of advanced
cancer (fatigue, pain, cognitive decline, etc.). Palliative and
supportive care must be introduced early when the disease is
disseminated and patient’s preferences must be taken into
consideration [15, 16]. Palliative care should be managed
individually as well.

Importantly, patients must be encouraged to report their
symptom severity and the burden and the impact of these
symptoms on their quality of life. It is of great importance to
collect these data systematically and integrate them in other
clinical assessments that guide decision about treatment and
care, using validated patient reported outcomes.

24.5 Future Perspectives

The knowledge of mBC treatment has evolved in recent
years. Still there is an urgent need for development of
research in several fields: new drugs and targets especially in
the triple negative population; predictive markers of treat-
ment response to best tailor treatment and improve quality of
life; development of easy and accurate tools to assess quality
of life.

The complexity of treatment requires an effort for con-
stant education among physicians, patients and society for
proper implementation of advanced breast cancer guidelines.
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25Estrogen and Breast Cancer
in Postmenopausal Women: A Critical Review

Joseph Ragaz and Shayan Shakeraneh

25.1 Introduction

This two-part review focuses on the long-term results of the
recently completed trials of hormone replacement therapy
[HRT] conducted between 1993 and 2002 by the Women’s
Health Initiative Group [the WHI]. The WHI is a US
Government-funded project coordinating four large ran-
domized studies evaluating women’s health. The main part
of the WHI project involved two HRT randomized studies
which evaluated multiple outcomes of women’s health,
based on large sample size, with excellent statistics and
methodologies.

While both WHI HRT trials are described in detail, the
chapter narrative is primarily focused on theWHI HRT trial 2,
based on estrogen alone. This trial, randomizing post-
menopausal women aged 50–79 between conjugated equine
estrogen (CEE, Premarin) versus placebo, emerged unex-
pectedly, for the first time in the history of HRT research, with
a statistically significant reduction of breast cancer rates.
Particularly robust were reduced breast cancer rates among
the majority of trial participants [i.e. > 70 %] at low risk for
breast cancer, such as women with no family history of breast
cancer, and or women without a past history of benign breast
disease (Tables 25.1 and 25.2). The estrogen-associated
improved breast cancer outcomes constitute a paradigm
shift of a hormone associated for over a century with an
established increase in breast carcinogenesis.

In addition to the surprising reduction of breast cancer
rates, participants assigned to estrogen aged 50–59 also had a
significant reduction of coronary heart events, mostly
myocardial infarctions, and observed was also a statistically

significant all-cause mortality reduction, likely a cumulative
result of improvement of all the outcomes [1–3]. These gains,
as will be seen, are all in addition to the well-known impact of
estrogen on preservation of bone mass, related reduction of
skeletal fractures, as well as the documented quality of life
[QOL] benefits of symptoms related to menopause.

These observations caught by surprise most of the experts
involved in HRT research, particularly as these
estrogen-associated gains emerged in the wake of much
publicized overall “HRT harm”—reported since 2002 from
the first WHI HRT trial, based on the estrogen and
medroxyprogesterone Provera combination.

These estrogen-alone associated benefits seen as partic-
ularly meaningful and statistically significant among young
postmenopausal women, open the door yet again to the
much debated potential of estrogen-based HRT towards
primary prevention of multiple health outcomes affecting the
process of aging—the highly disputed gains constituting, in
the first place, the main objectives of the WHI research.

Despite these level 1 evidence gains of estrogen-alone
based HRT, most clinical reviews, consensus statements,
and guideline documents are thus far substantially guarded,
with no efforts underway at the present time considering
changes in estrogen guidelines. Moreover, many clinicians
including most oncologists, are not aware of the details of
these estrogen-associated benefits. It was felt, therefore, that
a more detailed evidence-based review highlighting the
actual data and their more transparent interpretation, would
be timely and of interest to oncologists.

A part of our work includes the actual data overview and
their long-term follow-up. Some of those include cardiac
data and all-cause mortality outcomes discussed in more
detail in the second part of this review [HRT chapter 2:
Estrogen and Cardiac Events with All-Cause Mortality: A
Critical Review]. These data clearly indicate that if
estrogen-endorsing guidelines are implemented for women
entering menopause more uniformly, tens of thousands of
lives could be affected annually in the USA alone, leading to
multimillion dollar cost savings as a result [4, 5].
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The other part of the chapter will discuss the logistics of
one of the most important questions emerging from the
WHI HRT trials: why are we seeing so much difference
between the two trials: a substantial positive
cost/benefit-ratio seen in the estrogen-alone trial, versus so
much harm in the E + P combination? These points raise the
issues of methodology and possible biases within the two
trials. One such issue discussed in more detail is the evi-
dence for possible “harm” identified with Provera, the pro-
gestational part of the hormonal combination used along
with estrogen in the first, but not in the second, WHI HRT
trial.

The other issue is the potential bias emerging in the 1st
WHI HRT trial [but not in the 2nd WHI HRT trial] related to
the massive unblinding of over 44 % participants—women
with uteruses who became symptomatic as a result of start-
ing HRT, with vaginal spotting or bleeding. Informing them
about their allocated treatment with HRT was of course a
necessity, which nevertheless converted basically a

double-blind randomized trial [of the WHI HRT trial 1] into
an observational trial, with all the fallacies and potential
inaccuracies of any observational study.

25.2 Background: WHI Trials

The Women’s Health Initiative [WHI] HRT trials were
planned in the early parts of the 1990s because of rising
concerns that past HRT observational and case-control
studies were based on a small patient sample size or on study
results with pre-selected participants who could be in a better
state of health than women not on HRT [6, 7]. In its entirety,
the WHI enrolled during the 15 years of its active accrual
more than 160,000 postmenopausal women aged 50–79 into
two HRT and two dietary / vitamin prevention trials [see
below], making the WHI trials largest U.S. prevention pro-
ject of its kind, with a planned budget of $625 million, but
exceeding by the time of its completion to $1 billion.

Table 25.1 WHI HRT trials: invasive breast cancer

Ages E + P* [8506] (%) Placebo* [8102] (%) Difference N/100,000 HR 95 % CI P value/*interaction
3 age categories

WHI HRT trial 1

All 0.43 0.34 +90 1.28 1.11–1.48 <0.001

50–59 0.37 0.28 +90 1.34 1.03–1.75

60–69 0.43 0.34 +90 1.27 1.02–1.57 *0.72

70–79 0.53 0.42 +110 1.25 0.94–1.67

WHI HRT trial 2

All 0.28 0.35 −70 0.79 0.65–0.97 0.02

50–59 0.23 0.30 −70 0.76 0.52–1.11

60–69 0.29 0.37 −80 0.78 0.58–1.05 0.70

70–79 0.31 0.36 −50 0.85 0.56–1.28
*Cumulative annual incidence, in %
BOLD: statistical significance, <0.05

Table 25.2 Rates of invasive breast cancer, WHI 2nd trial [CEE vs placebo]

CEE* Placebo* HR 95 % CI

A. Past benign breast disease

No 0.23 % 0.39 % 0.57 0.41–0.78

Yes, 1 Biopsy 0.45 % 0.29 % 1.60 0.82–3.14

Yes, > 1 Biopsy 0.41 % 0.19 % 2.54 0.73–8.86

B. First degree relative with breast cancer [high family history of breast cancer]

None 0.23 % 0.34 % 0.68 0.50–0.92

>1 0.41 % 0.19 % 2.54 0.73–8.86

Impact of prior breast cancer risk determined by (A) history of past benign breast disease, and (B) first degree relative with breast cancer
[high family history of breast cancer]
*Cumulative annual incidence, in %
BOLD: statistical significance, <0.05
Source Data from Ragaz et al. [4] and Stefanick et al. [12]
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The design of the WHI HRT trials was based on the
hypothesis that HRT therapy would result in a decrease in
coronary heart disease and osteoporosis-related fractures. As
such, the primary outcome of interest was coronary heart
disease, as this is a major cause of morbidity and mortality
among women age >65, and because, at the time, no clinical
trial had been undertaken to prove the cardioprotective effects
of HRT from a randomized design. Due to the concern over
the relationship between HRT and elevated breast cancer risk
as observed largely in past observational trials, breast cancer
was selected at the time of the WHI HRT trial planning, as the
primary adverse outcome. Additional outcomes monitored, as
secondary objectives, would include stroke, pulmonary
embolism (PE), endometrial cancer, colorectal cancer, hip
fracture, and death due to other causes [6, 7].

Overall, the ultimate WHI objectives were to determine
from large randomized and observational trials the individ-
ual HRT, dietary and vitamin related outcomes, in order to
influence particularly the clinical HRT practice, where HRT
was, since the early 1980s, increasingly prescribed not only
for palliation of menopausal symptoms but also to slow
down aging-related chronic degenerative conditions, and
improve all-cause mortality reduction [8–10].

25.2.1 WHI Trials: Design

Enrollment into the WHI began in 1993 and ended in 1998
with the first two of the trials focusing on the HRT. The four
WHI randomized case-control clinical trials were:

1. TRIAL ONE (WHI HRT trial 1) involved hormone
replacement therapy (HRT), testing in a double-blind
randomized design among healthy women with intact
uterus, the impact of Estrogen,—the Conjugated Equine
Estrogen (CEE, Premarin, 0.625 mg/day-E) plus Pro-
gestin (medroxyprogesterone acetate, Provera
2.5 mg/day-P) versus a Placebo. Of all the 16,608 partic-
ipants in this HRT trial, 8506 versus 8102 women were
assigned to E + P versus placebo. Initially, all women
were started on Premarin alone, but in view of the more
evident benefit of progestin reducing rates of uterine can-
cer, Provera was added to Premarin, with both agents soon
after formulated as a single tablet, the PremPro [Wyeth
Industries]. Thus, a shift to PremPro became a guideline
requirement in the WHI trial 1 after the first 331 [3.9 %]
were randomized to Premarin alone [6].

2. TRIAL TWO was designed for women without a uterus
and randomized the participating women to Estrogen
alone [with Premarin] versus placebo, with the same
objectives as TRIAL ONE. Altogether, 10,739 women
were recruited to this trial, 5310 to Estrogen and 5429 to

Placebo. Our review is focused on the outcomes of this
particular trial [7].

3. TRIAL THREE tested low-fat diet against conventional
diet for breast and colorectal cancer prevention, with
48,835 women randomized.

4. TRIAL FOUR tested the impact of calcium and vitamin
D supplementation. Hip fractures were the designated
primary outcome, with other fractures and colorectal
cancer as secondary outcomes. In total, 36,282 women
were recruited to this trial.

The WHI program also included an observational study
(ObSt) that comprised an additional 93,676 postmenopausal
women recruited from the same population base as the
randomized trials. The ObSt is intended to provide addi-
tional knowledge about risk factors for a range of diseases,
including cancer, cardiovascular disease, and fractures. It has
an emphasis on biological markers of disease risk and on
risk-factor changes as risk modifiers.

25.2.2 WHI HRT Trial 1: E + P versus Placebo

The July 17, 2002 JAMA article reported the results of the first
WHI HRT trial—the Estrogen plus Progestin (E2 + Prog)
versus placebo [6]. This trial was terminated unexpectedly in
2002, on the weight of interim data and the advice of the
independent Data and Safety Monitoring Board, after a mean
5.2 years of follow-up, because of overall assessment of
harms exceeding benefits for chronic disease prevention.

Specifically, taking all patients as randomized [ages 50–80],
reported were increased rates of coronary heart disease [CHD,
RR = 1.29; 95 % CI = 1.02–1.63]; breast cancer incidence
[RR = 1.26, 95 %CI = 1.00–1.59]; strokes [RR = 1.41, 95 %
CI = 1.07–1.85]; and pulmonary emboli [RR = 2.13; 95 %
CI = 1.39–3.25]. For benefit, observed were improved rates of
colorectal cancer [RR = 0.63, 95 % CI = 0.43–0.92];
endometrial cancer [RR = 0.83, 95 % CI = 0.47–1.47]; and
hip fractures [RR = 0.66, 95 % CI = 0.45–0.98].

All-cause mortality was unaltered [RR = 0.98, 95 %
CI = 0.82–1.18]. The Global Index, an interactive summary
of harms and benefits, was increased by 15 % (HR = 1.15,
95 % CI = 0.95–1.39). At the time of the 2013 follow-up,
however, none of the hazards, with the exception of breast
cancer [RR = 1.28, 95 % CI = 1.11–1.48] and venous
thrombosis [RR = 1.24, 95 % CI = 1.01–1.31], were
increased with statistical significance.

Thus, authors concluded that for an average 5.2 years
follow-up time:

1. Overall health risks of combined estrogen plus progestin
exceeded benefits among healthy postmenopausal US
women.
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2. All-cause mortality was not different between the two
groups.

3. The risk-benefit profile is not consistent with the
requirements for an intervention for primary prevention
of chronic diseases.

In the wake of these hazards, the HRT trial was termi-
nated in May 31, 2002, prematurely, at mean follow-up of
5.2 years, with all participants informed about the results
and about the allocated therapy.

However, overall since the trial started, 40.5 % of the
E + P recipients had their randomized treatment unblinded,
primarily due to vaginal bleeding [6, 11]. With the addi-
tionally reassigned estrogen-alone recipients to the E + P
combination [3.9 %], the total unblinding rate of the E + P
trial at the time of trial termination was 44.4 %, compared to
6.8 % of the placebo recipients. The significance of the
unblinding will be discussed below.

25.2.3 WHI HRT Trial 2: Estrogen Alone
versus Placebo—The First 2004
Data

Despite the early termination of the first WHI E + P trial, the
second WHI E-alone trial continued after 2002. As in the
first trial, of all participants, only less than one-third
(30.8 %) were < 60 years of age; and over 47 % were past
or current HRT users before enrolment.

While all participants had hysterectomy, approximately
40 % also had oophorectomy (39.5 % vs. 42 % in arm of
CEE vs. Placebo, respectively). Overall, 86 % of all patients
had no first-degree relative with breast cancer; and 74.5 %
had no benign breast disease in the past. Both risk factors, as
will be seen, emerged with statistical significance for
reduced breast cancer rates. At the time of the trial termi-
nation, 1.9 % and 1.5 % of the E-alone and placebo recip-
ients, respectively, had been unblinded.

At the time of the initial April 2004 JAMA publication of
the WHI HRT trial 2 at the average follow-up duration
6.8 years, and taking all participants ages 50–80, the esti-
mated hazard ratios for Coronary Heart Disease [CHD,
mostly myocardial infarctions] showed a nonsignificant 9 %
reduction of CHD [RR = 0.91, 95 % CI = 0.75–1.12];
reduced were rates of breast cancer [RR = 0.77, 95 %
CI = 0.59–1.01]; and observed was a significant 39 %
reduction of hip fractures [RR = 0.61, 95 % CI = 0.63–
0.79]; with overall mortality unaltered [RR = 1.04, 95 %
CI = 0.88–1.22].

There was a 34 % (nonsignificant) increase in pulmonary
embolism; a significant 39 % increase in strokes [RR =
1.10–1.77], and a nonsignificant 8 % increase in colorectal

cancer. Total death rate was increased marginally, by 4 %
[RR = 1.04, 95 % CI = 0.88–1.22]; and Global Index was
basically unaltered [RR = 1.04, 95 % CI = 0.88–1.22]. On
account of these results, the second WHI trial on CEE alone
versus placebo concluded that the use of CEE, in women
after hysterectomy, after follow-up of 6.8 years:

A. increases the risk of strokes
B. decreases the risk of hip fracture
C. does not affect the CHD incidence
D. may lead to a possible reduction in breast cancer risk,

requiring further investigation
E. The sum of combined events was equivalent in the CEE

and placebo groups, indicating no overall benefit and no
hazards

In the final 2004 conclusion of the WHI HRT trial 2 first
report, as was the case with the 2002 JAMA report of the
trial 1, the WHI authors stated that Estrogen alone with CEE
“should not be recommended for chronic disease prevention
in postmenopausal women [7].” As a result of these data and
recommendations, with over 90 % of participants complet-
ing their prescribed interventions, the National Institutes of
Health (NIH) decided in February 2004 to end the inter-
vention phase of the second WHI HRT trial early, with
results published in the April 14, 2004 issue of the Journal of
American Medical Association [7].

25.2.4 Trial 2: Estrogen and Invasive Breast
Cancer—WHI HRT Trial 2
Follow-up

The unexpected yet potentially most important aspect of the
WHI’s HRT trial 2 involved the strong indication for
reduced breast cancer rates by estrogen alone (Tables 25.1
and 25.2) [7]. At the time of the first 2004 analysis, mean
6.8 years of follow-up, and taking all trial participants, the
hazards for invasive breast cancer showed a 23 % reduction,
approaching statistical significance (HR = 0.77, 95 % CI =
0.59–1.01) [7].
A second 2006 review [12], with median follow-up time

of 7.1 years, confirmed again the breast cancer rates reduced
by 20 % [HR = 0.80, 95 % CI = 0.62–1.04], but also
emerged with important subset analyzes (Table 25.1):
among the 75 % of the trial participants without prior benign
breast disease, the breast cancer rate decrease was more
substantial, with a statistically significant 43 % rate reduc-
tion [HR = 0.57, 95 % CI = 0.41–0.78].

Similarly, among the 85 % of participants without a
strong family history, the breast cancer rate reduction was
also more substantial [HR = 0.68, 95 % CI = 0.50–0.92]
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(Table 25.2), with the evidence supporting estrogen reduc-
tion of breast cancer rates also seen from the analysis of
women without prior HRT [HR = 0.65, 95 % CI = 0.46–
0.92] (Table 25.2).

These breast cancer gains, observed quite unexpectedly,
basically heralding the promising role of estrogen as a pri-
mary prevention—are highlighted in the publication only as
“…CEE alone…does not increase breast cancer
incidence…”

The next 2011 WHI HRT trial 2 update [1] shows, after a
median follow-up of 11.8 years, continued breast cancer rate
reductions associated with estrogen. Taking the whole pop-
ulation as randomized [intention to treat analysis], the study
shows now, for the first time, a statistical significance to the
23 % reduction of new breast cancers for all women ran-
domized to estrogen (HR = 0.77, 95 % CI = 0.62–0.95) [1].

Also, this time is identified among women aged 50–59 a
significant 46 % reduction of myocardial infarction due to
Estrogen [HR = 0.54, 95 % CI = 0.34–0.86], while no
increases in strokes are seen, with resulting statistically
significant 27 % rate reductions of all-cause mortality
[HR = 0.73, 95 % CI = 0.53–1.00]. Similar to the prior
WHI publications, these gains are articulated with ongoing
caution, concluding, “among postmenopausal women with
prior hysterectomy, the CEE [conjugated equine estrogen]
was not associated with an increased or decreased risk of
CHD…or total mortality.” However, WHI indicates for the
first time “A decreased risk of breast cancer persisted.”

Next, Chlebowski et al. [13] confirmed not only the
significance to the 23 % reduction of breast cancer rates, but
also, for the first time, a statistically significant 63 % re-
duction of breast cancer mortality due to estrogen. Also,
when considering participants of any age and risk category, a
more robust 33 % reduction of breast cancer incidence
[p = 0.03] was seen in the “adherence-adjusted” analysis
[i.e., “as treated”—not “as intended.”]

Furthermore, a companion analysis of Anderson et al.
[14] shows that “fewer women diagnosed with breast cancer
died in the estrogen group compared with the placebo group
[HR = 0.62, 95 % CI = 0.39–0.97, p = 0.04]” and that “…
of all the deaths, significantly less were due to breast cancer
in the estrogen than in the placebo group [HR = 0.37, 95 %
CI = 0.13–0.91, p = 0.03].”

In other words, both the all-cause mortality among
women developing primary breast cancer, and also the
breast cancer specific mortality among all participants were
significantly lower among the estrogen recipients. This
update also confirms the original 2006 observations [15] for
women without past benign breast disease and/or without
strong family history deriving a substantially higher and
statistically more significant breast cancer rate reductions,
with tests for “interaction” statistically significant [for PBD,
p = 0.01; for no FH, p = 0.02] (Table 25.2).

Lastly, Manson et al. summarized in 2013 [2] the HRT
outcomes of both WHI HRT trials, separately for the times
during the intervention phases, post intervention phase, and
for the overall combined analysis, representing the cumulative
follow-up. The breast cancer risk reduction in the overall
cumulative follow-up associated with estrogen use remained
statistically significant [HR = 0.79, 95 % CI = 0.65–0.97].
Part two of the second HRT review [Chapter 26] also dis-
cusses results of other end points including myocardial
infarction, stroke, and overall all-cause mortality, showing
significance for the substantial reduction of cardiac events and
of all-cause mortality for women aged 50–59.

Until 2009, no serious attempts were made to highlight the
clinical significance of the breast cancer rate reduction by
estrogen alone, despite the fact that these data would comple-
ment the past well-documented responses to estrogen of
patients with stage IV breast cancer (i.e., response rate of 25–
30 % to stilboestrol or other estrogens) [15–18]. These stage IV
breast cancer results were also matched in the 1970s [19] by
estrogen in vitro data showing suppression of breast cancer cell
growth in vitro—observations, which have been recently
investigated with more vigor, partially the result of the new
WHI trial 2 observations, in relation with estrogen-associated
effect on either breast cancer cell apoptosis or stem cells [19–
21]. Despite all these data, however, theWHI restricted in most
of their past publications reporting the actual 21–43 % breast
cancer rate reduction by estrogen a conclusion, repeatedly, as
“estrogen does not seem to increase breast cancer rates”.

Between 2009 and 2012, Ragaz et al. [4, 22, 23] reviewed
all the WHI HRT trials published between 2004 and 2006
emphasizing a qualitatively different set of conclusions:
estrogen actually confers a major breast cancer benefit,
particularly relevant for the substantial subsets of population
without a past history of benign disease, and/or those with an
absent family history, with a statistically significant 32–
43 % reduction of breast cancer rates (Table 25.2). As a
result, the 2010 British Columbia team articulated a pro-
posal, based on these results, of “Dual role of Estrogen in
breast carcinogenesis”—namely that “Exogenous Estrogen
is breast cancer protective while Endogenous Estrogen
remains carcinogenic”, and thus “Exogenous Estrogen
deserves merits for chemoprevention” [4].

Despite the strengths of the published data and of these
observations, and the 2010 review of the “exogenous versus
endogenous estrogen concept,” majority of the physicians
remain uninformed about these data, and no changes of
guidelines followed. Thus, inevitably, a question yet to be
answered is why is there virtually no publicity to these
important results and why basically only few in the medical
establishment and scientific lay public at large, know these
new estrogen breast cancer developments?

One possibility, and a likely one, is that WHI group has
not publicized these data adequately, due to its own
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massively negative first 2002–2004 reports related to the
adverse outcome results of trial 1, putting actually a lid on
appropriate public overview of these new intriguing and
difficult to explain trial 2 breast cancer estrogen-alone data,
which emerged so much in more favourably, and so soon
afterwards. The other reason could be the general insecurity
in explaining the highly unexpected, albeit paradigm-
changing data. This latter cause is likely more difficult to
handle due to the emerging issues related to Methodology,
as discussed below.

25.2.5 WHI Trials: Methodology

As seen in this review, there are several HRT conclusions,
which could be made with more confidence in 2016 than in
2004. For one, the estrogen-alone-based HRT emerged with a
substantially more appealing cost/benefit ratio of many out-
comes, most contributing cumulatively towards reducing
all-cause mortality among young women. As seen, virtually
all of these gains are greatly relevant towards potential pri-
mary prevention guidelines related to HRT based on estrogen.

In evaluating the WHI trials, there are, however, still
many unanswered questions requiring clarification, one in
particular is, why so much discrepancy between the seeming
benefits observed in the trial 2, particularly among young
women, versus so much more harm reported from the trial 1?
Let us, therefore, hone in more closely and review the
possible reasons for these differences.

25.2.5.1 Provera—A New Carcinogen
or the Methodology?

The high quality of the design and execution of all the WHI
trials provided, virtually, an undisputed acceptance of the
data from the initial WHI trial 1 as published in 2002, all
enforced by the universally perceived intellectual and sta-
tistical excellence of the whole WHI team, all much helped
by the WHI group’s well-coordinated effective media blitz
which followed the first 2002 publication of their trial 1.

The so much publicized WHI HRT trial 1 data showed
that, when compared to placebo, there was basically a series
of substantial harm of the E + P combination, much more
than expected. These conclusions were rapidly accepted
virtually by the entire North American and European Med-
ical establishment.

Thus, without much surprise, the subsequent HRT poli-
cies resulted in the discontinuation of close to 70 % of HRT
prescriptions between North America and Europe, compared
to their use prior to 2002, and that was HRT-based either on
estrogen plus progestin, or estrogen alone—despite the fact
that the Estrogen-alone trial was not yet analyzed until 2004,
and continued ongoing as a double-blind randomized trial.

In the subsequent follow-up, however, methodology
issues were raised regarding some aspects of the WHI FRT
1st trial with E + P combination, despite the fact that soon
after 2002, not only the medical, but also the political and
societal reactions to this trial had already impacted minds of
physicians and women. And the result: the most massive
guideline change—discontinuation of over 60 % of HRT
prescriptions had been implemented as a result of the
WHI HRT trial 1 negative publicity, faster than ever recor-
ded in the history of human medicine.

25.2.5.2 Methodology 1—Impact of Provera
The first issue deserving scrutiny is the medroxyproges-
terone Provera. Could this progestational agent added to
estrogen in the first WHI trial of E + P reduce the benefits
seen with estrogen alone? The data indeed showed a 23–
43 % breast cancer rate reduction due to estrogen alone in
the HRT trial 2 [i.e. HR ranges = 0.77–0.57], contrasting
sharply with a 25–28 % breast cancer rate increase with
E + P [i.e., HR ranges = 1.25–1.28]. Then, there are other
major gains seen with estrogen-alone trial—i.e., the 40 %
reduction of MIs among younger women—but no such gains
in the E + P trial. So, a legitimate question is asked: could
the problem be with the medroxyprogesterone Provera, an
agent which is nowadays, in any event, prescribed much less
by the gynecological, anti-aging, or menopause-management
practices, at least in North America? Could it be that adding
“it”—the Provera rather than the “HRT entity”—be the main
reason for more “HRT harm”—seen in the WHI HRT trial 1
—with Provera basically erasing the estrogen-associated
breast cancer and or cardiac benefits?

Some studies show Provera, in contrast to other more
recent plant-based progesterones, to be a tissue irritant, with
possible inflammatory and/or carcinogenic proprieties [24,
25]. Furthermore, medroxyprogesterone may play an
important role in stimulating the proliferation of breast
cancer cells, as shown in the MCF-7 experiments. Here,
Neubauer et al. showed that medroxyprogesterone, but not
estradiol, stimulated the growth of human breast cancer cells
[26], with cells exposed to medroxyprogesterone, subse-
quently increasing the yield of progesterone receptors
[PgRs]. The PgRs were later shown to be associated with
enhanced sensitization to estradiol-mediated cell division,
and thus the growth rate increase of the same cells which in
the absence of progestin were not stimulated by estrogen
alone, displaying basically, without the medroxyproges-
terone, estradiol resistance [26].

Furthermore, Gurney and Nachtigal [27] showed that
natural and synthetic estrogens would enhance pancreatic
insulin response to glucose, i.e., increased peripheral insulin
sensitivity to rising glucose levels—a process reducing
breast carcinogenesis [28]. In contrast, adding progestins to
estrogens increased peripheral insulin resistance and raised
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insulin levels, with related insulin growth factors [IGFs]
increase, both part of a metabolic syndrome linked more
firmly with increased breast carcinogenesis [29–32].

Thus, the adverse breast cancer impact of Provera could
be the pivotal point explaining the contrary outcomes of
estrogen-alone-based HRT compared to E + P.

The other point of methodology contention, which may
clarify differences between the two WHI HRT trials,
involves the impact of the unblinding rates, substantially
higher in the WHI HRT trial 1.

25.2.5.3 Methodology 2—Impact of Unblinding
The WHI HRT trial 1 started as a study clearly fulfilling all
the criteria of double-blind randomization. But as Shapiro
et al. indicate in their detailed review [11], soon into the trial
start, and as is case with most E + P combinations, women
without hysterectomy [i.e., with uterus] started developing
hormone-associated vaginal spotting, at times hemorrhage,
and/or breast tenderness, breast swelling and/or lumpiness.
Most of these women in the E + P group would demand
more physician care to focus on their symptoms, and within
2–3 years, according to the actual WHI records, over 40 %
of E + P trial 1 participants had to be unblinded as to the
trial treatment allocation [6, 11].

This is in addition to the 335 women [3.7 %] unblinded
already from the onset, those who started unopposed E, and
were soon switched to PremPro, for a total of 44.4 %
unblinding rates - versus a rate of 6.4 % in the placebo arm.
This compares to the unblinding rates in the WHI HRT trial
2 [estrogen alone vs. placebo] of less than 2 %! [11].

Informing symptomatic women participating in a closely
watched double-blind randomized trial about medications
which likely induce the above symptoms is of course
unavoidable and does constitute a nonnegotiable ethical
conduct of any approved medical study. This feature alone
would convert though, unwittingly, a double-blind ran-
domized WHI HRT trial 1 into an observational study.

25.2.6 Could This Have Influenced
the Results?

Despite the WHI HRT trial 1 data indicating comparable
rates of the recorded screening mammography between
E + T versus placebo [11, 13], it has been established rea-
sonably well that women aware of hormone intake would be
more actively screened outside the allocation by the trial—
both by their physicians and with more mammograms [33].
Not only would they have more screening mammograms,
but also these would be interpreted more vigilantly by
radiographers. All these steps, quite natural consequences of
dealing with emotionally symptomatic female population on

HRT, could nevertheless provide spuriously higher breast
cancer rates—in addition to the “lead type bias” typical for
any mammography screened populations and for most
observational studies [11, 33].

For all of the above reasons, a seeming association in the
E + T trial with higher breast cancer rates may be due to this
methodological bias rather than the HRT actual causation.
This conclusion, therefore, lays the foundation for the sec-
ond important paradigm emerging from this review: HRT
with E + P may not necessarily be breast “carcinogenic,”
despite the higher breast cancer rates detected among women
allocated to the HRT arm.

25.3 Conclusion

Only few subjects in the medical science moved in the last
decades so visibly as HRT policies through more turbulent
periods of acceptance and rejections, and then more accep-
tance and even more rejections, with past medical practice
HRT guidelines fluctuating between the 1960s and 2000s
substantially according to the pendulum swings of differing
HRT practice guidelines.

This chapter makes several points, which may bring more
clarity towards the ongoing confusion as to the cost/benefit
of estrogen-based HRT to manage menopausal symptoms,
and/or preventing conditions such as heart attacks, bone
fractures, and unexpectedly, also possibly breast cancer.

The breast cancer reduction potential of HRT based on
estrogen alone, as reviewed in this chapter, is truly paradigm
changing, and may lead to further advances in basic science
attempting to identify the mode of estrogen action in
reducing breast carcinogenesis. However, even before the
basic science will bring more universally accepted expla-
nations for estrogen benefit, the onus is already at the present
time on the opinion of leaders of clinical policies, in the
domain of Public Health and prevention. This is becoming
particularly compelling as if the WHI outcome data of HRT
based on estrogen alone are indeed correct, then according to
reasonable and transparent estimates, estrogen if started at
young postmenopausal age <60, may avoid thousands of
deaths annually if implemented in guidelines [5].

It is the hope of the authors that a more critical consensus
of the presently publicized HRT narrative will emerge as a
result of this and the next [Chapter 26] HRT reviews.
However, it is also expressed that it may have to be the WHI
group itself, who needs to publicize these data much more
assertively, for a more universal acceptance, both by the bulk
of the medical establishment and by the anxious consumers,
the women themselves, who may benefit from
estrogen-based HRT much more substantially than expected,
and much more than presently appreciated.
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26Estrogen and Cardiac Events with all-cause
Mortality. A Critical Review

Joseph Ragaz and Shayan Shakeraneh

26.1 Introduction

To begin with, the Women’s Health Initiative [WHI] trial
Hormone replacement trial 1 [HRT trial 1] of E + P com-
bination showed at the time of its first publication in 2002,
for all participants aged 50–79, that when compared to
placebo, the E + P arm had a 29 % statistically significant
increase in cardiac events, including myocardial infarctions
and cardiac deaths. In the subsequent follow-up, the hazards
for cardiac events remained elevated, with statistically sig-
nificant increase only for the age group of 70–79 years old
(HR = 1.34, 95 % CI = 1.05–1.72 [1, 2]) (Table 26.1).

However, the cardiac outcomes for participants using
conjugated equine estrogen [Premarin] versus placebo [WHI
trial 2], were totally different (Table 26.1). When reported
first in 2004, taking all ages, the cardiac events were actually
reduced by 9 % [3], with a substantial difference among age
groups: while among young women aged 50–59 years old,
estrogen alone arm emerged with a statistically significant
40 % reduction of myocardial infarction rates, there was
little cardiac rate reduction identified among more elderly
women.

Thus, the WHI HRT trial results have raised, perhaps
more than any other HRT research, several pivotal
questions:

1. Should the estrogen-based HRT be considered for Public
Health guidelines of primary coronary disease and
myocardial infarction prevention, particularly in view of
other estrogen alone-based HRT benefits [i.e., reduction
of breast cancer, bone loss, and bone fractures; improved
quality of life; no increase in strokes, venous thrombosis,
etc.]?

2. Taking the WHI HRT results [but not necessarily other
HRT research], is the cardioprotection of HRT limited to
estrogen alone formulations, with progestins such as
Provera reducing the cardiac benefits of estrogen; and a
related question, is there a difference between the
medroxyprogesterone Provera used as a progestin in the
WHI HRT trial 1—seemingly abolishing the
estrogen-associated cardioprotection—versus other types
of progesterones in trials where no such negative asso-
ciation was seen?

3. And lastly, is the HRT-associated cardioprotection
restricted to young women, confirming the “estrogen
timing hypothesis”, i.e., reduction of cardiac events only
before the process of cardiac atherosclerosis had started
now fully confirmed, or is further research into this
particular questions still required?

We will first review the evidence from the 1990s and
early 2000s examining the epidemiology of HRT-associated
cardiac outcomes. This part will also include the biochemical
mechanisms of estrogen action on cardiac vasculature, with
the outcomes of some of the principal atherosclerosis “sur-
rogates,” most of whom also support the estrogen timing
hypothesis. In the last part of the review, we will discuss the
related issues such as alternative hormonal menopausal
developments with agents such as tibolone and bazedox-
ifene, and briefly the HRT issues involving high risk pop-
ulation carriers with BRCA gene mutation.

26.2 Cardiac Events and the Timing
Hypothesis

The observations that estrogen helps to reduce CVS disorders,
especially cardiac events, are not new. Already In 1992 Grady
et al. confirmed all-cause mortality reduction associated with
HRT [4], mostly attributed to the reduction of cardiac events,
and Ragaz and Coldman estimated in 1998 substantial cardiac
mortality reduction due to estrogen-based HRT [5].
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One of the largest observational studies in the pre-WHI
era was the North American Nurses’ Health Study, with
follow-up from 1976 to 1996, analyzing 70,533 post-
menopausal women taking HRT. The HRT users were
compared to similarly matched general population women
without HRT, the never-users [6, 7]. First, among users
[Premarin, same agent and dose as used subsequently in the
WHI trials], the coronary event hazards were reduced sig-
nificantly by 39 % [HR = 0.61, 95 % CI: 0.52–0.71]. Of
interest was that compared with never-users, the cardiac
event rate reduction was similar among those taking a half
the dose of Premarin, 0.3 mg daily [HR = 0.58, 95 % CI:
0.37–0.92; as those with a full does of 0.625 mg [HR =
0.54, 95 % CI: 0.44–0.67].
Importance of age and/or time since menopause at HRT

start vis-à-vis cardiac outcomes is seen from the long-term
follow-up of this study [8]. Compared to HRT nonusers, the
reduction of coronary heart disease among HRT users was
seen, but restricted to women starting HRT at the age near
menopause, with a 28–34 % event reduction (for estrogen
alone, HR = 0.66, 95 % CI: 0.54–0.80; for estrogen with
progestin, HR = 0.72, 95 % CI: 0.56–0.92). Those women
starting HRT >10 years after menopause had no obvious
estrogen benefit (HR = 0.87, 95 % CI: 0.69–1.10 for estro-
gen alone; HR = 0.90, 95 % CI: 0.62–1.29 for estrogen with
progestin) [8].

By 2004, Salpeter et al. published a meta-analysis of
HRT mortality outcomes according to age [9]. Authors
conducted a comprehensive search of MEDLINE, CINAHL
[Cumulative Index to Nursing and Allied Health Literature],
and EMBASE [Excerpta Medica database = biomedical and
pharmacological database of published literature], to iden-
tify randomized controlled HRT trials from 1966 to
September 2002. Outcomes were total deaths, or deaths due
to cardiovascular disease, or cancer, separately for
age <60 versus >60 years at HRT start. While the pooled
data from 30 trials taking all 26,708 participants showed no
mortality reduction, the rates were reduced significantly
among women age <60 [HR = 0.68, 95 % CI: 0.48–0.96]—
versus no difference among women age >60 [HR = 1.03,
95 % CI: 0.90–1.18]. Similarly as all-cause mortality, shown
was also interaction of Coronary Heart Disease and age at
HRT start [10], confirming HRT significantly reducing CHD
events only among younger postmenopausal women
[ages <60 vs. >60, HR = 0.68, 95 % CI: 0.48–0.96, vs.
HR = 1.03, 95 % CI: 0.91–1.16].

One of the most recent studies designed to test the
estrogen timing hypothesis prospectively is the Early versus
Late Intervention Trial (the ELITE trial) [11, 12]. In this
study, a total of 643 postmenopausal women were stratified
according to time since menopause [<10 or ≥10 years], and
randomly assigned to receive either oral 17β-estradiol plus
progesterone vaginal gel [the HRT], or placebo (plus

sequential placebo vaginal gel for women with a uterus). The
primary outcome was carotid-artery intima–media thickness
(CIMT) changes, with secondary outcome coronary
atherosclerosis assessed by cardiac CT scans performed after
the completion of the randomly assigned regimen.

When compared to the HRT group, the placebo-allocated
women who were <6 years past menopause at randomiza-
tion, had after a median of 5 years of follow-up, twice the
mean CIMT thickness (increase by 0.0078 mm/year—vs.
0.0044 mm/year in the HRT group, P = 0.008). In contrast,
in women >10 years past menopause at randomization, the
rates of CIMT progression were similar between the placebo
and HRT groups (0.0088 and 0.0100 mm/year, respectively
[P = 0.29].

The Danish Osteoporosis Prevention Study (DOPS) [13]
was also a prospective randomized trial of 1006 post-
menopausal women who were, overall, much younger than
women in other HRT trials [average 50 years old (range 45–
58)]. The participants were randomized to oral 17b-estradiol
plus sequential norethisterone acetate [the HRT] or to an
untreated group. After treatment of 10 years duration, the
women were followed for another 6 years for a total
follow-up of 16 years. In the HRT group, compared to
controls, the overall cardiac events [cardiac mortality,
myocardial infarction or heart failure] were reduced signif-
icantly by 52 % (HR = 0.48, 95 % CI = 0.27–0.89). Also,
the cardiac mortality, measured separately as a single out-
come, was reduced significantly by 43 % (HR = 0.57, 95 %
CI = 0.30–1.08). After a follow-up of 16 years, the cardiac
events and total mortality among the HRT users still
remained almost 40 % lower than among controls, with no
statistically significant increase in rates of breast cancer,
stroke, or venous thromboembolism. While this trial did not
set to test an older age group, the rather impressive
long-term cardiac benefits attest to a great HRT potential for
primary cardiac prevention among young postmenopausal
women. It remains to be shown whether the total HRT
duration of 10 years, overall much longer than seen in the
majority of HRT studies, or the actual selection of HRT
agents as given in this particular trial, or the very young age
of the trial population, are all independent factors responsi-
ble for these strong cardiac gains.

26.3 HRT Agent Selection and Cardiac
Outcome

The clear cardiac outcome superiority between of the second
WHI trial [E-alone] over the first one [E + P combination],
brings inevitably into the discussion the possible role of
individual agents—especially benefits of estrogen alone
versus the possible abrogation of this benefit by the agents of
the progestational group.

484 J. Ragaz and S. Shakeraneh



A possible interaction of estrogen with various proges-
terones, and the timing of HRT start vis-a-vis cardiac out-
comes, was tested in a study from Finland [14]. This more
complex observational trial evaluated estradiol alone-based
HRT, with estradiol plus any of the five different types of
progestins [medroxyprogesterone (Provera), norethisterone
acetate, dihydrogesterone, other progestins, or tibolone.
Altogether, 498,105 women who had used E-alone or any of
the E + P combinations, were evaluated between 1994 and
2009. As was seen also in the above discussed studies, the
risk of CHD death in hormone users was related to age, with
significantly better outcomes for starting HRT at younger
age [age <60 vs >60, CHD mortality ratio, HR = 0.53,
95 % CI = 0.47–0.59, vs. HR = 0.76, 95 % CI = 0.71–
0.82]. The sub-analysis of estrogen combined with different
progestational agents showed, when compared to nonusers,
protective cardiac effects with any of the HRT combinations.
Although the best profile was seen with E + tibolone for
age <60, with a surprising 77 % reduction of cardiac mor-
tality rates [HR = 0.23, 95 % CI = 0.17 = 0.31], all E + P
combinations when compared to nonusers were associated
with a similar magnitude statistically significant cardiac
event reduction. Also, relevant to the above cardiac rate
differences between the WHI HRT trials 1 [E + P] versus 2
[E-alone], authors demonstrated no difference between
estradiol alone versus HRT based on estradiol + medrox-
yprogesterone combinations [HR = 0.44, 95 % CI: 0.42–
0.46, and HR = 0.46, 95 % CI: 0.43–0.49, respectively].
However, the authors emphasize that in the WHI HRT trial 1
E + P combination, where no cardiac benefits were seen, the
HRT was based on CEE—the Conjugated Equine synthetic
Estrogen [CEE]—while in their study from Finland, the
estrogen was an Esterified Oral Estradiol [EE], and this EE
combined with P is emerging with better and safer cardiac
profile than the CEE + P combination used in the WHI or in
the HERS trials.

Other studies of various estrogen subtypes arrived at
similar conclusions, an issue of major practical value in
regards to the choice of individual estrogenic HRT choices.
The most convincing evidence comes from Smith et al. [15].
Already in 2004, authors evaluated the risk of venous
thrombosis [VT] among HRT users, with either EE or CEE.
Compared with nonuser, current HRT EE users had no VT
increase [HR = 0.92; 95 % CI: 0.69–1.22]. In contrast,
women currently taking CEE had an elevated VT risk
[HR = 1.65; 95 % CI: 1.24–2.19]. When analyses were
restricted to estrogen users without progestins, current CEE
users had significantly higher rate of VT than current EE
users (HR = 1.78; 95 % CI: 1.11–2.84). And importantly,
among all estrogen users, concomitant progestin use was
[YES!] associated with increased VT risk compared with
estrogen alone (HR = 1.60; 95 % CI, 1.13–2.26).

In the 2014, update of the study [16] extended to also
follow myocardial and stoke outcomes between CEE and EE
among 384 postmenopausal women aged 30–79 years. In
adjusted analyses, CEE use compared with EE use was again
associated with an increased VT (HR = 2.08; 95 % CI:
1.02–4.27; P = 0.045) and an increased myocardial infarc-
tion risk [HR = 1.87; 95 % CI: 0.91–3.84; P = 0.09), but
not with the risk of stroke risk (HR = 1.13; 95 % CI: 0.55–
2.31; P = 0.74). Among 140 controls, CEE users compared
with EE users had higher [endogenous] thrombin
potential-based normalized activated protein C sensitivity
ratios (P < 0.001), indicating a stronger clotting propensity.
Thus, in summary their 2004 study identified CEE as used in
the WHI trials—but not the EE—with a higher risk of VT, a
risk that will be potentially enhanced by the use of pro-
gestin’s, also as identified within the WHI trials 2 versus 1
[15]. Also their 2014 update confirmed the original obser-
vation, along with the possibility that CEE use was also
associated with a higher risk of myocardial infarctions, and
the differential clotting effects between CEE and EE are
supported by biological data [16].

Similar observations regarding better cost and benefit
ratio of oral estradiol versus CEE were made in the WHI
observational study of Shufelt et al. [17]. This large trial was
evaluating among the 93,676 postmenopausal women aged
50–79 years the HRTs with several types of estrogen for-
mulations. In direct comparisons, oral estradiol was asso-
ciated with lower hazard ratios (HRs) for stroke than the
CEE (HR = 0.64; 95 % CI: 0.40–1.02), and similarly,
transdermal estradiol CHD compared to CEE was also
associated with a lower risk of cardiac and stroke events
(HR = 0.63; 95 % CI: 0.37–1.06).

26.4 The WHI HRT Trials and the Cardiac
Outcomes

When early data emerged from the WHI HRT trial 2
heralding estrogen benefits in cardiac events [18, 19], the
issue of its timing and the age at HRT start influencing the
outcome was still not entirely clear, as the age subgroup
analyses of the trial WHI 2nd HRT trial were not yet offi-
cially reported. Thus, Barret-Connors [20], expanding on the
timing hypothesis, stipulated that while “the timing
hypothesis is plausible, the pre-specified subgroup analyses
in both WHI trials showed no significant interaction with
age or years since menopause.”

One year later, however, in 2007, Manson et al. published
for the first time the WHI coronary artery calcium [CAC]
measurements from the WHI HRT trial 2, confirming a 40 %
reduced CAC only among young postmenopausal women
aged 50–59, but not among more elderly women [18]. This
was followed in 2007 by the WHI combined coronary heart
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disease analysis of both trials 1 and 2 [altogether 27,347
participants aged 50–79], set to explore the HRT and age
interaction. For women with <10 years since menopause
began, there was an early 24 % CHD reduction in the HRT
group [HR = 0.76, 95 % CI = 0.50–1.16); for those 10–
19 years from menopause, it was 1.10 (95 % CI: 0.84–1.45);
and for those >20 years, 1.28 (95 % CI: 1.03–1.58) (P for
trend = 0.02). Noted is however, that even when controlled
for age, the best group age <60 in this combined analysis
[E + P and E-alone groups] shows substantially less cardiac
benefit than the hazards seen after E-alone from the trial 2
[HR = 0.54, see below].

Indeed, by 2011, La Croix et al. [21]. reported the
Estrogen alone versus Placebo cardiac analyses, separately
according to age (groups 50–59, vs. 60–69, and 70–79,
Tables 26.1, 26.2 and 26.3). These showed among young
women aged 50–59 a much more favorable cardiovascular
HRT profile, with a 46 % statistically significant reduction
of myocardial infarctions (HR = 0.54, 95 % CI: 0.34–0.86).
Noted was importantly, virtually no change in the rates of
strokes (HR = 1.09, 95 % CI = 0.65–1.83) [21]
(Table 26.2) or venous thrombosis [HR = 0.71, 95 % CI =
0.40–1.26].
Also, confirmed was in this young age group, in simi-

larity to the above observational studies, a 27 % all-cause
mortality reduction [HR = 0.73, 95 % CI = 0.53–1.00].
None of these estrogen-associated benefits were seen, among
women aged >60 [tests for interaction, MI, p = 0.007;
all-cause mortality, p = 0.04] (Tables 26.1 and 26.3]. In this
2011 analysis, bone fractures were also reduced among all
participants consistently, with trends for more protection
among younger women (HR = 0.33, for the ages 60–69, vs.
HR = 0.62, for ages 70–79). Also, as discussed in Chap. 23,
reduced were also in the trial 2 the rates of breast cancer
incidence and mortality, contributing toward all-cause mor-
tality benefits of estrogen among women age <60.

These 2011 estrogen alone data were confirmed in the
2013 WHI update by Manson et al. [2], with identical test for
interaction confirming estrogen association with a substan-
tial and significant 40 % rate reduction of heart attacks
among young women age <60 but not among more elderly
women [p for interaction = 0.007] (Table 26.1).

As a summary of the WHI observations, in 20 [16, 22]
Bassuk and Manson representing the definitive WHI trial 2
review of the issue, confirmed that “…timing of HRT initi-
ation affects the relation between the HRT and coronary
risk…” and that “Estrogen may have a beneficial effect on
the heart if started in early menopause, when a woman’s
arteries are likely to be relatively healthy, but a harmful
effect if started in late menopause, when those arteries are
more likely to show signs of atherosclerotic disease.”

26.5 Estrogen and Biochemical Surrogates
of Cardiac Events

With the estrogen cardiac effects basically restricted to pri-
mary prevention among younger postmenopausal women,
the exploratory analyses of biochemical surrogates of
estrogen action and age of women affecting cardiac activity
are also of major interest [18, 23–26].

One of the most comprehensive analyses of these issues is
the above discussed meta-analysis of Saltpetre et al. focusing
on estrogen association with clinical and biochemical sur-
rogates of coronary heart disease [9]. It showed among
women without diabetes that HRT reduced not only
abdominal fat, but also rates of new-onset diabetes [HR =
0.70, 95 % CI: 0.60–0.90]; and among women with prior
diabetes, HRT reduced consistently and significantly the
fasting glucose, as well as low-density/high-density
lipoprotein-cholesterol ratio [by −15.7 %] and lipoprotein
(a) [Lap(a)] [by −25.0 %], and plasminogen activator

Table 26.1 WHI HRT trials:
myocardial infarction

Ages Estrogen + Provera*

[8506] (%)
Placebo*

[8102] (%)
Difference
N/100,000

HR 95 % CI P value/*interaction 3
age categories

WHI HRT trial 1; According to Manson et.al. [2]

All 0.39 0.34 +50 1.15 0.99–1.34

50–59 0.21 0.17 +40 1.25 0.88–1.76

60–69 0.36 0.36 0 0.99 0.80–1.24 *0.46

70–79 0.76 0.57 +190 1.34 1.05–1.72

WHI HRT trial 2; According to La Croix [21]

All 0.46 0.45 +10 1.01 0.85–1.20

50–59 0.15 0.27 −120 0.54 0.34–0.86

60–69 0.51 0.48 +30 1.05 0.82–1.35 *0.007

70–79 0.82 0.66 +160 1.23 0.92–1.65
*Cumulative annual incidence, in %
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inhibitor-1 (−25.1 %) [9]. all well-known markers of
increased cardiac atherosclerogenesis.

The WHI study of Bray et al. [23]. reported estrogen
reducing rates of cardiac events only among those women
with a favorable LDL/HDL cholesterol ratio of <2.5. In
these low risk category women, estrogen also reduced the
incident coronary heart disease by 40 %, whereas among
women with a high LDL/HDL cholesterol ratio >2.5,
estrogen therapy resulted in a 73 % higher risk [p for
interaction, p = 0.002] [23]. In the actual age analyses of
this study, the estrogen-associated hazards were reduced by
over 40 % among women aged 50–59 regardless of the
LDL/HDL cholesterol ratio, while no improvement was seen
among elderly women [23].

The other cardiac surrogate study confirming the estrogen
timing hypothesis is the WHI exploratory study of Manson

et al., which showed essentially the same observations, with
estrogen impacting on the reduction of coronary artery cal-
cium [CAC] build-up only among young women aged 50–
59 [18].

Similar conclusions measuring a different biomarker were
reported by Mendelssohn et al. [25], with the significance of
estrogen enhancing nitric oxide synthesis with vasodilatation
of coronary arteries, and a related decrease in the inflam-
matory cell adhesion. As a result, the overall slowing of the
atherosclerotic plaque formation was seen, but only in
women with relatively healthy arteries. In those with more
substantial atherosclerotic plaque formation—more likely
elderly women—no such benefits were seen [25].

The last study to indicate a possibility of cardiac benefit of
estrogen in young postmenopausal women comes from the
Kronos Early Estrogen Prevention Study (KEEPS) [26]. The

Table 26.2 WHI HRT trials:
strokes

Ages Estrogen + Provera*

[8506] (%)
Placebo*

[8102] (%)
Difference
N/100,000

HR 95 % CI P value/*interaction 3
age categories

WHI HRT trial 1; According to Manson et.al. [2]

All 0.37 0.32 +50 1.16 1.00–1.35

50–59 0.15 0.10 +40 1.37 0.89–2.11

60–69 0.36 0.32 +50 1.16 0.92–1.45 *0.40

70–79 0.79 0.72 +80 1.10 0.87–1.38

WHI HRT trial 2; According to La Croix [21]

All 0.42 0.36 +60 1.19 0.98–1.43

50–59 0.16 0.15 −10 1.09 0.65–1.83

60–69 0.46 0.36 +100 1.27 0.97–1.67 0.87

70–79 0.74 0.66 +80 1.13 0.84–1.53
*Cumulative annual incidence, in %

Table 26.3 WHI HRT trials:
all-cause mortality

Ages Estrogen + Provera*

[8506] (%)
Placebo*

[8102] (%)
Difference
N/100,000

HR 95 % CI P value/*interaction 3
age categories

WHI HRT trial 1; According to Manson et.al. [2]

All 0.98 0.99 −10 0.99 0.91–1.08

50–59 0.39 0.44 −50 0.88 0.70–1.11

60–69 0.07 0.97 −10 0.99 0.87–1.13 0.23

70–79 2.07 1.97 +90 1.04 0.91–1.20

WHI HRT trial 2; According to La Croix [21]

All 1.02 1.00 −20 1.02 0.91–1.15

50–59 0.35 0.48 −130 0.73 0.53–1.00

60–69 1.00 0.96 +40 1.04 0.88–1.24 0.04

70–79 2.02 1.83 +190 1.12 0.94–1.33
*Cumulative annual incidence, in %
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objective of this randomized trial of 734 women was to assess
rates of atherosclerosis progression, by measuring differences
in the carotid intima thickness. Estrogen was randomized
versus placebo, and also oral estradiol was randomized ver-
sus transdermal estradiol. While there was, overall, very little
atherosclerosis progression in these young newly menopau-
sal women, an important trend emerged for less accumulation
of coronary calcium in the estrogen than in the placebo arms.
Also, with oral estradiol, there was a significant reduction in
low-density lipoprotein (LDL), with increase in high-density
lipoprotein (HDL) cholesterol, as well as a significant
reduction in the triglycerides and C-reactive protein levels—
all surrogate markers for increased coronary arterial disease.
In addition, with the transdermal estradiol, there was a sig-
nificant improvement in insulin resistance [26].

All these data, in summary, provide strong level of evi-
dence for cardiac benefits of estrogen, with or without pro-
gesterone, and in particular, for the estrogen timing
hypothesis. These, and all of the data discussed above,
would also explain a failure of the much publicized 1998
HERS study set to examine the HRT impact in reducing
rates of coronary heart disease among women with prior
heart attack or angina pectoris [i.e., women with prior
advanced abnormal cardiac vessel pathology, with pre-
formed atherosclerogenic plaques at the time of HRT start],
as would be the case with cardiac analyses in the WHI trials
in women over the age of 60 [27].

These data also illustrate the expanded concept of the
estrogen timing hypothesis: both the advanced age AND the
advanced [vascular] pathology among young [and of course
among elderly] women, would preclude estrogen cardiac
benefit. These data indeed indicate, as a confirmation of the
principle, that high risk women with an unfavorable lipid
ratio [i.e., surrogates for abnormal cardiac vascular pathol-
ogy] would have similar “resistance” to estrogen cardiac
protection as elderly women [i.e., women with more
advanced age-related cardiac vascular pathology]—both
populations representing the “failed candidates” for estro-
gen primary cardiac prevention.

While other studies also confirm the estrogen benefits for
cardiac events seen particularly among young women [11,
28, 29], unanswered question, for the time being, remains the
long-term cardiac and CVS outcomes among women starting
estrogen at a younger age e.g. <60 and continuing towards an
elderly age (>70 or >80). In those women, benefits of pri-
mary estrogen cardiac prevention will in all likelihood also
materialize, and perhaps to a much higher extent than what is
seen with a mean of 5–7 years of estrogen intake starting at
age <60, as seen in the past HRT trials including the
WHI HRT studies. The above discussed Danish study with a

mean 10 years estrogen duration [13], attests to the concept
of the principle identifying somehow more robust cardiac
benefits than seen in studies of long-term HRT duration.

While only future randomized trials designed with estro-
gen duration the main objective outcome may provide more
direct answers, the evidence available thus far suggests that
from the cardiac perspective, women in their 1960s and
1970s who already started estrogen at the age <60, are
probably safe, and are likely to enjoy potentially a more
profound cardiac benefit than that observed in younger
women with estrogen intake similar to what was in the WHI
trial 2 [i.e., HRT duration restricted to just over 5 years only].

As to the ideal formulation of HRT, the above review
provides evidence level 1 for protective cardiac effect of
estrogen, with a possibility of better cardiac profile with oral
estradiol rather than conjugated equine estrogen. In simi-
larity to the closing comments regarding HRT duration,
these concepts while quite sensible need confirmation in
dedicated randomized trials.

26.6 New HRT Developments

26.6.1 TIBOLONE and BAZEDOXIFEN; and What
to Do with BRCA 1 and 2
Mutations?

Other than estrogen and/or progesterone-based HRT, what
else is available for women entering menopause and what to
do with very high risk women such as those with BRCA 1 or
2 gene mutations? At least two new developments look
promising, Tibolone and bazedoxifene, and at least one
study of BRCA carriers looks promising for premenopausal
women after oophorectomy.

26.6.2 Tibolone

Tibolone is a steroid hormone derived from the Mexican
yam, and has been introduced for the management of
menopause in the late 1980s. Its use is prevalent in most
regions of the world, with the exception of the United States.
Tibolone and its metabolites have estrogenic, progestational,
and weak androgenic actions [30, 31].

The data indicate tibolone’s tissue selectivity, most likely
action of tibolone’s metabolites exhibiting variable hor-
monal activity in different target tissues. In this, tibolone
differs from SERMs such as tamoxifen, which produce their
tissue selectivity through modulation of the ER. Thus,
tibolone has been described as a “selective tissue estrogenic
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activity regulator” (STEAR), and also as a “selective estro-
gen enzyme modulator (SEEM).”

Specifically, as a result of its selective estrogenic effect in
different tissues, seen is increased bone density but absence of
primary breast tissues carcinogenicity, and thus some evi-
dence for reduced breast cancer rates. Also, tibolone has
estrogen-like effects in the brain preventing
menopause-related hot flushes. Also, as a result of its andro-
genic effect, seen are increased energy and libido levels in
women suffering with postmenopausal symptoms; and as a
result of its progestational effects, seen is, importantly, a vir-
tual absence of endometrium stimulation, with no uterine
cancer as a side effect, whilemenopausal effects are decreased.
In this particular effect, tibolone differs from tamoxifen.

In a randomized, double-blind, placebo-controlled clini-
cal trial of 4538 postmenopausal women, Cummings et al.
showed that tibolone reduced the risk of vertebral fractures
(HR = 0.55; 95 % CI = 0.41–0.74; P < 0.001), nonverte-
bral fractures (HR = 0.74; 95 % CI = 0.58–0.93; p = 0.01),
and invasive breast cancer (HR = 0.31; 95 % CI = 0.10–
0.96; p = 0.04). As a main side effect, tibolone was, how-
ever, associated with increased risk of stroke—that risk was
seen, however, only in older postmenopausal women
(HR = 2.19; 95 % CI = 1.14–4.23) [32].

Most placebo-controlled randomized trials confirm safety
in regards to breast cancer rates in healthy women are treated
with tibolone, and some studies actually show reduction of
breast cancer rates—with evidence for tibolone not
increasing breast density. However, in established invasive
breast cancer and stage IV setting, there some evidence, that
tibolone may interfere with the effectiveness of other breast
cancer hormonal therapies—thus its use in stage IV breast
cancer at the present time is contraindicated [33].

26.6.3 HRT and Breast Cancer Patients
with BRCA Mutations

Oneof thekeymanagement issues regarding thepremenopausal
young BRCA positive breast cancer patients who undergo
oophorectomy but no PROPHYLACTIC MASTECTOMY, is
the breast cancer risk of the HRT, an approach clearly indicated
in order to alleviate menopausal symptoms related premature
ovarian ablation.

Pivotal in this are studies of Eisen et al. who evaluated the
breast cancer impact of oophorectomy among BRCA 1/2
mutation carriers after oophorectomy, with or without HRT.
First, the 2005 review of 1439 patients with breast cancer and
1866 matched controls derived from a registry of BRCA1
and BRCA2 carriers [no breast cancer] showed a significant
reduction in breast cancer risk of 56 % for BRCA1 carriers
(HR = 0.44; 95 % CI, 0.29–0.66); and of 46 % for BRCA2
carriers (HR = 0.57; 95 % CI, 0.28–1.15) [34].

The risk reduction was greater if the oophorectomy was
performed before age 40 (HR = 0.36; 95 % CI: 0.20–0.64)
than after age 40 (HR = 0.53; 95 % CI: 0.30–0.91). The
protective effect was evident for 15 years post-oophorectomy
(OR = 0.39; 95 % CI, 0.26–0.57) [34].

The other study by the same team had shown among 472
postmenopausal women with a BRCA1 mutation, that HRT
use of estrogen alone after oophorectomy actually decreased
the risk of breast cancer [35] (OR = 0.51; 95 % CI = 0.27–
0.98; p = 0.04), with HRT use of estrogen plus progesterone
was not statistically significant (OR = 0.66; 95 % CI =
0.34–1.27; p = 0.21) [35].

26.7 Conclusion

The two HRT chapters highlight one of the most important
evolving paradigms of science: estrogen, historically and
presently considered the main human breast carcinogen,
confers paradoxically and unexpectedly, a statistically sig-
nificant reduction of invasive breast cancer rates [21]. As a
result, the use of estrogen as part of HRT deserves serious
merits for breast cancer prevention [36]. This is particularly
important in view of the other estrogen-related outcomes: a
significant reduction of coronary heart disease, and of
all-cause mortality among women age <60, in addition to the
well-documented reduction of bone loss, bone fractures and
related bone fracture mortality [21].

These measurable outcomes are additional to the
well-established estrogen-related quality of life improve-
ments, due to reduction of menopausal symptoms, improved
urogenital health, and also low energy states with depres-
sions and insomnia.

So at the end of this review, one cannot but raise ques-
tions as to why are these gains virtually unknown outside a
narrow circle of experts; and a related question, how come
more is not done to advertise these issues more assertively?
As seen from this review, data is here and data is clear,
therefore, these are mostly logistical and policy issues rather
than science itself. Thus, as a likely answer to these infre-
quently asked questions, the data showing estrogen benefit
may need to be clarified and publicized perhaps with the
same level of conviction that what was seen with the WHI
directed publicity of their first 2002 JAMA publication of
Estrogen + Provera versus Placebo, the WHI HRT trial 1.
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27Breast Diseases in Males

Darryl Schuitevoerder and John T. Vetto

27.1 The Male Breast

The male breast is normally a rudimentary structure com-
posed of small ducts and fibrous tissue with variable
amounts of periductal fat, identical histologically to the
breast of prepubertal females [1]. In the absence of estro-
genic stimulation, lobules are not seen. The incidence of
absent breasts or nipples and of supernumerary nipples in
males is identical to that in females [2]. Breast tissue in the
male is normally confined to the area directly behind the
areola; therefore, clinical breast examination (CBE) is very
easy in males and usually can be performed with just one or
two examining fingers.

27.2 Gynecomastia

Gynecomastia, the most common clinical and pathologic
benign condition of the male breast [3], is defined as an
enlargement of the ductal and fibrous stromal components
and is clinically and histologically distinct from pseudogy-
necomastia, in which clinical breast enlargement is due to
swelling of the surrounding subcutaneous fat [2]. True
gynecomastia may range in size from a small retroareolar
disc to enlargement that approximates that of an adult female
breast [4]. Primary (idiopathic, physiologic) gynecomastia
occurs in 30–70 % of male children and is thought to occur
during developmental periods of relative estrogen excess or
androgen deficiency [1]. Typically, it resolves sponta-
neously, and, in the presence of an otherwise normal history

and physical examination (PE), it requires no specific
workup or treatment unless it persists or is severe, in which
case psychological counseling and/or surgery may be needed
in selected cases [5–7].

Secondary (pathologic) gynecomastia can be due to a
myriad of underlying conditions (Table 27.1) and medica-
tions (Table 27.2) [1–3, 5, 8–14]. Careful history and PE
often disclose the underlying cause without the need for
additional testing or sex-steroid chemistry panels, and
treatment consists of correction of the underlying condition
or discontinuation of the causative medication. Suspected
cases of pathologic gynecomastia in pediatric patients should
be referred to a pediatric endocrinologist [7]. Medical
treatment of secondary gynecomastia, however, may not be
necessary or even possible in situations in which the
underlying condition is not correctable, the patient is
asymptomatic, or the causative medication should not be
discontinued.

In symptomatic patients, a variety of hormonal options
are available (testosterone, clomiphene, tamoxifen, danazol),
none of which have been studied in a systematic manner and
some of which can be associated with significant side effects
[5, 7]. Published indications for surgery include: failure of
medical therapy; persistence despite 1 year of observation;
progressive size, symptoms, or psychosocial issues; and
persistence after puberty [15]. In our hands, surgical excision
(by subcutaneous mastectomy, sparing the nipple) is often
the treatment of choice because it is definitive (provided care
is taken to remove all the enlarged tissue) and, in some
cases, can be accomplished with the patient under local
anesthesia and/or in an outpatient setting. One series found
that surgery for gynecomastia is associated with low rates of
atypical findings on final pathology (3 %) and need for
revision (7 %) [16]. In a recent study from the Netherlands,
Lapid et al. performed a retrospective review of 5113 breasts
excised with the diagnosis of gynecomastia. The overall
incidence of invasive carcinoma and carcinoma in situ in this
population was 0.11 and 0.18 %, respectively [17]. Higher
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Table 27.1 Conditions
associated with gynecomastia

Endocrine Adrenal insufficiency
Thyrotoxicosis
Testicular failure

Genetic Kleinfelter’s syndrome

Liver Chronic liver failure

Pulmonary Bronchiectasis
Chronic bronchitis
Tuberculosis

Renal Chronic renal failure

Neurologic Transverse myelitis

Tumors CNS, especially hypothalamus, pituitary
Lung
Testicular, especially seminomas, teratomas
Prostate (related to therapy)

Others Malnutrition
Trauma

Table 27.2 Drugs associated
with gynecomastia

Class Drug

Antiandrogens Cyproterone
Flutamide

Antibiotics/antifungals Griseofulvin
Isoniazid
Ketoconazole
Metronidazole

Cardiovascular agents Amiodarone
Captopril
Digitoxin
Enalapril
Methyldopa
Nifedipine
Reserpine
Verapamil

Chemotherapeutics (Especially) Cyclophosphamide
Methotrexate

Diuretics Thiazides
Spironolactone

HIV medications
Hormones

Efavirenz
Androgens and anabolic steroids
Chorionic gonadotropin
hGH
Estrogens and estrogen agonists

Illicit drugs/drugs of abuse Alcohol
Amphetamines
Heroin
LSD
Marijuana
Methadone

Psychoactive agents Diazepine
Haloperidol
Phenothiazine
Tricyclic antidepressants

Ulcer medications Cimetidine
Omeprazole
Ranitidine

Others Phenytoin
Penicillamine
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complication rates are associated with higher patient BMI
and specimen weights [16].

Because secondary gynecomastia may be unilateral and
painless in many cases [6, 15], the major clinical concern
regarding this lesion is distinguishing it from breast cancer
[5, 6, 8, 11]. This topic is discussed in detail subsequently
(see “Differential Diagnosis of Breast Masses in Males” and
“FNA-based Evaluation of Breast Masses in Males”).

27.3 Other Benign Breast Conditions

A variety of benign conditions common to the female breast
are also seen in males and, with the exception of gyneco-
mastia, are similar in both genders in terms of presentation,
histology, diagnosis, and treatment [3]. These are listed in
Table 27.3 [18–42].

Another occasional exception is nipple discharge; benign
milky discharge can occur in males (especially the
colostrum-like “witch’s milk” of male neonates [1]), and
benign non-milky discharge is occasionally seen in males,
but bloody discharge in a male is more commonly associated
with malignancy than it is in females [43–45]. For example,
in a review by Amoroso et al. of 42 cases of nipple discharge

in males more than half (57 %) were associated with a
clinical breast cancer [46]. This finding is supported by a
retrospective review from Memorial Sloan-Kettering Cancer
Center that showed that 57 % of male patients presenting
with nipple discharge harbored underlying malignancy [47].
Accordingly, males presenting with nipple discharge should
be considered as having carcinoma until proven otherwise;
those in whom a cancer is not found can be evaluated and
treated in a fashion similar to females (i.e., ductography and
papilloma excision) [44]. In the afore mentioned study by
Amoroso et al., of the discharges associated with benign
conditions, all nonbloody discharges were due to gyneco-
mastia (and had often been present for years), whereas
bloody but benign discharges were due to papilloma
[46]. Nipple discharge in males is also discussed throughout
the sections that follow.

27.4 Breast Cancer in Males

Breast cancer in males (BCM) is one of the oldest diseases in
recorded history. First reported in the Smith Papyrus,
European reports date back to a 1307 case report by an
English surgeon, John of Aderne. Subsequent case reports
by Ambroise Pare and Fabrius Hildanus in the sixteenth and

Table 27.3 Benign breast
conditions in males

Refs.a

Benign solid tumors of the breast and connective tissue

Fibroadenoma [25, 26]

Fibromatosis [29, 31, 32]

Leiomyoma [35, 40]

Mesenchymoma [3, 216]

Myofibroblastoma [27, 39, 215, 366]

Papilloma, intracystic papilloma [19, 36]

Phyllodes tumor (benign) [3]

Juvenile papillomatosis [367]

Benign hemangiopericytoma [217]

Benign solid tumors of the dermis/subcutis

Granular cell tumor [42]

Lipoma, lipoblastoma [18]

Pilomatrixoma [41]

Infections/infestations Sparganosis [23]

Tuberculosis [20, 22, 30]

Inflammatory and autoimmune conditions

Granulomatous mastitis [28]

Lupus mastitis [38]

Nodular fasciitis [24]

Vascular lesions Cavernous hemangioma [34, 37]

Hemangioma [21, 33]
aRef reference number-see table of contents
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seventeenth century, respectively, followed [8]. Periodic
reporting continued in the latter half of the twentieth century,
when large series began to appear [8, 48–58], leading to our
current understanding of the disease.

Although only about 1 % of breast cancer occurs in men,
this disease accounts for 0.14 % of all cancer deaths in males
(approximately 440 cancer deaths in the United States per
year) [59–61]. The widely held notion of BCM as a
late-presenting disease with a dismal prognosis is largely a
result of earlier [49, 50, 52, 53, 56, 58, 62–65] and even
some more recent [54, 66, 67] series consisting mostly of
patients presenting with advanced stage disease. Much of the
previous data are flawed by single-institution experience,
repeated reports from the same institutional series, small
sample size, and failure to control for stage and patient age.
The well-known tendency for this disease to present late, in
older males (who already may possess comorbid conditions
leading to subsequent death from noncancer causes), and to
be associated with second cancers may explain in part the
previously reported low crude survival for BCM. In a review
of the Surveillance, Epidemiology and End Results (SEER)
database spanning 1973–2004, 1001 of 4873 patients with
BCM (21 %) had another non-breast primary cancer recor-
ded in the database [68].

As discussed later, newer series [48, 55, 57, 69–72],
including our own [9], refute this notion and indicate that
breast cancer in men carries the same prognostic factors as
the disease in women and that the stage-for-stage outcomes
are also the same. A 2006 series from Japan noted that
survival from breast cancer among men had improved in that
country since 1980–1984, while it had been stable in females
[73]. One recent U.S. study has actually shown that men
with breast cancer had significantly better disease-specific
survival than their female counterparts [74]. Further, a recent
study from Sweden showed similar all-cause and
disease-specific survival between BCM and breast cancer in
females (BCF) [75]. This newer information leads to the
question of whether breast cancer is the same or a different
disease in men and women. This issue is also discussed later
in this chapter, including a detailing of how breast cancer in
men is similar to, and how it differs from BCF.

A grammatical note: Tumors do not possess gender;
therefore, the term “male breast cancer” is not as correct as
BCM or even “cancer of the male breast” [8]. Thus,
throughout this chapter, the disease is referred to as BCM.

27.4.1 Global Distribution

In a meta-analysis, Sasco and colleagues determined that the
BCM accounts for about 1 % of all breast cancer worldwide
[76]. The global distribution of BCM is similar to that of BCF
(i.e., BCM is very rare in areas with a low incidence of breast

cancer in general), with a few exceptions. For example, BCM
is common in Egypt, an area of relatively low BCF incidence,
likely due to high rates of schistosomiasis-related liver failure
[77]. In contrast, BCM rates are low and fairly even in
European countries (1.5–3 per million) and reflect variances
in the rates for BCF, with higher rates found in France,
Hungary, Austria, and Scotland [78].

27.4.2 U.S. Incidence

The overall number of BCM cases continues to slowly rise,
while the percentage of breast cancer occurring in males has
remained relatively constant in the U.S. In 2012 there were
2125 cases of BCM (up from 2,030 in 2007 and 1300 cases
in 1999), which represented 0.95 % of all breast cancers
(down from 1.27 % in 2012, but up from 0.74 % in 1999)
[79]. Older U.S. reports suggest that the incidence of BCM
may be rising [80–82]. However, a more recent study using
the NCI’s SEER data demonstrated a decrease in
breast cancer incidence and mortality, with these trends
being greater for women than men [83].

There were an estimated 40,290 deaths (out of a total of
231,840 cases) from BCF and 440 deaths from BCM in
2015. Thus, the current likelihood of dying from BCF and
from BCM are similar (17.4 and 18.7 %, respectively) [61].
These numbers support the previously mentioned reports of
a prognosis for BCM which is comparable to BCF. As
previously noted, these figures pertain to disease-specific
survival; crude survival in BCM is lowered by comorbidi-
ties, especially in older men, and by higher risks of second
malignancies in men with breast cancer, especially younger
men, and especially second breast primaries [68, 84, 85].

27.4.3 Associated Factors and Conditions

Factors associated with the development of BCM
(Table 27.4) include the following:

1. Advanced age. The annual incidence of BCM increases
steadily (lacking the premenopausal peak seen in
females) [61] between 35 years of age (0.1 case per
100,000 men) and 85 years of age (11.1 cases per
100,000) [77]. The mean age of diagnosis was 64.5 years
in our series [9] and 61.8 years in the series by Borgen
et al. [57] compared with 55.5 years for matched female
breast cancer controls in that same study. The greatest
incidence occurs 5–10 years later in males than in
females; in a recent VA cooperative study, the mean age
at diagnosis was 67 years for BCM and 57 years for BCF
[86]. BCM is rarely found before the age of 26, although
it has been reported in a 5-year-old boy [87].
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2. Black race. Several studies have shown a dispropor-
tionate number of cases of BCM in Blacks [86, 88, 89].
A large study of BCM in California revealed an
age-adjusted incidence rate/100,000 men of 1.65 for
Blacks versus 1.31 for Whites; BCM rates were lowest
for Hispanics and Asians/Pacific Islanders (0.68 and
0.66, respectively). Age and stage at diagnosis in that
study also differed by race, with Blacks more likely to be
diagnosed at a younger age and more advanced stage
(P > 0.001) [88]. At least one study has shown racial
disparities in BCM treatment and outcome, with Black
men less likely to undergo Medical Oncology consulta-
tion and chemotherapy, and experiencing a breast-cancer
specific mortality ratio more than triple that of White men
[90]. A more recent, albeit smaller, study also showed
higher mortality rates in Blacks aged 18–64 with BCM
when compared to Whites. However, when adjusted for
insurance and income this difference was no longer sig-
nificant, suggesting that this disparity in mortality may
have more to do with socioeconomic status than Race
itself [91].

3. Prolonged heat exposure, which may have a suppressive
effect on testicular function [62, 92–95]. The role of
electromagnetic field exposure remains controversial [8,
92, 93, 95, 96].

4. Previous chest wall radiation, especially radiation given
for the treatment of childhood malignancies [97, 98].
Children treated for lymphoma are at particular risk, felt
to be due to both chest wall radiation and altered gonadal
function [99]. The risk for breast cancer after radiation
appears to be similar for men and women, as is the
indirect relationship between age of exposure and risk
and the lag time between exposure and disease (12–

36 years) [96, 100–103]. Accordingly, it is generally
recommended that males with such exposure history
should be carefully observed [76]. A statistically signif-
icant increase in BCM risk among Japanese atom bomb
survivors has also been reported [104].

5. Conditions of relative hyperestrogeny. These conditions
include testicular abnormalities, such as the sequelae of
mumps infection and infectious orchitis/epididymitis [8,
92, 105, 106], undescended testes [76, 92, 105],
orchiectomy, late puberty, infertility, male potential
hypogonadism [62, 92, 107, 108], disorders that cause
gynecomastia (gynecomastia itself is associated with up
to 43 % of BCM cases, but there are no data for direct
causation) [3, 52, 106], exogenous estrogen, obesity,
liver disease (due to cirrhosis, bilharziasis, schistosomi-
asis, and chronic malnutrition) [76, 92, 97, 98, 106, 109],
and Klinefelter’s syndrome, which (despite its rarity)
accounts for 3 % of BCM cases [110] and is associated
with a 50-fold increased risk of BCM [111].
The risk of breast cancer in men with Klinefelter’s syn-
drome is probably due in part to altered estrogen:
testosterone/androgen ratios and the fact that these men
actually develop hypertrophied breasts that contain both
acini and lobules (the normal male breast does not contain
lobules) [110, 112]. This histological event explains the
fact that lobular carcinoma in men is rare and usually only
associated with Klinefelter-related cases (see “Histolo-
gies” section to follow). Men with Kleinfelter’s syndrome
are also at higher risk for non-Hodgkin’s lymphoma and
lung cancer, and their mortality from BCM is particularly
high if they have XXY mosaicism [113].
Both prostate cancer and prostate cancer treatment have
been linked to BCM [92, 114, 115], presumably due to

Table 27.4 Factors associated
with the development of BCMa Ageb

Black race

Prolonged heat exposure

Previous chest wall radiation

Positive family history for breast cancer (in male or female relatives)

BRCA mutations (especially BRCA2)

Environmental exposures

Conditions of relative hyperestrogeny

Testicular abnormalities

Exogenous estrogens

Obesity

Liver disease/alcohol abuse

Klinefelter’s syndromec

Prostate cancer and treatment for prostate cancer
aDirect causation has not been established for some factors
bIncidence of BCM is directly related to age
cIncreases BCM risk by 50-fold
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both medical and surgical castration. However, this
association is controversial; breast cancer is rarely
reported among men receiving estrogens for prostate
cancer, and malignant breast masses in these patients are
more often metastatic deposits than BCM [116].
The preceding associations would lead one to the conclu-
sion that BCM is caused by relative estrogen excess.
Although breast cancer can be easily promoted in a number
of animal species by hormone administration, clear data
indicating causation in humans are lacking, probably
because of the relative rarity of BCM and the corre-
sponding small sample sizes in most studies. For example,
reports of BCM and fibroadenomas among males taking
estrogen for transsexual male-to-female surgery have been
anecdotal only [117–119]. Furthermore, there have been
three recent studies looking at the incidence of breast
cancer in male-to-female transsexuals, none of which
showed an increased incidence of breast cancer in this
population [120–122]. Data from blood chemistry studies
attempting to demonstrate hormonal differences among
BCM patients compared with control subjects have been
sparse and conflicting. Taken together, most studies show
no difference in testosterone, estradiol, and luteinizing
hormone levels [123, 124], whereas one study showed
increased prolactin and follicle stimulating hormone levels
in BCM patients compared with matched controls [125].

6. Alcohol taken in excess has been linked to BCM risk in
some series [92, 95], but this may be linked to the pre-
viously mentioned risks of liver disease and relative
hyperestrogeny. One European Case-Control Study
found an odds ratio of 5.89 for alcohol intake >90 g/day,
compared to light consumers (<15 g/day) [126]. The
effect of dietary factors (meat, fruit, and vegetable con-
sumption) is unproven [92, 127].

7. Suspected genetic factors include BRCA mutations
(discussed below), androgen receptor (AR) gene muta-
tions, CYP17 polymorphisms as well as several single
nucleotide polymorphisms identified by genome wide
association studies [128, 129], Cowden’s syndrome, and
CHEK2 mutations [92, 130], although data for this later
factor is conflicting [127, 131].

8. Environmental factors: Isolated reports also suggest links
between BCM and occupational exposure to gasoline and
combustion products [92, 132, 133] as well as employ-
ment in blast furnaces, steel works, and rolling mills
[134].

27.4.4 Family History and Genetics

A family history of breast cancer, inmales or females, is present
in about 30 %of cases ofBCM[76],with 14 % reporting breast

cancer in a first-degree relative in one series [135]. Whereas
multiple cases of BCMwithin families have been reported [63,
136], it is rare; more typically (as one would expect from the
rarity of BCM), the risk for BCM is associated with a history of
BCF. TheNIH—AARPDiet andHealth data, showed thatmen
who reported a first-degree relative with breast cancer had an
increased risk of BCM with a relaitve risk of 1.92 [137]. Simi-
larly, a family history of BCM imparts increased breast cancer
risk to the female relatives [138, 139].

Taken together, this information suggests that (a) similar
to the situation in BCF, most cases of BCM are “sporadic”
(i.e., a specific gene mutation is not identified) and (b) a
familial form of breast cancer exists in which both males and
females show an increased risk for developing breast cancer
[77]. Similar to BCF, studies reveal the association of BCM
with a multitude of chromosomal and gene abnormalities
[60, 111, 140], especially on the 13q chromosome [140].
The best characterized of these mutations are in the BRCA2
gene; these mutations may be associated with up to 20 % of
BCM cases (particularly in Jews, in whom up to 19 % carry
BRCA2 germline mutations, compared to only 4 % of
non-Jewish men) [141, 142]. However, they have a low
penetrance; only one in seven BRCA2 carriers has a family
history of breast cancer [143, 144]. The usefulness of
BRCA2 testing for relatives of BCM patients is discussed
later (see “Testing of Family Members”).

Data regarding the association between BCM and BRCA1
mutations, which are typically point mutations, is conflicting
[143–145]. The importance of BRCA2 mutations, com-
monly genomic rearrangements, in BCM is also controver-
sial and may be population dependent; one study from
France recommended screening for BRCA2 genomic rear-
rangements [146], while studies from the U.S., Italy, and
Finland found low rates and did not recommend such
screening [131, 147, 148]. Specific mutations in BRCA2
leading to BCM have been identified, including founder
mutations such as 8765delAG, 185delAG, and 6174delAT
[142, 149, 150]. Again, however, the penetrance is relatively
low, with the risk of developing BCM by age 70 reported at
7 % and 8.4 % by age 80 [151, 152].

A hereditary nonpolyposis colon cancer (HNPCC) kin-
dred has been identified in which a male member had both
an MLH1 mutation and breast cancer, suggesting that BCM
may be part of the HNPCC syndrome [153]. Loss of the Y
chromosome and another 13q chromosomal abnormality, del
q13 [25], have been recurrent findings in BCM patients
[154]. An AR gene mutation has been found in BCM
associated with Reifenstein syndrome (inherited androgen
resistance) [155], but at least one report suggests no corre-
lation between AR expression and either the clinicopatho-
logic features or outcome for BCM [156]. Although p53
mutation rates are similar for BCM and BCF (43 %) [157],
BCM is rarely seen in Li-Fraumeni syndrome [157],
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probably because of the relative rarity of both BCM and this
syndrome.

27.4.5 Histologies

Because the male breast contains only ductal tissue, most
cases of BCM are ductal type, predominantly invasive ductal
(85–90 % of most series [8], 79 % in our series [9]), with the
remainder usually “pure” ductal carcinoma in situ (DCIS) or
ductal variants [45, 97, 158–162]. Atypical ductal hyper-
plasia has also recently been described in men undergoing
biopsy for presumed gynecomastia [163, 164]. All histolo-
gies of breast cancer have been encountered in males,
including Paget disease (unilateral and bilateral, both alone
and associated with either DCIS or invasive tumors) [161,
165–167], inflammatory carcinoma [168], cribriform carci-
noma [169], mucinous cancers [170], and papillary cancers
(both solid and cystic) [170–174]. “Pure” DCIS accounts for
5–15 % of BCM [8, 160, 162] and is less common among
BCM compared with BCF cases, probably because of the
higher detection rate of ductal neoplasms at the DCIS stage
in females by screening mammography [58]. Interestingly,
DCIS rates in males have been rising over the last 3 decades,
suggesting earlier detection despite the fact that BCM is not
a screened-for disease [162].

As expected, lobular cancers are extremely rare in men
(who lack lobular tissue) and usually are not found at all in
many series [57, 66, 170], including our own [9], but have
been described in case reports [97, 175, 176] and in large
data sets [55, 177]. As mentioned previously, this event
probably occurs in diseases associated with the formation of
lobules in the male breast, notably Klinefelter’s syndrome
[110]. BCM is bilateral at diagnosis in about 2 % of cases,
similar to the incidence for BCF [159, 165].

Secretory carcinoma, a rare variant of breast cancer that is
the most common type seen in children, has been reported in
boys [178–180] and in a 51-year-old man [181]. Because of
its rarity, neither the natural history of this tumor nor the
optimal management is well established, although the tumor
generally behaves in an indolent fashion and the prognosis
appears to be good [180].

27.4.6 Tumor Biology

Most cases of BCM are estrogen receptor (ER) positive (65–
96 % in recent studies [57, 66, 72, 97, 182, 183] and 85 % in
our series [9]); therefore, a greater percentage of male
patients will be treated with tamoxifen or will respond to
hormonal manipulation than will female patients [182, 184,
185]. Similarly, BCM is more commonly progesterone

receptor (PR) positive (68–93 %) [183, 186, 187], although
Blacks and Hispanics [188] as well as BRCA2 mutation
carriers [189] have been shown to have a lower proportion of
PR positive tumors. The proportion of HER2 Neu positive
BCM cases varies greatly in the literature with a reported
incidence ranging from 1.7 to 55 % [188, 190–194],
reflecting a large variance in detection methodology and
cutoff points. HER2 overexpression has been associated with
BRCA2-related BCM [195].

Unlike the situation for BCF, hormone receptor expres-
sion in BCM does not seem to correlate with histologic
grade of the lesion, tumor stage, or lymph node status [77].
However, a recent population-based study from California of
606 BCM cases showed that younger patients had more
HER2 positive disease (p = 0.02) [188]. Further, because the
majority of BCM cases are hormone receptor positive and
because of the rarity of this disease, it is still uncertain if
hormone receptor positive tumors carry the same positive
prognostic implication as BCF [196]. However, PR negative
status has been shown to correlate with decreased survival
on multivariable analysis [187, 197]. As opposed to ER
expression in BCF, in which ER-β expression tends to be
reduced, BCM seems to express high levels of both ER-α
and ER-β [183].

AR expression has been reported in 39–87 % of BCMs
and seems more common in tumors from older patients [183,
186]. The clinical importance for AR expression in BCM
has not been clearly demonstrated [155, 156], although a
recent report from China showed significantly worse out-
comes and poor response to tamoxifen therapy in AR pos-
itive patients [198, 199]. The incidence of high-grade
histology among BCM varies widely among series (20–
73 %) [9, 66] but overall is probably similar to the incidence
in BCF [57]. One study, however, reported proportionately
more high-grade histology among a cohort of low stage
BCM patients [200]. Additionally, a collaborative multi-
center study found a positive association between high-grade
tumors and BRCA2 [189]. Whereas most (but not all) [74]
breast cancer tends to present at later stages in males than in
females (due, in part to the low index of suspicion and lack
of screening in males), the discrepancy in stage distribution,
and thus the difference in overall prognosis between BCM
and BCF is shrinking as more and more recent series are
examined (discussed in more detail in the section on
“Prognosis”).

27.4.7 Staging

BCM is staged using the same TNM (tumor, nodes,
metastases) staging system of the American Joint Committee
on Cancer (AJCC) as for BCF [201].
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27.4.8 Physical Findings

Because BCM is not a screened-for disease, it presents pri-
marily (up to 79–85 % of cases) as a unilateral firm, pain-
less, or minimally tender, subareolar mass [55, 71, 184]
found on either self-examination or CBE. In our own series,
70 % of the men presented in this fashion [9]. Because the
skin of the nipple is frequently involved, up to 25–30 % of
cases are technically stage T4 [71]. The mass is often
eccentric (i.e., not directly behind the nipple, especially
when there is coexisting gynecomastia or other conditions of
ductal hypertrophy), slightly irregular, and firm [77].
Whereas nipple discharge in females is usually nonbloody
and associated with benign conditions, discharge in men is
more often bloody and a sign of malignancy, including
DCIS [43, 45, 46, 162]. Discharge cytology may be diag-
nostic, and bloody discharge in a male has an 80 % likeli-
hood of indicating an underlying tumor [46].

27.4.9 Imaging

Mammography has a limited role in the diagnosis of BCM
for a variety of reasons. First, it is a rare disease for which
general population screening is unlikely to be cost-effective.
Second, the breast is not significantly enlarged in most cases
and is therefore difficult to image [8]. Finally, the utility of
mammography for detecting BCM is questionable; although
there are indeed characteristic mammographic features of
BCM (especially eccentricity [202]), these features are not
always present, or there is substantial overlap between these
features and the mammographic appearance of benign
lesions [203].

For example, suspicious microcalcifications were found
in only four of 50 cases of BCM evaluated by mammogra-
phy by Borgen and colleagues [135], and Cooper et al. [204]
found no malignant findings among 263 mammograms in
males obtained for abnormal findings on CBE, even among
those cases found to be cancer on biopsy. In our diagnostic
test study of breast masses in males (See “Fine-Needle
Aspiration-Based Evaluation of Breast Masses in Males),
mammography was found to add no additional diagnostic
information to the combination of physical exam (PE) and
fine-needle aspiration (FNA) [205].

Accordingly, despite the previously reported high sensi-
tivity and negative predictive value (NPV) for BCM detec-
tion [206], recent studies have concluded that mammography
adds little information to initial patient evaluation [207, 208];
in one study of men undergoing mammography to evaluate a
dominant suspicious mass, only four cancers were found, and
all were suspected on clinical exam [208]. However despite
this, given the absence other screening modalities, some

authors recommend yearly mammography for patients with a
history of BCM or BRCA2 mutation [209].

Evidence on the use of PET/CT in BCM is sparse.
However, a recent retrospective study reported a 100 %
sensitivity and negative predictive value with the use of
PET/CT to aid in initial staging, restaging, and to evaluate
for response to treatment [210].

High-resolution Doppler ultrasound can be useful in men
for differentiating benign from malignant lesions, guiding
biopsy, and staging known cancers [202, 206, 211].
Although ductography is helpful in evaluating discharge in
females, it has a limited role in men [8]. The role of
technetium-99 sestamibi scanning for the detection of BCM
is limited by false-positive results caused by gynecomastia,
lymphoma, and other benign and malignant conditions;
compounds other than methoxyisobutyl (MIBI) may provide
more accurate results [212–214]. More recent nuclear med-
icine techniques, such as breast-specific gamma imaging,
have not yet been evaluated in males to any significant
extent.

27.5 Differential Diagnosis of Breast Masses
in Males

The differential diagnosis of a breast lump in a male includes
both BCM and a variety of benign conditions and benign
tumors (Table 27.3) [1–3], including myofibroblastomas
[27, 39, 87, 215] and mesenchymomas (also known as
hamartomas or angiolipomas) [3, 216]. Juvenile papillo-
matosis (“Swiss cheese disease”), which presents as a
localized palpable mass, was recently reported in the breasts
of male infants. This lesion often is associated with a family
history of breast cancer and coexists with malignancy in
almost half of cases [179]. Hemangiopericytomas have also
been described in the male breast [97, 217, 218]; these
connective tissue tumors can range from benign to highly
malignant. Similarly, both benign [3] and malignant [97,
219] phyllodes tumors have been described in males.

The differential diagnosis of a mass in the male breast
includes other malignancies besides BCM (Table 27.5),
most commonly, primary lymphomas (especially
non-Hodgkin’s B cell lymphomas, occasionally linked to
HIV infection) [220–223], angiosarcomas [224, 225], and
metastases from other primaries [226]. Aside from BCM,
this latter group is perhaps the most common malignancy in
the male breast, similar to the situation in females. These
come from a variety of primary sites, which in men include
prostate cancer [116], eccrine carcinomas [227], lung cancer
[228], and especially melanomas, the most common source
of metastases to the male breast (58 % in one series) [170].
Other malignant tumors described in the male breast in case
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reports include Merkle cell carcinoma [229], invasive
squamous cell cancer [230], and adenoid cystic carcinoma
[231].

The major point on the differential for BCM is gyneco-
mastia, which (unlike BCM) has a bimodal age distribution.
At presentation, however, older patients with gynecomastia
have a similar mean age as BCM patients, and as many as
80 % (63 % in our study) [9] do not have pain or tenderness
[11]. Although gynecomastia is typically rubbery and less
firm than BCM, this distinction is not always clear on PE,
and (as noted earlier), mammograms that are negative or
show gynecomastia do not necessarily rule out malignancy.
Thus, in the older male patient who presents to a surgeon or
breast clinic with a unilateral palpable breast mass, the main
diagnostic task is to rule out BCM (rare, but often treatable
for cure) while avoiding open biopsy if possible (unneces-
sary in asymptomatic benign lesions, which will constitute
the majority of masses seen) [10, 12].

Patient history does not reliably distinguish between
gynecomastia and BCM, for two important reasons. First,
the incidence of use of medications known to be associated
with gynecomastia (Table 27.2) has been found to be similar

between patients with benign breast conditions and BCM
[10]. Second, it is evident that some conditions (especially
chronic liver diseases and Klinefelter’s syndrome) are
associated with the development of both gynecomastia and
BCM (Tables 27.1 and 27.4) [9]. Indeed, gynecomastia is
associated with BCM [158, 159, 164], but studies are divi-
ded as to whether it is causative [92, 95].

27.5.1 Fine-Needle Aspiration-Based Evaluation
of Breast Masses in Males

As discussed in the prior section, a frequent diagnostic
challenge is to distinguish between gynecomastia and
malignancy, both of which can be either unilateral or bilat-
eral [232]. In experienced hands, FNA can distinguish
between gynecomastia and BCM with good reliability
(Fig. 27.1) [233–236]. Sensitivity, specificity, and accuracy
rates were 100 % in a study by Joshi and colleagues [237],
and similar results were found in a more recent review from
the Netherlands with sensitivity and specificity of FNA
being 100 and 90.2 %, respectively [238]. There is a small

Table 27.5 Malignant breast
conditions in males

Refs.a

Breast cancer in males

Invasive ductal (Many)

Invasive lobular [55, 97, 175, 176]

Ductal carcinoma in situ (DCIS) [158–160, 162]

Paget’s disease [161, 165–167]

Inflammatory carcinoma [168]

Cribriform carcinoma [169]

Mucinous cancers [170]

Papillary carcinoma (both solid and cystic) [170–174]

Secretory [178–181]

Primary lymphomas [220–223]

Sarcomas

Angiosarcomas [115, 224, 225]

Phyllodes tumors (malignant) [97, 219]

Hemangiopericytoma [97, 217]

Other malignant primary tumors

Merkle cell carcinoma [229]

Invasive squamous cell cancer [230]

Adenoid cystic carcinoma [231]

Metastases from other primaries

Prostate cancer [116]

Eccrine carcinoma [227]

Lung cancer [228]

Melanoma [170]
aRef reference number-see table of contents
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tendency in many reported series toward false-positive
results, likely secondary to the high cellularity and epithelial
hyperplasia commonly found in aspirates of gynecomastia
[233]. Whereas some researchers believe that this “diag-
nostic dilemma” can be addressed only by routine open
biopsy [10, 239], in our breast clinics we favor a multidis-
ciplinary nonsurgical approach that combines PE with nee-
dle biopsy.

Because of our experience and success with FNA-based
“triple testing” of palpable breast masses in female patients
[240–242], we studied the accuracy and cost-effectiveness of
the elements of the triple test (PE, FNA, and mammography)
for the evaluation of breast masses in males. As noted pre-
viously, although some investigators advocate mammogra-
phy for the evaluation of these lesions [11], experience is
limited [10]. Its sensitivity is at best 88 % (i.e., no better than
PE alone in ours and other studies) [205, 243], no benefit has
been demonstrated for patients younger than 50 years of age
[204], false-positive results are the rule with certain benign
lesions such as gynecomastia [49] and epidermal cysts [12],
published information on the relationship between calcifi-
cations and malignancy is conflicting [11, 97, 244], and its
use for breast cancer detection in males is currently felt to be
limited [202–204, 207, 208, 211]. Accordingly, we chose to
study a diagnostic approach to palpable breast masses in
males that used the combination of PE and FNA (PE+FNA)
without mammography since we believed mammography
would add only increased patient charges.

Indeed, in the 13 cases in our study where the referring
provider had already ordered a mammogram, the test added
no additional diagnostic information to that already provided
by PE+FNA, nor did it change the clinical management of
any case [205]. We do however recommend bilateral
mammography as a preoperative test in cases where PE
+FNA indicate the presence of a malignancy.

In our study, when both PE and FNA were benign, no
cancers developed at the index sites during follow-up of

these lesions (NPV and specificity 100 %). Open biopsy
confirmed malignancy in all cases for which both tests were
suspicious (positive predictive value [PPV] and sensitivity
100 %). In all seven cases where the tests were not in
agreement, open biopsy was benign. In these cases, FNA
(two false-positives) proved more accurate than PE (five
false-positives). Overall the combination of PE+FNA avoi-
ded open biopsy in over half the cases, resulting in an
average decrease in patient charges of $510 per case. We
concluded that the combination of PE and FNA for the
evaluation of breast masses in males is diagnostically
accurate and results in a reduction in patient charges com-
pared with routine open biopsy [205].

The nonoperative evaluation of breast masses in males
can employ either cytology (FNA) or core biopsy, depend-
ing on which modality a given institution has more experi-
ence with. Whereas core needle biopsy is advocated for by
many, we [205, 242, 244], like others [245–249], favor an
FNA-based diagnostic scheme for the evaluation of breast
masses in males because it is rapid and offers in-clinic results
using Diff-Quik staining.

This approach, however, is associated with two caveats.
First, lesions with concordant negative evaluations are fol-
lowed clinically, resulting in a “true-negative” rate that is not
based on pathology results. Although this method introduces
potential error compared with routine open biopsy, in our
study, no cancers were detected after up to 60 months of
follow-up (which included eight subsequent open biopsies, all
benign) [205]. This is consistent with thefindings of a study by
Somers et al. [250] which showed no tumors developing in
female patients with concordant negative triple tests
(TTs) after up to 74 months of follow-up. Second, concern
may be expressed over the fate of lesions left unbiopsied and
the potential effect this could have on patient care and potential
charge reductions. The calculated reductions in our study took
into account the “failure” rate for observation of benign con-
cordant lesions that went on to undergo open biopsy anyway

Fig. 27.1 Fine-needle aspiration can distinguish between gynecomas-
tia and malignancy in the male breast. a Gynecomastia, demonstrating
cohesive groups of ductal epithelial cells with small oval nuclei, scant

cytoplasm with little variability in size and shape, and smooth nuclear
contours; b Invasive ductal carcinoma, demonstrating a mitotic figure,
hyperchromatic and pleomorphic nuclei. Diff-Quik staining, 40×
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(21 %) during the mean follow-up period [205]. This number
is similar to the percentage of older male patients with benign
breast conditions who present with pain or other symptoms
prompting excision (20–34 %) as reported in ours and other
series [9, 11]; in fact, we have not had anymore “failures”with
additional follow-up. Further, given the potential charge
reduction of $510 per case with the use of PE+FNA, it would
have taken the removal of all remaining observed lesion, plus
one, to negate the observed cost-effectiveness of this diag-
nostic approach [205].

Other authors have looked at diagnostic test combinations
for breast lesions in men. In a retrospective review from Italy
of various combinations of PE, FNA, ultrasonography, and
mammography, Ambrogetti et al. [243] found a sensitivity
rate of 100 % for the combination of PE and mammography.
We found the same sensitivity for PE+FNA and favor
cytologic over mammographic information for the purposes
of confidently reassuring patients that they do not need open
biopsy and for avoiding disaster in centers where patients
diagnosed clinically as having gynecomastia are treated by
liposuction [16, 251]. Further, the information provided by
FNA can be used to distinguish benign from malignant
breast masses [252], primary breast cancers from metastases
to the breast [253–255], and to determine grade and other
tumor features prior to neoadjuvant therapy (especially by
adding DNA image cytometry to cytologic evaluation of the
material) [256]. The combination of history, PE, and mam-
mography has also recently been advocated as being highly
accurate for the evaluation of unilateral breast masses in
males, but this conclusion was reached retrospectively, and
without considering FNA in the analysis [257].

In summary, although open biopsy remains the gold
standard for the evaluation of breast masses in men [3, 258],
it is the most expensive choice, often unnecessary, and the
use of FNA-based diagnosis can safely avoid it in most
cases.

27.6 Breast Cancer in Males: Treatment
and Outcomes

27.6.1 Surgery

Surgical excision is the mainstay for resectable BCM. For
example, most (50 of 54, or 93 %) patients in our review had
some type of primary surgical therapy (all three patients who
presented with stage IV and one patient with stage IIIB dis-
ease did not) [9]. Although radical mastectomy (RM) was
traditionally the treatment of choice because of the paucity of
male breast tissue and the resultant proximity of these lesions
to the chest wall, surgical therapy has evolved in both the
United States and Europe toward more limited procedures.
For example, a 30-year review of 170 cases treated at the

National Cancer Institute of Italy in Milan noted a trend from
RM to modified radical mastectomy (MRM) and, finally,
total mastectomy (TM; for smaller and DCIS lesions) in the
later period of the study [50]. A similar surgical trend was
noted during approximately the same time period in the
United States [135, 259], and more recent series report that
RM is now used infrequently [9, 45, 57], probably because of
the reported equivalent survival after MRM compared with
RM [260] and the fact that most of these tumors do not invade
beyond the pectoralis fascia and can be resected with limited
in-continuity muscle excision when they do.

The National Cancer Data Base (NCDB) has reported on
a large BCM treatment study in which the treatments
received by 3627 matched pairs of BCM and BCF patients
were compared. In this study, men were more likely to be
treated with mastectomy than women (MRM, 65 % of men
vs. 55.15 % of women; RM 2.5 % of men vs. 0.9 % of
women; TM, 7.6 % of men vs. 3.4 % of women; P < 0.001)
[261]. This is supported by a recent publication reviewing
SEER data from 1973 to 2008 in which 87 % of BCM was
treated with mastectomy compared to 38 % of BCF [262].
Although some studies advocate MRM or TM for men [71,
95, 263], others note the feasibility of breast conserving
operations [264–266], and show that disease-specific sur-
vival is unaffected by type of surgery [267]. Others advocate
for nipple sparing [268] if the lesions is eccentric. Using
intraoperative sonography to augment breast conservation in
men found to have occult cancers on workup of symptoms
has also been reported [269].

Although two-level axillary dissection was the gold
standard for pathologic staging of the clinically negative
axilla in BCM, several reports and series have shown the
utility and accuracy of sentinel lymph node biopsy (SLNB)
in avoiding the need for routine axillary dissection for
clinically node-negative cases [71, 95, 270–275]. Since at
least half of BCM cases are node negative in large series
[70], and in more recent series with more T1 lesions this
number has increased to 55–80 % [270, 273, 274], this is
important to consider. Similar to the experience in BCF,
SLNB for BCM has been shown to be feasible and accurate;
one difference is a higher rate of tumor in additional (non-
sentinel) nodes in men compared to women [274].

These surgical trends have lead to a decrease in the
magnitude and morbidity of breast operations in males.

Recommendations already exist for the treatment of
DCIS in males with TM rather than MRM [276], and the-
oretically, one could extend current surgical recommenda-
tions for DCIS in females, such as the Van Nuys Prognostic
Index (VNPI), [277] to males. Indeed, in our series of
recently treated BCMs, five patients with stage T0 or small
T1 disease (“minimal breast cancer”) were treated with
lumpectomy alone, with no local recurrences during the
4.5-year follow-up period [9]. Others have advocated for this
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limited approach [160], although some reports indicate that
men with DCIS have high local failure rates and may still
come to TM [158, 159].

Similar to the management of BCF, potentially curative
operative therapy for BCM must be postponed or modified
in the event of a concurrent immediately life-threatening
condition. This judgment consideration is of particular
importance in older men with frequent comorbid conditions.
For example, a report from Japan documents a “two-stage”
approach to BCM in a 61-year-old man suffering acutely
from an aortic dissection. After successfully addressing the
dissection, the surgeons removed the tumor with the patient
under local anesthetic, completing a definitive breast pro-
cedure 1 month later [278].

27.6.2 Radiation

Radiation therapy (RT) has been applied inconsistently for
the treatment of BCM in the past. For example, in large
retrospective reviews such as the previously mentioned 1999
NCDB study, men were more likely to receive RT
post-mastectomy than their matched female controls (men,
29 %; women, 11 %; P < 0.041) but were less likely to
receive RT after lumpectomy (men, 54 %; women 68 %;
P < 0.001) [261]. RT clearly reduces the reported 4–31 %
postoperative loco-regional recurrence rate [8, 145, 279,
280], especially when the pectoralis muscle and chest wall
are found to be involved at operation. As one would expect,
adjuvant use of RT in this setting improves local control, but
not disease-related survival [71, 279–281].

RT is often recommended after mastectomy for BCM
[265, 279], where, as previously mentioned, it has been
noted to be used more frequently post-mastectomy than in
females [261, 281]. In fact, male gender was found to be an
independent predictive factor for the use of post-mastectomy
RT in a BC Cancer Agency review [282]. More recently, as
noted in the prior section, RT has been used for breast
preservation, especially in cases of DCIS [264, 265, 268,
269]. In fact, a review of BCM treated at Guys Hospital
concluded that the indications for RT for BCM were similar
to those for BCF [84]. Similarly, the BC Cancer Agency
review concluded that men having mastectomy for breast
cancer should receive adjuvant RT along guidelines similar
to those for women, with the caveat that common indications
for post-mastectomy RT (T4 lesions and extensive nodal
involvement) may be more common in men [282].

27.6.3 Adjuvant Chemotherapy

Because of the rarity of BCM, the perceived role of
tamoxifen as the cornerstone of adjuvant therapy, and the

higher mean age of BCM patients (with attendant lower
overall performance status), chemotherapy is less used for
BCM than BCF, and therefore information on the use of
adjuvant cytotoxic chemotherapy for BCM is sparse and
mostly retrospective. In the NCDB study, men were less
likely to receive chemotherapy than their matched female
controls (men, 26.7 %; women, 40.6 %; P < 0.001) after
any form of surgical therapy [261]. In a review of the 2004–
05 SEER data, 37 % of invasive BCM cases were treated
with chemotherapy [283].

Nonetheless, most series of BCM patients treated with
chemotherapy report benefit [70, 95, 265, 284], particularly
for groups at higher risk of disease-related death, such as
younger patients with receptor-negative and node-positive
disease [71, 90, 263]. In a combined experience from
Memorial Sloan-Kettering Cancer Center and the Ochsner
Clinic, Borgen et al. [135] found an 11 % reduction in
distant relapse from adjuvant chemotherapy (from 57 to
46 %) for node-positive patients. Similarly, an improved
5-year survival rate (80 %) compared with stage-matched
historical controls has been reported for a cohort of 24
node-positive patients treated with cytoxan-methotrexate-
fluorouracil (CMF) [285].

The NCI MB-82 study prospectively treated 31
node-positive BCM patients with 12 cycles of CMF. Sur-
vival rates at 10, 15, and 20 years were 65, 52, and 42 %,
respectively. The study was uncontrolled but the authors
concluded that chemotherapy may produce a survival benefit
[286]. Similar to the situation in BCF, some data in BCM
also suggest a benefit of adjuvant chemotherapy for
node-negative disease [287]. In the MD Anderson review
adriamycin-based regimens were more commonly used
(81 %) than CMF (16 %), and a decreased risk of death
among patients receiving chemotherapy was also noted [70].

While adapted only gradually, the use of trastuzamab is
now routine for the treatment of HER-2 positive BCM [288,
289]. Furthermore a recent phase II study showed good
activity of Herceptin combined with bevacizumab, and
capecitabine for metastatic or recurrent BCM [289, 290].

Interestingly, another prospective study of chemotherapy
in BCM involved the use of high-dose chemotherapy and
autotransplantation in 13 BCM patients; six had stage II
disease, four were stage III, and three had metastatic disease.
Of the 12 tumors tested for hormone receptors, all were
positive. The median age at transplantation was 50 years.
Five patients received cyclophosphamide, thiotepa, and
carboplatin; the other eight patients received other
alkylator-based regimens. There were no cases of nonen-
graftment and no treatment-related deaths. Three of the ten
patients receiving autotransplantation for adjuvant therapy
relapsed 3, 5, and 50 months post transplant and died of
disease; the remaining patients were alive with no evidence
of disease at the median follow-up time of 23 months (range,
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6–30 months). Of the three men treated for metastatic dis-
ease, one progressed and the other two relapsed at 7 and
16 months post transplant [291]. However, at the present
time autotransplantation for BCM is an unlikely option due
to the negative results of prospective trials in BCF.

Other current chemotherapy treatment regimens used for
BCM are based on the BCF literature and include various
combinations of doxorubicin, cyclophosphamide, docetaxel,
fluorouracil, epirubicin, and paclitaxel [292–296].

The use of primary systemic (“neoadjuvant”)
chemotherapy to “downsize” tumors and subsequently treat
them with salvage mastectomy and/or chest wall radiation
has been used for the treatment of locally advanced BCM
with reported success [8, 70, 135]; 6 % of patients in the MD
Anderson series were treated in this fashion. Unlike the
situation in BCF, the goal of neoadjuvant therapy for BCM
is to improve local control, rather than increase the use of
breast conservation.

27.6.4 Hormone Therapy

Because up to 90 % of BCM cases are hormone receptor
positive [95], hormone therapy is standard adjuvant therapy
in men [71, 95, 196, 263], and is used more often than in
women [86]. Tamoxifen is commonly accepted as first-line
therapy for BCM [184, 185] and is often used alone, due in
part to the older mean age and higher comorbidities of BCM
patients. An early report of 1–2 years of adjuvant tamoxifen
therapy in BCM patients revealed a 15 % improvement in
5 year overall survival (from 44 to 61 %) and a 28 %
improvement in 5 year disease-free survival (from 28 to
56 %) [297]. The current recommendation is to use a stan-
dard 5-year tamoxifen course, although noncompliance with
this regimen is higher in males than females (25 vs. 4 % in
one series) [59]. The higher noncompliance rate with
tamoxifen in BCM is associated with a greater frequency and
severity of side effects in men, including (in descending
order of frequency) decreased libido, weight gain, hot fla-
shes, altered mood, and depression. This issue is highlighted
by Xu et al. who looked at Tamoxifen compliance and
impact on disease-free survival in 116 BCM patients. They
found adherence rates of 65 % at one year, 46 % at two
years, 29 % after three years, and 18 % in the fifth year. The
5 and 10 year disease-free survival was 95 and 73 % in the
adherent group and 73 and 42 % in the noncompliant group,
respectively, further underlining the significance of this issue
[298].

Another antiestrogen, the pure ER antagonist fulvestrant,
has been used for advanced BCM with reported success
[299–301]. Aromatase inhibitors (AIs) have been found to
produce effective suppression of estradiol levels in males
and some reports have demonstrated objective responses in

advanced BCM [302–304]. A recent study showed AIs to be
inferior to tamoxifen as first-line endocrine therapy for
non-metastatic BCM [305]. However, multiple current
studies support the use of AIs as treatment for metastatic
BCM [304, 306]. The role of gonadotropin-releasing hor-
mone (GnRH) analogs in the management of metastatic
BCM is uncertain [307], with recent studies conflicting as to
whether combination with AIs confers benefit in this situs-
tion [308, 309]. Further, another study suggests a GnRH
analog added to AI therapy after detection of disease pro-
gression may provide benefit for metastatic BCM [310].
Interestingly, intratumoral aromatase has been found to be
expressed in 27 % of breast tumors in males and to correlate
with a more favorable histology and clinical outcome [311].

27.6.5 Palliative Therapy

As one would expect from the high rate of ER and PR
expression in BCM, hormonal manipulation has been the
cornerstone of the treatment of distant disease since its first
description in 1942 by Farrow and Adair, who noted
regression of metastatic BCM after orchiectomy [312].
Tamoxifen is the current mainstay of palliative hormonal
therapy, with overall response rates of 70 % for
receptor-positive tumors [184]. As indicated above, recent
case reports suggest that patients with metastatic disease
who relapse on tamoxifen probably should be treated with
second-line hormonal therapy (similar to the situation for
postmenopausal BCF patients) [299, 302, 303], with pal-
liative chemotherapy reserved for nonresponders and
receptor-negative tumors. Particularly advanced cases of
BCM may metastasize to unusual locations, notably the eye
[313–315], skin [316, 317], and mandibular region [318,
319], each demanding a tailored approach to palliation.

27.6.6 Prognostic Factors

Similar to BCF, the most significant prognostic factors for
BCM are AJCC stage and its elements: tumor size and
lymph node status [9, 45, 57, 70, 97, 320, 321]. Lymph node
status seems to be particularly important [90, 320, 321]. This
major similarity between BCF and BCM was first estab-
lished in 1987, when Hultborn and colleagues demonstrated
that among a group of 166 BCM patients age, tumor size,
and lymph node status were the most important prognosti-
cators by multivariate analysis [320]. In 1993, Guinee et al.
reported that tumor size greater than 3 cm significantly
impaired prognosis and that 5-year survival was directly
related to the number of nodes involved: 55 % when four or
more nodes were positive, 73 % for one to three positive
nodes, and 90 % for node-negative patients (84 % at
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10 years). Skin involvement, chest wall fixation, and tumor
ulceration (all of which are more common in BCM than
BCF) were not independently prognostic in their study
[321].

Our group subsequently reported on a number of factors
relating to disease-free survival. We examined the impact of
several patient and tumor features, including the elements of
TNM stage, tumor grade (low to intermediate vs. high),
receptor status (positive vs. negative), personal or family
history of breast cancer (positive vs. negative), age (younger
or older than 60), and presentation (asymptomatic vs. pain
and nipple discharge vs. painless mass) for prognostic
impact in multivariate analysis using the Cox proportional
hazards model [322]. Only AJCC stage and its components
(tumor size, nodal status, and presence of metastases) cor-
related with survival [9].

We hypothesized that by controlling for the effect of age
(by relating to disease-free rather than crude survival), age
“dropped out” as significant, unlike earlier studies that used
crude survival (see next section) [320]. Other recent multi-
variate analyses have come to similar conclusions [57, 71,
110, 323, 324], however recent studies have shown PR
negative tumors to have a negative association with survival
[187, 197]. As mentioned previously, a recent study by
El-Tamer and colleagues actually found a better
disease-specific survival for BCM compared to BCF because
men were 4 times more likely than females to die of diseases
other than their breast cancer [74]. Many of these diseases
are second cancers—a recent study found that 12.5 % of
men with breast cancer develop a second primary malig-
nancy, particularly of the small intestine, rectum, pancreas,
skin (non-melanoma), prostate, and lymphohematopoietic
system [325]. BRCA2 (and to a lesser extent, BRCA1)
mutations may explain the higher incidence of pancreatic
and prostate cancers.

A study of fluorescence-activated cell sorting (FACS)
analysis and Immunohistochemical (IHC) staining of BCM
specimens found that both ER and HER2/neu expression
were higher in BCM compared to BCF; 55 % of BCM
specimens were found to have HER2/neu overexpression in
this series [194]. This is contradicted by a more recent study
in which only 17.2 % of the BCM cases had overexpression
of HER2/neu, which was significantly lower than the rate of
HER2/neu positivity in BCF (p = 0.001) [326]. This study
also showed that HER2/neu overexpression carried a worse
prognosis, although, as previously mentioned, the prognostic
significance of hormone receptor positivity and HER2/neu
overexpression in BCM is not entirely clear [77, 196, 326].
The aforementioned FACS analysis and IHC staining of
BCM samples found that tumor expression of p53, ER, and
cathepsin B correlated with better clinical outcome [194].

27.6.7 Prognosis: Are BCM and BCF “Different”
Diseases? A Critical Appraisal
of the Literature

In terms of prognosis, the essential question in BCM is
whether or not the disease is biologically distinct from BCF.
As mentioned previously, in part because BCM is a disease
of older men (with, by definition, frequent comorbid con-
ditions) who tend to present late (at a mean of 10.2 months
in one series) [55], older series, which examined only crude
(overall) survival (which does not control for age, stage, or
comorbidity), reached the inevitable conclusion that it car-
ries a worse prognosis than BCF [49, 50, 52, 56, 58, 62, 63,
65]. This concept also has been fostered by the occasional
case report emphasizing widespread and unusual metastases
in BCM patients [67, 313–319, 327–329], as well as more
recent studies reporting only overall survival [71, 86]. By the
early 1990s, however, some studies were reporting a worse
prognosis only for men with positive nodes [52, 135]. These
investigators hypothesized that because most cases of BCM
were centrally located, node positivity was a worse sign than
in cancers in women.

Subsequent series found similar survival between males
and females afflicted with breast cancer when the cases in
men were controlled for age and stage [55, 57, 330]. For
example, Borgen et al., reviewing a 16-year, two-institution
database, found similar AJCC stage-related survivals
between 58 cases of BCM and matched BCF controls [57].
Donnegan et al. in an 18-institution review of 217 patients
with BCM, also showed similar stage-related survival to
cases of BCF, but they also found late presentation and
advanced stage to be a common theme. The overall 10-year
survival was low as a result of censored events (25 % of the
patients in his series died during follow-up due to noncancer
causes) [55]. As already mentioned, this phenomenon actu-
ally lead to better disease-specific survival in men compared
to women in the study by El-Tamer et al. [74].

Accordingly, at our institution, we chose to study a more
“recent” cohort of patients who presented mostly to multi-
disciplinary breast clinics for evaluation of their masses [9].
These factors may explain why [1] the mean tumor size in
our series (2.7 cm) was smaller than that in even fairly recent
reports [2, 49, 50, 52, 53, 56, 58, 71, 331] more than half
(57 %) of our cases were early stage (AJCC stage groupings
0-IIA; half of tumors were stages T0 or T1 at presentation),
and [3] 62 % were node negative (118 of 604 total lymph
nodes removed [19.5 %] were pathologically positive for
tumor). Whereas these figures are still higher than those for
BCF, taken together with the literature as a whole, especially
studies of BCM seen at different time frames [53], they do
suggest a much called-for trend of increased awareness and
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earlier diagnosis [184, 330]. Some of the lower stages seen
in our series may be attributable to our previously published
standardized approach to breast masses in males, which
involves a high index of suspicion combined with rapid and
accurate evaluation of the mass in question by aspiration
cytology (see “FNA-based diagnosis,” above) [108, 205].
This approach has been used for the past 23 years at the
institutions that contribute data to our studies.

We calculated disease-specific survival by the method of
Kaplan and Meier, counting deaths from other causes as
censored events [332] and comparing survival curves by
log-rank analysis [333]. The overall 5-year disease-free
survival for our entire patient group was 87 %, which is
higher than that reported by series that included “older “data
[70, 71]. As demonstrated in Fig. 27.2, 5- and 10-year
disease-related survival rates were AJCC stage-related; 100
and 71 %, respectively, for early stage (stage groupings
0-IIA) disease, and 71 and 20 %, respectively for advanced
stage (stage groupings IIB-IV) disease. This difference in
survival was highly statistically significant by log-rank test
(P > 0.0051).

Further, Table 27.6 lists the 5-year survivals of the
patients in our study by the Surveillance, Epidemiology, and
End Results (SEER) database staging system (localized,
regionally metastatic, and distant disease), compared with
published survival numbers by SEER stages for BCF during

approximately the same time as our study [334]. As can be
seen in the Table, the stage-related 5-year survivals for BCM
and BCF were similar [9]. To reach this finding in our study,
we needed to control only for stage, not age. However, it
should be noted that the Kaplan–Meier method does some-
what control for age by censoring deaths from other causes.

The series from M.D Anderson also compared localized
and regional disease in men and women and also found 5-
and 10-year outcomes in men (localized: 86 and 75 % sur-
vival, respectively; regional: 70 and 43 % survivals,
respectively) to be similar to those reported in women [70].

All existing data on BCM are marred by its retrospective,
historical, and “patchy” nature. We applaud the Commission
on Cancer for their efforts in performing a Patient Care
Evaluation Study in BCM [184, 261] and also Memorial
Sloan-Kettering Cancer Center’s ongoing National Male
Breast Cancer Registry (see section entitled “Tumor Regis-
tries” to follow).

Based on the trend we have seen in the literature
(Fig. 27.3), including our own study [9], one wonders
whether future data will show a further decrease in the
presenting size and stage of BCM, with survival rates
approaching those of BCF, without the necessity for even a
stage correction. At present, this seems doubtful. Although
the mean size of tumors in BCF cases is expected to decrease
to below 1.0 cm in the next 10 years, such a trend for BCM
is unlikely because this is an uncommon disease that is not
screened for and therefore will continue to present in most
cases as a palpable mass. Nonetheless, a high index of
suspicion [184, 330] combined with a uniform approach to
diagnosis [169] and education and screening of high-risk
populations [97, 209] may bring about continued decreases
in stage at presentation and attendant mortality.

For the present, one of the most important implications of
the recent information suggesting that BCM is not a bio-
logically more aggressive disease than the same condition in
females is to emphasize to providers that BCM should be
treated for cure in most cases. Similar to the situation in
females, such treatment should include optimal (but not
overly aggressive) local control [53, 264, 265, 268], adju-
vant hormonal therapy for receptor-positive tumors (most
breast tumors in men) [51, 70, 71, 95, 196, 200, 263], and
consideration of adjuvant chemotherapy for high-risk
patients [70, 95, 97, 265, 335].

Fig. 27.2 Disease-free survival of males with breast cancer, by
American Joint Committee on Cancer (AJCC) stages, for early (stage
groupings I–IIA) and later (stage groups IIB–IV) disease, by the
method of Kaplan and Meier. The curves are significantly different by
the log-rank test (reprinted from Vetto et al. [9], Copyright 1999, with
permission from Elsevier.)

Table 27.6 Five-year
disease-free survival for breast
cancer by surveillance,
epidemiology, and end results
(SEER) stages

SEER stage Malesa (%) Femalesb (%)

Localized 100 97

Regional 81 78

Metastatic 33 22
aData from Ref. [11]
bSEER data from Fritz [334]
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More recently, investigators have attempted to answer the
question of whether or not BCM is a different disease from
BCF by using biologic rather than descriptive data. On a
cellular level, a recent report has catalogued four cases of
CD34-positive BCM, suggesting the possible existence of a
CD34-positive breast cancer stem cell, similar to the cancer
stem cell postulated for BCF [336]. On a chromosomal level,
Rudlowski et al. have reported a shared pattern of chromo-
somal imbalances between BCM and BCF, including +1q,
−8p, +8q, −13q, +16p, −16q, +17q, and +20q, suggesting
that similar genetic events may underlie the development and
progression of breast cancer in both males and females [337].
Conversely, on a genetic level, a recent study found signifi-
cant dissimilarities in DNA ploidy, p21, and p53 between
clinically homogenous groups of BCM and BCF, suggesting
somewhat distinct tumor oncogenesis [338]. Furthermore, a

recent study from Sweden attempting to identify candidate
driver genes of tumorigenesis compared 53 BCM to 359 BCF
specimens. They found only two candidate driver genes in
common between the male and female specimens, lending
further credence to the argument that BCM and BCF differ at
the genetic level [339]. Additionally, recent studies looking
at the microRNA profile of BCM suggest differences in
expression compared to BCF [340–342].

27.6.8 Similarities and Differences
Between BCM and BCF:
A Summary (Table 27.7)

Like BCF, BCM is most commonly of ductal histology [8, 9,
45, 97, 161], is associated with relative estrogen excess [8, 52,
56, 62, 76, 92, 98, 107, 108, 111], is staged by theTNMsystem
[201], and is best treated by multimodal therapy (most often
surgery followed by adjuvant therapy). Cases not resectable
for cure can be treated by a combination of palliative therapies
(surgery, chemotherapy, RT, or hormonal therapy). BCM and
BCF appear to have similar prognostic factors [9, 45, 57, 70,
97, 320, 321] and similar stage-for-stage survival [9, 55, 57,
70, 330], especially if one controls for age and comorbid
conditions. Like BCF, BCM appears to be mostly a singular
event, with synchronous and metachronous tumors less
common [343–346], althoughmen do have a higher incidence
of second non-breast primary tumors [325].

There are also several clear clinical differences between
BCM and BCF. Besides the previously noted older mean age
for BCM patients, this disease is by definition usually cen-
trally located and often involves the nipple [97]. Accord-
ingly, whereas nipple discharge in females is usually

Fig. 27.3 Trends in the outcomes for breast cancer in males
(BCM) compared to females, as reported in the literature (see text for
details)

Table 27.7 Comparison of
BCM and females

Similarities Differences

Associated factors
Age
Exposure to estrogens
Chest wall radiation

Incidence, ability for early detection

Association with BRCA2 mutations Association with BRCA1, other syndromes

Mostly ductal histologies Incidence of lobular histology, pure DCIS

Usually solitary tumors Most common location within the breast

Importance of physical examination (PE) Role of mammography

Staging system

Usefulness of FNA-based diagnosis Differential diagnosis

Stage-for-stage treatment
Central role of resection and sentinel node biopsy
Importance of adjuvant hormonal therapy

Main prognostic factors Incidence of ER, PR expression

Stage-for-stage prognosisa

FNA fine-needle aspiration
aWhen controlled for stage and comorbidities; see Fig. 27.2, Table 27.6, and text
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nonbloody and associated with benign conditions, discharge
in males is more often bloody and a sign of malignancy,
including DCIS, and discharge cytology may be diagnostic
[43, 45]. The vast majority of cases of BCM are hormone
receptor positive (65–93 % in recent studies [57, 66, 70, 97]
and 85 % in our series [9]). Thus, tamoxifen has become the
mainstay of therapy for many patients [70, 71, 86, 95, 184,
185, 196, 263], although it may be associated with a greater
frequency and severity of dose-limiting side effects in men
than in women [59].

27.7 Breast Cancer Survivorship Issues
in Males

27.7.1 Follow-Up

There are no recommendations for follow-up that are
specific to BCM; rather, the same follow-up schedule used
for BCF is generally recommended for BCM. For patients
with invasive tumors, such schedules usually involve a
history and PE (especially CBE) every 3 months for the first
2 years, then every 6 months for the next 2 years, and then
yearly. This follow-up is based on the theory that 75 % of
recurrences of breast cancer occur in the first 2 years and
10 % in the next 2-year period, with the recurrence rate
leveling-off to approximately 1 % per year thereafter [347].

While PE is particularly important in male patients, the
value of follow-up mammography for BCM has not been
studied and would be expected to be lower than for BCF (see
preceding discussion in section entitled “Diagnosis”). An
American Society of Clinical Oncology consensus panel on
breast cancer follow-up has not found clear efficacy of other
tests, such as liver function tests, alkaline phosphatase level,
and chest radiographs [348], although such tests are com-
monly ordered [347]. Both randomized and nonrandomized
studies have demonstrated that more intensive tests for
detecting recurrence, such as bone scans, computed tomog-
raphy scans, and tumor markers, do not confer survival
benefit and are best reserved for the detection of metastases
in symptomatic patients [347, 349].

27.7.2 Testing of Family Members

There is a known association between BCM development
and mutations in the BRCA genes; any BCM patient has a
greater than 10 % risk of carrying a BRCA, (especially
BRCA2) mutation, even in the absence of other first-degree
relatives affected with breast, ovarian, or prostate cancer.

Accordingly, current NCCN guidelines recommend testing
men with BCM (“index relatives”) for a BRCA mutation
[350]. Nonetheless, it is important to remember that most
cases of BCM are “sporadic” (i.e., not associated with
known gene mutations) [351] and that BRCA2 gene muta-
tions in men appear to have low penetrance in terms of
actually causing the disease [143]; only 4–7 % of patients
with BCM report having a first-degree relative of either sex
with breast cancer. Penetrance does vary geographically;
overall the risk of BCM among BRCA2 mutation carriers is
only 6 %, while one series of BCM in Iceland found a rate of
40 % [350]. Also, it should be noted that a 6 % risk of BCM
represents a 100-fold increase over population risk [350].

Because BCM is not usually a screened-for disease, the
finding that a male individual in a BCM family is a mutation
carrier gives little useful preventative information beyond
emphasizing that PE and a low threshold for biopsy of any
masses or areas of discharge should be a routine part of that
person’s regular medical care. Such increased awareness and
measures may be instituted for these individuals even
without genetic testing if the family history is concerning.

For female patients, however, the implications of dis-
covering a BRCA mutation in a male index relative are
much greater because such mutations confer on these per-
sons a 56–87 % BCF risk by age 70 [352], a 2–12 % risk of
contralateral BCF within 5 years of a diagnosis of BCF
[353], and a 27 % ovarian cancer risk by age 70 [354]. In a
study in Denmark, Storm and Olsen found female, but not
male, offspring of BCM patients to have an increased rela-
tive risk (16.4) of breast cancer compared with the general
population [355].

Accordingly, we would agree with the NCCN guidelines
and with Diez and colleagues that “all new male cases of
breast cancer should be regarded as being possibly inherited
and should be fully investigated,” especially if potential
transmissions of BRCA2 mutations to female offspring are
involved [350, 356].

Rarer but higher penetrance genetic events which have
been associated with an increased risk of BCM include
mutations in the PTEN tumor suppressor gene (Cowden’s
syndrome), AR gene, CHEK2 gene, and CYP17 (especially
CYP17A1) polymorphisms [350]. As mentioned earlier, data
for AR and CHEK2 is conflicting [92, 127, 156].

27.7.3 Tumor Registry

As mentioned previously, Memorial Sloan-Kettering Cancer
Center has maintained a national registry of BCM cases
(www.mskcc.org).
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27.7.4 Psychological Issues/Resources/Support
Groups

The often neglected psychological aspects of men having a
“cancer of women” have only recently been recognized in
the literature [357], In a phenomenological study from
Liverpool investigators noted four key issues for BCM
patients: living with the disease, concealment as a coping
strategy, contested masculinity (which is worsened by the
diminished libido effects and erectile dysfunction of
tamoxifen), and interacting with health services geared
toward treating breast cancer as a feminized illness [358].
Not surprisingly, investigators at Cardiff University found
that a quarter of men with BCM experienced traumatic stress
symptoms specific to their diagnosis, heightened by
embarrassment, stigma, altered body image, and unmet
informational needs in 56 % of patients surveyed, particu-
larly for gender-specific information [359–361]. Further-
more, a recent population-based case-control study reported
poorer life satisfaction, physical health, and more days in the
last month when mental health was not good in BCM sur-
vivors compared to controls [362].

That said, at present gender-specific information on BCM
is limited. However, because BCM is similar to BCF in
terms of histology, prognostic factors, state-for-stage prog-
nosis, and treatment recommendations, information regard-
ing breast cancer in general is useful to male patients. The
educational Web pages of national breast cancer awareness
and support organizations such as the American Cancer
Society (www.cancer.org), the National Cancer Institute
(www.cancer.gov), the Susan G. Komen for the Cure
Foundation (www.komen.org), as well as the internet
resource www.breastcancer.org do contain fairly good sec-
tions on BCM.

Similarly, support groups for BCM are few. The Bridging
the Gap Male Breast Cancer Awareness Group, a group
formed in the Portland, Oregon area by BCM patients and
their families, seeks to raise awareness of BCM to promote
earlier diagnosis and treatment. The founders of this group
wished to avoid the term support; hence, the members chose
the term awareness instead. Information on this group can be
obtained at www.breastfriends.com or by email to
lagere@earthlink.net.

The John W. Nick Foundation is a not-for-profit private
foundation headquartered in Vero Beach, Florida, founded
in 1995 by Nancy Nick, with the help of her mother Patricia
and son Adam, in memory of her father John Nick who died
from breast cancer at the age of 58 in 1991. The mission of
the foundation is to foster education regarding breast cancer
in men, including risk, prevention, and treatment. The group
has designed an awareness ribbon that is pink throughout
(like the well-known ribbon) except for the right tip, which

is blue, symbolizing the fact that breast cancer on occasion
affects males as well. The foundation can be reached through
its Web page at www.johnwnickfoundation.org.

There are very few books or articles available regarding
BCM. Sadly, the book “The Warriors Way” by John Cope
(Lake Oswego [OR]: Hearts that Care Publishing, 2000) has
gone out of print since the author, a BCM patient, suc-
cumbed to a recurrence of his disease. Available references
in print include:

1. Allen [363]. This is a BCM awareness article that focuses
on various awareness and support efforts, especially on
the part of a particular survivor, Dave Lyons, who is
known to the author.

2. Parker and Parker [364]. A remarkably complete source
book providing basic information on BCM and its
treatment, medications and nutritional issues, resources
and books, and legal and insurance information for
patients.

3. Landay [365]. A valuable resource for all cancer sur-
vivors, regardless of diagnosis, gender, or age.
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28Breast Cancer in the Older Adult

Emily J. Guerard, Madhuri V. Vithala, and Hyman B. Muss

28.1 Introduction and Epidemiology

Breast cancer is the most common cancer among 65 years
and older women in the United States. The major risk factor
for being diagnosed with breast cancer is increasing age. The
median age of a new diagnosis of breast cancer is 61 years
with more than half of the deaths from breast cancer occur-
ring in women aged 65 years and older [1]. Nearly 90 % of
woman diagnosed with breast cancer are surviving at least
5 years [1]; consequently, there are a substantial number of
older breast cancer survivors. The incidence of cancer in
older adults is expected to increase by 67 % by the year 2030,
so there is now and will continue to be a need to better
understand how to care for and treat older women with breast
cancer [2]. The majority of older patients with breast cancer
are diagnosed with Stage I or Stage II disease and survival for
early stage disease is similar across age groups [3, 4]. About
10 % of older patients present with Stage III or Stage IV
disease and some with unknown stage at diagnosis [5].

Older women with breast cancer are less likely to be
managed according to guidelines [5, 6] and under treatment
may result in poorer survival [7, 8]. Moreover, older women
are less likely to be enrolled in clinical trials [9, 10] but when
offered the opportunity are as likely to participate as younger
patients—with about 50 % participation [11]. Barriers to
trial participation include both physician bias about age and
concerns regarding toxicity and patient and family bias that
treatment is not worthwhile or too toxic [11, 12]. The
objectives of this chapter are to review the clinical

assessment of the older adult with breast cancer with a focus
on the importance of comorbidity, prevention, screening,
treatment of primary breast cancer, adjuvant systemic ther-
apy, treatment of metastatic disease, and clinical trials.

28.2 Clinical Assessment of the Older Adult
with Breast Cancer

Older adults are a heterogeneous population in regards to
their overall health. Given this heterogeneity, estimating life
expectancy should play a major role in decision making for
older women with breast cancer. It has been estimated that at
the age of 75, the top 25th percentile of women will live on
average 17 years, the 50th percentile an average of
11.9 years, and lowest 25th percentile an average of
6.8 years [13]. Life expectancy is difficult to estimate during
a routine oncologic assessment. Fortunately, there are several
tools available to the oncologist to assist with estimating life
expectancy. The easiest and most assessable tool is eProg-
nosis (www.ePrognosis.org). The ePrognosis website serves
as a repository of published prognostic indices where busy
clinicians can quickly access and obtain evidence-based
information on a patient’s estimated life expectancy. The
Schonberg index is most commonly used for estimating
5-year mortality and the Lee index for 10-year mortality [14,
15]. Estimating a patient’s life expectancy is important when
considering the risk and benefits of adjuvant therapies.

Given the heterogeneity of older adults, an assessment of
functional or physiologic age is also important as one cannot
rely simply on chronologic age as a reliable estimate of a
patient’s functional status. The geriatric assessment
(GA) gives the oncologist a tool to assess the functional age
of older patients with breast and other cancers. The GA
comprises an evaluation of physical function, instrumental
activities of daily living, activities of daily living, falls,
cognition, social support and activity, mental health, nutri-
tional status, polypharmacy, and comorbid medical condi-
tions. The Cancer and Aging Research Group (CARG) GA
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was developed specifically for patients with cancer and has
proven feasibility in academic and community oncology
clinics [16, 17]. The GA can accurately predict morbidity
and mortality from cancer [18] and uncovers problems in
patients with a provider-reported normal Karnofsky perfor-
mance status (KPS) [19]. In addition, the GA has been
shown to be predictive of chemotherapy toxicity in older
adults with cancer [20, 21]. Although there is uncertainty as
to whether information obtained from the GA can lead to
interventions that improve survival, the GA can identify
problems and provide appropriate interventions that main-
tain function and improve quality of life for older patients
with cancer [22]. Recommendations for the use of the GA
have been developed by the International Society of Geri-
atric Oncology (SIOG) and provide helpful guidelines for
clinicians [23].

Concurrent with a breast cancer diagnosis, older women
are also more likely to have other coexisting illness or
“comorbidity” that can be captured during a GA. In one
major study of comorbidity, 1800 postmenopausal women
with breast cancer, diabetes, renal failure, stroke, liver dis-
ease, a previous malignant tumor, as well as smoking were
significant predictors of shortened survival even when
accounting for age and breast cancer stage [5]. All facets of
breast cancer care may be effected by comorbid illness,
including screening, pretreatment assessment, and the use of
surgery, radiation, and adjuvant therapy. For example, in an
observational study of 936 women, age 40–84 years with
breast cancer, patients with three or more of seven selected
comorbidities had a 20-fold higher rate of mortality from
non-breast cancer causes and a fourfold higher rate of
all-cause mortality when compared to those without any
comorbid conditions. An early diagnosis of breast cancer in
this study conferred no survival advantage in women with
severe comorbidity [24]. These data suggest that older
women with severe comorbidity are unlikely to derive a
major benefit from adjuvant systemic therapy. Focusing on
the assessment of functional or physiologic age as opposed
to chronologic age will remind health care professionals that
assessments such as the GA are an important factor in
managing older patients with breast cancer.

28.3 Breast Cancer Prevention

Primary prevention of breast cancer requires modifying
factors that are associated with an increase in risk. Obesity is
a risk factor for breast cancer in older women [25] and may
also be a predictor of breast cancer recurrence [26].
Although it is uncertain as to the value of weight reduction
in reducing breast cancer risk, overweight elders might
reduce cardiac as well as other non-breast cancer risk with
weight reduction. Older women are less likely than younger

patients to be carriers of the BRCA-1 and BRCA-2 genes,
but a careful family history is mandatory for all patients with
breast cancer, irrespective of age, as older women may be
gene carriers resulting in important management and family
considerations. Although the role of exercise is controversial
as a risk reducing strategy for breast cancer in older women,
it should be encouraged for its other major health benefits.

Chemoprevention of breast cancer with either tamoxifen,
raloxifene, or an aromatase inhibitor is an effective risk
reduction strategy in high risk women [27–29]. However,
neither of these agents have been associated with improve-
ments in survival and both are associated with increased
risks of endometrial cancer and thromboembolism in older
women. The benefits of tamoxifen use diminish with
increasing age because older women have higher risks of
mortality from competing causes, such as cardiovascular
disease [30]. At present, only older women with an
exceeding high risk for breast cancer should be considered
for chemoprevention. Raloxifene may be a better choice than
tamoxifen for these older patients as it is less likely to be
associated with cataracts or thromboembolism [28]. If con-
sidering chemoprevention for older women, there should be
a careful discussion with the patient about the risks, benefits,
and alternatives of such therapy.

28.3.1 Screening

Mammographic screening has been shown to be effective in
reducing breast cancer mortality in women aged between 40
and 74 years [31]. The sensitivity, specificity, and positive
predictive value of mammography for detecting cancer
increases with age as ductal tissue is replaced by fat resulting
in an increase in the radiolucency of breast tissue. The evi-
dence of the effectiveness of screening mammography in
women age 75 years and older is limited and was recently
summarized in a review by Walter et al. [32]. In one study of
women of the age 80 years and older, those who obtained
mammograms on a more regular basis were detected with
lower stage breast cancer and had higher breast
cancer-specific survival; however, deaths from other causes
were also lower in women who received more frequent
mammograms, suggesting a bias for mammography use
among healthier older patients [33].

The precise age at which to discontinue screening
mammography is uncertain. Older women face a higher
probability of developing and dying of breast cancer but also
many times have competing comorbidities that limit their
life expectancy. The American Cancer Society recommends
setting no upper age limit and the decision to stop regular
screening mammograms should be individualized based on
the patients overall health, longevity, and ability to undergo
treatment if a breast cancer is diagnosed [34]. The U.S.
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Preventive Services Task Force provides no recommenda-
tions for women over the age of 75 years as there is insuf-
ficient evidence to make a recommendation. In a recent
review by Walter et al., the authors recommended to stop
screening mammograms in women who have an estimated
life expectancy of less than 10 years [32]. Life expectancy
for older adults can be estimated using validated indices
found on ePrognosis.org as described above. As prospective
trials are unlikely to be performed in this older age group,
the decision to stop screening mammograms will likely need
to be individualized to each patient based on their estimated
life expectancy, a discussion with the patient about their
values/preferences and the risks and benefits to continued
screening.

28.4 Treatment of Primary Breast Cancer

28.4.1 Surgery or Endocrine Therapy

Surgery is a cornerstone for the treatment of primary breast
cancers. Older women in reasonable health tolerate surgery
well and its safety is well established in older adults [35, 36].
Breast conserving therapy is now standard care for all
patients with early stage breast cancer and should be offered
irrespective of age. Body image is important in older women
and they should be told about the effects mastectomy and
breast conservation have on the body image. Older women
should be offered breast conservation and or mastectomy
with reconstruction similar to younger patients [37].

Primary endocrine therapy with tamoxifen or aromatase
inhibitors (AIs) has been shown to be effective in controlling
hormone receptor positive breast cancer in older women.
Compared with endocrine therapy, surgery is associated with
superior local control. Although endocrine therapy may
result in local control for several years, the majority of
patients are likely to have tumor progression after 5 years,
resulting in the need for surgery. A Cochrane meta-analysis
comparing surgery with endocrine therapy in women
70 years and older has confirmed the superiority of surgery
for local control, but did not show a survival benefit [38]. At
present, older women with surgically resectable tumors
should be offered surgery. Patients who have a very limited
life to expectancy, and with hormone receptor positive
tumors, can be offered endocrine therapy with either
tamoxifen or an aromatase inhibitor (AI).

28.4.2 Radiation Therapy

Radiation therapy after breast conservation surgery is the
mainstay of treatment for patients with breast cancer. The
Early Breast Cancer Trialists Collaborative Group

(EBCTCG) overview showed that breast radiation after
mastectomy reduced the risk of local recurrence regardless
of tumor stage. In addition, this analysis showed that such
radiation reduced 15-year mortality by 4–5 %. Mortality
benefits from radiation were limited to women where radi-
ation resulted in a 10 % or greater reduction in the 5-year
local recurrence rate [39]. Importantly, a randomized trial of
radiation plus tamoxifen versus tamoxifen alone after breast
conservation surgery in women 70 years and older with
node-negative, hormone receptor positive breast cancer 2 cm
or less in diameter (T1) showed that the addition of radiation
to lumpectomy and tamoxifen had no effect on overall sur-
vival [40]. Local recurrences were decreased in the radiation
group (1 % radiotherapy (RT) group vs. 7 % lumpectomy
alone) but mastectomy rates were similar (1 % RT vs. 3 %
no RT) as some patients in the no RT group who had breast
recurrence were able to be salvaged with repeat lumpectomy
and breast radiation [40]. This trial focused on women with
low risks for local-regional recurrence irrespective of the use
of breast radiation, and the survival data was similar to the
EBCTCG results. In addition, another study evaluated the
importance of whole breast radiation therapy after breast
conservation therapy in women over the age of 65 years
with hormone receptor positive, node-negative breast cancer
that was 3 cm of less in diameter. Patients were randomized
to whole breast radiation plus hormonal therapy or hormonal
therapy alone. After 5 years of follow-up, there were minor
differences in the rate of local recurrences (4.1 % in no RT
group vs. 1.3 % in RT group). There were no significant
differences in regional recurrences or distant metastasis. In
addition, there was no difference in 5-year overall survival
[41]. In older women with small, node-negative breast
cancers, breast radiation may be omitted without negative
effects on overall survival as long as the patient is willing
and able to take adjuvant hormonal therapy. The pros and
cons of radiation in this setting should be carefully discussed
with the patient. Older women tolerate breast and
post-mastectomy radiation as well as younger women [42,
43]. Patients with a high risk for local recurrence should be
considered for treatment especially if they have life
expectancies exceeding 5 years. Partial breast radiation is
also a good option for some elders as it may minimize
treatment visits and reduce recurrence risk.

28.4.3 Management of the Axilla

A sentinel lymph node (SLN) biopsy is performed in
patients with early stage breast cancer who are clinically and
radiographically node-negative. Evidence supports that if the
SLN biopsy is negative, then further axillary dissection is
not required [44, 45]. For older women with major comorbid
disease or frailty, detecting axillary node involvement is not
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likely to change management. For robust older women,
however, knowing the tumor status of the axillary nodes will
help in making more effective decisions about local and
systemic therapies. An increasing body of data suggests that
sentinel lymph node (SLN) biopsy is a safe and accurate
method of evaluating the axillary nodes for metastasis,
including older women. In one study of 241 patients
70 years and older, SLN was found to be a safe and accurate
method of assessing axillary node status for elderly women
with operable breast cancer less than 3 cm. At a median
follow-up time of 30 months, no axillary recurrences were
noted [46]. Axillary lymph node dissection in older patients
should only be considered if there is clinical evidence of
axillary node involvement. In this situation, axillary dis-
section plays a therapeutic as well as a staging role.

28.5 Adjuvant Systemic Therapy

28.5.1 Treatment Benefit

The overview of the EBCTCG includes 194 randomized
trials of adjuvant therapy and showed that after 15 years of
follow-up, 5 years of tamoxifen therapy in estrogen receptor
(ER) positive patients reduced the annual breast cancer
mortality rate by 31 % irrespective of age [47]. Moreover,
about 6 months of an anthracycline-containing regimen
reduced the annual breast cancer death rate by about 38 % in
women younger than 50 years and by about 20 % in women
50–69 years. These reductions were seen irrespective of
tamoxifen use [47]. Unfortunately, very few patients above
70 years were entered in these trials (only about 1200),
precluding an accurate assessment of chemotherapy effects
in women over the age of 70. Recommendations for sys-

temic treatment are summarized in Table 28.1 and discussed
in detail below.

28.5.2 Selecting Treatment

Studies from large databases such as the San Antonio and
SEER programs show that older women are more likely to
have favorable tumor characteristics when compared to
younger patients [48, 49]. Diab et al. reported that in patients
55 years and older, there was an association between
increasing age at diagnosis and the presence of more
favorable tumor characteristics, including smaller tumor
size, lower likelihood of being lymph node-negative, more
tumors that express hormone receptors, lower proliferative
rates, more diploidy, normal p53, and absence of the
expression of epidermal growth factor receptor and HER-2
[48]. However, about 20–30 % of older patients have ER
and progesterone receptor (PR) negative tumors, a pheno-
type that confers an increased risk for early recurrence [50,
51]. Similar results with less genetically aggressive tumor
subtypes with increasing age have also been shown [51].
Infiltrating ductal carcinoma is the most common tumor
histologic subtype, and more indolent subtypes such as
mucinous and papillary carcinomas are also encountered
more frequently in older age groups [52].

Selection of treatment depends on two main factors:
(1) the patient’s stage and the tumor’s biologic characteris-
tics (grade, hormone receptor, and HER-2 status) and (2) an
assessment of the patient’s functional or physiologic age.
We suggest that for treatment selection, patients should be
divided into three major subgroups: (1) ER and/or PR pos-
itive and HER-2 negative, (2) HER-2 positive (irrespective
of ER and PR status), and (3) ER and PR-negative and

Table 28.1 Recommendations
for adjuvant systemic therapy for
women 70 years and older

Estrogen and/or
progesterone receptor
(PR) status

HER-2
status

Nodal
status

Recommendations

Positive Negative Negative Endocrine therapy for most
OncotypeDX or other gene array testing to estimate
possible chemotherapy benefit

Positive Endocrine therapy
Consider OncotypeDx or other gene array testing to
estimate possible chemotherapy benefit in patient
with one to three positive lymph nodes
Use calculators (see text) to calculate added value
of chemotherapy in patients with 4 or more positive
lymph nodes

Any Positive Any Endocrine therapy for ER + or PR + and consider
chemotherapy and trastuzumab for most

Both negative Negative Any Consider chemotherapy for most. Use calculators
to estimate value of different chemotherapy
regimens
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HER-2 negative (so called “triple-negative” breast cancer)
groups. Estimates of recurrence and the benefits of both
endocrine therapy and chemotherapy in these subgroups can
be reasonably made using Adjuvant! (www.adjuvantonline.
com) or Predict (http://www.predict.nhs.uk/predict.html).
These programs can factor in age and expected life expec-
tancy, and Adjuvant! can also calculate the effects of
comorbidity on life expectancy. Unlike Adjuvant!, the Pre-
dict calculator allows for estimates of treatment benefit of
trastuzumab for HER-2 positive patients. Caution is needed
as these models have not been validated in older patients and
Adjuvant! may overestimate the value of chemotherapy [53].
Recent reviews have provided excellent guidelines for the
use of adjuvant therapy in older patients [54–56].

28.5.3 Treatment of Older Patients
with Hormone Receptor Positive,
HER-2 Negative Tumors

The vast majority of older adults with breast cancer have ER
and/or PR positive, and HER-2 negative tumors, and com-
prise about 70 % of all new cases with invasive breast
cancer. The majority of these patients will be node-negative.
For these older patients with ER-positive, node-negative
tumors that are 5 cm or less, the risk of metastases at
10 years can be accurately assessed using a 21 gene assay—
OncotypeDx™ [57] (www.genomichealth.com). Adjuvant
endocrine therapy with an AI or tamoxifen followed by and
AI is appropriate for the majority of these patients, the
exceptions being those with life spans less than 5 years or
with small tumors with favorable tumor biology.

The AIs have been compared to tamoxifen using several
randomized trial designs, including head-on comparisons,
changing to an AI for 2–3 years after a 2–3 year period on
tamoxifen, and comparing an AI with placebo after 5 years
of tamoxifen. In aggregate, the AIs have been found to be
superior to tamoxifen, decreasing breast cancer relapse rates
by about 3–5 % [58, 59]. However, head-on trials compar-
ing tamoxifen with an AI have not shown a benefit for ini-
tiating treatment with AIs, the largest trial showing almost
identical mortality rates after 100 months of follow-up [60].
Tamoxifen followed by an AI is also worthy of considera-
tion, with one trial showing a small but significant survival
benefit using this strategy [61]. For those elders at high risk
of recurrence who have had 5 years of tamoxifen, consid-
eration of extended adjuvant therapy with an AI should be
given [62, 63]. The ASCO guidelines suggest that AIs
should be part of adjuvant endocrine therapy in post-
menopausal patients should apply to older women as well
[59]. A point in favor for the use of AIs when compared to
tamoxifen is the more favorable toxicity profile of AIs in the
older age group, especially the lack of an increased risk of

thrombosis and endometrial cancer. In one trial comparing
letrozole with placebo in elders who had 5 years of tamox-
ifen, no significant differences in toxicity were found
between the AI and placebo [63]. Accelerated bone loss is a
major concern for elders on AI therapy, and a baseline bone
density prior to initiating AI should be done and patients
managed according to accepted guidelines [64]. Adequate
calcium intake and vitamin D supplementation should be
considered in older women at risk for osteoporosis. AIs are
considerably more expensive than tamoxifen and these
issues should be discussed with patients before making a
treatment decision.

There is little benefit of chemotherapy in elders with
hormone receptor positive, HER-2 negative, and
node-negative tumors. However, there are likely to be some
patients in this group with node-negative tumors who might
benefit from chemotherapy, and use of the 21 gene Onco-
type™ assay can identify those women most likely to benefit.
The role of chemotherapy for those with node-positive
tumors is uncertain [65]. For those with node-positive
tumors, estimates of the added value of chemotherapy can be
calculated from Adjuvant! (www.adjuvantonline.com) or
Predict (http://www.predict.nhs.uk/predict.html). An exam-
ple of the benefits of treatment and the effects of comorbidity
on outcome for patients with node-positive breast cancer
calculated from Adjuvant! is shown in Table 28.2. The
benefits of treatment in this example, especially
chemotherapy, are small in patients with major comorbidity.
In the overview, chemotherapy showed similar proportional
reductions in relapse in ER-positive and ER-negative
patients, but only after extended follow-up. Healthy elders
with estimated survivals of more than 5–10 years might
ultimately derive benefit from chemotherapy, and those at
high risk for recurrence should be considered for such
treatment. The use of non-anthracycline regimens such as
docetaxel and cyclophosphamide is worth of consideration
in this setting [66]. For those with positive nodes and at high
risk, more aggressive, anthracycline and taxane-containing
regimens might be considered, as similar benefits for more
aggressive and compared to less aggressive chemotherapy
have been shown for older as well as younger patients [67],
although with greater risk for toxicity [68].

28.5.4 Treatment of Older Patients with HER-2
Positive Tumors

For older women with HER-2 positive breast cancer, the
major consideration is the use of trastuzumab with
chemotherapy. Several trials have shown that trastuzumab
when added to chemotherapy causes a further 50 % pro-
portional reduction in the risk of recurrence compared to
chemotherapy alone [69–71]. Trastuzumab, although
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generally well tolerated, is associated with an increased risk
of cardiac toxicity that is age related [72]. Control of
hypertension, if present, and optimal management of any
preexisting cardiac disease should be obtained before initi-
ating trastuzumab. Older women with HER-2 positive
tumors should be offered trastuzumab but should be closely
monitored for cardiac toxicity. In all older patients, the use
of non-anthracycline regimens such a paclitaxel and trastu-
zumab for those with node-negative tumors up to 3 cm [73]
or docetaxel, carboplatin, and trastuzumab for those with
larger or node-positive tumors, should be considered [74].
The benefits of trastuzumab in older patients with small
HER-2 positive, node-negative tumors (<1 cm) is uncertain
and for those with short life expectancy treatment is not
likely to be helpful.

28.5.5 Treatment of Older Patients with ER-
and PR-Negative and HER-2
Negative Tumors

Older women with triple-negative breast cancer should be
offered chemotherapy if they are in good health. Older
women tolerate aggressive chemotherapy regimens almost
as well as younger women [67]. An analysis of randomized
trials of chemotherapy regimens in patients with
node-positive tumors showed that more intensive,
taxane-containing regimens were the most effective treat-
ments in those with hormone receptor-negative tumors [75].
This analysis did not include HER-2 status but it is likely
that most patients were HER-2 negative. A recent analysis of
the EBCTG comparing chemotherapy or not in women with
ER-poor tumors showed a 10-year reduction of 8 % in breast
cancer mortality in women younger than 50 years and a
reduction of 6 % in women 50–69 years [76]. Almost half of
these patients received older chemotherapy regimens such as
CMF (cyclophosphamide, methotrexate, and fluorouracil),

and recent data would suggest that current regimens would
substantially improve on these results [75]. It is likely that
most of the women in this meta-analysis had HER-2 nega-
tive breast cancer, and thus would benefit from such treat-
ment. Moreover, a randomized trial comparing capecitabine
with standard chemotherapy (either CMF or doxorubicin and
cyclophosphamide) showed superiority of standard treat-
ment in improving both relapse-free and overall survival,
with the major benefit being in hormone receptor-negative
patients [77].

28.6 Treatment of Metastatic Disease

Metastatic breast cancer remains incurable. The goals of
treatment of older women with metastatic breast cancer are
the same as for younger women and include controlling the
growth of cancer while maintaining the highest possible
quality of life. For older women with hormone receptor
positive breast cancer, different hormonal agents or hormonal
agents and biologics should be tried until it is clear that
metastases are refractory to endocrine therapy. Older patients
with hormone receptor positive metastases may have previ-
ously had tamoxifen and/or an AI in the adjuvant setting.
Those who have been off endocrine therapy for several years
can be retreated with the same agent as used in the adjuvant
setting, while those who develop metastases on an AI or
tamoxifen can be treated with tamoxifen or an AI, respec-
tively. For older patients with metastases resistant to both
tamoxifen and AIs, trying a different AI, using a newer agent
such as fulvestrant should be considered. Patients can also be
retreated with agents that have been previously tried with an
occasional response, provided there has been a reasonable
period of time since use of the earlier agent. Using endocrine
therapy until metastases are convincingly refractory to
endocrine treatment allows for a delay in chemotherapy and
maintenance of the highest quality of life before deciding on

Table 28.2 Estimation of
treatment benefit and the effects
of comorbidity on 10 year
mortality for a 75-year-old
woman with a 2 cm moderately
differentiated hormone receptor
positive, HER-2 negative
infiltrating ductal cancer and four
positive lymph nodes (calculated
from adjuvantonline.com)

Comorbidity Treatment % alive at 10 years

None, excellent health Nonea

Endocrine therapy onlyb

Endocrine + chemotherapyc

53
61
65

Average health for aged None
Endocrine therapy only
Endocrine + chemotherapy

41
47
51

Major comorbiditye None
Endocrine therapy only
Endocrine + chemotherapy

14
16
17

aOnly surgery and/or radiation
bTamoxifen or an aromatase inhibitor (AI)
cChemotherapy is docetaxel and cyclophosphamide for 4 cycles
dFrom www.adjuvantonline.com
eAt least one serious illness
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chemotherapeutic options [50]. Recently, the addition of
palbociclib (a cyclin-dependent kinase 4 and 6 inhibitor) to
endocrine therapy (letrozole first-line or fulvestrant
second-line) in women who had relapsed or progressed on
endocrine therapy alone showed an improvement in pro-
gression free survival when compared to endocrine therapy
alone—20 months versus 10 months for the combination
versus letrozole alone and 9.2 months versus 4 months for
the combination versus fulvestrant alone [78, 79]. However,
women over the age of 65 years only accounted for
approximately 25 % of the study population and mature
survival data are not yet available. Similarly for older women
with tumor progression on a non-steroidal aromatase inhi-
bitor (anastrozole or letrozole), the combination of ever-
olimus and exemestane resulted in a marked improvement in
progressions–free survival compared to exemestane alone
(11 vs. 4 months) but with no improvement in overall sur-
vival [80]. The potential for increased toxicity of these bio-
logic agents in older women remains unexplored.

Considerable debate persists as to whether to use com-
bination or sequential single-agent chemotherapy in the
treatment of metastatic breast cancer [81]. Retrospective
reviews have shown that healthy older patients with meta-
static breast cancer tolerate chemotherapy about as well as
younger patients, including anthracycline-containing regi-
mens [82, 83]. Sequential therapy with active single agents
is generally associated with less toxicity and is more likely to
maintain the highest quality of life and in our opinion
remains the standard of care. Most combination
chemotherapy regimens are likely to be more toxic than
single agents but have higher response rates and longer times
to progression than single agents; however, combination
regimens have not been shown to be associated with
improved survival [50]. We recommend starting with single
agent therapy in most patients except those with rapidly
progressive metastases or where even modest tumor pro-
gression will be life threatening. The exceptions are in
women with HER-2 positive metastases where combinations
of chemotherapy and trastuzumab can significantly prolong
survival [84, 85]. Chemotherapy should be considered even
in older adults with medical comorbidity; functional status
and toxicity must be closely monitored during treatment in
these patients. Recent reviews of the treatment of metastatic
breast cancer in older women are available [86, 87]. In
addition, calculators are available that can predict toxicity
based on clinical and geriatric assessment-defined charac-

teristics for older patients being considered for chemother-
apy in both the adjuvant and metastatic setting [20, 21].

28.7 Clinical Trials

Older patients continue to be underrepresented in breast
cancer clinical trials [10]. Available data suggest, however,
that when offered trials, older and younger patients have
similar rates of participation, approximating 50 % [11].
Healthy older women should be encouraged to participate in
Phase II and III trials and efforts should be made to offer
trials to such patients and encourage participation. Adding
the GA as a part of these trials may also be of value in
predicting treatment-related toxicity, and a short, mostly
self-administered CGA instrument has shown to be feasible
in the cooperative group setting [88]. Designing trials
specifically for older breast cancer patients is another strat-
egy to improve accrual. A recent ASCO statement was
published on strategies/recommendations and action items to
further enhance research for older adults with cancer [89].

28.8 Conclusions

Management of older adults with breast cancer is frequently
challenging. Healthy or robust older adults with 5–10 more
years of life expectancy should be managed like younger
postmenopausal patients, including breast conservation ther-
apy if technically feasible, and adjuvant systemic therapy.
Comorbidity must be factored into treatment recommenda-
tions, especially for frail patients. A screening tool [90] or
abbreviated GA should be used by oncologists identify prob-
lems that can lead to specific interventions to maintain func-
tion. Older patients with significant comorbid illness or frailty
may require major modifications in treatment, including sur-
gery and chemotherapy. Accrual of older adults into ongoing
Phase II and Phase III trials should be encouraged and trials
focusing on older women should be developed. Overcoming
physician bias in breast cancer care of older patients, as well as
offering older patients clinical trial participation remains a
major problem. Educational efforts focused on breast cancer
care in the older adult and directed at both patients and
physicians need to be expanded. Since breast cancer is com-
mon among older women, having evidence-based practice to
guide treatments is of great importance. The challenge of
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caring for older adults with cancer is a major national concern
and all of us should strive to improve care for this expanding
segment of the population [91].
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29Breast Cancer in Younger Women

Manuela Rabaglio and Monica Castiglione

29.1 Introduction

The definition of “young” in the context of breast cancer
differs considerably according to the analyzed topics, and
according to the reporting people. In general, however,
women are considered young if diagnosed with breast cancer
before 40 years of age.

Breast cancer is very rare in young women. The estimated
incidence is less than 0.2 per 100,000 women below the age
of 20 years, increasing to 1.4 in women 20–24 years, 7.7 in
women 25–29 years, and 25.5 in women 30–34 years old
[1]. The report of a substantial increase in the incidence of
breast cancer among women under the age of 40 in Geneva,
during the 10 years period from 2002 to 2004 [2], were not
confirmed by data from two other Swiss Cancer Registers [3]
and a recent publication [4] showed for the period from 1996
to 2009 a modest increase of 1.8 % in Swiss women aged
20–39, which is in line with international studies [5–7]
reporting an increase between 1 and 3 % in European and
American women. In developed countries, breast cancer
represents the main cause of death among women aged
15–49 years [8, 9].

Several authors have suggested that breast cancer in
young women presents biological peculiarities compared
with tumors in older women: a higher histological grade, no
expression of estrogen receptors, and an aggressive growth
pattern [10–15]. The prognosis and survival of young
women with breast cancer remains a controversial issue,
with several studies showing discordant results. A worse
prognosis was shown by some [14, 16–22], whereas other

studies have reported that age is not influencing disease-free
or overall survival after adjustment for other prognostic
factors [23–27].

Special care is needed when facing women below the age
of 40 years. In particular, issues like fertility preservation
and contraception, pregnancy after cancer or cancer during
pregnancy, sexuality and body image, as well as familial,
genetic, and career items are peculiar for young breast cancer
patients. Younger women show greater psychological mor-
bidity than older patients. This may be due to the fact that
they face a severe disease and a burdensome treatment
before they had the time and chance to achieve personal
targets and purposes [28, 29].

29.2 Epidemiology

Data from the Surveillance, Epidemiology, and End Results
(SEER) program of the United States show that 75 % of
breast tumors occur in women aged >50 years, only 6.5 %
in women aged <40 years, and a mere 0.6 % in women
below 30 years. Nevertheless, invasive breast carcinoma is
the most common cancer in young women in the US, with
an estimated risk of 1 in 228 individuals developing the
disease by age 40. In the age group below 35, the incidence
is 1.8 % and the mortality is 6.4 % [1]. These epidemio-
logical characteristics remain stable in the most recent
published report that includes data from 1975 until 2012
[30]. Breast cancer is the leading cause of cancer death for
women between 20 and 39 years old in the USA [31]. An
analysis using data from nine registries of the SEER showed
that the relationship between age and mortality is biphasic
and for both N0 and N+ patients among the T1-2 group, the
analysis suggested two age components. One component
shows the natural linear increase of mortality with each year
of age. The other component shows higher mortality in
women diagnosed with breast cancer below 40 as compared
to women around 50 years [32]. Data from Swedish breast
cancer registers confirmed that younger women affected by
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early breast cancer have higher mortality rates as compared
to middle-aged women and that the risk of death was more
pronounced in women with small tumors [33]. This study
revealed that age at diagnosis is a strong predictor for local
(LRFS) and distant recurrence-free survival (DRFS). This
finding was confirmed also in a recent publication [34]:
younger patients (<40) developed both local and distant
recurrence more frequently than their older (>75) counter-
parts. However, during the first Advanced Breast Cancer
conference (ABC1) in 2011 K. Gelmon presented data from
the British Columbia Cancer Agency showing that after
relapse, the outcome in young patients with advanced breast
cancer is not worst or even slight better as in older patient,
probably due to the higher treatment tolerance in young
women.

29.3 Risk Factors/Prognosis

Several risk factors for the development of a breast cancer
have been described in the past. Among them are familiarity,
endocrine factors, obesity and physical activity, exposure to
pesticides, and many more.

In several series, age remained independently prognostic
when pathological variables were taken into account [14, 17,
35–37]. However, age-related worst outcome seems to be
more evident in aggressive breast cancer patters, like Lumi-
nal B, triple-negative, or HER2 positive tumors [38, 39].

Women diagnosed with breast cancer at the age of
<35 years are likely to have germline BRCA1 or BRCA2
mutations in up to 15–30 % of cases [40–43]. Typically,
breast cancers occurring in BRCA-1 mutation carriers are
high grade and have a high proliferation rate, with medullary
or atypical medullary cancers being over-represented. In
contrast, lobular cancers and extensive intraductal cancers
are more frequent in women with germline BRCA-2 muta-
tions [44, 45].

Family history of breast cancer and, in particular, muta-
tion in BRCA1 gene seems to correlate with tumors of
medullary subtypes. This was first suggested by Marcus
based on the histological evaluation of 157 breast cancers
from women whose families had shown evidence of genetic
mutation in BRCA1 [46].

In a large analysis including 3345 patients who were aged
≤50 years at the time of breast cancer diagnosis, 7 % of
patients had a BRCA1 mutation. However, BRCA1 carriers
were significantly younger (mean age 41.9 vs. 44.1,
P < 0.001), and had more ER-negative (84.1 % vs. 38.1 %,
P < 0.001) and HER2-negative (93 % vs. 79 %, P < 0.001)
tumors [47].

The data presented by Bernstein [48] show that among
the endocrine factors influencing the occurrence of breast
cancer, the use of oral contraceptives (OC) may represent an

important issue in young women. Two studies conducted in
Los Angeles County suggest that the relationship between
oral contraceptives and breast cancer risk may have changed
over time, possibly reflecting changes in pill formulation.
The first study was a case-control study of women aged
37 years or younger that was completed in 1983 and showed
that long-term use of combination-type OCs with a “high”
content of the progestogen component before the age of 25
was associated with increased risk of breast cancer. In
contrast, the use of combination-type OCs with a “low”
progestogen component appears to increase breast cancer
risk little or not at all [49]. Yet, in a subsequent case–control
study of women diagnosed with breast cancer (1983–1989),
risk was unrelated to oral contraceptive use [50]. In 1996,
the Collaborative Group on Hormonal Factors in Breast
Cancer published a reanalysis of data collected from 54
breast cancer studies conducted in 25 countries, which
specifically gathered detailed information on oral contra-
ceptive use [51]. In this report, a history of recent oral
contraceptive use, rather than long duration of use, was
related with increasing breast cancer risk. The effect of
recent oral contraceptive use was the strongest among those
women who first used oral contraceptives before the age of
20 years. In this pooled analysis, the breast cancers diag-
nosed among oral contraceptive users were at an earlier stage
than those among women who had never used oral contra-
ceptives. In individual epidemiologic studies, it was, albeit
up to now, not possible to demonstrate an association
between OC use and the risk of breast cancer.

In the Nurses’ Health Study, after 36 years follow-up,
all-cause mortality did not significantly differ between
women who had ever used oral contraceptives and those
who had never used OC. However, the association of oral
contraceptive use with other causes of death including breast
cancer was of borderline statistical significance [52]. In other
studies as the Royal College of General Practitioners’ study
[53] and the one conducted by the Centers for Disease
Control and Prevention, Atlanta, USA [54] no association
between breast cancer mortality and the use of OC was
found. In contrast in a recently published population-based,
case-control study among women ages 20–44 residing in the
Seattle-Puget Sound area from 2004 to 2010 suggests that
current use of contemporary OC preparations for 5 years or
longer confer an increased breast cancer risk [55].
The WECARE (Women’s Environment, Cancer, and Radi-
ation Epidemiology) study, a population-based, multicenter,
case-control study of 708 women with asynchronous bilat-
eral breast cancer and 1395 women with unilateral breast
cancer, provided no strong evidence that use of oral con-
traceptives (OC) or postmenopausal hormones (PMH) in-
creases the risk of a second cancer in the contralateral breast
[56]. The role of OC in women with a familial predisposition
to breast cancer is unclear and OCs may be associated with
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an increased risk of breast cancer in BRCA1 mutation car-
riers, but data for BRCA2 mutation carriers are limited [57].
BRCA1 carriers who used OCs had a nonsignificant greater
risk than nonusers (RR = 2.38; 95 % CI = 0.72–7.83). Total
duration of OC use and at least 5 years of use before age 30
were associated with a nonsignificant increased risk among
mutation carriers but not among non-carriers [58].
The IARC (International Agency for Research in Cancer)
Working Group on the Evaluation of Carcinogenic Risks to
Humans concluded, after review of available data, that there
are increased risks for cancer of the breast in young women
among current and recent users [59]. The Working Group
noted that the preponderance of the evidence suggests that
use of oral contraceptives is associated with an increased risk
of breast cancer in carriers of BRCA1 or BRCA2 mutations.
This association reflects a causal relationship, and then it
could, at least in part, explain the observation summarized in
the previous IARC Monograph that risk of breast cancer was
increased in women under the age of 35 years who had
begun using oral contraceptives at a young age and who
were current or recent users.

Physical activity may positively influence the incidence
of breast cancer, because of its potential effects on hormone
profiles and weight gain. Strenuous physical activity is
known to delay menarche and cause secondary amenorrhea
and oligomenorrhea among woman athletes The analysis of
data from the Nurses’ Health Study II show no overall
association between physical activity and risk of breast
cancer among premenopausal women, but suggest that the
effect of physical activity could be substantially modified by
the underlying degree of adiposity [60].

Obesity in premenopausal women seems to be associated
with a reduction of breast cancer risk in contrast to post-
menopausal women. The results of a multi-ethnic,
population-based case-control study conducted between
1995 and 2004 in the San Francisco Bay Area confirmed the
findings of several previous reports. Increased body size was
associated with decreased risk of hormone-sensitive breast
cancer in premenopausal women [61]. The effect of obesity
on the non-ovarian estrogen production is indeed the same in
pre- and postmenopausal women, but this production adds
only a small increment in the estrogen produced by the ovary
during ovulatory menstrual cycles. Obese premenopausal
women experience more anovulatory cycles with lower
estrogen production than normal weight women, and this
could explain the slightly decreased risk of breast cancer in
the obese premenopausal women studies, premenopausal
women with a BMI of 31 kg/m2 or higher were 46 % less
likely to develop breast cancer than those with a BMI
<21 kg/m2 [62].

It has been proposed that intrauterine exposure to high
concentrations of both endogenous and exogenous estrogens
during gestation will negatively influence a fetus’s breast

cancer risk in adult life, perhaps by influencing the number
of and the degree of differentiation of breast stem cells. Fetal
estrogen exposure could also increase the probability of gene
mutations relevant to cancer development or alter the
breast’s sensitivity to hormones [63, 64]. Although not
entirely consistent, some studies show that low birth weight
translates into a lower breast cancer risk, as does experi-
encing preeclampsia in utero [65]. Birth order may also
affect risk. Maternal estradiol levels are higher in the first
than in the second pregnancy, but epidemiologic studies of
birth order have not consistently shown that firstborn
daughters have higher risk than those with higher birth order
[66].

Excess breast cancer risk has been consistently observed
in association with a variety of exposures to radiation, such
as the Hiroshima or Nagasaki atomic explosions [67, 68], as
well as after the Chernobyl accident [69–71] and radio-
therapy treatments for medical conditions (e.g., Hodgkin’s
disease) in childhood or adolescence [72, 73]. Studies on
survivors of the atomic bombing of Hiroshima and Nagasaki
demonstrated that the carcinogenic effect of accidental
radiation is highest when exposure occurs during childhood.
Exposure at a younger age increases the subsequent risk of
breast cancer to a greater degree, possibly because of the
unopposed estrogen exposure, which occurs during adoles-
cence, rendering undifferentiated breast cells maximally
vulnerable to initiation by environmental carcinogens
[74–76].

29.4 Diagnosis

The presentation of breast cancer in women under the age of
40 years may differ compared to older women. Due to lack
of screening programs and to the insufficient imaging for
their often dense breast, the majority of young women pre-
sents with symptoms or palpable mass [77–79]. Older
women, on the other hand, are more likely to present with
breast cancer detected by screening. Clinical and radiologi-
cal examinations of the breast in younger women have a
limited accuracy and may delay the diagnosis [13, 80]. The
denser breast tissue limits the sensitivity on screening
mammography and physical examination in asymptomatic
women. The use of screening ultrasound in conjunction with
mammography instead of breast palpation may increase the
sensitivity of cancer detection from 75 to 97 % in this spe-
cial population [81]. According to the guidelines of the
American Cancer Society [82, 83] and of the European
Society of Breast Cancer Specialists [84], screening MRI is
recommended for women with an approximately 20–25 %
or greater lifetime risk of breast cancer, including women
with a strong family history of breast or ovarian cancer and
women who were treated for Hodgkin’s disease. For the
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other risk subgroups, including women with a personal
history of breast cancer, carcinoma in situ, atypical hyper-
plasia, and extremely dense breasts on mammography, the
available data are insufficient to recommend for or against
MRI screening, and the decisions should be made on a
case-by-case basis.

Breast cancer diagnosis in this young population tends to
be delayed and the patients often have a longer history of
palpable mass in the breast [85]. The delay is often caused
by inadequate awareness of the disease among both patient
and physician [79, 86].

The effectiveness of physical examination is lower in
very young women, as they often have dense or nodular
breast tissue that is subject to cyclical hormonal changes.
Also, the accuracy of mammography is low in the young
women with high breast gland density, with a sensitivity of
only 62.9 % in women with extremely dense breasts [13, 80,
87, 88]. The use of breast MRI has shown higher sensitivity
compared with mammography [89–91]. For this reason,
MRI screening is recommended in women with higher
breast cancer risk for genetic or other reasons [82, 84, 92]. In
patients with breast cancer, there is little evidence that the
use of preoperative MRI improves the outcome after
breast-conserving surgery neither in term of local recurrence
nor overall survival [93, 94]

29.5 Tumor Characteristics/Biology

Tumors in very young women show generally a more
aggressive biological behavior leading to a worse prognosis.
They are reported to be less differentiated, with higher
proliferation fraction and more frequently lymphovascular
invasion, extensive intraductal component, necrosis, over-
expression of the HER-2 oncogene, absence of the estrogen
receptor, and to show more frequently, an axillary nodal
involvement than those in older females [13]. Results of the
POSH (Prospective Study of Outcomes in Sporadic and
Hereditary Breast Cancer) study, a large prospective obser-
vational study evaluating the pathological characteristics of
2956 breast cancer women under age 40, have recently been
reported [95]. The majority had ductal histology (86.5 %)
and grade III (58.9 %) tumors, 50.2 % had node-positive
disease, and multifocality was observed in 27 % of patients.
One-third of tumors were ER-negative and one-quarter were
HER-2 positive. Similar results were showed in the first
patients recorded in the Young Women’s Breast Cancer
Study [96], in particular high rates of lymphovascular
invasion and lymphocytic infiltration were found.

A population-based study analyzing date from Califor-
nian women between 2005 and 2009 adds to the evidence
that adolescent and young adult (AYA) women aged
between 15 and 39 years with breast cancer have larger

proportions of HR+/HER2+, HR−/HER2+, and
triple-negative subtypes as compared with older women.
Compared with White AYAs, Black and Hispanic women
had lower incidence rates of HR+/HER2- cancer, whereas
Black women had higher rates and Asians had lower rates of
triple-negative breast cancer [97].

In addition to the classical immunohistochemistry, gene
expression profiling has achieved growing value for the
differentiation of breast cancer subtypes [98, 99]. Four main
subtypes are recognized: luminal A, luminal B, HER-2
overexpressed, and basal-like. These subtypes correlate with
classical classification and with clinical-pathological surro-
gates: luminal A-like (ER+ and PR+, low grade, and low
proliferative rate), luminal B-like (ER+ and PR+, high
proliferative rate), HER-2 positive (non-luminal), and
triple-negative (ER-negative, PR-negative, and HER-2
negative).

The basal-like subtype refers to breast cancers with a
gene expression profile resembling normal breast
basal/myoepithelial cells, characterized by expression of
basal cytokeratins (CK5/6, CK14, CK17), caveolin 1 and 2,
cyclin-D1, vimentin and p-cadherin, and lack of expression
of ER, PR, and HER2. About 71–91 % of the triple-negative
breast cancers (TNBC) are basal-like subtype [100]. In
addition TNBC have histologically and transcriptionally,
similarities to BRCA1 associated breast cancer, suggesting a
possible dysfunction in BRCA1 in this subset of sporadic
cancers [101].

A large-scale genomic analysis illustrates that breast
cancer arising in young women is characterized by less
hormone sensitivity and higher HER-2/EGFR expression
[102]. In the largest to date published study [15], patients
younger than 40 had a significantly higher proportion of
basal-like (34.3 %) and HER2+ tumors and were less likely
to have luminal A breast cancer (17.2 %) as compared with
others age groups.

In recent years genetic signature has been developed to
predict the risk of recurrence [103] and the response to
chemotherapy [104, 105]. Their definite relevance is not yet
established, but they will probably become more important
in the future. Two randomized clinical trials investigating the
role of gene signature tools for the choice of adjuvant
treatment have completed the patients’ accrual: the TAI-
LORx trial is comparing hormone therapy with or without
combination chemotherapy in women who have undergone
surgery for node-negative breast cancer. Patients are
assigned to different treatment groups based on their risk of
distant recurrence determined by Oncotype DX (21-gene
panel) test [106]. The first results of the low-risk cohort of
the TAILORx trial have recently been released [107]: in
women with a recurrence score (RS) <11, at 5 years, the rate
of invasive disease-free survival was 93.8 % (95 % confi-
dence interval [CI], 92.4–94.9) and the rate of overall
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survival was 98.0 % (95 % CI, 97.1–98.6) with endocrine
therapy alone. The MINDACT (Microarray In node-negative
Disease may Avoid Chemotherapy) trial is a prospective,
randomized study comparing the 70 gene signature devel-
oped in Amsterdam with the common clinical pathological
criteria in selecting patients for adjuvant chemotherapy in
node-negative (planned also for node-positive),
hormone-sensitive breast cancer [108].

Prognostic genomic assays, like Oncotype DX, Mam-
maprint, PAM50, and Endopredict, were mostly developed
using data in postmenopausal women. Nevertheless, the
Dutch group [109] reported that 52/63 (82 %) young
patients were classified as high risk on MammaPrint. The
same findings were observed for Oncotype Dx, where the
majority of patients under age 40 had a high-risk score
(56 %) [110] and in a large cohort of women with
ER-positive breast cancer Shak found that patients aged
<40 years had higher average RS, lower ER expression, and
higher expression of genes related to cell proliferation
compared to older women. Immunohistochemical assays
also showed higher Ki-67 expression in tumors from
younger than older patients [111]. Moreover, a recent large
study of 9321 ER-positive breast cancer patients showed that
Ki-67 expression was inversely proportional to age at
diagnosis and was significantly higher in tumors from
patients aged <40 than in those aged ≥40 years [112].

29.6 Management/Treatment of Early Breast
Cancer

29.6.1 Surgery (Breast-Conserving Versus
Mastectomy)

Younger women show a higher incidence of local recur-
rences after mastectomy and after breast-conserving surgery
[113].

A comparison of outcome after breast-conserving surgery
(BCT) or mastectomy shows that patients younger than
35 years of age have a higher local relapse rate following
less extensive surgery [114]. The data of two randomized
clinical trials for stage I and II breast cancer patients were
pooled and a total of 1772 patients (879 underwent
breast-conserving surgery and 893 modified radical mas-
tectomy) were analyzed. Age of 35 years or less and the
presence of an extensive intraductal component were asso-
ciated with an increased risk of local recurrence after
breast-conserving therapy. Vascular invasion causes a higher
risk of local recurrence after mastectomy as well as after
breast-conserving therapy, and according to the author
should therefore not be used as a criterion for the choice of
surgical treatment. Jobsen [115] showed in a prospective
cohort study of 1085 women with pathological T1 tumors

treated with breast-conservative surgery, that the local
recurrence-free survival (LRFS) was significantly different
for the two age groups at 71 months follow-up: 89 % for
women 40 years old or younger and 97.6 % for women aged
more than 40 years. In a subset analysis, this significant
adverse effect of young age on outcome appears to be lim-
ited to the node-negative patients and those with a positive
family history. In order to analyze the possible prognostic
differences between patients treated with mastectomy and
breast-conserving surgery, Arriagada [116] and colleagues
analyzed the characteristics and outcome of 2006 patients
treated for relatively small breast cancer (<25 mm) and
followed for a mean of 20 years: 717 were treated conser-
vatively (lumpectomy and breast irradiation) and 1289 were
treated with total mastectomy. Patients with negative nodes
did not receive any systemic adjuvant treatment; for
node-positive women, ovarian suppression was performed
by radiotherapy in 26 % of the cases and chemotherapy or
additive hormonal treatments were given in only 3 % of the
patients. For women treated with mastectomy, histological
grade and extensive axillary node involvement (10 nodes or
more) were significant predictive factors for local relapse.
Young age, however, was not a prognostic indicator for local
recurrence. In contrast, for patients treated with a conser-
vative approach, young age (≤40 years) was the main
risk factor for local relapse. These younger patients had a
fivefold increased risk of developing a breast recurrence
compared with patients older than 60 years. Another cohort
study analyzing data from the population-based Danish
breast carcinoma database [117] focalized on 9285
premenopausal women with primary breast carcinoma who
were below 50 years at diagnosis. No increased risk of
death was observed among women who were treated by
breast-conserving surgery compared with women who
underwent radical mastectomy, regardless of age at
diagnosis (<35 years, 35–39 years, 40–44 years, or 45–49
years), despite the increased risk of local recurrence among
young women. A large, population-based analysis based on
the Surveillance, Epidemiology, and End Results (SEER)
database showed that in the 14,764 women aged 20–39 with
early breast cancer included between 1990 and 2007 OS
(hazard ratio [HR], 0.93; 95 % confidence interval [CI],
0.83e1.04; p = 0.16) and cause-specific survival (HR, 0.93;
CI, 0.83e1.05; p = 0.26) were similar after mastectomy or
BCT [118].

A recent meta-analysis including data of seven studies
comparing OS between BCT and mastectomy for a total of
22,598 young patients (≤40 years) with T1–T2 N0–N + M0
breast cancer showed, after all the adjustments, including
nodal status and tumor size, no difference in risk of death
between the two groups (10 % not significant risk reduction
in patients who underwent BCS compared to mastectomy;
summary HR = 0.90; 95 %CI: 0.81–1.00 [119]. Achieving
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negative margins with “no tumor on ink” is an appropriate
goal in breast-conserving surgery. Wider margins do not
decrease recurrence rates [120–122].

During the last decade, a growing number of women with
unilateral breast cancer in the US are choosing to undergo
contralateral prophylactic mastectomy (CPM) even in the
absence of known hereditary predisposition and despite no
survival advantage. Furthermore, the risk of contralateral
breast cancer in most women is relatively low and has been
decreasing due to better adjuvant treatments [123]. Recently,
an analysis of the California Cancer Registry data docu-
mented an increase in bilateral mastectomy rates among
women of all ages; however, this trend was most pro-
nounced in women diagnosed under the age 40: in 1998,
3.6 % of women under the age 40 underwent bilateral
mastectomy, while in 2011, bilateral mastectomy repre-
sented 33 % [124].

29.6.2 Radiation

Local treatment involving radiation therapy after
breast-conserving surgery has been shown to yield the same
disease-free survival and overall survival as in women
undergoing total mastectomy [125, 126]. In a first trial
analyzing the role of radiation boost, patients with a
microscopically complete excision received 50 Gy of radi-
ation to the whole breast, and thereafter they were randomly
assigned to receive either no further local treatment (2657
patients) or an additional localized dose of 16 Gy (2661
patients) [127]. Basal and HER-2 subtypes are significantly
associated with higher rates of local recurrence, in particular,
among younger women with pT1–T2 invasive breast cancer
after BCT [128]. Young age is an independent risk factor for
local recurrence [129] for both intraductal and invasive
diseases [130]. Patients who are 40 years old or younger
benefited most from the addition of the boost; at 5 years,
their rate of local recurrence was 19.5 % with standard
treatment and 10.2 % with additional radiation (hazard ratio,
0.46 [99 % confidence interval, 0.23–0.89]; P = 0.002).
The EORTC “boost versus no boost” trial [131] showed that
young patients need a 16 Gy boost after breast-conserving
surgery to reduce effectively the local recurrence rate. 5.569
early stage breast cancer patients were entered in this large
randomized trial. All patients underwent tumorectomy fol-
lowed by whole breast irradiation with 50 Gy. Patients
having a microscopically complete excision were random-
ized between receiving no boost or a 16 Gy boost, while
patients with a microscopically residual disease were ran-
domized between boost doses of 10 and 26 Gy. The boost
significantly reduced the 5-year local recurrence rate from 7
to 4 % for patients with a complete excision (P < 0.001). No
statistical differences in outcome have been shown between

the complete (94 % of the women) and incomplete excision
(6 %) groups. For patients 40 years of age or younger, the
boost dose reduced the local recurrence rate from 20 to 10 %
(P = 0.002). A recently published update of this trial showed
that after a median follow-up period of 10.8 years, a boost
dose of 16 Gy led to improved local control in all age
groups, but no difference in survival could be observed. The
absolute risk reduction at 10 years per age group was the
largest in patients 40 years of age or younger, and severe
fibrosis was statistically significantly increased in the boost
group, with a 10-year rate of 4.4 % versus 1.6 % [132]. The
ongoing “young boost” trial conducted by the EORTC will
evaluate whether a higher boost dose will further reduce the
risk of local recurrence with still acceptable cosmetic out-
come and without long-term side effects [133]: patients aged
50 years or less will be randomized to receive 26 Gy boost
versus 16 Gy to the tumor bed after breast-conserving
therapy, following 50 Gy to the whole breast.

There is also increasing evidence that young women may
benefit additionally from post-mastectomy breast irradiation
in the setting of 1–3 positive axillary lymph nodes [134].

29.6.3 Chemotherapy

With adequate systemic treatment, the outcome of breast
cancer in young women may approach the one reported for
older women [135, 136]. There is no evidence for the use of
specific chemotherapy for young women. In the last
EBCTCG meta-analysis involving anthracycline and
taxane-containing regimes, the proportional risk reduction
was not generally influenced by age [137]. The addition of a
taxane to an anthracycline-based regimen improves the DFS
and OS of high-risk early breast cancer patients. The DFS
benefit was independent of ER expression, degree of nodal
involvement, type of taxane, age or menopausal status of
patient, and administration schedule [138].

In patients with early breast cancer, chemotherapies are
better tolerated and appear to be more effective on average in
younger than in older patients [139]; however, single trials
of adjuvant chemotherapy are generally not stratified by age
and if stratified, the age cutoffs are set around the natural age
of menopause. The difference in the efficacy may reflect the
different distribution of ER-negative and ER-positive can-
cers in younger women [13, 136, 139, 140]. Patients with
ER-negative tumors may yield a higher benefit from more
intensive chemotherapies than patients with ER-positive
breast cancer [141].

Timing of chemotherapy start may have relevance for
young patients: an analysis of the International (Ludwig)
Breast Cancer Study Group (IBCSG) Trial V at a median
follow-up of 11 years suggested that early initiation (within
21 days from surgery) of adjuvant chemotherapy might
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improve outcome for premenopausal, node-positive patients
whose tumors do not express estrogen receptors [142]. In
contrast, clinical trials of the Danish Breast Cancer Coop-
erative Group could not show a survival benefit for early
initiation of adjuvant chemotherapy within the first 2–
3 months after surgery [143]. A retrospective review of the
institutional database at The University of Texas MD
Anderson Cancer Center showed that initiation of
chemotherapy >61 days after surgery was associated with
adverse outcomes in term of overall and disease-free sur-
vival in particular among patients with higher risk of
recurrence (Stage III, HER2 positive, or triple-negative
cancers) compared with those starting chemotherapy within
30 days after surgery [144].

A special issue is represented by the so-called
triple-negative cancers (TNBC). This subgroup accounts
for 15 % of all breast cancer and for an even higher per-
centage of breast cancer arising in premenopausal Hispanic,
African, and African-American women. Histologically,
these cancers are mostly infiltrating ductal carcinomas of
high grade, poor tubule formation, and high mitotic count,
with pushing border, central fibrosis, and lymphocytic
infiltrate. However, the triple-negative IHC is found in
several breast cancer types with different histologically fea-
tures and sometime better clinical prognosis [145] as for
example medullary, low-grade apocrine, secretory, adeno-
cystic, or low-grade metaplastic carcinomas. The TNBC is
resistant to anti-HER2 treatments and endocrine therapies.
Potential targets for treatment development for this special
group of breast cancers include surface receptors, such as
epidermal growth factor receptors (EGFR) or c-KIT; protein
kinase components of the mitogen activated protein (MAP)-
kinase pathway; protein kinase components of the protein
kinase B (Akt) pathway; induction of DNA damage by
specific chemotherapy agents as these cancers might be more
sensitive to agents that cause interstrand and double-stranded
breaks like platin-containing compounds; and inhibition of
already defective DNA repair, by poly ADP-ribose poly-
merase 1 (PARP1) inhibition [146]. In a population-based
study using the California Cancer Registry data Bauer [147]
showed that TNBC affects more frequently younger,
non-Hispanic Black and Hispanic women in areas of low
socioeconomic status. Regardless of stage at diagnosis,
women with TNBC had poorer survival than those with
other types of breast cancers. Within the population of
TNBC, the patients whose cancer has the basal-like pheno-
type may have a particularly high probability of relapse
[148]. The role and value of chemotherapy is clearly
established in patients with ER-negative breast cancer. There
are currently no data supporting the use of platinum in the
adjuvant setting; however, in BRCA, mutation carrier’s
recent data—TNT trial—suggest advantage of platinum-
based CT over taxane in first-line metastatic setting [149].

In patients with BRCA-associated triple-negative or
endocrine-resistant metastatic breast cancer previously trea-
ted with an anthracycline and a taxane (in the adjuvant or
metastatic setting), a platinum regimen may therefore be
considered [150].

The EBCTCG meta-analysis [139] published 2005 pro-
vides a rationale for using adjuvant chemotherapy in young
patient with ER-positive breast cancer, showing a reduction
of the annual breast cancer death rate by about 38 %. Fur-
thermore, the recently updated EBCTCG meta-analysis
[137] shows that adding taxane to anthracycline may
increase the benefit of adjuvant chemotherapy.

29.6.4 Endocrine Treatment

Since the St. Gallen consensus conference in 2005 [151],
endocrine responsiveness has become the primary factor for
the choice of the adjuvant treatment in breast cancer. This
aspect was largely discussed and emphasized at the last
meeting in 2015 [152]. According to the results of the
Oxford meta-analysis [153], 5 years of treatment with
tamoxifen halved the recurrence rate during years 0–4 and
reduced it by a third during years 5–9 (with little further
effect after year 10), so over all time periods the recurrence
rate reduction averaged 39 %. The risk of death was reduced
by 30 % at 15 years in women with ER-positive breast
cancer. This effect was similar across all age groups and was
not jeopardized by prior chemotherapy.

After the publication of the results of the ATLAS [154]
and aTTom Trials, the updated ASCO Guidelines [155]
recommended to consider the extension of the tamoxifen
treatment to 10 years. In the ATLAS trial, the cumulative
risk of death from breast cancer 15 years after diagnosis
among women on tamoxifen for 10 years was 12.2 versus
15 % in women who stopped tamoxifen at 5 years, an
absolute difference of 2.8 %.

Two randomized clinical trials confirmed the efficacy of
tamoxifen treatment after anthracyclines-based adjuvant
chemotherapy also in premenopausal women with estrogen
receptor-positive disease, achieving an improvement of the
disease-free survival of about 40 % [156, 157].

The suppression of ovarian function by oophorectomy,
radiation therapy, or through gonadotropin-releasing hor-
mone (GnRH) reduces the relative risk of recurrence by
17 % and the risk of death by 13 % in women younger than
40 years of age with an estrogen receptor-positive tumor,
and the efficacy is larger if the suppression of the ovarian
function (OFS) is not combined with adjuvant chemotherapy
[139, 156]. This result is indeed expected as chemotherapy
may frequently induce amenorrhea, in particular in older
premenopausal women [158, 159]. Subgroup analysis of
many randomized trials showed that goserelin after

29 Breast Cancer in Younger Women 535



chemotherapy was only effective in women who did not
experience ovarian failure with chemotherapy and in par-
ticular in patients younger than 40 years [157, 160].

Ovarian function suppression was at least as effective as
CMF-based or anthracycline-based chemotherapy in some
randomized clinical trials investigating suppression alone or
in combination with tamoxifen [160–168].

In the metastatic setting, the combination of ovarian
suppression and tamoxifen was shown to be superior to each
single-agent treatment [169]. In the adjuvant setting, the
ZIPP trial [170] showed a similar outcome for goserelin and
tamoxifen, but the combination of both did not show a larger
benefit.

The North American Intergroup trial 0142 [171] showed
similar results and despite the fact that the statistical power
was limited because the trial was closed early due to low
accrual, the addition of ovarian ablation to tamoxifen did not
result in an improved disease-free survival or overall sur-
vival but only in higher toxicity in terms of menopausal
symptoms and sexual dysfunction. The SOFT trial (Sup-
pression of Ovarian Function Trial) [172] was designed to
evaluate whether OFS in combination with either tamoxifen
or an AI (exemestane = E) added benefit compared to
tamoxifen (T) alone. The results revealed that the lowest-risk
women (e.g., those who did not receive chemotherapy)
experienced outstanding outcomes, with 5-year breast
cancer-free survival approximately equivalent between the
three treatment arms (tamoxifen alone: 95.8 %; T+OFS:
95.1 %; E+OFS: 97.1 %). Among women who did receive
chemotherapy and remained premenopausal, adding OFS to
tamoxifen resulted in an absolute increase in 5-year breast
cancer-free survival of 4.5 %. The benefit was even greater
when comparing tamoxifen alone versus E+OFS, with a
5-year absolute increase in breast cancer-free and distant
recurrence-free survival of 7.7 and 4.2 %, respectively.
Subgroup analyses indicated that the greatest added benefit
of OFS over tamoxifen alone was seen in the youngest
women; among women younger than 35, 5-year breast
cancer-free survival in the tamoxifen alone arm was 67.7
versus 78.9 % in T+OFS and 83.4 % in E+OFS with no
clear survival advantage demonstrated to date. In the post-
menopausal setting, the efficacy of the aromatase inhibitors
(AI) is well established as shown in several randomized
trials. AIs do not suppress the ovarian synthesis of estrogen
and may even induce recovery of the ovarian function in
premenopausal women amenorrhoeic after chemotherapy
[173]. AIs were also shown to be useful in stimulating
ovulation in the context of in vitro fertilization (IVF) [174,
175]. For all these reasons, their use in premenopausal
patients is recommended only in combination with ovarian
suppression.

Final results from the ABCSG-12 Trial, which compared
the aromatase inhibitor, anastrozole, to tamoxifen among

premenopausal women receiving OFS, revealed no differ-
ence in disease-free survival between the two arms, overall
survival in the anastrozole arm was lower relative to the
tamoxifen arm [176]. After a median follow-up of 8 years,
overall survival for the entire study population, the majority
of whom had not received chemotherapy, was 95.2 %.
While the addition of zoledronic acid to OFS and endocrine
therapy (ET) did not significantly improve disease-free in
women aged 40 and younger, among women older than 40,
both disease-free survival and overall survival were superior
in the group randomized to zoledronic acid.

The TEXT [177] trial randomized premenopausal women
receiving OFS to exemestane or tamoxifen. In contrast to the
ABCSG 12 trial, women randomized to receive AI and OFS
arm had significantly better disease-free survival compared
to the tamoxifen and OFS arm, (HR: 0.72). Overall survival
between the groups was not significantly different (HR:
1.14)

Data exist on the use of aromatase inhibitors in combi-
nation with ovarian function suppression in premenopausal
women with advanced breast cancer. In a small study,
including 16 patients [178], all previously treated with
goserelin and tamoxifen, it has been shown that almost all
benefited from the switch to anastrozole at progression.
Another recently published trial evaluating 32 pre-
menopausal women with T2–T4, N0–N2 breast cancer, who
underwent neoadjuvant endocrine treatment with triptorelin
and letrozole [179] showed that 16 patients had a response, 1
complete pathological response and 15 clinical and imaging
partial responses.

The role of fulvestrant, a selective estrogen receptor
downregulator has being investigated in at least one trial for
premenopausal patients with advanced breast cancer: in 26
premenopausal women with hormone receptor-positive
metastatic breast cancer the combination of fulvestrant
250 mg plus goserelin 3.6 mg appears to possess clinically
meaningful activity [180]. To date, its use outside a clinical
trial cannot be recommended in the adjuvant setting.

29.6.5 Targeted Treatment

An increasing number of compounds are being developed
that target cellular mechanisms involved in the pathogenesis
of breast cancer in a specific way. The rational use of such
therapies should be based on the understanding of molecular
pathways and on appropriate clinical trials with relevant
endpoints.

29.6.5.1 Monoclonal Antibodies
Trastuzumab: The first widely used substance of this class
was trastuzumab, a humanized monoclonal antibody, that
binds to the extracellular segment of the HER2 receptor.
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Cells treated with trastuzumab undergo arrest during the G1
phase of the cell cycle, therefore reducing their proliferative
activity. It has been suggested that trastuzumab induces
some of its effect by downregulation of HER2 leading to
disruption of receptor dimerization and signaling through the
downstream PI3K cascade. P27Kip1 is then not phospho-
rylated and is able to enter the nucleus and inhibit cdk2
activity, causing cell cycle arrest [181]. In addition, trastu-
zumab suppresses angiogenesis by both induction of
antiangiogenic factors and repression of pro-angiogenic
factors. It is thought that a contribution to the unregulated
growth observed in cancer could be due to proteolytic
cleavage of HER2 that results in the release of the extra-
cellular domain. Trastuzumab has been shown to inhibit
HER2 ectodomain cleavage in breast cancer cells [182].

Several clinical trials have shown that trastuzumab is
effective as single substance and in combination with
chemotherapy in the treatment of advanced [183] breast
cancer overexpressing HER2. According to the results of
five independent randomized studies, which enrolled in total
13.000 women in the adjuvant setting, trastuzumab com-
bined with chemotherapy was able to reduce the risk of
recurrence by at least one-third and in all but one studies
[184], a reduction of the risk of death was also demonstrated
[185–190]. Trastuzumab seems to be more effective when
commenced concurrently with the taxane component of
chemotherapy, as compared with sequential administration
after completion of chemotherapy [191].

The HERA trial compared also a longer duration of
trastuzumab (2 years vs. 1 year). After a median follow-up
of 8 years, there were 367 DFS events in 1552 patients in the
1-year group and 367 events in 1553 patients in the 2 year
group (HR 0.99, 95 % CI 0.85–1.14, p = 0.86) [190]. The
administration of adjuvant trastuzumab for 2 years resulted
in increased rate of Grade 3–4 adverse events and decrease
in left ventricular ejection fraction (LVEF) during treatment
as compared to the 1 year group. Trastuzumab-regimens
shorter than 1 year have been assessed. The FinHER study
randomized 232 women with early stage HER2-positive
breast cancer after three cycles of docetaxel or vinorelbine,
followed by three cycles of fluorouracil, epirubicin, and
cyclophosphamide to receive 9 weekly trastuzumab infu-
sions or not. In the final analysis after 62 months of medial
follow-up, trastuzumab administration resulted in a trend
towards improved distant DFS [192]. Based on the results of
the FinHER trial, the PHARE trial explored the efficacy of
shorter duration of adjuvant trastuzumab treatment. In total,
3.381 patients with HER2-positive early BC who had
received at least four cycles of chemotherapy and up to
6 months of trastuzumab prior to randomization were ran-
domized to continue trastuzumab for a total of 12 or to stop
at 6 months [193]. The study did not meet the non-inferiority

endpoint, and therefore the 6 months duration cannot be
recommended. The administration of 1-year adjuvant
trastuzumab concurrently to the taxane component of
chemotherapy is considered as the standard of care [194].
A subgroup analysis of the HERA trial showed that patients
under the age 35 have the same benefit from 1-year trastu-
zumab treatment as older ones [195].

Pertuzumab is a monoclonal inhibitor of the dimerization
of the HER2 protein with the epidermal growth factor
receptor (EGFR and HER1) and other pathways [196]. Its
mode of action differs from trastuzumab and small molecule
kinase inhibitors such as gefitinib. In the metastatic setting,
the CLEOPATRA trial [197, 198] showed superior results,
in terms of PFS (18.5 vs. 12.4 months) and 1-year survival
(23.6 % vs. 17.2), of the triplet trastuzumab + per-
tuzumab + docetaxel compared to trastuzumab + docetaxel
as first-line therapy. Currently, there is an ongoing ran-
domized phase III study, the APHINITY trial, comparing the
pertuzumab/trastuzumab doublet versus adjuvant trastuzu-
mab single-agent, with the results of the primary endpoint
analysis of iDFS expected during Q2 2016.

T-DM1 (Trastuzumab Emtansine) is an antibody–drug
conjugate incorporating the human epidermal growth factor
receptor 2 (HER2)–targeted antitumor properties of trastu-
zumab with the cytotoxic activity of the microtubule-
inhibitory agent DM1. Trials in women with metastatic
breast cancer have shown consistent and substantial benefits
in terms of PFS and OS, both in the second line (vs. lapa-
tinib + capecitabine, in the EMILIA trial) [199]; and beyond
(vs. treatment of physician’s choice, in the TH3RESA trial
[200]). The KATHARINE study is a randomized phase III
trial, currently evaluating the efficacy of T-DM1 versus
trastuzumab in patients with residual disease following
neoadjuvant chemotherapy and trastuzumab.

Bevacizumab is a monoclonal antibody directed against
vascular endothelial growth factor (VEGF) that inhibits
many functions of the VEGF. This compound was shown to
be active as first-line treatment of metastatic breast cancer in
combination with paclitaxel [201], but not in a later phase of
the disease combined with capecitabine [202]. A randomized
phase III trial compared bevacizumab and paclitaxel with
paclitaxel alone as first-line therapy in 772 patients with
metastatic disease. Paclitaxel plus bevacizumab significantly
prolonged progression-free survival as compared with
paclitaxel alone (median, 11.8 vs. 5.9 months; hazard ratio
for progression, 0.60; P < 0.001) and increased the objective
response rate (36.9 % vs. 21.2 %, P < 0.001). The overall
survival rate, however, was similar in the two groups (me-
dian, 26.7 vs. 25.2 months; hazard ratio, 0.88; P = 0.16)
[203]. The trial BEATRICE [204] randomized women with
early stage triple-negative breast cancer to receive either
chemotherapy followed by observation or the same
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chemotherapy combined with bevacizumab and followed by
single-agent bevacizumab for 1 year. After a follow-up of
median 31.5 months bevacizumab did not show any benefit
in term of disease-free survival. HER2 overexpression has
been associated with vascular endothelial growth factor
(VEGF) upregulation and secretion in breast cancer cells,
resulting in increased angiogenesis and metastatic dissemi-
nation of human HER2-overexpressing breast cancer cells.
These findings led to clinical trials investigating the com-
bination of bevacizumab and trastuzumab in the metastatic
(AVAREL) and in the adjuvant (BETH) setting [205, 206].
Both showed no benefit in the addition of bevacizumab to
trastuzumab.

29.6.5.2 Tyrosine Kinase Inhibitors
Lapatinib is an orally active dual kinase inhibitor that
reversibly inhibits the HER1 and HER2 kinase activities; its
activity seems to be limited to breast cancers with a strong
expression of HER2 [207]. Preliminary results indicate that
lapatinib is effective in the therapy of advanced HER2-
positive breast cancer in combination with capecitabine after
failure of anthracycline-, taxane- and trastuzumab-based
therapy [208].

Patients with HER2-overexpressing breast cancer have
been found to have a significantly higher risk of developing
brain metastases [209–211]. Lapatinib, which is a small
molecule capable of crossing the blood–brain barrier, has
been used in clinical trials for the treatment of brain
metastases. A phase-II trial using lapatinib in 39 patients,
who developed brain metastases while receiving trastuzu-
mab showed that one patient achieved a PR in the brain and
seven patients (18 %) were progression free in both CNS
and non-CNS sites at 16 weeks [212].

The use of lapatinib in the adjuvant therapy has been
investigated in a randomized trial conducted by the BIG
Group that compared lapatinib (L) with trastuzumab (T) as
well as the sequential-(L+T) and combined (LT) treatment
by lapatinib and trastuzumab (ALTTO) [213]. L+T showed a
lower risk of a DFS event compared with T, and LT
appeared non-inferior to T, but neither finding was statisti-
cally significant. The first DFS results of dual HER2
blockade in the adjuvant ALTTO trial at 4.5 years median
follow-up are unexpected and surprising considering the
effect shown by doubling the pCR rate with L+T versus T in
the NeoALLTO trial.

Everolimus, another mTOR inhibitor, added to Exemes-
tane in the metastastic setting showed a clinically mean-
ingful and statistically significant improvement in the
primary endpoint, PFS, but did not confer a statistically
significant improvement in overall survival [214]. Two
investigator-initiated studies are evaluating the role of

everolimus in the adjuvant setting in women with poor
prognosis, ER-positive and HER2-negative primary breast
cancer (NCT01805271 and NCT01674140) [215].

Neratinib is an irreversible panHER tyrosine kinase
inhibitor. The ExteNET study examined the advantage of
extended adjuvant therapy with neratinib given orally for
1-year versus placebo in patients who had already completed
adjuvant chemotherapy, as well as 12 months of adjuvant
trastuzumab. Preliminary results announced in a press
release indicate that neratinib improved DFS by 33 %
compared with placebo (HR = 0.67; p = 0.0046) [216].

The molecular crosstalk between several receptor kinases
and steroid hormone receptors is likely to be involved in the
resistance to antiestrogens [16, 217]; thus, modifiers of these
mechanisms will potentially improve the management of
hormone-sensitive breast cancer patients [218–221].

29.6.5.3 PARP1 [Poly(ADP-Ribose)
Polymerase-1]—Inhibitors

PARP1 activity is required for base-excision repair, a DNA
damage repair pathway that recognizes and eliminates DNA
bases damaged by oxidation in a process that occurs thou-
sands of times during each normal cell cycle. In the absence
of PARP1, oxidized bases accumulate eventually causing
double-stranded DNA breaks. Normally, homologous
recombination repairs these breaks, but should this mecha-
nism be unavailable, as is the case when BRCA1 or BRCA2
is deficient or mutated, the cell dies [222]. Preclinical studies
showed that inhibition of PARP would lead to selective and
significant killing of BRCA-mutated cancer cells, a phe-
nomenon described as synthetic lethality that is not observed
in cells with intact BRCA function [223]. The oral PARP
inhibitor olaparib in heavily pretreated ABC patients with
BRCA mutations provides positive proof-of-concept of the
efficacy and tolerability of this targeted approach [224, 225].
The OlympiA trial, a phase III clinical trial investigating the
efficacy of a maintenance treatment with olaparib after
completion of the (neo)-adjuvant chemotherapy is currently
accruing (NCT02032823) [215]. Olaparib as well as other
PARP inhibitors are being evaluated either alone, in com-
bination with chemotherapy [226] or with other inhibitors
[227] for BRCA deficient tumors in the adjuvant as well as
the metastatic setting.

29.6.5.4 Vaccines and Immunotherapy
Active immunization by tumor antigens that are able to
induce specific long-term antitumor immune responses is
still an investigational approach in early and advanced breast
cancer. Early data from clinical trials show some antitumor
activity and low toxicity. Promising results have been
reported from a small randomized clinical trial of active
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immunization with a vaccine targeting HER2 protein in 171
patients with early breast cancer: the vaccine significantly
reduced the risk of recurrence without causing serious toxic
effects. The clinical recurrence rate for the vaccinated
patients was 5.6 % (5/90) compared to 14.8 % (12/81) for
the observation patients (p = 0.04) at a median follow-up of
24 months [228]. The next generation of clinical studies will
integrate breast cancer vaccines with standard therapies. The
adjuvant setting is considered most promising as the
immunosuppressive effect of bulky disease does not interfere
with effective immune responses [229]. Multiple
immunotherapy modalities are under investigation in
patients with breast cancer. These include vaccine to
enhance specific immune responses to tumor antigens such
as WT-1, HER2 and NY-ESO-1, adoptive transfer of in
vitro-expanded, naturally arising or genetically engineered
tumor-specific lymphocytes, therapeutic administration of
monoclonal antibodies to target and eliminate tumor cells,
and inhibition of the molecular or cellular mediators of
cancer-induced immunosuppression, such as CTLA-4, PD-1
or Treg cells [230].

29.7 Management/Treatment of Advanced
Breast Cancer

As for early breast cancer, also in the metastatic setting, age
alone should not be a reason to prescribe more aggressive
therapy. Whenever feasible biopsy of the metastases should
be performed for confirmation of the diagnosis and assess-
ment of the biology [231], local treatment in case of isolated
visceral metastasis [232] or oligometastatic presentation may
be evaluated case by case. In young women with known
endocrine responsive metastatic breast cancer, tamoxifen in
combination with ovarian function suppression or ablation
(OSF) remain the preferred treatment choice [233] unless
rapid tumor shrinkage is needed. After progression on
tamoxifen/OFS, treatment with aromatase inhibitor/OFS
may be considered [146, 234]. There are only few data
about the use of fulvestrant in premenopausal women [180].
Recently, its combination with the inhibitor of CDK4 and
CDK6 palbociclib resulted in longer progression-free sur-
vival and a relatively higher quality of life than fulvestrant
alone in patients with advanced hormone receptor-positive
breast cancer that had progressed during prior endocrine
therapy, regardless of the patient’s menopausal status [235].
Based on the available data about chemotherapy, sequential
monotherapy is recommended for metastatic breast cancer.
However, doublets like docetaxel/capecitabine or paclitaxel/
gemcitabine seem to prolong survival over monotherapy
[236].

29.8 Side Effects of the Treatment

29.8.1 Surgery

Cellulitis or abscess of the breast occurs in 1–8 % of women
undergoing breast-conserving surgery. In two separate
reports, risk factors for breast cellulitis included drainage of
a hematoma, postoperative ecchymosis, tumor stage, the
volume of resected breast tissue, the number of breast ser-
oma aspirations, breast and arm lymphedema, and removal
of more than five axillary nodes [237, 238]. Cellulitis of the
ipsilateral arm is a well-known complication in women who
have undergone axillary lymph node dissection that typically
occurs late after surgery [239]. In a retrospective analysis of
580 women treated for breast cancer between 1985 and
2004, it was shown that the overall incidence of delayed
breast cellulitis (DBC) was 8 % and the median time to
onset of DBC from the date of definitive surgery was
226 days [238].

Seroma formation occurs in almost all patients after
mastectomy. In a prospective randomized trial, extensive
axillary node involvement was the greatest predictor of
prolonged lymphatic drainage need after mastectomy, fol-
lowed by obesity and the performance of a surgical two-step
procedure [240]. Sometimes patients describe a change in
chest wall sensation after mastectomy reported as “phantom
breast syndrome” [241]; it appears in short after mastectomy
in almost 15 % of the patients [242]. Other neurological
complications, in particular neuropathic pain, after surgery
have been reported in about 30 % of the patients [243].

Differences in incidence of surgical side effects between
younger and older women are not reported, and the fre-
quency of adverse event and the cosmetic outcome are
mostly related to the local situation (i.e., tumor extension in
relation to the breast volume) and the surgical technique and
not to age [244, 245].

29.8.2 Systemic Treatment

Side effects due to endocrine therapies are in general
underestimated. In particular, tamoxifen treatment in pre-
menopausal women is associated with a variety of symp-
toms, including vasomotor symptoms, vaginal complaints
(dryness, itching, and discharge), decrease of libido, amen-
orrhea, insomnia,and mood disturbances, leading to signifi-
cant restriction in the quality of life [246–249]. According to
the recent results of the combined SOFT and TEXT analysis,
women on tamoxifen plus OFS were more affected by hot
flushes and sweats over 5 years than were those on
exemestane plus OFS, although these symptoms improved

29 Breast Cancer in Younger Women 539



during the course of treatment. Patients on exemestane plus
OFS reported more vaginal dryness, greater loss of sexual
interest, and difficulties becoming aroused than did patients
on tamoxifen plus OFS; these differences persisted over
time. In the SOFT, the SOFT trial, the global quality of life
did not differ between treatment arms, women on tamoxifen
and OFS reported more problems with vaginal dryness over
the entire study period as well as short-term problems with
hot flashes, sexual interest, and sleep, compared to women
on tamoxifen alone. Among women who had received
chemotherapy, the differences in symptom burden and
changes in symptoms over time were attenuated [250]. Bone
metabolism is highly affected by changes in ovarian func-
tion. An analysis of 89 women participating in the ZIPP trial
showed that 2 years of ovarian ablation through goserelin
treatment caused a significant reduction in bone mineral
density, but there was a partial recovery from bone loss
1 year after cessation of treatment. The addition of tamox-
ifen seems to partially counteract the demineralizing effects
of goserelin [251]. Tamoxifen alone, however, was associ-
ated with bone loss in patients who continued to menstruate
after adjuvant chemotherapy [252]. Because of these vari-
able treatment effects bone health has to be regularly
checked in young women with breast cancer. In several
reports, it has been shown that women undergoing
oophorectomy before the onset of menopause had an
increased risk of cognitive impairment, dementia, and even
Parkinsonism [253, 254]. The impact of the estrogen
deprivation on cognitive function in women treated with
OFS for breast cancer is not yet exhaustively clarified.
Cognitive function has been prospectively investigated in a
subset of patients participating in the SOFT trial. This small
longitudinal study was not able to provide evidence that the
addition of OFS to oral adjuvant endocrine therapy affects
cognitive function in a clinically meaningful way after 1 year
of treatment [255]. It is well known that there is an increase
in cardiovascular disease and cardiovascular risk factors
after the menopause, but it is still unclear if this is related
exclusively to the aging process or is primarily due to
estrogen deprivation. No data are available about the
long-term risk of cardiovascular events in young women
treated with OFS. The short-term side effects of
chemotherapy for early breast cancer in terms of gastroin-
testinal symptoms, bone marrow depression, and infection
risk do mostly not differ in dependence of age, but
chemotherapies are in general better tolerated by young
women in terms of acute side effects [139]. A substantial
portion of women treated with adjuvant chemotherapy, but
particularly, premenopausal patients gain weight during
treatment. On average, with CMF they gain 2–6 kg, less
with AC [256]. The weight gain may be caused by reduced

basal metabolic rate, increased food intake, diminished
physical activity, and ovarian failure [257, 258]. The risk of
chemotherapy-induced amenorrhea and infertility is lower
in young premenopausal women [158, 259, 260], but
menopausal symptoms induced by chemical castration and
endocrine treatment have a high impact on the quality of life
in younger women [261].

29.8.3 Radiation Therapy

The incidence of immediate skin reaction and subsequent
telangiectasia was dramatically reduced with the use of
modern equipment and smaller dose per fraction with con-
sequent minimization of the radiotherapy dose delivered to
the skin [262]. The data on effect of age on side effects of
radiotherapy are inconsistent, and the effect of age seems to
vary by site of irradiation [263]. In a report of 416 women
followed between June 2003 and July 2005 for outcome and
side effects of radiation therapy after breast-conserving sur-
gery, increased age of the patient was a risk factor for the
development of telangiectasia [264]. Another recent study
conducted between 2006 and 2011 reported that after 50 Gy
3D radiotherapy to the whole breast acute skin toxicities
(grade 2) was observed for larger breast volumes
(p = 0.004), smoking during radiation therapy (p = 0.064),
and absence of allergies (p = 0.014) as well as larger tumor
size (p = 0.009) and antihormonal therapy (p = 0.005).
Neither patient age, BMI, nor choice of chemotherapy
showed any significant effect on higher grade toxicity [265].

Long-term side effects like cardiac failure are less fre-
quently seen in young patients, but if present, their impact on
quality of life and overall survival may be deleterious in
young, otherwise healthy women [266–268].

Angiosarcomas arising in the irradiated breast are rare
and represent about 1 % of all soft tissue sarcomas, but are
being reported with increasing frequency over the past
20 years, as breast-conserving therapy combined with radi-
ation therapy to the breast has replaced modified radical
mastectomy as standard of care [269].

A special issue is represented by the risk of lymphedema.
A prospective cohort trial in 666 women diagnosed with
breast early breast cancer showed after a follow-up of
10.2 years that the oldest age group (60–64 years) had a
lower risk of lymphedema than the youngest age group (35–
44 years) (HR = 0.59, 95 % CI: 0.35–0.97) [270]. Young
patients present frequently with more advanced disease, in
part due to a later diagnosis. In addition, in young women
there is a higher incidence of inflammatory breast cancer
accompanied by extensive lymphovascular invasion and
nodal involvement [271]. After breast-conserving surgery
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with radiation therapy, more breast edema is observed, and
moreover, younger patients undergo fivefold more breast
reconstructions, which may increase the risk of lymphedema
[272]. Radiotherapy (particularly extensive in case of locally
advanced disease) may also affect the lymphatic drainage of
the limb, and this may have a greater impact in young
women [273, 274].

29.9 Follow-up Recommendations
and Survivors Care

Survival of patients with breast cancer has increased during
the last decade, and therefore, more breast cancer survivors
treated with surgery, irradiation, and adjuvant systemic
therapy are in follow-up care. The most recent ASCO
guidelines for follow-up of breast cancer survivors recom-
mend annual mammography and more frequent medical
history and physical examination to screen for new or locally
relapsed breast cancers or symptoms of possible metastases
or secondary malignancies, but no specific screening is
recommended for occult metastatic disease in asymptomatic
patients [275]. Although screening breast magnetic reso-
nance imaging (MRI) seems to be more sensitive than
conventional imaging at detecting breast cancer in high-risk
women, there is no evidence that breast MRI improves
outcomes when used as a breast cancer surveillance tool
during routine follow-up in asymptomatic patients [84]. The
decision to use breast MRI in high-risk patients should be
made on an individual basis depending on the complexity of
the clinical scenario.

The referral for genetic counseling is recommended for
women who meet the criteria suggested by the Preventive
Services Task Force and the National Comprehensive Can-
cer Network [276]. During follow-up, the consequences of
premature menopause, other late side effects of antiestrogen
therapy, and of other adjuvant therapies should be recog-
nized and treated if indicated, but estrogen substitution
therapy should possibly be avoided. Sexual dysfunction can
be addressed through sexual counseling and vaginal dryness
can frequently be sufficiently managed with non-hormonal
preparations or with cautious use of estrogen ring prepara-
tions, recognizing that there is the potential for slight sys-
temic absorption [277, 278]. The role of androgen treatment
in this context is still controversial [279]. Beneficial effects
of testosterone on libido and sexual function were reported
in naturally or treatment-induced postmenopausal women,
but no data are available about the safety profile of
testosterone.

Bone mineral density should be assessed, adequate intake
of calcium and vitamin D and regular weight-bearing exer-
cise encouraged, and bisphosphonate treatment initiated, if
indicated [280, 281].

29.10 Fertility Preservation

The increasing age at first and subsequent pregnancies in the
western world and the improved survival for women diag-
nosed with breast cancer increases the relevance of fertility
issues. Preserving fertility is frequently an important issue
for younger female cancer survivors and their partners [282,
283]. In a web-based survey of 657 breast cancer patients,
Partridge [284] showed fertility (after treatment) being a
major concern for young women with breast cancer. In a
longitudinal cohort study of 577 breast cancer patients, Ganz
[285] showed that 20 % were planning or hoping to have
children before the diagnosis of breast cancer. 11 % (n = 61)
reported that they had considered getting pregnant since the
breast cancer diagnosis. While 19 % of these 61 survivors
reported that they were not planning a pregnancy due to
physician’s recommendation, 17 % said they were not
planning a pregnancy because they were worried about the
risk of relapse. Only 5 % of women reported a pregnancy
and life birth after the breast cancer diagnosis. In a multi-
center survey, Thewes [286] observed highest need in
fertility-related information at the time of diagnosis and
treatment decision. In later stages of treatment, menopause-
related information was significantly more important. Little
if any attention has been paid to fertility-related needs of
partners. In a case-control study conducted in Israel [287],
30 breast cancer survivors and 13 husbands were compared
to 29 healthy women and 15 husbands using qualitative
questions and quantitative measures, including demographic
and medical questionnaire. The experience of having breast
cancer did not lower the overall positive motivation toward
childbirth in this population. Initial concerns that fertility
preservation interventions and/or a pregnancy might increase
the risk of cancer recurrence in breast cancer and gyneco-
logical malignancies have not been confirmed to date. In
2013, the American Society of Clinical Oncology [288]
recommended that involved physicians (e.g., oncologists)
should discuss at the earliest point in time infertility as a
potential risk of cancer treatment with patients and their
partners. For patients at risk of infertility and interested in
assessing their options of fertility preservation, earliest pos-
sible referral to appropriate specialists is suggested. Any
decision about an appropriate therapy would ideally be
supported by a team consisting of a gynecologist, a medical
oncologist, a reproductive endocrinologist, and a psy-
chosocial care provider. The decision-making should be
based on agreed written protocols that can be shared with the
patients and their families.

Ovagenesis begins at approximately 3 weeks after con-
ception. At this time, the primordial germ cells, arising from
the endodermal yolk sac, begin migration to the developing
ovaries. The cells undergo progressive differentiation to
become primary oocytes. After birth, no more primary
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oocytes develop. These oocytes remain in the prophase of
the first meiotic division until puberty. A woman has
200,000 oocytes at puberty. This number decreases to about
400 at the time of menopause [289, 290]. Since many
chemotherapy agents act on growing and dividing cells, both
oocytes and ovarian follicles may be affected by
chemotherapy.

The impact of adjuvant chemotherapy on ovarian func-
tion depends on the age of the woman, the class of drug
used, and the duration of treatment. Review of the published
data and some prospective studies showed that patients over
40 years have a greater risk of experiencing amenorrhea
during treatment, and furthermore, the amenorrhea is less
often reversible [158, 159, 291]. In a prospective trial
assessing acute and long-term toxicity in 796 women treated
between 1974 and 1982 with doxorubicin-containing post-
operative adjuvant chemotherapy [261], 80 % of the pre-
menopausal women reported amenorrhea. None of the
patients under 30 years of age had menstrual abnormalities,
whereas 96 % of those 40–49 years old developed amen-
orrhea. Amenorrhea was permanent for most women over
40, but for 50 % of patients under 40 years of age, it was
reversible. In general, rates of both transient and prolonged
amenorrhea are higher with CMF or CEF/CAF-type regi-
mens as compared to AC [292, 293].

Even for younger women in whom ovarian activity
resumes after chemotherapy, menopause tends to happen
earlier, therefore shortening the window of opportunity for
conception. Furthermore, the continuation or resumption of
the menses is not always equivalent with fertility. After
chemotherapy, the number of anovulatoric cycles is
increased [294].

The management of gonadal toxicity due to adjuvant
chemotherapy for breast cancer is complex and frequently
difficult. It is therefore very important to consider the pos-
sibility of preventing ovarian failure and the therapeutic
options available if infertility occurs before starting
chemotherapy [295]. It has been postulated that suppression
of germ cell stimulation may lead to protection of oocytes
and ovarian follicles from the toxic effects of chemotherapy.

Ovarian suppression through gonadotropin-releasing
hormone (GnRH) agonist or antagonist treatment during
chemotherapy might be considered a reliable strategy not
only to preserve ovarian function but also to increase the
likelihood of becoming pregnant after the end of cytotoxic
therapy [296]. The Southwest Oncology Group conducted a
trial aimed at preventing early ovarian failure with GnRH
agonists among women with hormone receptor-negative
breast cancer who receive chemotherapy (IBCSG34/
Southwest Oncology Group 0230) [297]. Among 135
patients with complete primary endpoint data, the ovarian
failure rate was 8 % in the goserelin group and 22 % in the
chemotherapy-alone group (odds ratio, 0.30; 95 %

confidence interval, 0.09–0.97; two-sided P = 0.04) Among
the 218 patients who could be evaluated, pregnancy occur-
red in more women in the goserelin group than in the
chemotherapy-alone group (21 % vs. 11 %, P = 0.03);
women in the goserelin group also had improved disease-
free survival (P = 0.04) and overall survival (P = 0.05). In
contrast another randomized trial with a similar design, but
using anthracycline-containing regimens (Zoladex Rescue of
Ovarian Function [ZORO]/German Breast Group) [298]
showed that premenopausal patients with breast cancer
receiving goserelin simultaneously with neoadjuvant
chemotherapy did not experience statistically significantly
less amenorrhea 6 months after end of chemotherapy com-
pared with those receiving chemotherapy alone. Small
observational studies conducted in patients with Hogkin’s
disease also suggest that oral contraceptives may help pre-
serve ovarian function when given during chemotherapy
[299, 300]. Its use for preservation of fertility in patients with
endocrine unresponsive breast cancer, however, remains
controversial.

Embryo cryopreservation is considered an established
fertility preservation method as it has routinely been used for
storing surplus embryos after in vitro fertilization for infer-
tility treatment. Because of lack of approval by health
authorities and ethical bodies or insurance companies, this
procedure is not available in all countries. Furthermore, a
partner or sperm donor is required. This approach typically
requires 2 weeks of ovarian stimulation with daily injections
of follicle-stimulating hormone from the onset of menses,
which may require a delay of 2–6 weeks in chemotherapy
initiation. For women with hormone-sensitive tumors,
alternative hormonal stimulation approaches such as letro-
zole or tamoxifen [174, 301, 302] have been used to theo-
retically reduce the potential risk of estrogen exposure.
Short-term breast cancer recurrence rates after ovarian
stimulation using letrozole or tamoxifen concurrent with
follicle-stimulating hormone (FSH) administration have
been compared to nonrandomized controls and no increase
in cancer recurrence rates has been noted [174, 303]. Live
birth rates after embryo cryopreservation and implantation
depend on the patient’s age and the total number of embryos
available and may be lower than with fresh embryos.
Embryo cryopreservation after ovarian stimulation with the
letrozole and follicle-stimulating hormone protocol has been
shown to preserves fertility in women with breast cancer and
results in pregnancy rates comparable to those expected in a
non-cancer population undergoing in vitro fertilization
[304]. Seventeen of the thirty-three women attempting
pregnancy had at least one child, translating into a fertility
preservation rate of 51.5 % per attempting woman.

Oocyte cryopreservation is another option for fertility
preservation, particularly in patients without a partner, or
who have religious or ethical objections to embryo freezing.
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Ovarian stimulation and harvesting requirements are identi-
cal to those of embryo cryopreservation, and thus this
technique is associated with similar concerns regarding
delays of therapy and potential risks of short-term exposure
to high hormonal levels. As with embryo cryopreservation,
letrozole or tamoxifen can be used. Preliminary study indi-
cated that unfertilized oocytes are more prone to damage
during cryopreservation procedures than embryos, and the
overall pregnancy rates may be lower than with standard
in vitro fertilization procedures [305]. However, recent
reports showed that delivery rate using cryopreserved
oocytes is comparable to conventional in vitro fertilization
using fresh oocytes [306]. To date, more than 1000 births
have been reported worldwide with this approach, and
efforts to improve the efficiency of cryopreservation may
further increase success rates [288, 307–309]. Oocyte col-
lection has the advantage that it can be performed without
ovarian stimulation (“natural cycle-IVF”), but the number of
viable embryo yielded is extremely low [174, 303, 310] and
this method remains experimental.

Ovarian tissue cryopreservation is an additional investi-
gational method of fertility preservation and it has the
advantage of requiring neither sperm donors nor ovarian
stimulation. Ovarian tissue is removed laparoscopically and
frozen. At a later time point, the ovarian tissue is thawed and
reimplanted. Primordial follicles can be cryopreserved with
great efficiency [311, 312], but because of the initial ische-
mia encountered after ovarian transplantation, a quarter or
more of these follicles might be lost, as shown in
xenografting studies [313]. The first ovarian transplant pro-
cedure was reported in 2000 [314]. Ovarian tissue can be
transplanted orthotopically to pelvis or heterotopically to
subcutaneous areas such as the forearm or lower abdomen,
and initial studies reported restoration of ovarian endocrine
function after both types of transplantation [314–318]. There
have been 24 reports of live births after orthotopic ovarian
transplantation in 60 cancer patients; more than 50 % of
women were able to conceive naturally [319]. One concern
with the reimplantation of ovarian tissue is the potential for
reintroducing cancer cells. In patients without evidence of
systemic metastasis, the likelihood of occult ovarian
metastasis appears to be low [320, 321], and there are no
reports of cancer recurrence after ovarian transplantation in a
recent review of 60 cases [319].

The possibility that fertility preservation interventions
and/or subsequent pregnancy may increase the risk of cancer
recurrence is a concern for breast cancer patients and women
with gynecologic malignancies. Several case-control and
retrospective cohort studies have not shown a decrement in
survival or an increase in risk of recurrence with pregnancy
[322, 323]. While these data are reassuring, the studies are
all limited by significant biases. After a feasibility

assessment [324], the first international multicentric
prospectively trial, investigating the safety and efficacy of an
interruption of the adjuvant endocrine treatment to allow
women to conceive (POSITIVE), has been started in 2014
and is currently accruing (NCT02308085).

29.11 Breast Cancer Associated
with Pregnancy (Lactation)

Gestational or pregnancy-associated breast cancer is defined
as a breast cancer that is diagnosed during pregnancy or in
the first postpartum year, or at any time during lactation.

Breast cancer is the most common malignancy diagnosed
during pregnancy, with an estimated 1 in 3000 to 1 in 10,000
deliveries being to pregnant breast cancer patients [325–
327]. Between 0.2 and 3.8 % of breast cancers diagnosed in
women under age 50 are detected during pregnancy or in the
postpartum period [328]. In contrast, 10–20 % of breast
cancers in women 30 years of age or younger are discovered
during pregnancy or in the year following delivery [329].
Because the incidence of breast cancer increases with age, it
has been hypothesized that the incidence of breast cancer
diagnosed during pregnancy will increase as more women
delay childbearing nowadays. Pregnancy itself may tran-
siently increase an individual woman’s risk of developing
breast cancer, despite its long-term protective effect on the
development of the disease. This was illustrated by three
population-based series in which pregnancy was followed by
a period of increased breast cancer risk lasting 3–10 years,
which subsequently declined [330–332]. This observation
has also been done for women with inherited BRCA2
mutations: the risk of breast cancer in the 2 years following a
birth was 70 % higher for a BRCA2 carrier compared to
nulliparous controls [333]. In addition, the data of three
small studies show that women with a genetic predisposition
to breast cancer seem to have an increased risk for
pregnancy-related cancer. In a case-control study from Japan
involving 343 women, a family history of breast cancer was
three times more common among pregnant and lactating
women with breast cancer than among controls [334].
Another small retrospective study found BRCA2 mutations
in a significantly higher number of archival samples from
women with pregnancy-associated breast cancer compared
to samples from unmatched non-pregnant controls [335]. In
a Swedish series of 302 women diagnosed with breast cancer
before the age of 40 (47 from families with BRCA muta-
tions), women with BRCA1 mutations were significantly
more likely to develop breast cancer during pregnancy than
those without inherited mutations [336]. Furthermore, in a
matched case-control study comparing 1260 pairs of women
with known BRCA mutations with and without breast
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cancer, increasing parity was associated with a higher risk of
breast cancer before age 50 in BRCA2, but not in BRCA1
carriers [333].

Breast cancer occurring during pregnancy presents a
challenging clinical situation for the mother, fetus, and
treating clinicians because of the complex medical, ethical,
and psychological problems arising in this situation. Breast
cancer during pregnancy is often perceived as a situation that
puts the life of the mother in conflict with that of her unborn
child. However, limited data suggest that pregnancy termi-
nation does not improve the outcome for pregnant women
with breast cancer. Pregnant women should be treated
according to guidelines for non-pregnant patients, with some
modification to protect the fetus [337–339]. Medical abor-
tion is not usually recommended in cases of pregnancy-
associated breast cancer, but may be considered during
treatment planning, in particular in case of diagnosis in the
first trimester. When considering management of the disease
in this setting, there are two key issues: first, how the
pregnancy affects the behavior of the cancer, and second,
how the cancer and its treatment affect the pregnancy.

Making the diagnosis of breast cancer and performing a
staging work-up is frequently more difficult due to the
physiological changes in the breast that accompany preg-
nancy and lactation and the desire to limit radiation exposure
to the unborn child.

Pregnant or postpartum women with breast cancer usually
present similarly to non-pregnant women with a mass or
thickening in the breast. Rarely, refusal by a nursing infant
of a lactating breast that harbors an occult carcinoma has
been described, and termed the milk rejection sign [340].
The physiologic changes in the breast occurring during
pregnancy and lactation (engorgement, hypertrophy) make
physical examination more challenging and interpretation of
findings more difficult, and the density of the breast may
limit the utility of mammography. The malignant mam-
mography finding of clinical suspected breast cancer was
histologically confirmed in about 78 % of the cases in a
older report [341], and 86.7 % [342], respectively, 90 %
[343] in two recent retrospective studies.

As a result, diagnostic delays of 2 months or longer are
common in women with gestational breast cancer [344] and
they adversely impact outcome, since even a 1 month delay
in diagnosis can increase the risk of nodal involvement by
0.9–1.8 % [345]. Delay in diagnosis may be responsible, at
least in part, for the larger size of tumors at diagnosis in
pregnant women. At presentation, about 42 % of the patients
are diagnosed with stage III or IV. A breast mass that per-
sists for 2–4 weeks should always be investigated, although
the majority (80 %) of breast biopsies performed in pregnant
women will prove to be benign [346]. The result of a large
meta-analysis involving 3628 cases and 37,100 controls,
showed that patients with pregnancy associate breast cancer

(BCP) had a significantly higher risk of death compared to
those with non-pregnancy-related breast cancer and partic-
ularly those diagnosed shortly postpartum had a poor
prognosis [347]. However a recently published multicentric
cohort study comparing 311 women with BCP with 865
non-pregnant breast cancer patients showed similar OS for
patients diagnosed with BCP compared with non-pregnant
patients [348].

Mammography is not contraindicated in pregnancy, as the
average glandular dose to the breast for a two view mam-
mogram (200–400 mrad) provides a negligible radiation
dose of 0.4 mrad to the fetus as long as abdominal shielding
is used [349]. The sensitivity of the mammography is
diminished by the increased water content, higher density,
and loss of contrasting fat in the pregnant or lactating breast.
In an early series, six of eight pregnant women with histo-
logically documented breast cancer had falsely negative
mammograms [350]. Somewhat better sensitivity rates,
ranging from 63 to 78 %, are reported in more recent studies
[334, 341–343, 351, 352].

Breast sonography is often the first diagnostic test per-
formed to evaluate a breast mass in a pregnant woman. It can
distinguish between solid and cystic breast masses in almost
all cases without the risk of fetal radiation exposure. A focal
solid mass is observed in the majority of cases of gestational
breast cancer [334, 341, 342, 352], although in one report,
two of the four malignant tumors had sonographic charac-
teristics of a benign lesion [351]. If palpable nodes are
present, axillary ultrasound and fine-needle aspiration
(FNA) biopsy are important components of the initial stag-
ing evaluation.

Magnetic resonance imaging (MRI) has not been sys-
tematically studied for the diagnosis of breast masses
in pregnant or lactating women. Although gadolinium-
enhanced MRI appears to be more sensitive than mam-
mography for detecting invasive breast cancer, particularly
in women with dense breast tissue, the use of contrast agents
such as gadolinium should be avoided during pregnancy.
Gadolinium crosses the placenta, and has been associated
with fetal abnormalities in rats [353, 354]. Other disadvan-
tages of breast MRI include lack of specificity, inability to
identify microcalcifications, high cost, and long examination
times. MRI has been used for the diagnosis of metastases in
women with newly diagnosed breast cancer during preg-
nancy. As long as contrast is avoided, there are no reported
harmful effects from MR imaging to the pregnant woman or
to the unborn child [349]. Nevertheless, some authorities
recommend that all MRI scans be avoided in the first tri-
mester [355].

There is minimal information regarding positron emission
tomography (PET) in pregnancy. 18F-FDG has been found
to cross the placenta and to accumulate in fetal brain, heart,
and bladder in a monkey study [356]. Healthy monkeys were
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born but the possibility of harms remains uncertain. The
radiation dose to the uterus is 3.70–7.40 mGy, for the usual
dose range of isotope injected. Recently, the case of a young
woman treated for Hodgkin’s disease was reported [357].
After 4 months of chemotherapy, a PET scan showed an
unexplained hotspot in the right lower abdomen; 6 weeks
later, the woman complained of abdominal distension and an
ultrasound showed an unsuspected pregnancy with an esti-
mated gestational age of 30 weeks. She delivered a girl by
caesarian section without congenital abnormalities and at
6 years of age, she apparently has a normal development.

Although fine-needle aspiration can be used to clarify a
breast mass in a pregnant patient, a core or excisional biopsy
is often required for a definitive diagnosis of invasive cancer.
Core, incisional or excisional biopsy can be performed rel-
atively safely during pregnancy, preferably under local
anesthesia [346]. During pregnancy and lactation, atypical
cytomorphologic features are seen in normal breast tissue,
and therefore interpretation of FNA samples needs special
caution and accuracy [358–361]. To avoid misinterpretation
and a false-negative result in doubtful cases, a second
opinion slide review at a cancer center is recommended. The
risk of false-positive results is negligible in the hands of
experienced cytologists [338].

Because of the potential harms to the unborn child,
staging procedures should be limited to a minimum. A fetal
exposition to radiation doses of less than 0.1 Gy do not
cause major damage, in particular in the third trimester of
pregnancy, but in case of radiation above 2.5 Gy, malfor-
mations are likely and more that 30 Gy may cause abortion.
The association of in utero diagnostic X-ray exposure with
subsequent occurrence of childhood leukemia has been the
subject of great controversy over the last 50 years. Com-
bining the results of many case–control studies in different
countries, a proportional increase in risk of about 40 % for
malignancy, and in particular, for ALL in childhood after a
radiographic examination of the abdomen in pregnant
women has been reported in the year 1956 [362]. However,
subsequent cohort investigations in the United Kingdom
[363] and the United States [364] reported no increase in risk
of childhood leukemia linked with maternal pelvimetry

during pregnancy. In addition, risks of leukemia were not
increased among offspring of Japanese atomic bomb sur-
vivors, who were pregnant at the time of the bombings [365]
(Table 29.1).

Pregnant women with clinically positive nodes, T3 or T4
lesions, or suspicion for distant metastases should undergo a
complete imaging evaluation of the most common sites for
distant metastatic spread (lung, liver, and bone) like
non-pregnant women. In contrast, women who are asymp-
tomatic and have clinically node-negative, early stage breast
cancer do not require formal evaluation since the incidence
of unsuspected metastases is low [366]. There are no con-
traindications to chest radiography in pregnancy as long as
abdominal shielding is used. However, the ability to evaluate
the lower lung parenchyma is limited late in gestation when
the gravid uterus is pressing against the diaphragm.
Abdominal ultrasound is a safe procedure in pregnant
women for the evaluation of liver metastases, but is signif-
icantly less sensitive than CT or MRI. CT scans are gener-
ally avoided during pregnancy because of the large
cumulative radiation dose when multiple slices are obtained.
MRI is preferred if further evaluation is required. MRI is also
the safest and most sensitive way to scan the brain, although,
as noted above, contrast agents such as gadolinium should
be avoided during pregnancy. Radionuclide bone scans are
reported to be safe during pregnancy but fetal exposure to
radiation may result from proximity to radionuclides excre-
ted into the maternal bladder; maternal hydration and fre-
quent voiding can reduce this exposure but in general, bone
scan procedures should better be avoided during pregnancy.
MRI or plain skeletal radiographs, including spine or pelvis
may be considered as alternative procedures. Alkaline
phosphatase increases markedly during pregnancy due to
placental production, and cannot be used as an indicator of
bone metastases.

The safety of surgery in pregnancy was illustrated by a
large retrospective study of 720,000 pregnant Swedish
women in the 1970s and the 1980s. The rate of congenital
malformations and unexplained stillbirths was similar
between those women who underwent non-obstetric surgery
requiring anesthesia (n = 5.405) and those who did not

Table 29.1 Fetal exposure by
staging procedures

Investigation Fetal dose (mGy)

Chest X-ray <0.01

Thoracic CT scan 0.06 (max 0.96)

Abdominal CT scan 8 (max 49)

Pelvic CT scan 8 (max 79)

Bone scintigraphy <4.5

FDG-PET max 8

Source Data from International Commission on Radiological Protection ICRP. Pregnancy and medical
radiation. Ann ICRP. 2000:30(1): iii–viii, 1–43
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[367]. However, the rates of low birth weight infants (due to
prematurity and growth retardation) and early neonatal death
(death within 7 days of birth) were significantly increased in
women who had had surgery. During surgery, the fetus is
exposed to the transplacental effects of anesthetic agents.
Commonly used anesthetics, including nitrous oxide,
enflurane, barbiturates, and narcotics, have been extensively
used safely in pregnancy.

Risks to the fetus during surgery are not just anesthetic
related, but also include intraoperative complications, such
as hypoxia and hypotension. Furthermore, decreased pla-
cental perfusion secondary to long-term positioning of the
mother in the supine position is a mechanical problem in late
pregnancy. Additionally, postoperative problems, such as
fever, infections, gastrointestinal problems and changes in
nutritional intake, thrombosis, and pulmonary embolus
could have serious adverse effects on fetal well-being.
However, anxieties about anesthesia during pregnancy are
probably greater than the actual risks. Prophylactic treat-
ments to improve fetal lung maturity should be administered
where surgery carries a risk of precipitating premature
delivery. Nonemergency surgery in pregnancy can be
scheduled for the second trimester with the least risk of fetal
harm, or of inducing abortion or premature labor.

Mastectomy with axillary lymph node dissection has been
the most common breast surgery for stage I, II, and some
stage III breast cancers when the patient wants to continue
the pregnancy [329, 368]. A major advantage of mastectomy
is the elimination of the need for breast radiation therapy. If
breast reconstruction is desired, it should be delayed until
after delivery. Mastectomy and breast-conserving therapy
has been demonstrated to be equivalent in terms of
disease-free and overall survival in non-pregnant women.
Lumpectomy with axillary lymph node dissection is feasible
and safe in the pregnant woman with breast cancer, and is
reported to have no adverse impact on locoregional recur-
rence rates [369]. However, because of the need of subse-
quent radiation therapy to achieve optimal local control, this
approach may be contraindicated in the early pregnancy
[370]. Recently, a single-institution retrospective study
evaluated treatment and biological features of 38 patients
affected by BCP collected within the short period 7 years.
Conservative surgery was performed in 15 of 21 patients
during pregnancy with no local reappearance after a median
follow-up of 24 months [371]. Neoadjuvant chemotherapy
could be considered prior to definitive breast surgery for
women with locally advanced disease at presentation or for
the ones desiring breast conservation. In such cases, surgery
could be performed later in the pregnancy or even
postpartum.

Axillary dissection is an important component of therapy
because nodal metastases are commonly detected in
pregnancy-associated breast cancers, and nodal status affects

the choice of adjuvant therapy. Sentinel lymph node
(SLN) biopsy is being performed for axillary staging in
non-pregnant patients with clinically node-negative early
stage breast cancer. The safety and test performance of
sentinel node biopsy during pregnancy has not been fully
evaluated. Supravital dyes such as isosulfan blue dye should
not be administered to pregnant women, because of the
possible risk of anaphylactic shock [372, 373]. Some authors
suggest that sentinel node biopsy is safe in pregnant patients
with a minimal dose of 500–600 mCu using double filtered
technetium sulfur colloid, but no supporting studies for this
approach are available at the time being. Other investigators,
by deriving estimates of absorbed dose at the level of epi-
gastrium, umbilicus, and hypogastrium in non-pregnant
women undergoing sentinel node biopsy for breast cancer,
have concluded that expected levels of fetal exposure would
be below the 50 mGy threshold absorbed dose for adverse
effects [371, 374–377]. SNL appears to be safe and may be
therefore offered to pregnant patients whenever it is indi-
cated according to general rules [339].

The use of radiation therapy is generally avoided during
pregnancy because of the risk of death, of teratogenicity to
the fetus and induction of childhood malignancies and
hematologic disorders [378, 379]. The amount of radiation
to which the fetus is exposed depends upon the stage of
pregnancy when therapeutic radiation is administered. Even
with appropriate shielding, fetal exposure to therapeutic
breast irradiation will increase as the fetus grows and moves
closer to the diaphragm. The administration of 50 Gy
external beam irradiation to the breast could result in a first
trimester fetal dose of 0.04–0.15 Gy, or a third trimester
dose as high as 2 Gy [380, 381]. Fetal malformations have
been associated with doses of 0.1 Gy or more during the first
trimester. Although there are several case reports of normal
infants born after their mothers had been irradiated, includ-
ing one exposed to 0.14–0.18 Gy in the third trimester, one
exposed to 0.16 Gy at 24 weeks, and another exposed to
0.04 Gy in the first trimester, irradiation is generally avoided
in pregnant women because absence of risk to the fetus
cannot be guaranteed. In a multicenter, prospective case-
control study involving 129 children, prenatally exposed to
maternal cancer and cancer treatment, and their matched
controls, the development of the 11 children who were
exposed to radiotherapy did not differ significantly from that
of children in the control group [382]. As RT is generally
delayed in non-pregnant women for months until after
completion of chemotherapy, it seems safe to delay it also in
pregnant women until after delivery [383].

All chemotherapy agents used in the treatment of breast
cancer are pregnancy category D, meaning that teratogenic
effects have been observed in humans. However, the risk of
spontaneous abortion, fetal death, and major malformations
is highest when chemotherapy is administered in the first
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trimester. Outside that window, most reports show a safer
profile [294, 384, 385]. In general, acute side effects of
chemotherapy include spontaneous abortion, teratogenesis,
organ toxicity, premature birth, and low birth weight.
Delayed effects of antineoplastic agents can include car-
cinogenesis, sterility, slow physical or mental growth and
development, and teratogenic effects in the offspring’s of the
exposed fetus. The teratogenic and mutagenic potentials of
chemotherapy agents have been studied extensively in ani-
mals, although results cannot always be extrapolated across
species. Additionally, other effects such as bone marrow
suppression can result in serious problems, such as infection
and bleeding in both the mother and the fetus. The gas-
trointestinal side effects of chemotherapy agents are also
likely to be deleterious to both maternal and fetal well-being,
but are difficult to quantify. Information on the effects of
antineoplastic drugs administered during pregnancy has
largely been derived from case reports, small case series,
and collected reviews [327, 385–390]. The majority of these
reports focused upon the frequency of spontaneous abor-
tion and congenital malformations in infants exposed
to chemotherapy in utero for a variety of malignancies.
A review of 217 pregnant women treated with cytotoxic
therapies for a variety of malignancies and other medical
conditions published between 1983 and 1995 [391] reported
18 newborns with congenital abnormalities: two had chro-
mosomal abnormalities, four were stillborn, and 15 sponta-
neous abortions were reported. Another review of literature
published between 1976 and 2001 reported on 160 women
treated with anthracyclines during pregnancy [385] and
showed that the fetal outcome was frequently normal
(73 %). The described abnormalities included malformations
(3 %), fetal death (9 %), spontaneous abortion (3 %), fetal
complications (8 %) and prematurity (6 %). Fetal death was
often consecutive to maternal death due to progression of the
underlying malignancy (40 %). An unfavorable fetal out-
come was frequent in leukemia patients. In one of the first
published review, the incidence of fetal malformations in
150 women given chemotherapy during the second or third
trimesters of pregnancy was 1.3 % [384]. In a case-control
study, women with gestational breast cancer were signifi-
cantly more likely to have a premature infant than a control
group matched for maternal age. The infants had a lower
mean birth weight when compared to controls, which per-
sisted after adjustment for gestational age [392]. This is the
only consistent finding associated with antenatal
chemotherapy in women with breast cancer [393, 394].

The experiences of the Royal Marsden Hospital [395], of
the MD Anderson Cancer Center [396, 397] and the Euro-
pean Institute of Oncology [398, 399] were reported and
they all confirmed the relative safety of adjuvant
chemotherapy delivered during the second and third trime-
ster of pregnancy.

The most commonly used regimen in pregnant women
with breast cancer is doxorubicin combined with
cyclophosphamide with or without fluorouracil (AC or
FAC) [327, 386, 393, 396, 397]. The first report of the
largest prospective single-arm study in 57 pregnant breast
cancer patients treated with FAC in the adjuvant (n = 32) or
neoadjuvant (n = 25) setting [396] showed that 40 women
were alive and disease-free, three had recurrent breast can-
cer, 12 had died from breast cancer, one from other causes
and one was lost to follow-up. Of the 25 patients who
received neoadjuvant FAC, six had a pathologic complete
response, while four had no tumor response to chemother-
apy and eventually died of their disease. All 43 women who
have delivered had live births. One child has a Down’s
syndrome and two have congenital anomalies (club foot;
congenital bilateral ureteral reflux). The other children were
healthy and those in school were doing well, although two
had special educational needs. The authors concluded that
breast cancer can be treated with FAC chemotherapy during
the second and third trimesters without significant
short-term complications for the children. They also com-
mented that longer follow-up of the children in this cohort is
needed to evaluate possible late side effects such as impaired
cardiac function and fertility. A recently published update
compared the outcome of 75 women undergoing
chemotherapy for breast cancer during pregnancy between
1989 and 2009 with the outcome of non-pregnant patients
treated during the same period at the same institution (M.D.
Anderson Cancer Center): For patients who received
chemotherapy during pregnancy, survival was comparable
to—if not better than—that of non-pregnant women [400].
Whether in utero exposure to anthracyclines is cardiotoxic
remains unknown. A single report in which fetal echocar-
diograms were performed every 2 weeks beginning at
24 weeks in a pregnant patient receiving doxorubicin and
cyclophosphamide showed no abnormalities, even when
postnatal echocardiograms were repeated at 2 years of age
[401]. However, at least four cases of neonatal cardiac side
effects have been reported after in utero exposure to
anthracyclines, and there are several cases of in utero fetal
death after exposure to idarubicin or epirubicin [394, 402–
405]. Because of these reports, in the past, doxorubicin was
preferred to idarubicin or epirubicin for use in pregnancy
[393]. According to the data of later reports, epirubicin may
be preferred to doxorubicin because of a better therapeutic
index and fewer systemic and cardiac toxic effects
[399, 406].

Chemotherapy should be ended/stopped 3–4 weeks
before delivery to avoid transient neonatal myelosuppression
and potential complications as sepsis, bleeding and death. At
least one case report describes measurable tissue levels of
anthracyclines in a stillborn whose mother had received
doxorubicin shortly before delivery [407]. Furthermore,
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cyclophosphamide and doxorubicin can enter milk, therefore
breastfeeding is contraindicated during chemotherapy.

Methotrexate should be avoided at all stages of pregnancy
because of delayed elimination from sequestered spaces
(such as amniotic fluid), as well as its abortive effect and
teratogenic potential [384, 391].

The use of taxane (paclitaxel and docetaxel) in pregnancy
has been described in several case reports for the treatment
of breast cancer and ovarian cancer, suggesting short-term
safety [394, 408–414]. A recent published review evidenced
a favorable toxicity profile of taxanes during the second and
third trimesters of pregnancy, supported by pharmacological
evidence [415]. Furthermore, a retrospective study reporting
the outcome of women receiving taxane during pregnancy
and of their children concluded that taxane-based
chemotherapy does not appear to increase the risk of fetal
or maternal complications when compared with conven-
tional chemotherapy [416].

No data are available on the safety of dose-dense
anthracycline-containing regimens with or without taxanes,
during pregnancy.

Trastuzumab has been administered in a few cases during
pregnancy [417]. In five of the seven reported cases, tras-
tuzumab was given in the metastatic setting. Reversible
oligohydramnios/anhydramnios has been reported in five
cases (one in association with reversible fetal renal failure)
[417–421], while in two cases, no abnormality of the
amniotic fluid was observed [422, 423]. Due to these
observations, the use of trastuzumab during pregnancy
requires ongoing monitoring of amniotic fluid volume and
fetal renal status. Pregnancy occurred in 70 women partici-
pating in the HERA trial [424]: sixteen during trastuzumab
treatment or within 3 months form discontinuation (group 1)
49 more than 3 months after discontinuation (group 2) and 9
in the control group (group 3). 25, respectively, 16 % of
patients in groups 1 and 2 experienced spontaneous abortion,
2 congenital anomalies were reported, one in group 2 and
one in group 3. No congenital anomalies were reported in
those exposed to trastuzumab in utero. A recent
meta-analysis included 18 reports of the use trastuzumab
during pregnancy and 19 newborns [425]. Oligohydramnios
and anhydramnios were the most frequent adverse effect
(33 %), which was in general self-limiting when trastuzu-
mab therapy was discontinued. However, most of the preg-
nancies ended prematurely and 4 of the newborns died as a
result of complications of prematurity (mainly respiratory
failure).

There is a single case report of exposure to lapatinib
during pregnancy [426]. The patient was exposed to lapa-
tinib for 11 weeks during the first and second trimester of
pregnancy, she underwent an uncomplicated delivery of a
healthy female infant, and the child was developmentally
normal at 18 months of age.

The great majority of women with gestational breast
cancer have ER-negative/PR-negative tumors, but patients
with endocrine responsive breast cancer will be candidates
for hormone therapy, either in the adjuvant setting or for the
treatment of metastatic disease. The use of selective estrogen
receptor modulators (SERMs) such as tamoxifen during
pregnancy is generally avoided as these compounds have
been associated with vaginal bleeding, spontaneous abor-
tion, birth defects, and fetal death. Concerns about the use of
tamoxifen in pregnancy are based on animal studies showing
an increase in the incidence of abnormalities of the genital
tract [427, 428] and irregular ossification of the ribs in rats
[429]. In pregnant rats, tamoxifen has been associated with
breast cancer in female offspring. About 50 cases of
tamoxifen use during pregnancy are reported (reviewed in
ref. [430]). Eight pregnancies resulted in early termination,
19 in healthy babies [431, 432], but 10 additional had fetal
or neonatal disorders (two congenital craniofacial defects).
Other rare abnormalities, such as Goldenhar’s syndrome
[433] and ambiguous genitalia [434] were also described. In
addition, the long-term effects of tamoxifen, and whether it
may increase gynecological cancers in daughters (as
diethylstilbestrol does) are unknown. For women who
require hormone therapy, the usual practice is to defer these
agents until after delivery [435]. Data from the French
National Cancer Centers (FNCLCC) showed that delayed
adjuvant tamoxifen significantly improved overall survival,
therefore delaying it in pregnant women seems an acceptable
policy [436]. In this trial, women with early breast cancer
were randomized to receive tamoxifen or placebo more than
2 years after completion of the primary treatment with sur-
gery and chemotherapy.

Antiemetics, including promethazine (Phenergan),
ondansetron [437], and droperidol combined with diphen-
hydramine or dexamethasone are often used to treat nausea
and vomiting in pregnant women, and are generally con-
sidered safe. However, long-term dexamethasone therapy
should be avoided, if possible, as chronic administration
appears to increase the risk of preterm delivery due to pre-
mature rupture of membranes [438]. There may also be a
slightly increased risk of oral clefts when the drugs are
administered before 10 weeks of gestation [439, 440].

Although there are no randomized trials evaluating the
use of granulocyte colony-stimulating factor (G-CSF) or
granulocyte-macrophage colony-stimulating factor (GM-
CSF) in pregnant women, these agents are safe in the
treatment of neonatal neutropenia and/or sepsis [441, 442].
Safe use of G-CSF (and recombinant erythropoietin) in
human pregnancy has been reported [443, 444]. Biphos-
phonates should be deferred after delivery in view of their
observed teratogenic impact in animals. Conversely, human
reports regarding women exposed to bisphophonates before
conception or during pregnancy did not demonstrate serious
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adverse effects either to fetuses or to the mothers. However,
there are cases of shortened gestational age, low neonatal
birth weight, and transient hypocalcaemia [445].

The timing of delivery should be carefully considered in
relation to chemotherapy administration. Ideally, the deliv-
ery should occur following the mother’s WBC nadir to
reduce the risk of infectious complications and excess
bleeding from thrombocytopenia. The child should be
delivered after fetal pulmonary maturity and at 34 or more
weeks of gestation, at which time morbidity is relatively low.

In summary, the management of pregnancy-related breast
cancer should not differ from that of non-pregnant women,
with the exception of some restriction in the use of staging
procedures and chemotherapies to avoid fetal risk. Radio-
therapy and endocrine treatment as well as the use of anti-
bodies and newer substances should be postponed until after
delivery.

29.12 Pregnancy After Breast Cancer

Cancer survivors are often fearful that their history of cancer
or its treatment will have an adverse impact on their off-
spring by placing them at risk for malignancy, congenital
anomalies, or impaired growth and development. They are
also concerned about the risks of cancer recurrence, infer-
tility, miscarriage, and achieving a successful pregnancy
outcome.

Because of the lack of data concerning breast cancer
survivors, reports about pregnancy outcomes in adult sur-
vivors of childhood and adolescent cancers provide addi-
tional information [446–450]. Overall observed rates of fetal
malformations (ranging from 0 to 3 % minor congenital
anomalies) are similar to the expected rates in offspring of
the general population. Whether there are late cognitive or
developmental abnormalities is not clear at the moment. It is
encouraging that 42 children of 35 women treated for
Hodgkin’s disease have shown no unusual sequelae at a
median follow-up time of 11 years. Concerns about an
increased risk of cancer in the offspring may be relieved by
data from the Five Center Study, showing that the risk of
cancer in the offspring of chemotherapy-treated children and
adolescents was not significantly greater than the risk
observed in controls or in the general population [450].

The fear that pregnancy and all related hormonal changes
subsequent to breast cancer treatment would result in acti-
vation of dormant micrometastases has not been substanti-
ated in the literature, despite a clear link between female sex
hormones and mammary carcinogenesis. The available
clinical data did not show that women who became pregnant
after a diagnosis of breast cancer have a worse outcome than
those who did not [451, 452]. Published series have, in fact,
shown either no impact on survival or a slightly protective

effect when women deliver after breast cancer treatment
[347, 453–455]. In a recent meta-analysis including 14
studies for a total of 1244 cases and 18’145 controls, women
who got pregnant following breast cancer diagnosis had a
41 % reduced risk of death compared to women who did not
get pregnant [PRR: 0.59 (90 % confidence interval (CI):
0.50–0.70)]. This difference was seen irrespective of the type
of the study and particularly in women with history of
node-negative disease. In a subgroup analysis, the outcome
of women with history of breast cancer who became preg-
nant was compared to breast cancer patients who did not get
pregnant and were known to be free of relapse. In this
analysis, the authors did not find significant differences in
survival between either group [PRR: 0.85; 95 % CI: 0.53–
1.35] [452]. In another of these series, 94 women with early
stage disease who became pregnant after breast cancer were
compared to 188 breast cancer survivors without subsequent
pregnancies matched for nodal status, tumor size, age, year
of diagnosis, and duration of disease-free survival [322]. The
risk ratio for death was significantly lower (0.44) for women
who became pregnant subsequent to the diagnosis of breast
cancer as compared to women with breast cancer who did
not have a subsequent pregnancy. The Finnish Cancer
Registry reported that among 2536 breast cancer patients
under 40 years of age, 91 women delivered a child
10 months or more after the breast cancer diagnosis. The
survival rates of these women were compared to controls
with no deliveries matched for stage, age, and year of breast
cancer diagnosis, and who had survived at least the interval
between diagnosis and delivery of the case patient. The
relative risk of death was 4.8 for the controls (95 % C.I. 2.2–
10.3) compared to the women who had delivered a child,
and survival rates at 10 years were significantly superior for
the latter group (92 % vs. 60 %) [456]. Although these data
could reflect selection bias, they are also consistent with a
possible antitumor effect of the pregnancy. As the patients
were matched for nodal status, tumor size and early stage
disease, a “healthy mother effect” (only patients feeling well
with a good prognosis conceive and therefore show
improved survival) is unlikely to be the explanation for the
findings. Other authors are more cautious in the interpreta-
tion of the available data and conclude that the effect of
subsequent pregnancy on breast cancer prognosis and out-
come is still unclear. The Danish Breast Cancer Cooperative
Group [457] evaluated 5.725 women with primary breast
cancer, aged 45 years or younger at the time of diagnosis.
Among these women, only 173 became pregnant after breast
cancer therapy. These women had a non-significantly
reduced risk of death (relative risk 0.55, 95 % C.I. 0.28–
1.06) when compared with controls, adjusting for age and
tumor stage, who had not had a pregnancy.

There are only few data regarding the influence of the
interval between breast cancer diagnosis and pregnancy on
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survival [456, 458]. In several studies, patients who delay
pregnancy more than 2 years after breast cancer diagnosis
experience an enhanced survival compared to patients with
shorter diagnosis-to-pregnancy intervals (<6 months) [459,
460]. The survival advantage seen in patients with
longer-delayed pregnancy is not necessarily caused by the
longer disease-free survival before pregnancy [458]. Physi-
cians generally advise women to wait for at least 2 years
before attempting pregnancy. The primary reason for this
recommendation is that most recurrences of breast cancer
occur within the first 2 years after initial diagnosis and
treatment.

There are few concerns with regard to treatment and
conception. As an example, the half-life of methotrexate is
approximately 8–15 h and it is retained for several weeks to
months in the kidney and liver, respectively. Delaying
conception at least 12 weeks after stopping methotrexate has
been recommended [461].

Most women who have undergone irradiation for breast
cancer are able to produce milk in the affected side, the
amount being frequently less than that in a non-irradiated
breast, particularly if the lumpectomy site was close to the
areolar complex or transected many ducts [462, 463].
However, when breast milk is produced, breast feeding from
the irradiated breast is often not advisable because of the
difficulties for the treatment of a possible mastitis [464]. In a
retrospective survey, 11 women who experienced 13 preg-
nancies after breast cancer treatment were interviewed [465].
All patients reported little or no swelling of the treated breast
during pregnancy. After delivery, lactation from the treated
breast was possible in four instances, absent in six, and
pharmacologically suppressed in three. One patient suc-
cessfully breast-fed from the treated breast for 4 months. In
the majority of cases, breastfeeding from the untreated breast
was successful.

Beside breast cancer and benign tumors, the majority of
breast surgery is performed in a fertile age. Theoretically,
reduction mammaplasty and augmentation should not impair
the ability to nurse, as long as there is no free transplantation
of the mamilla–areola complex or an ablation of the breast
gland. The average frequency of nursing after reduction
mammaplasty in five studies was about 31 % [466].

29.13 Psychosocial, Familial,
and Professional Aspects

Younger women with breast cancer experience higher levels
of anxiety and depression, more psychological and financial
distress, and more problems related to their psychosocial
roles than older women [247, 467]. The effects of a breast
cancer diagnosis on interpersonal and family relations were
assessed in a review of multiple studies. Age does not appear

to have a direct relationship to husbands’ adjustments, but
younger husbands reported more problems carrying out
domestic roles and a greater number of life stresses than
older husbands. Studies on the impact of breast cancer on
children are limited in number and scope but indicate that
the effects of their mother’s breast cancer vary according to
the developmental level of the child [468]. A recent report
based on the Basel Cancer Database analyzed an unselected,
consecutive cohort of patients who were ≤40 years at breast
cancer diagnosis [469]. Sixty patients had children at the
time of diagnosis. About a third of the children whose
mothers were diagnosed with breast cancer experienced the
palliative situation and the death of their mother.
A cross-sectional study used quantitative and qualitative
methods to examine coping strategies used by 201 women
who were aged 50 years or younger and were 6 months to
3.5 years after the diagnosis [29]. The coping strategies most
frequently used were positive cognitive restructuring, wish-
ful thinking, and making changes. For example, social
support was helpful in dealing with anger or depression,
whereas positive cognitive restructuring was more helpful
for concerns about the future. Analyses also confirmed that
most coping strategies cited in commonly administered
coping scales were used frequently by these women. How-
ever, several other coping strategies were also deemed
valuable, including engaging in physical activity, using
meditations, and resting. These findings suggest that clini-
cians should identify patients’ particular stressors and help
with coping techniques targeting particular concerns.

In a survey conducted in 252 breast and endometrial
cancer survivors, all women reported good adjustment to
having had cancer, at an average of 3.7 years since treatment
completion [470]. Most differences in psychosocial adjust-
ment between the groups were small, but younger survivors
reported significantly worse adaptation than older survivors,
as measured by the hospital anxiety and depression scale
(HADS, p < 0.0001), appearance-orientation scale (AOS,
body image; p = 0.02), fear of recurrence (p < 0.0001),
distress about long-term treatment-related cancer problems
(p = 0.01), and number of sexual problems attributed to
cancer (p < 0.0001).

To date, only sparse information about fertility-related
psychosocial aspects in cancer patients is available. In gen-
eral, healthy women with fertility problems seem to show a
higher prevalence of negative emotions than women who
conceived [471]. In cancer patients, fertility-related psy-
chosocial issues/problems comprise uncertainty about the
degree of damage and anxiety of potential side effects of
treatment on pregnancy and offspring, as well as potential
genetic inheritance of cancer risk [247, 472]. Nevertheless,
the desire for pregnancy and motherhood is an important
issue for many cancer patients [284]. First, investigations in
this field show that breast cancer survivors who had

550 M. Rabaglio and M. Castiglione



successful pregnancies after treatment reported that it helped
them to normalize their life and their transition to wellness,
and having children improved their quality of life [473].

29.14 Conclusion

• Young women have, in general, more advanced and
biological more aggressive cancer at presentation.

• The treatment of young breast cancer patients is not
different from that in older women, with the exception of
choice of the endocrine therapy and management of
age-specific side effect (menopausal symptoms, sexual
dysfunction, and social and emotional issues)

• Preserving fertility is frequently an important issue for
younger female cancer survivors and their partners.

• Management of pregnancy-related breast cancer should
not substantially differ from that of non-pregnant women.

• Pregnancy after breast cancer seems to be safe.
• Tailored long-term follow-up should be warranted.
• Younger women need special psychosocial support.

Breast cancer in young women is challenging in several
aspects as medical, psychological, social issues, and the care
for these patients need to take into account the peculiarities
of this population.
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30Psychological Support for the Breast
Cancer Patient

Donna B. Greenberg

A woman confronted by the diagnosis of breast cancer faces
the challenges of a life-threatening illness. The seriousness
of the diagnosis, the nature of treatment, and the natural
history of illness defines the challenge to coping. Each
woman looks to her physician first for clarification of the
medical treatment. Since treatment often requires breast
surgery, a combination of chemotherapy and radiation, and
antiestrogen treatment that hastens menopause, the psycho-
logical effects are different for premenopausal women mar-
ried with children, women concerned about their physical
attractiveness, women who want to preserve fertility, and
women concerned about the effect of the illness on their
partners. The diagnosis has one meaning for a woman with a
family history of breast cancer who suffered in her adoles-
cence as her mother died of breast cancer, and another if she
is married to a man who lost his mother to breast cancer.

Themedical plan, as the first method of coping, clarifies the
diagnosis and formulates amedical treatment to keep the threat
of malignancy at bay. For each woman, the psychological
challenge depends on psychiatric history, her other burdens,
and her temperament [1].Women tend, more thanmen, to seek
and accept care for psychiatric and psychological needs, and
psychiatry and psychology offer tools to help women cope as
they go forward. The trained psychiatrist, psychologist, or
social worker collaboratively bring to the bedside of women,
technical skills in listening and the recognition of biological
andpsychological syndromes that simultaneously affectmood.

30.1 Anxiety at Diagnosis

Most women are quite alarmed when a mammogram is
abnormal. Anxiety persists for several weeks even when the
abnormality is a false positive. The more quickly the

outcome is clarified, the better [2]. With a lump in the breast
or an abnormal mammogram, the radiologist’s and surgeon’s
effort to make the diagnosis can require several procedures
with unclear answers or unclear margins. With each proce-
dure, the patient continues to be anxious. Delays that are
minor in a healthcare system are major for each woman’s
alarm system. A diagnosis of ductal carcinoma in situ
(DCIS) or invasive cancer means that the woman may
undergo a limited resection or mastectomy and consider
breast reconstruction. Chemotherapy implies visible hair
loss, fatigue, malaise, and menopausal symptoms. Antie-
strogen medications augment menopausal symptoms. These
treatments affect a woman’s sexual confidence and fertility.
She worries about babies not yet born, her children’s risk of
losing their mother, and the risk that the children themselves
will be vulnerable to breast cancer.

A woman’s capacity to ignore a breast lump, to deny the
serious worry about cancer, and to delay bringing it to a
doctor’s attention has been associated with maladaptive
coping skills. If a woman does not tell anyone about the
lump, it is easier to suppress the worry, and that silence is a
strong factor that predicts delay in diagnosis. Psychiatric
history and poor social support explain delay in diagnosis in
many but not all studies [3]. Other factors also contribute to
delay: older age, fewer years of education, nonwhite ethnic
origin, breast symptoms other than a lump, and not
attributing breast symptoms to breast cancer.

30.2 Psychological Assessment

Once a diagnosis of breast cancer is made, we are often
asked to consult on issues of decision-making, anxiety,
depression, insomnia, fatigue, and adaptation. The first
challenge is to hear the patient explain what the diagnosis
means, what worries her, and what her burdens were before
the diagnosis. Understanding her very individual consider-
ations, age, and developmental challenges, and past psy-
chiatric history, allows us to put in context any plan. Her
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ability to cope is related to how recently she has become
aware of the diagnosis and the urgency of medical treatment.
Initial shock and denial give way, with the help of medical
staff and other support, to recognition that there are some
emergency issues and then a marathon of medical chal-
lenges. Sometimes, emotional issues are on the back burner
until the medical challenges are met. Specific worries may
relate to surgical procedures, radiation treatment, and chan-
ges in body image. Standard anticancer drugs like
cyclophosphamide and doxorubicin cause catabolism, hair
loss, weight gain, and fatigue. There is a prolonged focused
period of treatment and partial disability. Taxanes like
paclitaxel can also add neuropathic pain and numbness.
Intermittent dexamethasone used to prevent hypersensitivity
and vomiting has effects on mood, sleep, and weight.
Depending on the patient’s age, menopausal symptoms are
temporary at first and then become permanent, sooner than
would have occurred without treatment. Concerns about loss
of control and the possibility of recurrence punctuate treat-
ment and recovery.

30.3 Effect of Hormonal Treatment on Mood

The plan for hormonal treatment directly affects psycho-
logical status; as a woman tries to cope with serious illness,
her emotions are modulated by estrogen deficiency. Women
who are taking estrogen/progesterone hormone replacement
usually stop abruptly at the time of diagnosis. Dysphoria,
insomnia and hot flashes may also develop abruptly if the
plan includes ovariectomy or leuprolide treatment. These
changes come more gradually if adjuvant chemotherapy
suppresses ovarian function and antiestrogen treatments are
added later.

By the time women with estrogen-positive tumors are
about to receive hormonal treatments—after completing
surgery and/or chemotherapy, more than half have mood
alterations, word finding problems and loss of libido.
Tamoxifen or aromatase inhibitors are then added. In one
study comparing exemestane and tamoxifen [4], exemestane
caused more difficulty with sleep. Hot flashes increased in
frequency for 3 months but decreased thereafter. On aver-
age, women who took tamoxifen had more hot flashes at
1 year than women on exemestane. There was no difference
in mood alteration, impaired word finding, or low energy [5].
At 1 year, libido was worse with exemestane. Hot flashes
tended to decrease with time with either tamoxifen or
exemestane. Low energy was a problem for 75 % of women.
For those intolerant to tamoxifen, letrozole or exemestane
has been shown to improve side effects, including mood in
the short term [6].

30.4 Adherence to Hormonal Medications

Most, but not all, women adhere to the prescribed many
years of antiestrogen treatment; adherence reports vary
widely. Because these medications are just pills, their critical
role to prevent tumor recurrence is not always appreciated.
Psychological support and clarification of the role of antie-
strogen medications may be critical to disease outcome.
Women tend to overestimate their faithfulness to a tamox-
ifen regimen [7]. In a study of a state insurance database of
more than 2000 women, about 23 % of women taking
tamoxifen failed to achieve optimal adherence of 80 % days
covered by filled prescriptions. A five-year course was not
completed by 31 % [8]. Overall, the likelihood that women
would continue these treatments depends on whether they
have a positive view of tamoxifen at the outset and an
improving view as time goes on [9]. Women are more apt to
persist in taking tamoxifen if they have more social support,
if they feel they have had a role is decision-making, if a
physician has input about the hormone prescription and if
they are told the side effects in advance [10].

Many women with early-stage breast cancer who were
prescribed an adjuvant aromatase inhibitor like anastrozole
may also not take it faithfully. Mean adherence over the first
12 months of therapy ranged from 82–88 %; the mean
adherence of anastrazole also decreased each year, dropping
to 62–79 % in the third year [11]. Depression is associated
with non-adherence to adjuvant endocrine therapy, espe-
cially in younger women [12].

30.5 Anxiety

While most patients are anxious about medical treatment,
some patients have a history of anxiety disorder or phobia
which quietly adds to the distress of treatment. Phobia of
needles or claustrophobia during radiation treatment or
magnetic resonance imaging can interfere with diagnosis and
treatment. Some patients have a chronic tendency to expect
the worst or to “catastrophize.” They may always be pre-
occupied with planning the future and anticipating the next
threat. Loss of control is a dominant theme. For those with
anxiety disorder, higher levels of anxiety, panic attacks and
phobias prior to breast cancer, anxiety already interferes with
quality of life. During routine surveillance of a cancer
patient, anxiety can begin a week or a month before each
scan to check the status of the illness, so that there may be
little peaceful time between tests. While every woman must
face anxiety about new symptoms following diagnosis and
seek reassurance from her physician, a subgroup may be
preoccupied and unable to be reassured that new pains are
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not a signal of recurrent cancer. Generalized anxiety, panic
disorder, or excessive worry about every physical symptom
can be treated by medications and/or cognitive behavioral
treatments specific for anxiety. Antidepressants, specific
serotonin reuptake inhibitors, in particular, in low dose, can
reduce the chronic level of anxiety. When anxiety is chronic,
antidepressants are preferred over benzodiazepines. In
addition, patients can learn strategies to reduce anxious
thoughts about recurrence or medical complications by
relaxation, distraction, thought stopping, substitution, or
other techniques of cognitive treatments. Specific cognitive
behavioral techniques have been developed for anxiety dis-
orders, and these may be modified for the conditions of
cancer treatment [13].

30.6 Sleep

Insomnia is a major complaint of women treated for breast
cancer (Table 30.1). The alarm of a new diagnosis often
disrupts sleep, especially in the first few months. Subse-
quently, the course of estrogen deficiency may intervene
with nighttime hot flashes. Anxious worry about not falling
asleep is a psychophysiologic cause of insomnia; anxiety
about falling asleep can prevent falling asleep. For instance,
the cascade of thoughts about sleep can follow from the
desire to do everything on behalf of getting well. If a woman
does not fall asleep, she fears she will not sleep well and will
be damaging her effort against cancer. This assumption and
the vicious cycle is a psychophysiologic cause of insomnia
that can be treated with cognitive behavioral treatment [14].
Often, anxiety about falling asleep and sleep disorder pre-
date breast cancer.

Several factors associated with chemotherapy can disrupt
sleep. Women who have been taking benzodiazepines like
lorazepam as a medication to facilitate chemotherapy and
prevent nausea may have rebound insomnia when they stop

hypnotics intermittently. Patients who take prochlorperazine
for nausea may develop the extrapyramidal side effect,
akathisia, or restless legs that prevent sleep. Because nausea
is so common during chemotherapy, patients often fail to
mention that they are using a phenothiazine like prochlor-
perazine, which can unexpectedly cause restlessness.
Anticipatory anxiety associated with the next scan or the
next chemotherapy treatment also prevents sleep. During
chemotherapy, dexamethasone to prevent delayed nausea
and vomiting or early emesis with chemotherapy is another
cause of insomnia. Steroids are also added to prevent
hypersensitivity to taxanes. Side effects of dexamathasone to
prevent delayed nausea include insomnia, agitation, and
depression post-cessation [15]. Caffeine, decongestants, and
alcohol can also contribute to insomnia. Sleep-disordered
breathing and sleep apnea must also be considered. Noc-
turnal oxygen desaturation may be a clue that a sleep study is
needed [16–18].

Insomnia is a feature of the estrogen deficiency. About
65 % of postmenopausal women treated for breast cancer
have hot flashes. About three-quarters have hot flashes in the
first 10 years after their last menstrual period, and half have
hot flashes even later. These are more severe in younger
tamoxifen users who had chemotherapy [19].

A hot flash begins with sweating, tachycardia, and
increased peripheral blood flow. Evaporation of sweat may
lead to cooling. Sometimes an aura of anxiety or thirst
precedes the flash. The wave of heat spreads over the body,
particularly the upper part. Menopausal women without
breast cancer report trouble falling asleep, waking frequently
at night, feeling unusually tired [20]. Savard found more
wake time in the 10-min periods around hot flashes and more
stage changes to lighter sleep in breast cancer survivors.
Compared to nights without hot flashes, there was a lower
percentage of stage II sleep and a longer rapid eye move-
ment (REM) latency. Overall, hot flashes were found to be
associated with less efficient, more disrupted sleep [21].

While menopausal women treated with estrogenic hor-
mones sleep better, this option is not available to women
with hormone-sensitive breast cancer. Antidepressants have
been used as an alternative for vasomotor symptoms and
sleep. Benefit has been documented for a number of
antidepressants, both specific serotonin reuptake inhibitors:
paroxetine [22], fluoxetine [23], and the specific serotonin
norepinephrine reuptake inhibitor venlafaxine [24]. Sero-
tonin mediation of hot flashes has been suggested. Gaba-
pentin at 900 mg per day also reduces hot flashes in women
with breast cancer [25]. Vasomotor symptoms and worse
depressive symptoms were meaningful predictors of
insomnia in women less than 4 years from stage I to IIIA
breast cancer [26].

Table 30.1 Causes of insomnia in breast cancer patients

New threat of diagnosis or recurrence

Estrogen deficiency with hot flashes

Worry about not falling asleep

Physiologic dependency on benzodiazepines

Side effects of antiemetic phenothiazines (akathisia)

Anticipatory anxiety about repeat scans

Dexamethasone treatment with chemotherapy

Caffeine, decongestants, alcohol

Sleep apnea
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30.7 Cognitive Difficulties

Troubles with working memory and concentration are
common complaints of patients who receive adjuvant
chemotherapy for breast cancer. Specific neurocognitive
deficits do not typically match subjective reports. One study
showed that only about 20 % of breast cancer patients
post-adjuvant treatment had elevated memory and/or exec-
utive function complaints that were significantly associated
with domain-specific neuropsychological test performances
and depressive symptoms [27]. Patients who are more dis-
tressed report more cognitive failures. In the acute setting,
benzodiazepines, steroids, anticholinergic medications affect
cognition and attention. The catabolism and fatigue, perhaps
the inflammatory response, associated with chemotherapy
further impairs function. In breast cancer as opposed to other
tumors, the course of estrogen withdrawal also may add to
cognitive dysfunction [28–30]. Broken sleep, anxiety, low
mood, and the trauma of the diagnosis further contribute.

Talk of “chemobrain” leads women receiving adjuvant
chemotherapy for breast cancer to worry about permanent
cognitive dysfunction. A meta-analysis of studies of cogni-
tive impairment associated with adjuvant chemotherapy in
women with breast cancer reviewed 27 studies involving
1562 patients. In cross-sectional studies with varied
methodological approaches, a significant association between
adjuvant chemotherapy and subtle cognitive impairment held
across studies; however, the level of cognitive impairment
was not different between the group that received
chemotherapy and the group that did not. For prospective
studies, the reviewers found that cognitive function improved
over time after receiving adjuvant chemotherapy [31]. It is
reassuring to know that a Danish nationwide cohort of almost
1900 women treated for primary breast cancer found no
differences in long-term subjective cognitive impairment at
7–9 years post-surgery between those who received systemic
chemotherapy (CMF: cyclophosphamide, methotrexate,
5-fluorouracil or CEF: cyclophosphamide, epirubicin,
5-fluorouracil) and those that did not [32]. However, both
neuropsychological testing studies and neuroimaging find-
ings suggest that a small subset of women may have negative
cognitive effects from treatment [33].

A clinical approach to cognitive impairment in breast
cancer patients is to discontinue benzodiazepines, alcohol,
and anticholinergic medications, to encourage the best sleep
hygiene, and to optimize antidepressant treatment of major
depressive disorder, Modafinil has shown some benefit for
cognitive function in breast cancer survivors [34]. Methyl-
phenidate 5 mg b.i.d did not show benefit in a randomized,
placebo-controlled double-blind study in women undergoing
adjuvant chemotherapy for early breast cancer [35]. Some
preliminary work has suggested a role for donepezil in breast

cancer survivors if cognitive impairment is a factor 1–
5 years post-chemotherapy [36].

30.8 Overlap of Symptoms of Estrogen
Deficiency and Depression

The diagnosis of clinical depression is complicated by the
overlap of symptoms that make up the syndrome of major
depressive disorder (MDD) and those symptoms associated
with breast cancer treatment, but the psychological and
biological stressors associated with treatment also make
MDD more likely. Low mood, poor concentration, fatigue,
insomnia, thoughts of death, and prominent anxiety often
come with breast cancer treatment. Insomnia is a common
symptom of MDD. Patients with MDD have trouble falling
asleep and staying asleep [16]. They have less delta sleep,
broken sleep, and alterations in timing, amount, and com-
position of REM sleep [17]. In addition to waking at night,
the night is spent in dysphoria, anxiety, and hopelessness. In
the setting of breast cancer, patients often attribute their
unhappiness to the diagnosis of cancer and the natural
concerns that come from the diagnosis. However, persistent
insomnia, anhedonia, constant awareness of the diagnosis
without the ability to concentrate on other things, or to enjoy
what is normally enjoyed become markers for the syndrome
of MDD. History of MDD and/or anxiety disorder, in other
words, lifetime history, should add heavily to the assessment
of the diagnosis. A history of anxiety disorder predisposes to
depressive disorder.

As breast cancer treatment often moves a premenopausal
or perimenopausal woman further toward menopause, dys-
phoria is often associated with menopausal symptoms.
Independent of the psychological adjustment to breast can-
cer, some women are particularly sensitive to mood changes
from female hormones. Postpartum or premenstrual changes
have been linked with clinical mood syndromes that depend
on the individual sensitivity of women to specific changes in
female hormones [37]. Epidemiological studies have sug-
gested that women approaching menopause are more at risk
for MDD. Clinical depression has been associated with the
transition to menopause [38]. Schmidt found a 14-fold
increased risk for depressive symptoms in the 2 years sur-
rounding menopause compared to the time of regular cycles.
Irritability, nervousness, and frequent mood changes are
common in the transition [39]. Both antidepressants and
hormones ameliorate the symptoms. In one study in women
without breast cancer, aged 40–60, who were peri-
menopausal or menopausal, escitalopram as well as
estrogen/progesterone improved sleep and vasomotor
symptoms, but escitalopram had a better effect on depressive
mood [40, 41]. Other antidepressants also benefit mood in
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menopausal women; these include mirtazapine, fluoxetine,
citalopram, paroxetine, and venlafaxine.

Clinical depression is more common with surgical
menopause, suggesting that the risk of depression is greater
with sudden cessation of estrogen. In breast cancer patients,
this would occur with ovariectomy, leuprolide treatment, or
abrupt cessation of hormone replacement treatment.

30.9 Fatigue

Fatigue may come from treatment side effects, MDD or both.
Treatment for breast cancer, particularly with adjuvant
chemotherapy, is itself fatiguing. Fatigue is related to the
catabolic effects of treatment and associated inflammatory
response, loss of estrogenic hormones, sleep impairment,
and stress. The majority of women undergoing adjuvant
chemotherapy, who have cancer-related fatigue, do not have
clinical depression [42]. The diagnosis of MDD was estab-
lished in only 17 % of those who met a case definition of
cancer-related fatigue. Past history of clinical depression and
prevalence and incidence of cancer-related fatigue were
significantly related to the diagnosis of depression at post-
treatment assessment. In the 6 months after treatment, those
who tend to catastrophize and those who weigh more are
more fatigued [43].

A minority of breast cancer patients report fatigue and
impairment comparable to that seen in women with chronic
fatigue syndrome. These women tend to score higher on
measures of depression, interpersonal sensitivity, and
obsessive-compulsive behavior [44]. Fatigue correlates
strongly with self-reported neuropsychological function but
not with objective neuropsychological function in a labora-
tory setting [45].

Persistent fatigue is a marker for women who tend to feel
overwhelmed. High anxiety, high impairment in role func-
tion, and low sense of control over fatigue symptoms at
baseline assessment are associated with persistent fatigue
[46]. Women who experience depressive symptoms in the
first years after diagnosis are at risk for long-term fatigue
regardless of how tired they were at the outset [47].

The best treatment for MDD is critical for those with
persistent cancer-related fatigue. In addition to antidepres-
sant medication, cognitive behavioral treatment and graded
exercise, which has been important in the treatment of
chronic fatigue syndrome, might also be important for the
subset of breast cancer patients with persistent fatigue and
comorbid depressive disorder [48]. Cognitive behavioral
techniques and programs of energy conservation have been
used for cancer-related fatigue [49, 50]. Exercise programs
and mind–body interventions like yoga have also been
studied [51].

30.10 Prevalence of Major Depressive
Disorder in Breast Cancer Patients

A recent review of the prevalence of MDD in breast cancer
patients estimated 10–25 %, but came to the conclusion that
the precise rate is difficult to determine because of the use of
symptom screening tools, the different causes of similar
symptoms, and the rare use of Diagnostic Statistical Manual
case definition in previous studies [52]. Lifetime history of
affective disorder becomes an important factor in diagnosis.

In Denmark, where there is both a psychiatric registry and
tumor registry, between 1970 and 1993, breast cancer
patients had a significantly increased incidence of psychi-
atric admission with affective disorders and anxiety disorders
compared to other women [53]. The risk of nonnatural
mortality was increased in the first year after diagnosis [54].
Suicide risk tended to increase with depression and age. An
international population-based study of more than 700,000
women found that the suicide risk remained elevated among
women diagnosed between 1990 and 2001 and throughout
follow-up. It was highest among black women [55].

30.11 Treatment

For women who have MDD, particularly if they have a
history of previous episodes of MDD, antidepressant medi-
cations are the standard of treatment. (Tables 30.2 and 30.3)
These drugs may have additional benefit for cognitive, sleep,
fatigue, and vasomotor symptoms, as already noted.
Antidepressant medications have not been associated with
increased risk of breast cancer in epidemiological studies
[56, 57]. In general, there is no a priori reason to pick one
antidepressant over another except to take advantage of the
side-effect profile or to reduce side effects in a given patient.
If the patient is taking tamoxifen, CYP 2D6 inhibition may
lower the effective level of tamoxifen metabolites [58].
Whether this interaction is clinically meaningful is still
unclear [58–61]. In that context, for instance, citalopram,
escitalopram, or venlafaxine may be preferred.

Combination of antidepressant medication with tailored
psychotherapy has a better outcome. Antidepressants are

Table 30.2 Syndromes treated by antidepressant medication

Panic disorder

Anxiety disorder with preoccupation about somatic symptoms

Hot flashes

Generalized anxiety disorder

Perimenopausal mood disorder

Major depressive disorder (MDD)
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often all the more effective for clinical depression when
combined with cognitive behavioral treatment or other
psychotherapy in patients without cancer [62].

In those women who have cancer, even those not clini-
cally depressed, psychosocial interventions focused on the
challenge of the cancer itself—group therapy, cognitive
behavioral therapy, supportive-expressive formats, relax-
ation techniques, and individual therapy—can reduce
distress and increase coping [63, 64]. Psychological inter-
ventions for women with non-metastatic breast cancer [65]
and metastatic cancer [66] have been reviewed by the
Cochrane collaboration. For non-metastatic breast cancer,
cognitive behavioral therapy (CBT) was the most common
intervention (24 of 28 studies). CBT was delivered indi-
vidually, in couples, or in groups and reduced anxiety and
mood disturbance. Effects on survival were uncertain. Some
of the benefits of interventions like cognitive behavioral
stress management for patients with non-metastatic breast
cancer early in treatment may last up to 15 years later [67].

For women with metastatic breast cancer, the Cochrane
review looked at 10 studies involving almost 1400 women,
three with CBT and four with supportive-expressive therapy,
mostly group treatments. Benefits were found for some
psychological variables. Group psychosocial interventions
per se were not found to increase survival [68–72].

Group-based cognitive behavioral stress management has
also reduced depressive symptoms in patients who do not
have breast cancer but feel that they are at greater risk for the
diagnosis because of family history [73].

Formal talking therapies have strengthened a woman’s
feeling of control and reduced vulnerability and distress as
she faces the uncertainty of cancer. With group and indi-
vidual treatment, she is less alone. She may be more able to
confront the existential plight and the difficult practical
challenges that come with negotiating progressive illness.

Education and support offer tools for expressing her wishes,
using energy wisely, and living fully on her own terms.
Social skills like ability to speak effectively with family and
medical staff can improve. How to live with the change in
breasts, how to grapple with dating and options for having
children, worries about genetics of the cancer are topics
within psychotherapy. Women may seek advice on their role
as parents and how to discuss their illness with their children
[74]; and practical and emotional concerns about their sexual
relationships can be heard.

30.12 Patients with Psychotic Illness

There is no increased risk of breast cancer in patients with
schizophrenia or bipolar disorder [75]; however, patients
with psychosis often present with more advanced disease,
after insufficient screening and little medical care [76].
Follow through with treatment is more variable.

Although psychosis is treated with dopamine blocking
agents that may be associated with elevated prolactin levels,
concern about prolactin level should not stand in the way of
optimal treatment of a psychotic disorder. Some have wor-
ried that a rise in prolactin would add risk of cancer pro-
gression in breast cancer patients, but a recent review of
preclinical and clinical evidence did not find support for this
hypothetical concern [77].

Thoughtful communication with a woman with psychosis
may take more time, and the psychiatric team may be critical
for engaging the patient. Her particular delusions may affect
her ability to comply with treatment. Many patients with
psychoses have difficulty with abstract thinking. Explana-
tions should be concrete. These patients may not trust family
or physicians and may be more sensitive to feeling con-
trolled. They may have more difficulty with simple deci-
sions. Each decision should be made with respect, with
alternatives of no treatment, with short deadlines to decision.
When the patient’s own executive function is impaired,
thinking through in advance a plan to sustain adherence both
to psychiatric and medical treatment is all the more impor-
tant. Collaboration between psychiatrist and oncologist
should be explicit.

30.13 Conclusion

Expert care means that each woman has the opportunity to
be heard, to grapple with the existential plight, and to have
syndromes of psychiatric diagnosis treated. Full treatment of
MDD and anxiety disorder should also help to alleviate
symptoms of hot flashes, insomnia, and fatigue. Antide-
pressant medications should be used methodically. Since
response may take several weeks, how long the patient has

Table 30.3 Antidepressant medications

Starting dose Maintenance dose

Citalopram (Celexa) 10 mg/day 20–40 mg/day

Escitalopram
(Lexapro)

5–10 mg/day 10–20 mg/day

Sertraline (Zoloft) 25–50 mg/day 50–150 mg/day

Mirtazapine
(Remeron)

15 mg h 15–45 h sedating, weight
gain

Venlafaxine
(Effexor)

37.5 mg/day 75–300 mg/day XR is
daily

Wellbutrina 75 mg/day 150 SR b.i.d. or 300 XL
aDuloxetine 30 mg/day 60 mg q.d.
aFluoxetine 10 mg/day 20–60 mg/day
aParoxetine 10 mg/day 20–60 mg/day
aConsider 2D6 inhibition as a factor that may affect tamoxifen
metabolism
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taken a specific dose of antidepressant should be noted. If a
benefit does not occur after 1 or 2 months, the regimen
should be adjusted. In those women taking tamoxifen,
antidepressant medications with less cytochrome P450 2D6
inhibition would be the first choice.

Expert psychopharmacological care should be augmented
by appropriate cognitive behavioral, individual, or group
treatments. For those who do not require the best specific
treatments for psychiatric syndromes, coping strategies are
strengthened by access to psychoeducation, relaxation, and
expert group or individual interventions tailored to the
treatments for best cancer care.

MDD is a relapsing syndrome with grave morbidity and
mortality that must occur in some women who are treated for
breast cancer [78]. Without breast cancer, it has a lifetime
prevalence of 16.2 % and 12-month prevalence of 6.6 % in
adults, more common in women than men, with a risk ratio
of 1.7–1.0 over a lifetime [79]. Risk factors include personal
or family history of depressive disorder, prior suicide
attempts, lack of social supports, stressful life events, and
current substance abuse. It is worth taking note of these risk
factors when considering which women with breast cancer
need surveillance for depression. We are bound to treat what
is serious and treatable. Screening for depressive symptoms,
for instance, with the Patient Health Questionnaire (PHQ-9),
calls attention to the possibility of depression even when
patients are quiet about their symptoms. The screen begins a
discussion that can lead to appropriate treatment and better
quality of life. Collaborative care programs in cancer centers
that screen for depression, treat and assess outcome so that
depression does not compromise oncological treatment in
cancer patients have made a difference proven in multiple
controlled studies [80].

Most patients with breast cancer do not develop MDD,
but the adjustment to the diagnosis, hormonal changes
associated with menopause and further antiestrogen treat-
ments cause dysphoria, sleep disruption, fatigue, poor con-
centration, and anxiety. Some women are more susceptible
to these hormonal changes than others. Some women have a
history anxiety disorder that adds to their difficulty coping
with medical illness. Psychosocial interventions help
patients to adjust to the uncertainty of cancer, the loss of
fertility, and body image. The best psychosocial interven-
tions for breast cancer patients should include optimal
treatment for MDD.
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31Management of the Patient with a Genetic
Predisposition for Breast Cancer

Sarah Colonna and Amanda Gammon

31.1 Hereditary Breast Cancer

Women who have close relatives with breast cancer have an
increased risk of developing breast cancer themselves.
Familial clustering of breast cancer may occur for several
reasons. Breast cancer is a common disease, and clustering
may be coincidental. Shared environmental or lifestyle fac-
tors may result in multiple cases of breast cancer within a
family, particularly among siblings. Genetic risk factors are
also known to explain some familial breast cancer clustering.
While there has been a significant increase in genetics
knowledge since BRCA1 and BRCA2 were identified over
25 years ago with additional genes now known to be asso-
ciated with breast cancer risk, a large proportion of the
family histories of breast cancer remain unexplained by
current genetic testing. The ways we assess patients for
hereditary breast cancer risk and the scope of genetic testing
available have changed dramatically in the last few years.
Understanding both the improvements and limitations of
hereditary cancer assessment are crucial to provide appro-
priate risk management recommendations for patients. This
chapter will review the basics of cancer genetics, outline
selected genes associated with hereditary breast cancer, and
discuss the importance of the family and personal history in
identifying those who may have an inherited predisposition
to breast cancer. Models for assessing the risk of developing
cancer and of having a genetic predisposition to cancer will
be described. Management of individuals at increased risk of
breast cancer will be discussed, including genetic counseling
and testing, interpretation of results, and options for

modifying risk in those with a family history of breast
cancer, with or without an identifiable gene mutation.

31.1.1 Somatic and Germline Genetics

All cancer is genetic; that is, all cancer is caused by the
accumulation of genetic mutations in a specific cell line.
Infrequently, cancer can be the result of a gene mutation that
was inherited or occurred very shortly after conception (i.e.
the mutation is present in every cell of the body). These
types of mutations are called germline mutations. It is esti-
mated that 5–10 % of all breast cancer cases are due to an
inherited genetic factor that confers a high breast cancer risk
[1]. Families with an inherited predisposition to cancer
usually have more cases of cancer than would be expected
by chance; cancer in several generations and cancer at earlier
ages than are typical. Genetic testing for hereditary cancer
predisposition most often requires a blood or buccal sample
from the patient and looks for germline mutations. Somatic
mutations typically occur during a person’s lifetime and are
thus not present in every cell in the person’s body. Most tests
that examine the genetics of a tumor are looking specifically
for somatic mutations—mutations that are present in the
cells that became cancerous but are typically not present in
the rest of their cells (such as their germline (egg or sperm)
cells). The purpose of these tests is not to identify hereditary
cancer predispositions but to identify mutations within the
tumor that could be potential therapeutic targets. However, if
a patient has a germline mutation predisposing her to
develop cancer, it should in theory be present in all of her
cells, including their tumor cells. Some patients have first
come to attention for hereditary cancer assessment due to an
unexpected mutation identified in their tumor that was later
determined to be germline [2]. On the other hand, due to
differences in sequencing techniques and mutation reporting
between tumor and germline genetic tests and the genetic
alterations inherent in tumor formation, it is possible that a
patient may have a germline mutation that is not
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detected/reported on tumor sequencing. If a patient is
appropriate for hereditary cancer evaluation, she should be
referred for genetic counseling and germline mutation test-
ing, regardless of the tumor sequencing results. Also, if a
mutation is detected in a patient’s tumor and there is concern
that the mutation may be germline, she should be referred for
genetic counseling and germline mutation testing [2].

31.2 Genes Associated with Hereditary
Breast Cancer

There are numerous genes that, when mutated in the germ-
line, confer a significant risk for cancer, including several
that increase the risk for breast cancer. Mutations in some
genes confer high risks for breast cancer (defined here as
causing over a fourfold increase in lifetime female breast
cancer risk). More genes have been identified in the past
10 years whose mutations confer a more moderate increase
in breast cancer risk (often defined as conferring at least a
twofold increase in breast cancer risk). As of yet, there is no
strict consensus on what constitutes a “high” versus “mod-
erate” breast cancer risk, but similar cutoffs have been used
in recent research and reviews [3]. We have divided these
genes into these two risk categories to highlight differences
in the assessment and management of mutations carriers.
Table 31.1 identifies the genes whose mutations confer a
high breast cancer risk while Table 31.2 provides an over-
view of genes associated with moderate risk. Other genetic
changes, such as SNPs (single-nucleotide polymorphisms)

have been associated with smaller alterations in breast cancer
risk [4]. It is unclear how or whether an individual’s breast
cancer screening should be altered on the presence of an
individual SNP. However, current research is exploring the
incorporation of SNP data into comprehensive breast cancer
risk assessment (including breast density and other risk
factors) called a polygenic risk score [4, 5]. Clinical incor-
poration of polygenic risk scores may provide future
refinement to currently available risk assessment techniques.

Most germline mutations that predispose to breast cancer
are inherited in an autosomal dominant fashion, such that a
mutation from either parent increases the risk for cancer.
Spontaneous mutations are rare. Therefore, if an individual
has a mutation, one of the parents is almost always a carrier,
and siblings and children are each at 50 % risk of inheriting
the familial mutation. Most of the genes are tumor sup-
pressor genes which, when working properly, reduce the risk
of developing cancer. When mutated, however, the protec-
tive function is lost and the risk of cancer is increased.

The risk for the development of cancer associated with
mutations in these genes varies depending on the specific gene
and the population analyzed. Early studies, which evaluated
families based on a clinical ascertainment of four or more
breast cancers, suggested a higher penetrance [6] than sub-
sequent studies in families with a more modest family history
[7]. Population-based studies test all individuals diagnosed
with breast cancer for gene mutations, without regard to
family history. In these studies, the risk for cancer in relatives
is still lower [8]. It is likely that modifying genes or envi-
ronmental factors affect penetrance from family to family.

Table 31.1 Hereditary breast cancer predispositions: high-risk

Gene (condition) Approximate lifetime breast cancer
risk for women

Other cancer risks and features

BRCA1 (Hereditary breast
and ovarian cancer
syndrome)

50–80 % Cancers: ovary, prostate

BRCA2 (Hereditary breast
and ovarian cancer
syndrome)

50–80 % Cancers: ovary, breast cancer in males, prostate, melanoma, pancreas

PTEN (Cowden syndrome) 25–50 % Cancers: endometrial, thyroid (nonmedullary), colon, urinary tract
Other features: macrocephaly, colon polyps (hamartomas,
ganglioneuromas, juvenile polyps), skin lesions

CDH1 (Hereditary diffuse
gastric cancer)

39–52 % (lobular breast cancer) Cancers: gastric cancer (diffuse type); unclear if colon cancer risk is
also increased

STK11 (Peutz-Jeghers
syndrome)

45 % Cancers: pancreas, colon, ovary, cervix, lung
Other features: abnormal melanin deposits (lips, buccal mucosa,
fingers, etc.)

TP53 (Li-Fraumeni
syndrome)

High, but unclear due to rarity and
high risks for many forms of cancer

Cancers: brain, adrenal cortex, sarcomas, leukemia, lung, GI tract;
women have over a 90 % lifetime risk to develop cancer of some type

PALB2 35–60 % Unclear if risk also increased for pancreatic cancer, ovarian, male
breast cancer, or prostate cancer
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Clinic-based ascertainment may select for families in which
there is not only a gene mutation conferring breast cancer risk,
but other genetic or environmental factors at play.

31.2.1 Hereditary Breast Cancer
Predispositions: High-Risk

Table 31.1 summarizes the genes whose mutations confer
high risks for breast cancer. Besides conferring a high risk
for breast cancer, the majority of these gene mutations confer
high risks for other forms of cancer. Most of these genes
were associated with cancer risk over 20 years ago, so
extensive research and clinical management recommenda-
tions are available [9].

The most common cause of hereditary breast cancer
remains mutations in BRCA1 or BRCA2 which cause
Hereditary Breast and Ovarian Cancer syndrome. A BRCA1
or BRCA2 mutation is found in approximately 1 in 300 to 1
in 800 Caucasians and about 1 in 40 individuals of Ashke-
nazi Jewish ancestry [8–10]. The rate in other ethnic groups
is not well defined, although specific founder mutations have
been identified in many countries, including the Netherlands
[11] and Iceland [12]. BRCA1 and BRCA2 mutations are
associated with a lifetime risk for female breast cancer of
about 50–80 % in women [6, 13–15]. The lifetime risk for
ovarian cancer in women is approximately 40–60 % with a
BRCA1 mutation and 20–30 % with a BRCA2 mutation [6,
13–15]. Men with BRCA1 or BRCA2 mutations also have an
increased risk for breast cancer (up to 7 % lifetime risk with
BRCA2; less with BRCA1) [16]. BRCA1-associated cancers
are typically high grade, often with medullary features,
usually estrogen and progesterone receptor negative, and do
not overexpress HER2/neu (so-called “triple negative” breast
cancer) [17]. BRCA2-associated breast cancers are generally
estrogen receptor positive and of no specific histologic type
[18, 19]. The ovarian cancers in BRCA mutation carriers are
epithelial in origin and usually of serous histology [20, 21].
Fallopian tube cancers and primary peritoneal cancers are
also prevalent; there is some evidence that the ovarian can-
cers associated with BRCA1/2 mutations may originate in the
fallopian tubes [22, 23].

Mutations in the BRCA1 and BRCA2 genes confer risks
for cancers other than breast and ovarian. BRCA2 mutations
are associated with an increased risk of melanoma, pancre-
atic cancer, and prostate cancer [6, 24, 25]. Prostate cancer
occurring in both BRCA1 and BRCA2 mutation carriers may
be more aggressive than prostate cancers in the general
population [26–28]. While very rare, biallelic mutations in
BRCA2 (i.e., a mutation on both the maternal and paternal
alleles of the gene) are known to cause Fanconi Anemia; this
occurs with biallelic mutations of many of the genes in the
same pathway as BRCA2 [29].

Cowden syndrome is caused by a mutation in the PTEN
gene. It is often first recognized because of skin lesions and
intestinal hamartomas [30], but is also associated with an
increased risk of early-onset breast cancer that ranges from 25
to 50 %; newer studies indicate the lifetime risk may be
higher than 50 % [31]. Besides breast cancer, nonmedullary
thyroid cancer, endometrial cancer, colon, renal cancer, and
possibly melanoma are increased [31, 32]. Benign findings
that occur frequently include benign thyroid disease,
trichilemmomas, which are flesh-colored bumps on the face
and tongue, and macrocephaly above the 97th percentile [33].

Li-Fraumeni syndrome is a rare disorder caused by a
mutation in TP53, the “guardian of the genome,” that pre-
vents cells with DNA damage from proceeding through the
cell cycle. Somatic mutations in TP53 are found in about
half of all cancers. When present as a germline mutation, risk
for cancer is extremely high [34, 35]. Approximately 50 %
of individuals with mutations have developed cancer by age
30, and the prevalence by age 70 is 90 % [36]. Osteosar-
comas, soft tissue sarcomas, brain tumors, leukemia and
adrenal cortical carcinomas are the characteristic tumors,
with breast cancer found in 25 % of those who do not die of
childhood tumors [37]. Breast cancer tends to occur very
early, often in the 20s. Virtually every other solid tumor is
also found at very early ages in this population, with mul-
tiple primary tumors found in 57 % in a 30-year follow-up
study [38]. New screening protocols have been created to
address the multi-system cancer risks associated with
Li-Fraumeni syndrome, incorporating brain and whole body
MRI, in addition to mammogram and breast MRI, colono-
scopy, and dermatology exams [39].

Table 31.2 Moderate-risk genes Gene Approximate lifetime breast
cancer risk for women (%)

Other cancer risks and features

ATM 30–40 Possible association with pancreatic cancer. Biallelic
mutations cause ataxia-telangiectasia syndrome

CHEK2 20–45 Moderate colon cancer risk. Other moderate cancer risks
possible (prostate, male breast cancer, etc.) Common
founder mutation in Northern European ancestry =
1100delC

NBN 23 Unclear if other cancer risks present. Common founder
mutation in Slavic population = c.657del5. Biallelic
mutations cause Nijmegen breakage syndrome
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Peutz–Jeghers syndrome is caused by mutations in
STK11. It is usually diagnosed based on distinctive hamar-
tomatous polyps [40] and the presence of benign pigmented
spots on the lips and buccal mucosa. The lifetime risk for
cancer is up to 80 % in these families, with breast cancer
being the most common at around 45 % [41–43].

Historically, mutations inCDH1 have been associatedwith
Hereditary Diffuse Gastric Cancer and confer a very high
lifetime risk (67–83 %) for gastric cancer [9, 44]. Due to
limitations in endoscopic surveillance, prophylactic gastrec-
tomy is recommended for CDH1 mutation carriers in their
early 20s [45]. Women with CDH1 mutations also have
between a 39 and 52 % lifetime risk for lobular breast cancer
[9, 44]. With the advent of multigene testing for hereditary
breast cancer risk, increasing numbers of individuals have
been identified with CDH1 mutations with no known family
history of gastric cancer. This creates a dilemma for appro-
priate gastric cancer risk assessment andmanagement as these
families may not have the same high gastric cancer risks [46].

PALB2 was first identified in 2006 [47]. Recent studies
have indicated that women with a PALB2 mutation have a
similar breast cancer risk to women with a BRCA2 mutation
[48]. The strength of an individual’s family history of breast
cancer appears to have a bearing on the degree of cancer risk
conferred by a PALB2 mutation [48]. PALB2 mutations also
appear to be associated with moderately increased risk for
pancreatic cancer, although further research is needed to
delineate this [49]. Currently, it is unclear if mutations in
PALB2 increase the risks for other cancers, such asmale breast
and ovarian [48]. Like with BRCA2 mutations, biallelic
PALB2 mutations are known to cause Fanconi Anemia [50].

31.2.2 Hereditary Breast Cancer
Predispositions: Moderate-Risk

Table 31.2 summarizes information on three genes whose
mutations confer moderately increased breast cancer risks. For
ATM, CHEK2, and NBN mutation carriers, NCCN (National
Comprehensive Cancer Network) has made management rec-
ommendations [9]. Breast cancer risk management guidelines
have also recently been released for individuals with mutations
in NF1 (which causes Neurofibromatosis Type 1); these are not
reviewed here as many individuals with NF1 mutations are
identified through pediatric genetics evaluation [9]. Many more
genes are suspected of conferring similar (or slightly lower)
breast cancer risks; however, consensus management guidelines
do not yet exist for mutation carriers [3]. Testing of these genes
is often included on commercially available multigene tests,
which can create difficulties for clinicians and patients in
interpreting the results and determining clinical utility.

Biallelic mutations in ATM have been known for many
years to cause the neurodegenerative disorder, Ataxia-

telangiectasia [51]. Increasing numbers of studies have found
that women with a monoallelic mutation of ATM have a
two-threefold increase in breast cancer risk [52]. However,
individuals with a missense mutation in certain key functional
domains of ATM may have significantly higher breast cancer
risks [53]. Carriers of one ATM mutation may also have a
moderately increased risk for pancreatic cancer, but this and
any other potential cancer risks require further definition [54].

The majority of data available on CHEK2 mutation
cancer risks stems from a common founder mutation
(1100delC) present in 0.5–1.3 % of individuals of Northern
European descent [55, 56]. The female breast cancer risk
conferred by this mutation is estimated to be approximately
threefold, but like mutations in PALB2, ATM, and NBN the
exact magnitude can vary depending on a person’s family
history of breast cancer [55]. CHEK2 mutations appear to
predispose primarily to estrogen receptor positive breast
cancers [55]. Other pathogenic mutations in CHEK2 beyond
1100delC are expected to confer similar breast cancer risks.
The risks for other cancers are still being delineated,
although moderately increased risks for multiple other
cancers (including colon and prostate) have been indicated in
some studies [57].

Like CHEK2, NBN also has a common founder mutation,
c.657del5, in the Slavic population [58]. This monoallelic
mutation appears to confer a 2.7 fold increase in female
breast cancer risk [3, 58]. As is the case with both ATM and
CHEK2, some missense mutations in NBN appear to confer
similar or greater breast cancer risks than truncating muta-
tions [58]. Individuals with biallelic NBN mutations have a
condition called Nijmegen breakage syndrome, which is
characterized by microcephaly, cognitive impairment,
immunodeficiency and increased cancer risks [59].

31.3 Identification of Individuals
at Increased Risk for Breast Cancer

31.3.1 Family History

A woman’s risk of developing breast cancer is strongly
related to the number of affected relatives, their genetic
proximity, and ages at which they were diagnosed. Collecting
an accurate family history is the single most cost-effective
approach to identifying individuals with hereditary breast
cancer [60]. A three-generation family history should be
collected on individuals who have a suspected predisposition
to cancer and should include all first-degree relatives (chil-
dren, siblings, parents) and second-degree relatives (uncles
and aunts, nieces and nephews, grandparents), as well as more
distant relatives who have cancer [61]. For each family
member, essential information includes current age or age and
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cause of death, medical history including types of cancer and
age of onset, ethnicity/country of origin, and other
syndrome-specific features, for example multiple gastroin-
testinal polyps. A graphic representation of the family history
using recognized pedigree nomenclature outlined in Fig. 31.1
allows assessment of inheritance patterns and permits this
information to be communicated to other clinicians and to
patients in a clear and consistent manner [62].

The cancer pedigree should include at least the number
and gender of individuals in each generation, whether
affected with cancer or not, so the ratio of affected to unaf-
fected family members can be incorporated into the assess-
ment. A common breast cancer genetic myth is that “you
don’t have to worry about breast cancer on your father’s side
of the family.” It is essential to collect both maternal and
paternal histories of cancer, since germline mutations are
equally likely to be inherited paternally as maternally.

Knowledge of breast cancer in first-degree relatives is
generally accurate [63], but is less reliable in more distant
relatives [64, 65]. Knowledge of cancers in other organs is
often less precise. Gastric cancer and ovarian cancer may both
be reported as “stomach cancer,” and cervical, uterine, and
ovarian all reported as “female cancer.”Ovarian cysts may also
be misreported as cancer. Questioning the patient about out-
comes may be helpful in determining the accuracy of the
diagnosis. For example, a report of a relative with long-term
survival after a diagnosis of “ovarian cancer” or “pancreatic
cancer” should raise questions about the accuracy of the
diagnosis since these cancers have low long-term survival
rates. Family medical histories are dynamic, and it is important
to remind the patient that if additional cases of cancer are
diagnosed or discovered, they should recontact the provider
because the new information may alter the risk calculation and
subsequently alter recommendations for riskmanagement [66].

Fig. 31.1 Pedigree symbols and
structure (represented by two
slides). By using recognized
pedigree nomenclature and
structure, family history
information can be communicated
to other clinicians and patients in
a clear and concise manner
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Taking a detailed family history takes time. Some centers
use a questionnaire that can be mailed prior to an appoint-
ment or completed in a waiting room. Several web-based
questionnaires in both English and Spanish are readily
available from resources such as the Centers for Disease
Control and Prevention (http://www.hhs.gov/familyhistory/).
Some centers utilize software such as Hughes Risk Apps
(http://www.hughesriskapps.com/riskclinic.php) or Progeny
(http://www.progenygenetics.com/) to create digital pedi-
grees. In some cases, small family size, adoption, and
misidentified paternity complicate the analysis of a family
history [67]. Despite these difficulties, obtaining an accurate
family history reduces the likelihood of either overlooking
the possibility of a hereditary cancer syndrome, which in turn
leads to lost opportunities for cancer risk management and
risk reduction in the patient as well as extended family
members; or of inappropriately performing genetic testing.
After obtaining an initial family history, referral to a cancer
genetic service may be the most appropriate way to obtain a
complete family history and risk assessment.

31.3.2 Personal Health History

In addition to information about the extended family, a cancer
risk assessment includes a personal health history. The pres-
ence of cancer, cancer site, age of onset, the existence of
multiple primaries or bilaterality, history of previous biopsies
andwhether the biopsy showed proliferative breast disease are
important. Hormone-related factors such as age at menarche,
nulliparity or age at first birth, number of pregnancies, dura-
tion of breast-feeding, age of menopause, and exogenous
hormone use (oral contraception, hormone replacement ther-
apy) also have an impact on the risk of developing cancer. Diet
and exercise play a significant role in the development of
breast cancer, not least of which is the impact of obesity on the
increased rate of breast cancer in postmenopausal women
[68]. Alcohol ingestion is also positively associated with
breast cancer [69, 70]. Mammographic breast density is a
recognized risk factor for breast cancer, and may be more
strongly correlated with a risk for the development of breast
cancer than any factors except for age, gender, and the pres-
ence of a breast cancer predisposition gene mutation [71].
Finally, radiation exposure, particularly during childhood and
adolescence, increases the risk of breast, thyroid and other
cancers [72]. Radiation was commonly administered in the
1940s through early 1970s for acne vulgaris, tinea capitis,
hemangiomas, and enlargement of the tonsils or thymus, as
well for Hodgkin’s disease and other malignancies [72, 73].
The identification of a woman with both breast and thyroid
cancer may suggest Cowden’s syndrome, but in the presence
of a history of radiation therapy, an environmental cause
would be far more likely than an inherited one.

31.4 Risk Assessment

Two different but related risks are important to the indi-
vidual patient: the risk of developing breast cancer, and the
risk of carrying a mutation in a breast cancer predisposition
gene.

Communication of risk requires an understanding of ways
to present risk, the various models used to assess risk, the
manner in which numbers can be interpreted, and the factors
that are necessary to put them into context of the patient’s
perception of risk. Most women with a family history of
breast cancer significantly overestimate their risk [74].

31.4.1 Absolute Risk

An absolute risk is the probability of an event occurring
during a specific interval. For example, a well-known risk
figure associated with breast cancer is 12 %, a cumulative
incidence statistic, which means that about one in eight
women in the general population will develop breast cancer
at some point in her lifetime. Unless she has a breast cancer
predisposition gene mutation, a woman who is presenting for
risk assessment at age 30 has an absolute risk of developing
breast cancer in the next 5 years of about 0.1 %, or one in a
thousand, far less than the 12 % lifetime statistic [75].

31.4.2 Relative Risk

Most population-based studies of familial cancer report
absolute risk, which compares the frequency of cancers
within affected families to the frequencies expected in the
general population. An observed-to-expected ratio (odds
ratio) is used to quantify the risk [76] based on the
particular environmental factor (parity, oral contraceptive
use, diet, pesticide exposure) or the genetic proximity of
an affected relative (sister, mother, aunt, grandmother).
The risk is typically described as x-fold over that of the
general population, such as a twofold risk for women
with a sister diagnosed with postmenopausal breast can-
cer [77]. The degree of risk is influenced by the closeness
of the relative and the age of diagnosis of breast cancer
[77]. This may also be reported as a percent increase.
Hormone replacement therapy may confer a relative risk
of 1.2, for example, which is accurately reported as a
20 % increase in the risk. That concept is not always
well-understood by patients who are confused and call
their doctors wondering if their risk has increased from
12 to 32 % by their use of postmenopausal hormone
replacement therapy, when a 1.2 relative risk has only
increased their risk from 12 to 14 %.
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31.4.3 Predicting Development of Breast
Cancer: Gail Model and Claus
Tables

Several mathematical models have been developed to esti-
mate the risk of developing breast cancer. The Gail model
computes individualized absolute risk in women receiving
routine mammograms [78]. It uses six specific risk factors
(age at evaluation, age at menarche, age at first live birth,
number of prior breast biopsies, presence of proliferative
breast disease on biopsy, and number of first degree relatives
with breast cancer) to estimate 5-year and lifetime risk [79].
Although the model is a useful tool for defining risk esti-
mates in the general population, it has several limitations in
the context of a high-risk setting. It does not address the risk
for women under age 35 or for those who are not undergoing
regular mammograms. Most relevant to a high-risk popula-
tion, the Gail model includes only first-degree relatives and
therefore does not include paternal history, nor does it
include a family history of ovarian cancer or age of onset of
cancers. Therefore, it is not an appropriate model to assess
risk for women in families with a known or suspected
inherited cancer predisposition gene mutation.

The Claus tables [80] were subsequently developed based
solely on family relationships and are more appropriate for
estimating risk in women with a family history of breast
cancer. This model includes first-and second-degree relatives
and can be used to estimate cumulative risk over 10-year
intervals. It includes relatives in only one lineage (either
maternal or paternal) but not both. The model uses a single
locus dominant genetic assumption, but those cases are
limited to only about 5–10 % of breast cancers.

31.4.4 Models for Predicting Presence
of a Gene Mutation and Cancer
Development: BRCAPro,
BOADICEA, and Tyrer-Cuzick

The most significant risk for breast cancer, except for gender
and age, is the presence or absence of a specific germline
mutation. Therefore, an important step in the risk assessment
is to determine the likelihood that the family has a recog-
nizable genetic mutation, as outlined in Tables 31.1 and 31.2
and discussed above. BRCA1/2 gene mutations are the most
prevalent of the genetic breast cancer predispositions. Due to
this, most models currently available assess for BRCA1/2
mutation risk only and do not calculate a person’s chance of
having a mutation in another breast cancer predisposition
gene.

The most commonly used model in the U.S. is BRCAPro,
which includes age-specific cancer as well as positive and
negative family history information of both first-and

second-degree relatives from both sides of the family [81–
83]. The information is then evaluated using a Bayesian
approach to calculate carrier probabilities. Free registration
for online access to this model is available at https://www4.
utsouthwestern.edu/breasthealth/cagene/ as part of the Can-
cerGene software package.

Another model, used widely in the U.K. and Australia, is
BOADICEA (Breast and Ovarian Analysis of Disease
Incidence and Carrier Estimation Algorithm), which was
developed based on segregation analysis of breast and
ovarian cancer [84]. Recent updates have added risk
assessment for mutations in CHEK2, ATM, and PALB2—
currently BOADICEA is the only model that provides
specific risk estimates for mutations in these genes [85].
A user-friendly web-based program (http://www.srl.cam.ac.
uk/genepi/boadicea_home.html) is available.

31.5 Genetic Testing

Genetic testing for a hereditary breast cancer risk has become
increasingly complicated with the introduction of multigene
tests [3]. Next-generation sequencing technology has greatly
reduced the cost of genetic testing and allows for numerous
genes to be analyzed in a single test. However, testing a
mixture of genes associated with high or moderate breast
cancer risks complicates the interpretation of results. Not all
genes currently analyzed on commercially available tests
have consensus guidelines for management of mutation
carriers. Increasing the number of genes tested also increases
the chance that a variant of uncertain significance will be
detected. While comprehensive genetic testing is now easier
to obtain than ever before for patients, thought and caution
must still be exercised in identifying the best testing candi-
date in the family and in the results interpretation. Depending
on the circumstances of testing, a negative (normal) test does
not always lower the risk for breast cancer and should not
always be considered “good news.”Many families deemed to
be appropriate for genetic testing have a sufficiently strong
family history that warrants enhanced screening, even if no
mutation is found [9]. Patients seek genetic testing for many
reasons and the impact of the test result—whether positive,
negative, or uninformative—on psychological health, social
relationships and medical care needs to be explored prior to
testing [86]. In addition, the test result has implications not
only for the individual being tested, but for family members.
As such, there is an ethical requirement to inform family
members, and a strategy for doing so must be developed. Due
to the complexities of genetic testing and the significant
implications of the test results on patients and their family
members, referral to a genetic professional can be very
beneficial and is recommended by multiple organizations
(NCCN, ACS, etc.). A list of genetic counselors can be found
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at http://www.nsgc.org or a cancer center can be located at
the National Cancer Institute’s website (http://www.cancer.
gov/search/geneticsservices/). While more clinics and hos-
pitals employ genetic counselors than ever before, genetic
counseling services are also being made available by tele-
medicine or telephone to increase accessibility [87].

In general, referral for genetic testing is appropriate for an
individual diagnosed with breast cancer at/under age 45,
bilateral breast cancer, male breast cancer, or both breast and
ovarian cancer. Families with two or more individuals with
breast cancer under age 50, breast cancer under age 50 and
ovarian cancer at any age, or three or more individuals with
breast or pancreatic cancer at any age are also appropriate for
genetic counseling and testing [9]. Some families have fewer
cases of cancer but have a small number of women, or have
related cancers such as pancreatic cancer, advanced prostate
cancer, or melanoma. These may also be appropriated for
genetic testing [67]. New data suggests that individuals of
known Ashkenazi Jewish ancestry may consider testing for
the three common BRCA1/2 founder mutations regardless of
reported personal or family history of cancer [88]. Ideally,
the first person to receive genetic testing in a family should
be someone affected with cancer, because if there is a
mutation in the family, that person is more likely to carry the
mutation than unaffected individuals. If a mutation is iden-
tified, testing for that specific gene mutation can then be
performed in relatives, both male and female, based on the
inheritance pattern of the particular gene. Testing for a
known familial mutation is currently cheaper than full
sequencing/deletion duplication testing of a gene, so if a
mutation has already been identified in a family, it is typi-
cally most appropriate and cost-effective to only test rela-
tives for the known mutation.

If a mutation is identified in a family, it is ideal from a
scientific and psychosocial perspective to test other branches
of the family, starting with the oldest generation alive. For
example, rather than testing all cousins of a mutation carrier,
testing aunts and uncles provides information for their
descendants. If a parent has a mutation, all children,
regardless of their cancer status, become testing candidates;
if there is no mutation, subsequent generations do not need
to be tested. From a psychosocial perspective, there are also
advantages to testing a member of the oldest generation first,
because it is often easier to share information from a parent
to a child than from a child to a parent [89].

Since the 2013 Supreme Court decision regarding gene
patenting, multiple laboratories in the U.S. offer genetic
testing for hereditary breast cancer predispositions [3].
Testing can include BRCA1/2 only or multiple genes asso-
ciated with high and moderate breast cancer risks on a single
test. The number of genes tested, as well as testing
methodologies, variant classification methods, cost/billing,
and financial assistance programs for patients vary between

laboratories. A resource to help identify available laborato-
ries for other cancer-related germline tests is GeneTests
(www.genetests.org), available free of charge. This website,
developed by the University of Washington, Seattle with
funding from the National Library of Medicine and Maternal
and Child Health Bureau, is an information resource that
includes a directory of clinical and research laboratories that
offer specific medical genetic tests.

31.5.1 Genetic Counseling

Prior to having a specimen obtained for genetic testing,
genetic counseling is recommended and is now required in
some cases to obtain insurance coverage for testing [9]. The
purpose of genetic counseling is twofold: to provide genetic
education and address psychosocial concerns. During a
genetic counseling appointment, an individual will receive
information on cancer etiology and a detailed risk assess-
ment based on their personal and family history. The per-
son’s risk to develop cancer (or another cancer) and the
chance to have an identifiable mutation in a cancer predis-
position gene will be explored. A discussion will be had
regarding the implications of genetic testing for both the
individual and their family.

Genetic counseling involves interactive discussion about
what the individual is hoping to learn from their risk
assessment and what actions they are interested in pursuing
(genetic testing, screening, cancer risk reduction). Many
individuals have high expectations of what genetic testing
can tell them about their cancer risks, when the reality may
be quite different [90]. A frank discussion of the benefits and
limitations of genetic testing is crucial to facilitating fully
informed consent prior to pursuing genetic testing. A tai-
lored plan is created with the patient for their cancer
screening and risk reduction, regardless of whether or not
they elect to pursue genetic testing. If the individual elects to
pursue genetic testing, the genetic counselor can help coor-
dinate this and create a plan for discussion of results.

Individuals differ in their belief on whether the identifi-
cation of a mutation is good or bad news. For a woman with
breast cancer, having a mutation may be good news in that it
explains the etiology of her cancer. On the other hand, an
unaffected woman who is the only one of her four sisters
without a mutation may experience survivor guilt and see
her result as bad news. Exploring the potential reactions to
test results is an important part of the pretest session.

The genetic counseling process provides individuals the
chance to express their interests and concerns about genetic
testing. Some individuals are hesitant to consider genetic
counseling and testing because of concerns regarding genetic
discrimination [91]. Both federal and state laws have been
passed that protect genetic privacy. In May 2008, the
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Genetic Information Nondiscrimination Act was signed into
law, and went into effect in May 2009 related to health
insurance and in November 2009 related to workplace issues
[92]. Through these laws, most individuals in the U.S. are
protected from genetic discrimination as it relates to health
insurance and employment. Currently, most individuals are
not protected from potential genetic discrimination regarding
life or disability insurance. However, while life insurance
policies may inquire about genetic disorders within a family,
they are more likely to inquire generally about family history
(i.e., if a family history of cancer exists, etc.). Individuals
with a personal or family history of cancer are already at risk
to experience life or disability insurance discrimination
based on family history whether or not they undergo genetic
testing, which may put the potential risks of discrimination
on the basis of genetic test results into perspective. Although
the consequences of genetic discrimination may be signifi-
cant, there are few documented cases of such discrimination,
and the risk is likely to continue to diminish as genetic
testing for adult conditions becomes more common. Other
individuals elect not to pursue genetic testing due to finan-
cial cost. This barrier is diminishing with decreasing testing
costs and financial assistance provided by many laboratories.
Whether or not a person would alter their medical man-
agement on the basis of genetic test results and whether the
person has any living relatives who would benefit from the
information also plays a role in genetic testing decisions.

Most hereditary breast cancer predispositions (with the
exception of Li-Fraumeni syndrome and some features of
Cowden syndrome) are adult-onset. In the absence of doc-
umented medical benefit, offering genetic testing to minors
for an adult-onset condition may compromise the autonomy
of the child. Psychological consequences could include
stigmatization of the child, or viewing the child as fragile
[93, 94]. Due to these concerns, genetic testing for adult
onset conditions is not recommended for minors. Most
parents do discuss their genetic test results with their chil-
dren in an age appropriate manner [95]. This can help
children understand the screening/risk reduction measures
their parent may be undertaking and help prepare them for
their own future health decisions. Genetic counselors can
assist individuals with strategies for disclosing their genetic
test results to children and extended family members. They
can also connect families with support, research, and edu-
cational resources on a local or national scale.

31.5.2 Interpretation of Test Results

Three basic categories of results are possible from genetic
testing: positive, negative, or variant of uncertain signifi-
cance. Oftentimes, the word “mutation” was used to connote
a pathogenic (i.e., damaging) genetic change, where the

word “variant” designated a genetic change of indeterminate
consequence. While we have used this terminology
throughout the chapter due to its persistence in common
usage, genetics nomenclature has shifted to using the term
“variant” for any genetic change to provide consistency [96].
In this section, we will use the term “variant” as recom-
mended to highlight how genetic test results are currently
reported in clinical practice. A positive test result indicates
that an individual has a variant that increases the risk of
developing breast cancer, as well as other cancers or benign
conditions associated with that mutation. This result also
means that other family members are candidates for genetic
testing. On a test report, a positive result will usually be
listed as a “pathogenic” or “deleterious” variant (or muta-
tion). Variants that are considered “likely
pathogenic/deleterious” should be considered a positive test
result for clinical management purposes [97].

A negative test result means that no variants were
detected that were either uncertain or pathogenic. The sig-
nificance of a negative test result depends on whether or not
there is a known pathogenic variant in the family. If the
pathogenic variant in the family is already identified, this
result is a true-negative test result and means (with greater
than 99 % accuracy) that the patient did not inherit that
variant. In a family carrying a pathogenic variant that confers
high cancer risks, a true-negative test result typically means
the individual would have a risk of developing cancer sim-
ilar to the risk of a person in the general population. This
may not hold true if the pathogenic variant in the family
confers moderate cancer risks. In many families, a patho-
genic variant conferring moderate cancer risks does not track
with all of the relevant cancer diagnoses in the family. Thus
some of the familial cancer risk may not be explained by the
moderate risk pathogenic variant. Management recommen-
dations for true negative individuals from families with a
pathogenic mutation conferring moderate cancer risks are
still being determined and should take into consideration
personal and family history factors. In both types of families,
management recommendations should incorporate other risk
factors for breast cancer, including those assessed by the
Gail model as well as breast density and family history of
breast cancer on the other side of the family.

The predictive value of a negative test in an individual
diagnosed with the cancer of interest is lower if the patient is
the first one in the family being offered testing. There are a
number of possible explanations for a negative test result in
this case, including the possibility that the cancers in the
family are not due to an inherited gene mutation but rather
chance occurrences; that limitations of the technology do not
allow a variant to be identified; that the variant is in a gene
different from the one analyzed; or that the susceptibility
gene that is predisposing to cancer in that family has not yet
been discovered. Another possibility is that there is a familial
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gene variant accounting for the apparent increase in breast
cancer; but that the individual tested does not have the
mutation. In the presence of a striking family history, it may
be appropriate to offer testing to a second affected family
member. A result of “likely benign” or “likely polymor-
phism” is also clinically considered negative results [97].

A negative test result in an unaffected individual from a
family that has not been previously tested provides limited
information to the individual. Recommendations for risk
management for this woman should be based on the family
history [98].

Identification of a “variant of uncertain significance”
means a genetic change has been found that may or may not
increase the risk of cancer [97]. These results are common
on multigene tests [3]. As more research is completed, most
of these will be reclassified as either benign or pathogenic
variants. Until the variant is reclassified, families with
variants of uncertain significance should be managed based
on family history. Unless testing is done for research pur-
poses in an attempt to clarify the significance of the variant,
testing other family members for the variant is typically
discouraged since no clinically relevant interpretation can be
derived from the result at this time. While standards for
variant classification exist, laboratories may utilize different
cutoffs from one another when determining when a variant
would be considered benign, uncertain, or pathogenic [97].
This creates situations where one laboratory may call a
variant uncertain while another laboratory calls the same
variant pathogenic. Understandably, these varying interpre-
tations create significant distress for clinicians and families.
There is an increasing push for genetic laboratories to share
data with the research community in anonymized public
databases to facilitate resolution of these discrepancies. One
such database, created by the NCBI, is ClinVar (http://www.
clinvar.com/). Through this database, information on specific
variants and their classification by submitting genetic labo-
ratories can be reviewed. For clinicians, assessing the
robustness of a genetic testing laboratory’s variant classifi-
cation system and commitment to research has become an
increasing decision-point when choosing a laboratory for
clinical use.

31.6 Medical Management of Breast Cancer
Risk

Recommendations for medical management of individuals at
increased risk for developing breast cancer, either because of
family history or because of the presence of a known gene

mutation, are based often on consensus and clinical judg-
ment rather than randomized clinical studies [9]. Although
the details vary, risk reduction options generally include
enhanced screening, chemoprevention and surgical risk
reduction.

31.6.1 Screening for Breast Cancer in Men

Men with a breast cancer predisposition gene mutation
should be instructed remain aware of any changes in breast
tissue and undergo clinical breast exam annually or
semi-annually. Baseline mammogram may be considered in
the presence of gynecomastia [9]. Although men with a
BRCA mutation have a much higher risk of breast cancer
than the general male population, it is less than half the risk
for women in the general population, so routine imaging
with mammograms or MRI is not currently part of the
screening protocol in most centers.

31.6.2 Medical Management of a Woman
with no Identifiable Mutation

Women without an identifiable mutation, who have a family
history that includes only breast cancer, will have a risk of
developing breast cancer based on empiric personal and
family history data, such as that obtained from the a risk
prediction model, or available literature [77]. In these fam-
ilies, first- and second-degree relatives of women with breast
cancer should initiate annual mammograms 5–10 years
before the earliest diagnosis in the family or age 40,
whichever is youngest, but not before age 30. For women
with a lifetime risk of breast cancer over 20 % (with most of
the risk from family history), following a discussion about
the increased risk of false positives, breast MRI should be
offered annually for screening until their lifetime risk is
beneath 20 % [9] In addition, since mammographic breast
density (heterogeneously dense or extremely dense) makes
interpretation of mammograms more difficult and also
increases the risk of developing breast cancer [71], breast
MRI may be an appropriate complement to mammogram in
women with dense breasts and a family history of breast
cancer, even if the risk does not reach 20 % by available
mathematical models [98, 99]. In addition, chemoprevention
or risk-reducing mastectomy, as discussed below, may be
appropriate for some of these women [100]. Since the risk of
ovarian cancer is not appreciably increased in breast-only
histories, ovarian screening is not recommended.
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31.6.3 Medical Management of High Risk Gene
Mutation Carriers

The options for management include surveillance, chemo-
prevention and risk-reducing surgery. Most data come from
carriers of mutations in BRCA1 and BRCA2, but are gener-
ally appropriately applied to those with Cowden, Peutz-
Jeghers, and Li-Fraumeni syndromes, and PALB2 mutations
except as noted. Each high risk mutation signifies other
cancer risks in addition to breast cancer and screening for
each individual cancer must be considered separately. Those
other cancer risks are briefly described in Table 31.1 The
efficacy of various options in reducing mortality is still being
defined, and enrollment of high-risk subjects into research
resources and clinical trials should be encouraged.

31.6.4 Medical Management of Moderate Risk
Gene Mutation Carriers

Many new breast cancer predisposing mutations (Table 31.2)
in genes such as CHEK2 and ATM have been identified, and
most of these increase the risk of breast cancer by 2-4-fold
[3]. The long-term risks from these mutations are still being
clearly refined, but many of these mutations increase a
woman’s risk of breast cancer above 20 % for her lifetime,
and annual breast MRI in addition to annual mammogram is
recommended. Women with these moderate risk mutations
are not known to be at increased risk for ovarian cancer at this
time, so risk reducing bilateral salpingo-oophorectomy
(RRBSO) is not warranted. Additionally, the lifetime risks
associated with moderate risk mutations are often not high
enough to warrant risk reducing mastectomy, since most of
these women will never develop breast cancer [9]. However
some families with moderate risk mutations may have a more
significant history of breast cancer than expected; in these
families, risk-reducing mastectomy may be considered on a
case-by-case basis [9]. Thus, consultation with a genetic
counselor for these emerging mutations is strongly recom-
mended and cautious decision making is required about risk
reducing surgeries.

31.6.5 Screening for Breast Cancer in Women

In the general population, mammographic screening for
breast cancer in women over age 50 has been proven to be
effective in reducing breast cancer mortality. Screening
between the ages 40 and 49 is controversial but generally
recommended [101, 102]. Women with identifiable moder-
ate and high risk mutations should undergo annual breast
MRI and annual mammogram [9]. A randomized trial of
MRI compared to mammogram among high risk women

demonstrated the superiority of MRI with a sensitivity of
86 % compared to 18 % for mammogram, and that MRI
diagnosed breast cancer at an earlier stage of breast cancer
than with mammogram alone [103]. These factors act as a
surrogate for the likely survival benefit of breast MRI given
enough follow-up time. Breast MRI has lower specificity,
resulting in a higher proportion of false positives, which is
why women should be at a significant lifetime risk of breast
cancer to warrant its use.

The age at screening initiation varies based on the yearly
risks associated with each specific mutation (Table 31.3).
Since breast cancer may occur earlier in women with
Li-Fraumeni syndrome, screening begins at age 20–25 [9,
38]. For women with BRCA1 or BRCA2 mutation, annual
breast MRI should begin at age 25. An observational study
noted that women with BRCA mutations receiving mam-
mograms before age 30 were at higher risk for breast cancer,
presumably from radiation exposure, thus breast MRI is
utilized exclusively among high risk women younger than
30 [104]. For women with a PALB2 mutation, initiating
screening at approximately age 30 is reasonable, based on
available literature [9, 48]. Although CDH1 and PTEN are
high risk mutations, breast cancer risk increases at an older
age, thus screening initiation is recommended at age 30–35
in carriers [9, 45]. The exact recommended age to initiate
breast cancer screening for women with moderate risk
mutations such as ATM, CHEK2, and NBN is still being
determined, but starting around age 40 would be reasonable
as this is when the breast cancer risk appears to start rising in
carriers [9, 52, 55]. And for all mutation carriers, breast
cancer screening should begin 5–10 years earlier than the
earliest breast cancer that occurred in a close relative, if this
would make screening start at an earlier age than the age
ranges given above [9]. Breast MRI should be performed in
a center that has a dedicated breast coil, experience in
interpreting breast MRI and the ability to perform
MRI-directed breast biopsies. Most centers alternate mam-
mograms and MRI evaluations so that women receive some
type of imaging every 6 months [105].

Although there is no proof that patient self-breast
awareness or clinical breast examination reduces mortality
from breast cancer in women either with or without a genetic
predisposition to breast cancer, they are recommended
components of screening for breast cancer [106]. The current
recommendation is that women remain aware of any changes
in their breasts and that clinical breast exam be performed
bi-annually starting at age 25 (or earlier with Li-Fraumeni
syndrome) for women at increased breast cancer risk [9].
The usefulness of clinical breast examination is related to the
amount of time spent on the exam, and is most beneficial
among women who do not have access to breast imaging
[107]. In general, examination of both breasts should take
approximately 3 min [108].
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31.6.6 Chemoprevention for Breast Cancer

Tamoxifen is a selective estrogen receptor modulator that
has been used since 1977 for treatment of breast cancer, both
as adjuvant therapy and treatment of advanced disease.
Women treated with tamoxifen were found to have a
reduction in the incidence of contralateral breast cancer. This
observation led to studies of tamoxifen as a breast cancer
chemoprevention agent in women who were at high risk but
did not have breast cancer. The largest such study, con-
ducted by the National Surgical Adjuvant Breast and Bowel
Project, demonstrated approximately a 50 % risk reduction
in incidence of both invasive and in situ breast cancer in
women who had an a priori 5-year risk of 1.7 % or greater
as calculated by the Gail model [100, 109]. In observational
studies, tamoxifen reduced breast cancer risk by 62 %
among women with BRCA2 mutations; however, there is
debate whether it is as effective among women with BRCA1
mutations [110, 111]. Only estrogen receptor-positive can-
cers are reduced with tamoxifen. There was no difference in
the number of estrogen receptor-negative cancers [109].
Tamoxifen is associated with a doubling of the risk of
endometrial cancer (from one to two cases per 1000 women
per year) and a tripling of risk of pulmonary embolism (from
0.23 to 0.69 per 1000 women per year), both primarily in
postmenopausal women. A second study, The Study of
Tamoxifen and Raloxifene (STAR) demonstrated that
raloxifene, another selective estrogen receptor modulator,
provided benefits similar to tamoxifen in reducing the risk of
invasive breast cancer, although in situ cancer was not
reduced [112]. Exemestane and anastrazole, aromatase
inhibitors have been shown to reduce the risk of breast
cancer similarly to tamoxifen, however there are not
long-term data yet. Aromatase inhibitors have never been
compared directly with SERM’s, and they increase the risk
of osteoporosis, making the use of aromatase inhibitors as
prevention agents more problematic [113, 114].

The use of chemoprevention agents in women with gene
mutations is not well studied [111], however prospective
observational data show that women with BRCA1/2 muta-
tions who were treated adjuvantly with tamoxifen for breast
cancer yielded about a 50 % reduction in the risk of a second

breast cancer in the contralateral unaffected breast. In
women with a family history of breast cancer but without an
identifiable breast cancer predisposition gene mutation,
either tamoxifen or raloxifene is recommended if the risk by
the Gail model is over 1.7 %. Women with a family history
of breast cancer, but no affected first-degree relatives, or
women with dense breast tissue, may have a calculated risk
lower than 1.7 %, but chemoprevention may still be
appropriate.

31.6.7 Risk-Reducing Salpingo-Oophorectomy

Risk of ovarian cancer is greatly increased in families with
BRCA1 and BRCA2 mutations, at about 40 % in BRCA1
mutation carriers and 10–30 % in BRCA2 mutation carriers.
Risk reducing salpingo-oophorectomy (RRSO) is estimated
to reduce the risk of ovarian cancer by 80–90 % [115],
although there is still a risk of primary peritoneal carcinoma,
which has the same microscopic appearance and biology as
epithelial ovarian cancer [116]. The clinical issues in women
contemplating RRSO include the appropriate age to undergo
the procedure, the extent of the surgery, and the use of
hormone replacement therapy [117].

The age-specific risk of ovarian cancer in mutation car-
riers increases sharply after age 40, although the risk per
year is still low at that age. If risk-reducing surgery is to be
performed, it is reasonable to consider this between age 35
and 40. Healthy women in their 70s may still accrue a
benefit from this procedure, although the absolute benefit
decreases with age. Meta-analyses of RRSO among women
with BRCA revealed a 50 % reduction in breast cancer
incidence [118]. Breast cancer risk reduction is observed
even in women who take hormone replacement therapy after
surgery.

RRSO in mutation carriers should be performed by a
gynecologic oncologist or other surgeon experienced in
performing oophorectomy for risk reduction in high-risk
women. The ovaries should be multiple-sectioned, and
examined by an experienced pathologist. The fallopian tubes
should be removed and carefully examined since tubal car-
cinomas are increased in mutation carriers. The role of

Table 31.3 Risk management
according to breast cancer
predisposing mutation

BRCA1
BRCA2

TP53 PALB2 PTEN
CDH1

ATM
CHEK2 NBN

Age to start breast MRI 25 20–25 30 30–35 40

Age to start mammogram 30 30 30 30–35 40

Consider chemoprevention Yes Yes Yes Yes Yes

Consider RRM Yes Yes Yes Yes In some families

Consider RRSO Yes No No No No
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hysterectomy is less clear, as there seems to be no increased
risk of endometrial cancer associated with BRCA mutations.
Adding hysterectomy to RRSO increases per-operative risks
and time to recovery slightly, however, women who wish to
take tamoxifen may choose to undergo hysterectomy in
order to reduce the risk of tamoxifen-associated endometrial
hyperplasia [119]. Women who are planning to take estrogen
may also choose hysterectomy to avoid the need for pro-
gestins. If hysterectomy would require an open procedure
and tamoxifen or estrogen are not planned, it is reasonable to
perform salpingo-oophorectomy alone.

The use of estrogen following RRSO is a subject of debate
with no evidence that it increases the risk of breast cancer
among women with BRCA mutations. RRSO in young
women has been associated with increased mortality due to
cardiovascular and bone effects of estrogen depletion, thus
estrogen replacement therapy should therefore be strongly
considered in younger premenopausal women undergoing
risk-reducing oophorectomy [111, 117, 120]. Particularly if
estrogen is used without progestin, breast cancer risk is still
reduced after oophorectomy. One reasonable approach is to
use estrogen (with progestin-containing IUD in women with a
uterus) from the time of oophorectomy until around age 45–
50, and then consider tamoxifen for 5 years. In general,
women with a personal history of breast cancer should not
take estrogen, and this decision should be made in consulta-
tion with the woman’s oncologist.

31.6.8 Risk-Reducing Mastectomy

The most effective means of reducing the risk of breast
cancer is with bilateral mastectomy. Since mastectomy has
significant morbidity, including surgical risks and loss of
sensation, options for reconstruction, the small risk of
developing breast cancer in residual breast tissue, and the
possibility of finding unsuspected cancer, only women at
high lifetime risk (i.e., at least 30 %) of breast cancer should
be offered this intervention. The seminal manuscript studied
639 women with a family history of breast cancer and found
a 90 % reduction in breast cancer incidence compared with
the incidence in sisters of women who did not have such
surgery [121], and subsequent studies have confirmed the
efficacy of this option [122, 123]. Mutation status among
women in the seminal study was not known, but the
reduction of risk was seen both in those with a moderate
family history as well as those with a strong family history
suggestive of a genetic predisposition. Most women in this
series underwent subcutaneous mastectomy, a procedure that
preserves the nipple-areolar complex and therefore leaves
more breast tissue than a total mastectomy [124]. Options for
risk-reducing mastectomy include total mastectomy, which

removes the nipple-areolar complex, or total skin-sparing
mastectomy in which the nipple is retained. If the latter
procedure is performed, surgeons should remove as much
breast tissue as possible from the underside of the nipple.
A preoperative breast MRI should be performed since
identifying an unsuspected cancer may alter the type of
surgery that is performed, and specifically allows for cancer
staging with a sentinel node biopsy.

Risk-reducing mastectomy is appropriate for some
women and not for others, based primarily on the women’s
own beliefs and values. Many women are clear that identi-
fication of a high risk mutation would lead them to choose
immediate mastectomy, and others are equally clear about
their wish to avoid the procedure. For those who are unde-
cided, several principles may assist in making a decision
about this procedure.

• Prior diagnosis of breast cancer. Because not all women
with breast cancer predisposition gene mutations develop
breast cancer at all, some may wish to defer risk-reducing
mastectomy until they are diagnosed with breast cancer,
and then undergo therapeutic mastectomy on the affected
side and contralateral risk-reducing mastectomy. The
development of breast cancer in a woman with a BRCA
gene mutation increases the 5-year risk of a contralateral
breast cancer to around 20 %, and many women choose
bilateral mastectomy at the time of diagnosis. However,
most women will have a significantly greater risk of
mortality from a prior breast cancer than from a breast
cancer that has yet to be discovered, and the prognosis of
the prior (or current) cancer should be considered in
making this decision. The short- to intermediate-term risk
of cancer recurrence in women with high-risk disease
may be substantially higher than the risk of developing a
second primary tumor. However, women with
higher-risk cancers may be more likely to request bilat-
eral mastectomy (or contralateral prophylactic mastec-
tomy), and even if this does not improve prognosis, the
procedure may provide sufficient peace of mind to be
warranted.

• Risk of developing breast cancer. Most women who
should consider risk-reducing mastectomy have high risk
gene mutations, however given the expansion of panel
testing, some women with moderate risk genes may now
be considering mastectomy. Women may also wish to
undergo mastectomy because of a combination of family
history and personal risk factors defined by Gail [100],
such as the need for prior breast biopsies based on sus-
picious mammograms or breast exams, and the presence
of proliferative breast disease. Assuring that the woman
understands her age-specific risks, as well as her lifetime
risks, is also important. Although the lifetime risk of
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developing breast cancer may be, for example, 70 %, a
50-year old woman has a risk that is less than that since
she has already lived past some of that risk. Describing
risk in quantifiable terms per year (usually around 0.5–
1.5 % per year for women with mutations) may be
helpful. Some women wish to undergo mastectomy
because of an inflated sense of the risk of cancer, in
which differentiating the age-specific and lifetime risk is
useful.

• Ease of cancer detection. Breast cancer may be more or
less difficult to detect, depending on the density of breast
tissue on physical exam and imaging [71]. Detection is
much easier in women with fatty-replaced breasts than in
women with extremely dense breasts. Women may
choose mastectomy over screening if screening tools are
less likely to detect cancer at an early stage.

• Chemoprevention options. Risk reduction with tamox-
ifen or raloxifene may be an option instead of mastec-
tomy. The degree of risk reduction in mutation carriers
has not been evaluated in prospective trials, but is cer-
tainly less than with prophylactic mastectomy. Never-
theless, this option should be discussed.

• Psychological factors. Women consider prophylactic
mastectomy for many reasons. For some, the family
culture is to have risk-reducing surgery, and the pressure
to undergo the procedure may be significant. These
women should be supported if they wish to have
surveillance alone. Other women have cared for family
members with terminal cancer and may wish to spare
their own families. Some fear developing cancer or are
extremely anxious about screening, and the probability of
early detection is not reassuring. All these issues should
be explored in depth. Counseling or grief therapy may be
appropriate in some cases. There is no absolute medical
indication for this procedure, and the final decision about
risk-reducing surgery is always therefore a psychological
one.

31.6.9 Medical Management of Mutation
Carriers Diagnosed with Breast
Cancer

BRCA gene mutations have little influence on the manage-
ment of breast cancer aside from decisions about breast
surgery. Many women with mutations choose bilateral
mastectomy if a unilateral cancer is found in order to reduce
the substantial risk of developing a contralateral breast
cancer. Lumpectomy with radiation therapy, however, has

been demonstrated to provide good control of cancer with no
increase in the risk of ipsilateral breast tumor recurrence
[124].

Women who are newly diagnosed with breast cancer and
judged to be testing candidates because of family history,
age, or ethnicity are often required to make decisions about
testing and cancer treatment simultaneously. Unless surgical
treatment of the cancer itself is impacted by mutation status,
there is little reason to perform testing in a woman who is
not able to make a thoughtful decision about undergoing
testing in a rushed situation. Test results are usually available
within 2 weeks, although larger multigene panels may take
longer. The major impact of genetic testing usually surgical
treatment and not systemic treatment, however the use of
platinum chemotherapy and PARP inhibitors to treat BRCA
associated breast cancer is being investigated [125, 126].
Women with breast cancer who would choose lumpectomy
over mastectomy if no mutation was found, can undergo
lumpectomy, proceed with chemotherapy, and then make the
decision to undergo mastectomy or post lumpectomy radi-
ation, depending on the result of the genetic test.

31.7 Information for Extended Family
Members

Although the focus of this chapter is the patient who presents
with concerns about her particular family history, genetic
testing is different from other medical testing in that it has
implications for extended family members. Most obviously,
a woman with an identifiable mutation has the chance of
passing that mutation to her children, and since she almost
certainly inherited it from a parent, her siblings also have a
50 % chance of having the mutation. However, extended
family members can also be at risk for having the mutation,
and several mechanisms, such as model letters, can be pro-
vided to patients to help them communicate with the
appropriate testing candidates. Studies reveal that the
majority of women share their mutation status with their
families, especially with those members they believe are also
at risk [127–129].

Women who do not have mutations can also provide
useful information to extended family members [130]. In the
case of individuals who are members of a family in which
there is a known mutation, the children would have a risk of
developing cancer similar to others in the general popula-
tion. However, if the individual is a member of a family in
which there is not a known mutation, the empiric risk
information would be relevant to children, siblings, and
possibly extended family members. Typically, the
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responsibility to share the implications of this information is
given to the patient, after appropriate education, to preserve
patient confidentiality.

31.8 In Summary

As the public becomes more aware of and informed about
the genetics of breast cancer, there will be an increasing
demand for genetic counseling and clinical testing. Whether
as part of a comprehensive clinical breast cancer clinic or as
a primary practitioner’s service, families at increased risk of
breast cancer will be identified and should be offered
appropriate services. A variety of resources from both the
oncology and genetic communities are available to provide
specialized care to women and their families who need
genetic counseling, result interpretation, or psychological
support related to testing and subsequent management
decisions (Table 31.4). The future of genetic testing will be a
team effort, involving the primary care physician, the cancer
center and the cancer genetic service, whether it is obtaining
a family and personal health history to determine the mag-
nitude of risk, conducting genetic counseling and/or testing,
or facilitating long-term medical management of the patient
and her extended family members.
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32Chemoprevention of Breast Cancer

Jack Cuzick

32.1 Chemoprevention of Breast Cancer1

Prospects for the prevention of breast cancer have never
been greater. We are beginning to find the lifestyle factors
that can reduce the risk for women of average risk, and
targeted chemoprevention for high-risk women is develop-
ing on a number of fronts. Likewise the need for prevention
has never been greater. There are 1.2 million new cases of
breast cancer worldwide every year, which far exceeds the
number of any other cancers, with cervix now being a distant
second at about 400,000 [1]. Not only is breast cancer the
commonest cancer in women, but it is also rapidly increas-
ing, especially in the developing world.

While population-based programmes, based on reducing
obesity and increasing exercise, are likely to be effective for
breast cancer [2, 3] just as they have been for heart disease
(Fig. 32.1). However, as in cardiovascular disease, targeting
individuals at increased risk is likely to be a key part of an
effective overall policy. Over the last 50 years cardiac deaths
have been reduced by more than 50 % in the US and death
from strokes has been reduced by more than two-thirds
(Fig. 32.1). Much of this can be attributed to the identifi-
cation of high-risk individuals by measuring blood pressure
and cholesterol levels, and offering them targeted preventive
treatment. This is not yet widely done for any cancer, but
breast cancer is leading the way, and we now have some
important risk factors/biomarkers with a high population
attributable risk, which can be used to identify high-risk
women. While risk factors only identify individuals most
likely to develop a disease, a key requirement for a

biomarker is that it responds to treatment in a way that
predicts quantitatively the extent of risk reduction for an
individual. At present, we have only candidate biomarkers
for a few cancers, notably breast cancer and prostate cancer.
Mammographic density is the most promising biomarker for
breast cancer, and more than 40 studies that date back to the
original work by Wolfe [4] have shown an increased risk for
women with radiographically dense breasts [5]. Since then
other researchers [6] have shown that quantification of the
proportional area of the breast that is covered by mammo-
graphic dense tissue is the best measure available. We can
expect further improvements in measurement of density
through the use of computerised assessments, volume mea-
surement, and identification of other radiologic features,
such as diffuse disease versus nodular pattern, or structured
densities. However, even using current techniques breast
density is a common, readily measurable factor that indicates
an appreciable increase in risk in both premenopausal and
postmenopausal women [7, 8]. Although much remains to be
learned about how changes in density affect risk, the fact that
breast density is reduced by tamoxifen [9] and increased by
hormone-replacement therapy [10] suggests that we might
be able to predict the effect on risk from modification of
breast density.

32.2 Chemoprevention Agents

32.2.1 Tamoxifen

Tamoxifen was first shown to prevent new contralateral
tumours in women with breast cancer in 1985 [11]. This, plus
supporting animal studies [12], led to the proposal to use this
drug in primary prevention of high-risk women [13]. Four
prevention trials have now been completed (Table 32.1). The
combined results of these trials [14] indicated that about half
of oestrogen receptor positive tumours can be prevented with
5 years of prophylactic tamoxifen (Fig. 32.2a), but this agent
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has no impact on oestrogen receptor negative women
(Fig. 32.2b). Overall this amounts to a 38 % reduction in the
risk of breast cancer.

On the other hand, there were two major side effects of
tamoxifen—increases in endometrial cancer, and venous
thromboembolic events during the active treatment phase.
The former is increased about 21/2-fold whereas the latter is
approximately doubled. In simple terms giving 5 years of
tamoxifen to 1000 women aged 50 at double the population
risk would lead to 11 fewer breast cancers, six additional
deep vein thromboses and three extra endometrial cancers in
the first five years of follow-up (Table 32.2). Given that
breast cancer is the most serious of these events, the balance
appears reasonably favourable.

However, a key question will be the extent to which
benefits and side effects extend beyond the 5 year treatment
period. Recent reports [15, 16] show that the benefits extend
well beyond the active treatment period, but the side effects
largely do not. In particular in years 5–10, after 5 years if
tamoxifen in the IBIS-I trial, the risk of new ER-positive
breast cancer was reduced by 44 %.

In addition, endometrial cancer and thromboembolic
events were not in excess after completion of treatment. Thus
one can expect that another 11 cancers will be prevented in this
period and there will be no additional major side effects, so
that the 10 year risk-benefit ratio will be substantially
improved over the 5 year estimate currently available. Fur-
thermore, as there was no diminution of benefit even at year

Change in the US Death Rates* by Cause 
1950 & 2001

* Age-adjusted to 2000 US standard population.
Sources: 1950 Mortality Data - CDC/NCHS, NVSS, Mortality Revised.
2001 Mortality Data–NVSR-Death Final Data 2001–Volume 52, No. 3. 
http://www.cdc.gov/nchs/data/nvsr/nvsr52/nvsr52_03.pdf
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Data—CDC/NCHS, NVSS, mortality revised. 2001 Mortality Data-NVSR-Death Final Data 2001-Volume 52, No. 3 http://www.cdc.gov/nchs/
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Table 32.1 Breast cancer prevention trials using tamoxifen

Trial (Entry dates) Population Number
randomised

Agents (vs. placebo) and daily dose
(mg)

Intended duration of
treatment (years)

Royal Marsden
(1986–1996)

High-risk 2471 Tamoxifen 20 5–8

Family history

NSABP-P1 (1992–
1997)

High-risk women 13,388 Tamoxifen 20 5

>1.6 % 5 years risk

Italian (1992–1997) Normal risk 5408 Tamoxifen 20 5

Hysterectomy

IBIS-I (1992–2001) >twofold relative risk 7139 Tamoxifen 20 5

Adjuvant overview
(1976–1995)

Women with ER + operable
breast cancer in 11 trials

*15,000 Tamoxifen 20–40 with or without
chemotherapy in both arms

3 or more
(average *5)
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Fig. 32.2 a Overview of impact of tamoxifen in prevention trials for ER-positive invasive breast cancer. b Overview of impact of tamoxifen in
prevention trials for ER-negative invasive breast cancer

Table 32.2 Predicted outcome in 1000 women aged 50 at high-risk of breast cancer followed for 5 or 10 years

Follow-up period (years) No treatment Tamoxifen for 5 years

Breast cancer 5 30 19

10 60 38

VTE 5 6 12

10 12 18

Endometrial cancer 5 2 5

10 5 8
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10, the benefits could persist even longer, making tamoxifen
chemoprevention even more attractive, especially for women
in the late premenopausal years, where life-expectancy is
long. Raloxifene four trials have reported on the use of
raloxifene for breast cancer prevention (Table 32.3). Two
independent parts of the MORE/CORE trial have reported on
the reduction of breast cancer in osteoporotic women. The
original intent of this trial was to reduce bone fracture rates
[17]. After 4 years of treatment a 65 % reduction in all breast
cancer was found in the MORE segment [18]. This led to
another 4 years of blinded treatment in the CORE study,
where breast cancer was the primary endpoint. Results here
were also very favourable with a 50 % reduction in breast
cancer [19]. Raloxifene appears to be associated with some
increase of thromboembolic complications, as with tamox-
ifen, but it does not stimulate the endometrium, so that there
are no excess of endometrial cancers or other gynaecologic
problems.

The RUTH study, which is evaluating the impact of
raloxifene on cardiovascular endpoints in 10,101 women at
increased risk of cardiovascular events [20] found reductions
in breast cancer similar in size to that seen for tamoxifen in
other studies. Also the STAR trial comparing raloxifene
directly to tamoxifen in 19,747 women at high-risk for breast
cancer recently found similar efficacy for the two drugs, but
fewer gynaecologic and thromboembolic side effects with
raloxifene [21]. Based on these results, one can safely
anticipate that raloxifene will become a useful part of the
armitarium for preventing postmenopausal breast cancer.

32.2.2 Aromatase Inhibitors

32.2.2.1 Efficacy
Most of what we know about the potential use of AIs in pre-
vention derives from adjuvant studies in women with early
breast cancer, where the development of isolated contralateral

tumours as a first event is a good model for prevention of new
tumours in healthy women. This has proved a reliable source
for estimating the qualitative effects of tamoxifen in preven-
tion, both in terms of major side effects, and in terms of effi-
cacy. This approach has generally been more reliable than
animal models or observational epidemiologic studies,
although randomised intervention studies in the prevention
setting remain essential for directly quantifying effectiveness
in this setting and balancing risks and benefits.

To date, eight different adjuvant trials have reported on
the use of three different AIs for postmenopausal women
with breast cancer [22–29]. In these trials, adjuvant AIs have
been found effective in three clinical settings, as initial
treatment, after 2–3 years of tamoxifen, or as extended
treatment after 5 years of tamoxifen.

In these trials, a consistent reduction in the rates of
contralateral breast cancer has been observed in the group
receiving the AI (Fig. 32.3). For example, in the ATAC trial,
the number of contralateral breast cancers was reduced from
59 in the tamoxifen arm to 35 on anastrozole, a 42 %
reduction (95 % CI, 12–62 %; P = 0.01). A larger reduction
of 53 % (95 % CI, 27–71 %; P = 0.001) was seen in the
hormone receptor-positive patients [22]. Tamoxifen itself is
known to reduce the incidence of contralateral tumours by
46 % in women with mostly ER-positive primary tumours,
suggesting that the overall reduction of receptor-positive
breast cancer associated with anastrozole compared to no
treatment may be around 70–80 %. Information on the
receptor status of the second cancers in this trial is not yet
available, but one would expect the preventive effect to be
restricted to ER-positive contralateral tumours, and to be
greater for this group than for new breast tumours overall.

32.2.2.2 Side Effects
The profound oestrogen depletion associated with AIs pro-
duces a new state of human existence, and this is bound to
have other effects beyond those related to breast

Table 32.3 Prevention trials using raloxifene

Trial (Entry
dates)

Population Number
randomised

Agents (vs. placebo) and
daily dose (mg)

Intended duration of
treatment (years)

MORE
(1994–1999)

Normal risk 7705 Raloxifene 60 or 120 (3
arm)

4

Postmenopausal women with osteoporosis

CORE
(2000–2004)

Normal risk 4011 Raloxifene 60 Additional 4

Postmenopausal women with osteoporosis

RUTH
(1998–2000)

Postmenopausal women ≥55 years with CHD
or risk factors

10,101 Raloxifene 60 5

STAR
(2001–2005)

High-risk postmenopausal women >1.6 %
5 years breast cancer risk

19,747 Raloxifene 60 versus
tamoxifen (20)

5
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carcinogenesis. These effects can most reliably be studied in
prevention trials where a placebo is employed, allowing a
direct determination of the effect of the AI. There are sug-
gestions from adjuvant trials comparing AIs to tamoxifen,
that AIs may also reduce endometrial cancer and cere-
brovascular events to below baseline rates, but full evalua-
tion is difficult because there is no untreated comparison
group. Bone loss leading to increased fracture rates appear to
be the most serious side effect of AIs, and methods for
combating them will be essential if these drugs are to be
used prophylactically [30]. Generally similar side-effect
profiles are seen for all AIs and the results for anastrozole
from the ATAC trial are shown in Tables 32.4 and 32.5.

32.3 Prevention Trials

Two primary prevention trials using AIs are currently in
progress. One uses anastrozole while the other uses
exemestane.

32.3.1 International Breast Cancer
Intervention Study-II

The international breast cancer intervention (IBIS)-II trial
began in February 2003 and is comparing anastrozole to
placebo on 6000 postmenopausal women at increased risk of

Odds ratio (log scale)
.5 1 1.5

Combined

Exemestane

MA-17

Italian

ATAC

Contralateral Tumours 
in Aromatase Inhibitor Trials

ARNO/ABCSG

BIG 1-98

Fig. 32.3 Contralateral tumours in aromatase inhibitor trials. Combined odds ratio is 0.53 (95 % CI [0.41, 0.68])

Table 32.4 ATAC: predefined adverse events. From [22]

Completion analysis (%) P value

A T

Hot flushes 35.7 40.9 <0.0001

Vaginal bleeding 5.4 10.2 <0.0001

Vaginal discharge 3.5 13.2 <0.0001

Endometrial cancera 0.2 0.8 0.02

Ischaemic cerebrovascular event 2.0 2.8 0.03

Venous thromboembolic events 2.8 4.5 0.0004

Deep venous thromboembolic events 1.6 2.4 0.02

Joint symptoms 35.6 29.4 <0.0001

Total fracturesb 11.0 7.7 <0.0001

Adverse events on treatment or within 14 days of discontinuation
aExcludes patients with prior hysterectomy and includes on- and off-therapy AEs
bFractures occurring at anytime prior to recurrence (includes patients no longer receiving treatment)
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Table 32.5 Non-predefined
adverse events during treatment
or within 14 days of
discontinuation. From [31]

Treatment first received (n [%]) Odds ratioa

(99 % Cl)
P value

Anastrozole
(n = 3092)

Tamoxifen
(n = 3094)

Hypertension 402 (13) 349 (11) 1.18 (0.96–1.44) 0.04

Diarrhoea 265 (9) 216 (7) 1.25 (0.98–1.60) 0.02

Dry mouth 113 (4) 73 (2) 1.57 (1.06–2.32) 0.003b

Reduction in libido 39 (1) 12 (<1) 3.28 (1.4–7.7) 0.0001b

Dyspareunia 28 (1) 9 (<1) 3.13 (1.16–8.42) 0.002b

Gynaecological eventsc 95 (3) 324 (10) 0.27 (0.20–0.37) <0.0001

Hysterectomyd 30 (1) 115 (5) 0.25 (0.15–0.43) <0.0001

Vaginal moniliasis 38 (1) 136 (4) 0.27 (0.17–0.44) <0.0001

Urinary incontinence 74 (2) 133 (4) 0.55 (0.37–0.80) <0.0001

Urinary-tract infection 244 (8) 313 (10) 0.76 (0.60–0.96) 0.002

Osteopenia or
osteoporosis

325 (11) 226 (7) 1.49 (1.18–1.88) <0.0001b

Muscle cramps 132 (4) 235 (8) 0.54 (0.41–0.72) <0.0001

Carpal-tunnel syndrome 78 (3) 22 (1) 3.61 (1.93–6.75) <0.0001b

Paresthaesia 215 (7) 145 (5) 1.52 (1.14–2.02) 0.0001b

Thrombocytopenia 13 (<1) 28 (1) 0.46 (0.19–1.10) 0.03

Anaemia 113 (4) 159 (5) 0.70 (0.51–0.97) 0.005

Nail disorder 54 (2) 92 (3) 0.58 (0.37–0.91) 0.002

Fungal infection 23 (1) 45 (1) 0.51 (0.26–0.99) 0.01

Increase in alkaline
phosphatase

55 (2) 8 (< 1) 6.99 (2.63–
18.56)

<0.0001b

Hypercholesterolaemia 278 (9) 108 (3) 2.73 (2.02–3.69) <0.0001b

aRefers to anastrozole versus tamoxifen
bFavours tamoxifen
cIncludes endometrial hyperplasia, endometrial neoplasia, cervical neoplasm, and enlarged uterine fibroids
dRecorded in 2229 patients assigned anastrozole and 2236 assigned tamoxifen (excluding those with
hysterectomy at baseline)

IBIS II- PREVENTION  STRATUM

n = 6,000 High Risk

• High Risk Post-menopausal women, aged 40-70.
• Placebo controlled 2-arm trial for high risk
• 5 Year Treatment

RANDOMISATION

PLACEBO
ANASTROZOLE  

1mg

Fig. 32.4 IBIS II: prevention stratum
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breast cancer (Fig. 32.4). This study is still open to recruit-
ment. Entry criteria are similar to IBIS-I, except that only
postmenopausal women are eligible and women with
mammographic density covering at least 50 % of the
mammogram, are also eligible. A parallel study of anastro-
zole versus tamoxifen in 4000 postmenopausal women with
locally resected ER-positive DCIS is also being conducted as
part of this activity.

32.3.2 Map.3

Another prevention trial with AIs is currently underway
using exemestane. This trial sponsored by the NCIC-Clinical
Trials Group compares exemestane for 5 years placebo in
3000 postmenopausal women at increased risk. Risk factors
needed for eligibility include a Gail score >1.66, age >60
years, prior atypical ductal or lobular hyperplasia, or DCIS
treated with mastectomy.

32.3.3 New Agents

Several lines of investigation for improved agents are
underway. One approach is to search for SERMs that have
an even more favourable profile that raloxifene, which still
has thromboembolic concerns and leads to vasomotor
symptoms such as hot flushes and night sweats. However, its
lack of gynaecologic symptoms has stimulated the search for
a perfect SERM which would be anti-oestrogenic for the
breast, endometrium, and lipid profile, but have oestrogenic
effects on bones and brain (vasomotor symptoms). Two
compounds have completed stage III human testing, arzox-
ifene and lasofoxifene, and several more are in early
development.

Oestrogen receptor negative tumours remain a challenge
for prevention, and new targets will be needed to prevent
these tumours. There is interest in EGFR blockers [gefitinib
(sp.)] and agents targeting HER2 such as trastuzamab, and
joint blockers of both targets (lapatinib), but these current
agents are too toxic for prevention. NSAIDs [32, 33],
COX-2 inhibitors [34, 35], retinoids, rexinoids [36], and
statins [37–39] may also protect against both receptor pos-
itive and receptor negative tumours, but only results from
observational studies or adjuvant studies or trials with other
primary endpoints are available at the moment, and the
results still have inconsistencies.

32.4 Conclusions

Approaches to prevent receptor positive are well established,
and the challenge now is to reduce side effects and find
agents with very favourable benefit to risk ratios. Raloxifene

achieves a better side-effect profile than tamoxifen, but the
efficacy is similar. The AIs hold promise for greater efficacy
and fewer, but different side effects from SERMs. Unfortu-
nately, a direct comparison of raloxifene versus letrozole in
the NSABP P-4 trials looks unlikely to be funded, so deci-
sions about which to use will have to be based on indirect
comparisons of the other trials looking at AIs or SERMs
separately. The side effect profiles will be critical in deter-
mining which to use both overall and for individual patients.

Good biomarkers will greatly accelerate our ability to
evaluate new agents, and breast density is currently the most
attractive candidate. However, its ability to predict the degree
of risk reduction still needs validation and good serum
markers are still awaited. The prevention of oestrogen receptor
negative breast cancer remains an unmet challenge, but new
agents offer an approach to preventing these cancers as well.
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33Design, Implementation, and Interpretation
of Clinical Trials

Carol K. Redmond and Jong-Hyeon Jeong

33.1 Introduction

The findings from Phase III randomized clinical trials
(RCTs) conducted since the 1950s have led to major
advances in the clinical treatment and prevention of breast
cancer. The impact of these clinical trials is best evaluated by
examining the substantial decline in mortality attributed to
breast cancer in countries that have accepted and applied the
results from Phase III clinical trials in the broader clinical
setting [1]. Concomitant with the wider acceptance of the
merits of RCTs for testing new therapeutic interventions,
there have been important developments in the biostatistical
methods utilized in RCTs that reflect recognition of the
integral role of statistical science in clinical research.

The purpose of this chapter is to summarize salient fea-
tures of the design, conduct, and analysis of modern cancer
clinical trials, particularly those in breast cancer. The
emphasis is on concepts and methods that are deemed
essential for assuring that clinical trials incorporate optimal
scientific, clinical, statistical, ethical, and practical consid-
erations from the time an idea for an RCT surfaces until the
results are reported. Within this chapter we illustrate major
design considerations and issues that have arisen in breast
cancer clinical trials based on our experience with landmark
trials of the National Surgical Adjuvant Project for Breast
and Bowel Cancers (NSABP), as well as, when appropriate,
citing examples from other clinical trial groups that have
made substantive contributions in the development of clin-
ical trial methodology. Our focus is on fundamental princi-
ples that are essential for conducting RCTs and methods that
are most relevant for multicenter RCTs. In order to have the
material serve as a practical guide for clinical and basic
scientists, we have minimized the use of statistical notation
and technical jargon. For readers who may desire more
statistical details on particular concepts or methods, the

references with each topic should prove useful. In addition,
two papers by Peto et al. [2, 3] provide a particularly
insightful introduction to fundamental concepts in the design
and conduct of cancer RCTs.

33.1.1 Highlights in the Evolution of Clinical
Trials

Inherent in the experimental design of a clinical trial is the
notion of a comparative (control) group against which a new
intervention is tested. The earliest appreciation of the
importance of a controlled clinical trial is generally credited
to Daniel (in the Book of Daniel, Chap. 1: Verses 12–15) in
the Old Testament of the Bible [4]. Daniel believed that he
and his fellow Israelites would be defiled by consuming the
food and wine provided by the Babylonian king,
Nebuchadnezzar. He requested that the Israelites receive
only pulse (leguminous plants, such as peas or beans) and
water for 10 days, following which their “countenances”
were to be compared to the “countenances” of those men
who ate the king’s diet. The conclusion of the trial, as
reported in the Book of Daniel is:

And at the end of 10 days their countenances appeared fairer,
and they were fatter in the flesh, than all the youths that did eat
of the king’s food (Daniel 1:15).

In the fourteenth century, Petrarch, who was skeptical of
the clinical approaches of the time, wrote a letter to Boc-
caccio, in which he envisioned a comparative trial of two
equal-sized groups of men with similar age, environment,
lifestyle, and temperament, and who had developed the same
disease within the same time frame. The group assigned to
the current physicians’ “prescriptions” would then be com-
pared to those taking no medicine to evaluate who “escapes”
the disease. In his hypothetical trial Petrarch states: “I have
no doubt as to which half would escape.” [5].

An inadvertent clinical trial occurred in 1537 when the
surgeon, Ambroise Paré, resorted to the application of a
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digestive concoction of egg yolks, rose oil, and turpentine to
wounds received during battle when the usual treatment
consisting of pouring boiling oil over wounds was in short
supply [6]. He employed what he regarded was likely to be
an ineffective therapy, but to his surprise he observed that:

Those to whom I applied the digestive medicament feeling but
little pain, their wounds neither swollen nor inflamed, and
having slept through the night. The others to whom I had
applied the boiling oil were feverish and with much pain and
swelling about their wounds (Translation in [7]).

Based on his clinical impressions, Paré decided to aban-
don the standard treatment in favor of more humane
approaches to treating battle wounds.

Paré’s description of his findings does not include a sta-
tistical summary of how many soldiers received each of the
two treatments or whether there were any soldiers who did
not show a better result with the new therapy. However,
Paré’s personal observations on an unspecified number of
wounded soldiers were dramatic enough to convince him to
change his clinical approach to treating battle wounds at a
time prior to the development of formal statistical methods.

In the eighteenth century, Lind [8] carried out his now
famous clinical trial of six dietary treatments on seamen
suffering from scurvy. He conducted a trial of 12 seamen
with scurvy whose “cases were as similar as I could make
them,” in which two of the men received two oranges and
one lemon daily. Therefore, the original evidence for the use
of citrus fruit in the prevention and treatment of scurvy,
which was shown many years later to be a sequelae of
vitamin C deficient diets during long sea voyages, was based
on a sample size of two men.

Whether “numerical methods” had an essential role in
evaluating the effectiveness of treatments became a topic for
debate in the mid-1800s. In his Essay on Clinical Instruction
published in 1834, P.C.A. Louis, a noted physician and
pathologist, strongly recommended the use of the numerical
method in clinical research, while acknowledging the diffi-
culties in implementation:

The only reproach which can be made to the numerical method
… is that it offers real difficulties in its execution. It neither can,
or ought to be applied to other than exact observations, and these
are not common; and on the other hand, this method requires
much more labour and time than the most distinguished mem-
bers of our profession can dedicate to it [9].

Louis’s enthusiasm for the use of statistics in evaluating
therapeutic interventions was not necessarily shared by other
physicians. F.J. Double, in an article entitled “The inappli-
cability of statistics to the practice of medicine,” which
appeared in the London Medical Gazette, stated:

Individuality is an invariant element in pathology…. Numerical
and statistical calculations, open to many sources of fallacy, are
in no degree applicable to therapeutics [10].

In his response entitled “The applicability of statistics to
the practice of medicine,” which was published in the same
issue of the London Medical Gazette, P.C.A. Louis stated:

A therapeutic agent cannot be employed with any discrimination
or probability of success in a given case, unless its general
efficacy, in analogous cases, has been previously ascertained;
therefore, I conceive that without the aid of medical statistics
nothing like real medical science is possible [9].

An invaluable contribution to the development of clinical
trial methodology was the concept of randomization among
treatments, which Sir Ronald A. Fisher introduced in agri-
cultural experiments [11, 12]. As initially applied in clinical
trials, patients were split into groups depending on the
number of treatments and then the groups were randomly
allocated to a particular treatment. However, statisticians
soon noted that allocation of individuals between treatments
was better because the replication afforded the opportunity to
calculate an error term. A number of early clinical trials used
a systematic allocation approach, such as alternately
assigning patients between a control and experimental
treatment, but this method has a potential for bias since the
treatment assignments can be predicted prior to entry of the
patient into the clinical trial.

The Medical Research Council (MRC) Streptomycin
Trial published in the British Medical Journal [13], which
ushered in the modern era in clinical trial methods, is gen-
erally cited as the first example of a “properly randomized
clinical trial [14].” In the MRC trial, patients were randomly
allocated between treatments utilizing random sampling
numbers. Sir A. Bradford Hill, the distinguished medical
statistician, was recognized for his role in the conceptual-
ization and conduct of this seminal trial. He did much to
bring attention to the importance of assuring that sound
scientific principles were incorporated into future clinical
trials.

A bibliography and many original documents related to
these and other early developments in clinical trials are
available online through the James Lind Library at the
University of Edinburgh. The Lind Library is a valuable
annotated resource for individuals interested in the evolution
of fundamental concepts in clinical trial methods.

33.1.2 History of Cancer Clinical Trial
Cooperative Groups

The Cancer Cooperative Groups Program in the United
States had its origin when Dr. Sidney Farber, Mrs. Albert
Lasker, and others persuaded Congress to allocate an addi-
tional $5 million for the National Cancer Institute (NCI) to
fund the Cancer Chemotherapy National Service Center
(CCNSC). The NCI was fortunate to have several
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individuals with much foresight involved with planning for
the new initiative. Foremost among these were Dr. Kenneth
Endicott, Head, CCNSC, Dr. Gordon Zubrod, Clinical
Director, National Cancer Institute, and Dr. Marvin Sch-
neiderman, Chief, Biometrics Section, CCNSC. Their vision
for the CCNSC was to form cooperative networks of insti-
tutions that had established clinical cancer research programs
encompassing medical specialties such as medical oncology,
radiation oncology, and surgical oncology, who in partner-
ship with biostatisticians as full collaborators, would carry
out controlled clinical trials to address important questions
about cancer treatment. These outstanding NCI leaders were
able to attract some of the most talented clinical researchers
and statisticians of that era to organize and participate in the
original cancer cooperative groups program. From the
inception of CCNSC, the organizers recognized the need to
establish, in conjunction with the formation of the clinical
groups, Statistical Centers that would provide resources
essential for the conduct of clinical trials that incorporate
sound scientific principles. The earliest cancer clinical
cooperative groups were organized according to geographic
areas within the United States [15].

Several specialty cooperative groups also were initiated in
the latter half of the 1950s as part of the CCNSC. Among
these was the NSABP, a cancer clinical cooperative group of
surgeons established in 1957 under the leadership of Dr. I.S.
Ravdin, and dedicated to carrying out RCTs in patients with
operable breast cancer. By 1960 there were nine funded NCI
clinical cooperative groups. Eventually, in succeeding years,
more than 30 clinical cooperative groups were formed, but
due to consolidation and attrition, there are today only a
handful of cancer clinical cooperative groups. The Veteran’s
Administration (VA) Cooperative Studies Program for VA
Medical Centers, which was organized in 1945, expanded its
scope considerably during the time when the CCNSC was
being initiated by adapting approaches developed by the
early NCI groups to accommodate the VA system [16].
Following the initiation of the cancer clinical cooperative
groups in the United States, clinical collaborative groups
with organizational structures similar to the CCNSC pro-
gram were also established in Western Europe. For example,
the European Organization for Research and Treatment of
Cancer (EORTC), which is a cooperative endeavor among
several European countries, was formally established in
1974 with assistance from several American statisticians and
support from NCI [17].

The first trials conducted by these groups consisted of
short-term chemotherapy trials in patients with advanced
disease and utilized tumor response as the primary endpoint.
In these early trials, patient follow-up was very short and
mortality was not considered as the endpoint of choice.
However, these trials advanced several essential features that
provided a strong foundation for the cancer clinical trials that

would follow the earliest endeavors. Each of the investiga-
tors participating in the original groups had to agree: (1) to
follow a predefined common protocol that specified inclu-
sion and exclusion criteria for patients who could be entered
into the clinical trial; (2) that patients entered into the pro-
tocols would be randomly allocated among treatments using
a proper randomization procedure in order to provide unbi-
ased comparisons; (3) to centralize clinical and pathologic
data collection for quality control, monitoring, as well as a
program for long-term follow-up; and (4) to centralize sta-
tistical analysis and collaborative reporting of the findings of
the RCTs. These guiding principles remain as relevant today
as they were in the initial founding of the clinical trials
cooperative group program [18].

The concurrent establishment of ongoing Statistical
Centers to collaborate with each of the cancer cooperative
groups fostered: (1) major new and innovative developments
in statistical methodology tailored to address questions rel-
evant to cancer clinical trials; (2) access to and increased use
of high speed computational facilities and creation of spe-
cialized software packages for database management and
statistical analysis; and (3) creation of professional spe-
cialties, such as data managers, to support the collection,
processing, and quality control of clinical trial data [19, 20].

33.2 Fundamental Features

33.2.1 Collaboration

Clinical trials involve collaborations among many disci-
plines, but a strong collaborative relationship between the
lead clinical scientist and the primary biostatistician for a
major trial is essential to ensure that an RCT adheres to the
best scientific and ethical principles and methods throughout
its course. At the inception of the modern era in RCTs, Hill
[21] recognized the necessity for this ongoing collaboration:

(T)he statistically designed clinical trial is above all a work of
collaboration between the clinician and the statistician and that
collaboration must prevail from start to finish [21].

Today the need for statistics and statisticians in modern
clinical trial research is no longer a topic for debate, as it was
in the time of P.C.A. Louis. There is an acceptance of the
role of statistical methods and there are many fine examples
of highly successful collaborations in breast cancer clinical
trials. Unfortunately, there also is unevenness in the extent to
which optimal statistical methods are evident in published
clinical trial reports, indicating that there is still opportunity
for improvement in the collaborations. Biostatisticians and
clinical scientists have written extensively about how to
foster collaborative relationships. However, collaboration in
practice relies on a complex mixture of factors relating to the
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key investigators, which include not only academic qualifi-
cations and professional competencies, but also less easily
defined factors such as leadership and management styles,
effectiveness in communication in interdisciplinary settings,
and mutual commitment to establishing working environ-
ments that encourage cross-disciplinary interactions.

There are numerous reasons why some trials fail to
achieve the expectations of ongoing collaboration between
the clinical specialists and the biostatisticians involved
throughout the course of a clinical trial. One overarching
reason may be that statistical concepts and issues utilized in
the conduct of clinical trials are still not well understood by
many nonstatisticians. Approaches considered essential by
the statistician in order to have a statistically sound RCT
may be regarded by clinical colleagues as being unneces-
sarily time-consuming, non-cost-effective, or simply irrele-
vant rather than fundamental for the scientific validity of the
trial or to assure the quality of the data. In addition, some
concepts that are promoted as important in clinical trials, for
example, intention-to-treat analysis, are counterintuitive to
nonstatistical scientists and may become contentious issues
in specifying analytic methods and interpretation of clinical
trials. There is a difference as well in how physicians and
statisticians are trained to think. In medicine, emphasis is on
the individual patient and tailoring a treatment prescription
to a particular patient, as eloquently expressed by Double in
the debate with P.C.A. Louis over 150 years ago. Whereas
physicians evaluate the individual patient by a process of
tests and clinical judgment that leads to a differential diag-
nosis and treatment, statisticians rely on summarizing groups
of patients with certain characteristics in common in order to
identify treatments that are useful on average for a specific
group of patients.

Ellenberg [22] presents an excellent summary of the
broad scope of biostatistical collaboration in medical
research. Our collaborations in numerous NSABP cancer
clinical trials lead us to the following recommendations for
promoting collaborative relationships that produce RCTs of
highest scientific quality.

First and foremost, key investigators in an RCT, includ-
ing the primary trial biostatistician, should agree at the ini-
tiation to accept shared authority and responsibility for the
scientific integrity of the research conducted. Biostatisticians
who are content to be consulted to write the statistical
considerations for a protocol that has already been drafted
except for defining the statistical hypothesis to be tested,
calculating the sample size, and outlining the analytic
approaches to interim and final analysis are not full collab-
orators. Clinical scientists who visualize their interaction
with the biostatistician as one in which the biostatistician

provides sample size justifications, randomization scheme,
and analytic plans when the protocol is designed and then
has no major participation until it is time for the data analysis
are not fulfilling the expectations associated with collabo-
rative relationships in clinical trials. It may be difficult for
busy investigators, including the primary biostatistician, to
find the time for discussions during the initial conceptual
phases in designing a protocol, but it is the most critical time
for assuring that the design is scientifically sound and con-
sistent with the best methodology currently available.
Moreover, working together in drafting sections of a proto-
col, such as the statement of the primary aims of the study,
definitions of study outcomes, and detailed follow-up
schedules enables the primary biostatistician not only to
have a more informed understanding of factors important for
developing the statistical considerations section, but also
provides opportunities to make a contribution to other sec-
tions that leads to more rigorous design overall.

Second, all key collaborators in a trial should meet
together during the early phases of clinical trial planning and
discuss the rationale and other major facets important for the
study. In-person meetings are especially crucial during the
preliminary phases of trial design in order to discuss and
agree upon major elements important for the conduct of the
trial. The biostatistician should enter into the discussions
asking insightful questions of the investigators and be pre-
pared to discuss at an appropriate time what the critical
issues are from the statistical standpoint. These meetings are
likely to be most productive when all parties have read the
relevant background material, such as the reports of findings
from the early phase trials in advance of the meetings.

Third, even though individual investigators will have
assignments for drafting particular portions of the protocol
for a clinical trial, all key collaborators, including the bio-
statistician, should review and agree on the entire final draft
of the protocol, as well as substantive changes that are made
subsequently during the conduct of the RCT. An analogous
process should be followed when reports or publications of
results are in preparation.

Finally, while the establishment of independent statistical
and data coordinating centers, in conjunction with gover-
nance structures that facilitate shared authority and shared
responsibilities in the conduct of RCTs, have done much to
stimulate collaboration among clinical and statistical disci-
plines, the best collaborations depend also on interpersonal
and work environment factors. Although it may be impossible
to specify all the intangible factors that contribute to optimal
collaborations, written protocols and publications serve as
evidence post facto as to whether the RCT has been a joint
intellectual research endeavor among the key investigators.
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33.2.2 Phases in Development and Testing
of New Drugs

For many years following their creation, the cancer coop-
erative groups defined three stages, referred to as Phases I,
II, and III, necessary to evaluate new drugs in studies with
human subjects [19]. The three phases develop evidence
important for recommending a drug’s use as a clinical
treatment. Preclinical in vitro studies on parts of living
organisms, such as tissue samples, and in vivo animal
studies provide vital information on potential efficacy, likely
toxicities, pharmacokinetics, and initial dose estimates that
guide researchers in the design of the human studies. The
objective of Phase I studies is to obtain data on dosing and
safety concerns, with collection of preliminary data on bio-
logical activity against the disease. In contrast with many
disease conditions, where Phase I studies may recruit healthy
volunteers to test new drugs because they are anticipated to
have limited toxicity, usually patients with advanced,
end-stage cancer, are the participants in Phase I studies of
new cancer drugs which tend to have greater toxicity.
Phase I trials do not have control groups; the goal is to define
an estimate of the maximum tolerated dose (MTD).

Following the completion of Phase I studies to establish a
tolerable dose level for use in future trials, investigators
recruit patients for Phase II trials that have as their primary
objective to evaluate whether a drug shows sufficient pro-
mise of efficacy to move forward to testing in comparative
trials against the current standard therapy. The earliest
Phase II trials typically set some estimate of efficacy, based
on clinical judgment and historical experience with current
standard therapies, of what response rate is necessary for the
drug to go forward to Phase III trials. Patients in Phase II
trials are usually patients with metastatic disease and may
have had extensive treatment with other drug regimens. The
outcome used for the response rate usually is some early
indicator that the drug is active against the metastases, such
as the extent to which the tumor shrinks in size or disappears
following administration of the test drug. Phase IIA designs,
which test a single drug, may have one or multiple stages.
The most popular design for Phase II trials is a two-stage
design, in which drugs that demonstrate little or no activity
against the tumor can be dropped earlier when fewer patients
have been treated [23]. If a drug shows sufficient activity
during the first stage, then additional patients are treated in
order to obtain a sufficiently precise estimate of the response
rate to use in the design of a Phase III trial. Phase IIB
generally refers to trials in which one or more new treat-
ments are compared to the standard therapy. Patients may be
randomly allocated among the treatments. It is sometimes
difficult to distinguish between a Phase IIB design and a
Phase III trial other than the sample size is not adequate for

testing with a definitive outcome. There are some Bayesian
approaches to Phase I and Phase II trials that merit consid-
eration [24, 25]. Some recently developed approaches for
Phase II two-stage designs take into account both efficacy
and safety outcomes jointly in deciding about early termi-
nation of the trial (see, e.g., [26]).

The Phase III trial entails comparisons of the promising
new regimen to the best available standard therapy, and
relies upon a more definitive outcome measure such as
mortality. The participants in Phase III trials are generally
those who have earlier stage disease or have not received
prior treatment for advanced disease.

Scientific and statistical considerations for the design and
conduct of each of the three stages in the development of
new therapies are different. Table 33.1 summarizes some of
the salient features of each of the phases. There has been a
tendency, particularly in the design and conduct of Phase I
and Phase II studies, to rely upon statistical methods estab-
lished many years ago. Some newer methods, which have
some attractive statistical properties, have been proposed and
merit further evaluation in carefully monitored clinical trials
in order to determine whether they will provide more opti-
mal approaches for successful drug development. It is dif-
ficult to carry out new, more complex designs, in busy
clinical settings, but some commitment of resources is
merited if a new statistical approach has the potential to
reduce the number of patients exposed to adverse risks
and/or to be more cost effective than the classical methods.
The types of therapies under development today, such as
targeted therapies or vaccines, differ from the classical drug
trials. Statisticians are active in developing methods that are
tailored for these new therapies, although most of the pub-
lished clinical trials do not yet incorporate these advances in
statistical approaches.

In recent years, as regulatory agencies have moved to
more rapid approval of drugs, there has been added a
requirement for continuation of safety surveillance and
technical support on the part of the drug company for a
period following the approval for marketing of the drug. The
collection of data on patients receiving the drug following
approval by the regulatory body is referred to as a Phase IV
trials or Postmarketing Surveillance Trial. These postmar-
keting studies have many serious limitations, which include
lack of appropriate comparison groups to discriminate
between adverse events associated with the disease condition
or the drug and incomplete reporting of adverse events.

As an alternative to the phases in drug development
discussed above, some statisticians prefer to refer to the
stages as translational, treatment mechanism (TM), dose-
finding (DF), dose-ranging, safety and activity (SA), com-
parative (CTE), and expanded safety (ES) ([27], Sect. 6.3,
pp. 132–134).
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33.2.3 Explanatory and Pragmatic
Considerations

Different viewpoints frequently occur among key investi-
gators regarding basic features that need to be specified
when planning a clinical trial. For instance, a common
clinical approach, analogous to what is done in laboratory
experiments, is to minimize the heterogeneity among
patients who are eligible for the RCT in order to limit the
accrual to patients in whom it is believed that the experi-
mental treatment is likely to be most beneficial. Other col-
laborators may advocate the use of the fewest possible
eligibility criteria that are medically necessary for assuring
known safety concerns in order to test the treatment on as
heterogeneous a group of patients as possible, thereby
increasing the generalizability of the trial results. These two
approaches, referred to as explanatory and pragmatic,
respectively, arise when the rationale for the trial includes a
biological hypothesis that the researchers are interested in
testing within the framework of the Phase III trial. Usually
the biological hypothesis may already have been formulated
based on findings from laboratory animal experiments or
translational studies in humans. On the other hand, if the
main stated objective of the clinical trial is to decide which
treatment is better overall for patients rather than to test an
underlying biological hypothesis, this leads to different
design and analytic approaches. Schwartz and Lellouch [28]
discussed the issues associated with these two philosophies
toward designing clinical trials, and there have been

numerous papers since their paper elaborating on the “ex-
planatory” and “pragmatic” approaches to RCTs. Table 33.2
lists the contrasting features that are associated with these
two different philosophical approaches to the design of
RCTs.

Lellouch and Schwartz pointed out that, since RCTs
involve human subjects, ethical, as well as statistical con-
siderations, often lead to a pragmatic approach in the overall
design. Ethical concerns (as discussed below) direct us to
choose a design that will have the greatest potential for
benefiting the patients who consent to participate in the trial
and future patients to whom the treatment might be given.
The pragmatic approach, which enhances the ability to
generalize the findings of the trial to the broadest population
of patients, is consistent with the rationale for carrying out
large collaborative clinical trials that encompass many
clinical centers.

Therefore, the stated primary aim of a Phase III study
generally is a clinical, rather than a biological, hypothesis.
When there is a biological hypothesis of interest, the use of a
pragmatic design does not necessarily preclude obtaining
valuable information relating to an explanatory hypothesis.
Optimally designed clinical trials incorporate features that
provide for obtaining scientifically valid information relating
to biological questions of interest. Additional study aims can
be formulated to evaluate the relationships between the
treatment outcomes and host–tumor factors of interest, when
ethical or other considerations do not preclude collecting
measurements that are needed for testing the underlying

Table 33.1 Summary of various phases of clinical trials on human subjects

Phase 0 Phase I Phase II Phase III Phase IV

Definition First studies on
human subjects to
understand the path
of a drug (small
amount) in the body

Studies on clinical
pharmacology and
toxicity to establish a
safe dose and schedule
of drug administration

Initial clinical
investigation for
treatment effect
and toxicity

Full-scale studies to determine
efficacy of a new treatment, as
well as to compare severity of
side effects, relative to
standard therapy

Final step for
evaluating new
therapies
(postmarketing
surveillance)

Outcome Pharmacokinetics;
Pharmacodynamics

MTD (maximum
tolerated dose)

Proportion of
patients
responding;
average blood
or tissue levels
of a drug

Time to events with possible
censoring; toxicity grades
from CTCAE (common
terminology criteria for
adverse events)

Proportion of
patients
experiencing
long-term side
effects such as
cardiac toxicity

Sample
size

10–15 20–50 50–100 Substantial number of patients
from multicenter (several
hundreds to several
thousands)

Substantial number
of patients from
multicenter
(several hundreds
to several
thousands)

Statistical
methods

Exploratory analysis
such as ranking the
outcome
measurements

CRM (continual
reassessment method)
[150];

Early stopping
of ineffective
therapies [151];
Two-stage
design [23]

Kaplan–Meier method [83];
Log-rank test [80]; Cox’s
proportional hazards model
[81]

Statistical
inference based on,
say, the proportion
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biological hypothesis. RCT designs that are pragmatic, but
also have a biological rationale that can be tested, are more
complex to design than those that simply provide a decision
about treatment.

NSABP Protocol B-06, which was a randomized clinical
trial consisting of three treatment groups that compared total
mastectomy to lumpectomy (the control arm) to lumpectomy
with or without postoperative radiation therapy, had major
pragmatic and explanatory features to consider in the study
design [29]. At the time of the initiation of the B-06 protocol
in 1976, principles put forth by the distinguished surgeon,
Dr. William Halstead, had dominated the approach for the
treatment of primary operable breast cancer for more than
75 years. Surgeons considered the radical mastectomy,
which consisted of removal of not only the breast but also
regional axillary nodes and chest muscle, necessary in order
to prevent the further spread of the cancer. The untested
belief that the radical mastectomy would “cure” more
patients with operable breast cancer was based on anatom-
ical and mechanistic principles relating to how breast cancer
metastasizes. However, long-term follow-up of women
apparently cured of the primary breast cancer indicated that
breast cancers continued to recur at distant body sites many
years after the initial surgery. Laboratory studies, conducted
during the 1960s, of how breast cancer metastasizes, as well
as clinical observations on the history of the disease in
women following surgery, indicated that there was not an
orderly progression in the pattern of dissemination of tumor
cells to distant parts of the body and that it was likely that
clinically occult metastases have occurred in many women
prior to the clinical detection of the primary breast cancer.
Dr. Bernard Fisher, Group Chairman of the NSABP, pro-
posed that these differing views relating to breast cancer
metastases must be tested in a rigorous manner in a

well-designed RCT. The appropriate outcome for comparing
the biological hypothesis scientifically, as well as for the
pragmatic aim of determining whether less surgery was
equivalent to more extensive surgery, was survival. It is
noteworthy that the outcome of interest in NSABP Protocol
B-06 involved designing a trial to evaluate equivalence,
rather than the more usual RCTs of drug therapies where the
test question is whether the experimental drug is superior to
the standard therapy. This chapter presents in subsequent
sections some of the unique challenges that occurred in
designing and conducting this paradigmatic surgical RCT.

Another example of a pragmatic trial incorporating
seminal biological hypotheses is NSABP Protocol B-09.
Protocol B-09 evaluated long-term administration of
tamoxifen, an antiestrogenic drug, as adjunct therapy with
chemotherapy for women with Stage II operable breast
cancer. In the 1970s when NSABP Protocol B-09 was ini-
tiated, it was biologically and clinically important to assess
the extent that responsiveness to tamoxifen therapy related to
the quantitative levels of estrogen and progesterone recep-
tors (ER and PR) in the primary tumor. In order to evaluate
the role of these hormone receptors in a scientifically sound
manner, determinations of the receptor values on tumor
specimens from all patients entered into NSABP B-09 were
made either at a central laboratory or at laboratories that had
been approved based on their demonstrated capability to
conduct the hormone receptor assays in a valid and repro-
ducible manner. Two papers published 25 years ago in the
Journal of Clinical Oncology were the first to conclusively
demonstrate in unbiased comparisons from almost 2000
patients entered into NSABP B-09 [30, 31] that therapeutic
response to tamoxifen was related to quantitative hormone
levels. These articles, recently featured in an invited com-
mentary in the Journal of Clinical Oncology, utilized

Table 33.2 Contrasting features
of pragmatic and explanatory
philosophies in RCTs

Pragmatic Explanatory

Generalizability Efficiency

Heterogeneity Homogeneity

Broad entry criteria Narrow entry criteria

Larger sample size Smaller sample size

Real world Laboratory

Equalized Optimal

Treatment Biology

Typical treatment effect Maximal treatment effect

All patients randomized Patients adhering to protocol

Unbiased Potential for bias

Intention-to-treat (ITT) Treated per protocol (TPP)

Decision Understanding

Source Data from [27]
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statistical models to estimate the relationship between ER
and PR levels and disease-free survival, while simultane-
ously controlling for other known prognostic factors [32].
Because there has been a requirement in all NSABP proto-
cols for centralized review of histopathological features, the
multivariable analyses also gave insights into the close
correspondence between the degree of morphologic differ-
entiation in tumors and the presence of hormone receptors.

In summary, as shown by the two examples above,
optimally designed RCTs can achieve primary aims that
encompass both explanatory and pragmatic aspects. Even if
the findings of such trials are nonpositive with respect to the
experimental therapy, the inclusion of the explanatory aim
provides valuable biological insights that are useful in
enhancing understanding of disease and/or treatment
mechanisms.

33.2.4 Selection of the Primary Question
for Investigation

The primary question that the trial will be designed to answer
must be clearly stated from the outset in designing a clinical
trial. While this may seem to be selfevident, it is imperative
that the question be sufficiently important to utilize the time
and resources of numerous professionals required to design
and conduct the clinical trial, as well as justifying that human
subjects take on risks or discomforts for uncertain clinical
benefits to themselves or future individuals who may suffer
from the same disease condition. It would seem that ongoing
cancer cooperative groups need to be particularly vigilant in
choosing research questions that are the most relevant,
timely, and innovative rather than proposing trials that rep-
resent minor departures from previously conducted studies
that have not resulted in major improvements in therapy.
Most Phase III RCTs in breast cancer require 5 or more years
devoted to recruitment and follow-up to complete the trial.
There may be a plethora of questions available for further
study, but questions, which if successfully answered, would
have the most impact on curing or reducing morbidity from
the disease should receive first consideration by experienced
clinical trial investigators. The choice of a novel question that
has a strong rationale for study usually requires a substantial
amount of discussion among collaborators and time invested
to develop a study plan that is scientifically sound, clinically
feasible, and ethically appropriate. In Phase III studies there
has to be sufficient background information available on
safety concerns and potential for substantial efficacy to pro-
vide support for study on a large number of patients. From the
statistician’s perspective the question must be amenable to
developing a testable statistical hypothesis, with sufficient
information available to specify important statistical aspects

of the study design, such as the primary outcome and sample
size considerations.

The philosophy followed by the NSABP has been that the
choice of the primary aim for a protocol should be formu-
lated only after actively seeking the counsel of knowledge-
able scientists from a variety of disciplines regarding
questions that are believed to be the most likely to provide
answers that have both clinical and biological importance for
the treatment of breast cancer. While a small number of
additional secondary aims can be incorporated, if they fit
well with the primary study aim, a protocol with numerous
secondary aims selected because of the interests of the
investigators participating in the clinical trial is to be avoided
as such “appeasement protocols” tend to divert attention and
resources from the primary aim, lead to overly complex
protocol designs that become difficult to follow in practice,
and may jeopardize the completion of the trial [33].

33.3 Design Considerations

33.3.1 Assuring Precision and Eliminating
Bias

Most clinical trials involve testing for treatment effects that
are small or moderate in size. Two universal concerns that
must be taken into account in such trials are how to avoid
random errors and systematic errors. In order to obtain
reliable estimates of treatment effects, it is necessary to
control appropriately the extent of random variation present.
Control of random error is achieved by assuring that a trial
has an adequate sample size. Unfortunately, some previous
RCTs in breast cancer have had inadequate sample sizes to
identify small, but important, treatment effects on outcomes,
such as mortality. Inadequate control of random error was a
major problem in early trials of tamoxifen or chemotherapy
carried out during the 1970s that were designed to consider
whether systemic therapy prolonged disease-free survival.
Although the trials showed large effects of systemic thera-
pies in preventing recurrences, the sample sizes were inad-
equate to provide reliable results on mortality.

Systematic errors, which result in biased estimates of the
treatment effect, may arise due to an improper study design or
may be introduced during the course of the study due to
unforeseen events that affect differential loss of data between
treatment groups. An important tool available for avoiding
moderate biases is randomization. Properly randomized trials
that employ appropriate methods for analysis and emphasize
the overall findings in the interpretation of the trial are uti-
lizing the best approaches to prevent serious biases in the
conclusions from the trial. Other important features that can
reduce or eliminate systematic biases include:
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(1) blinding of treatments; (2) centralized classification of
endpoints using objectively defined criteria; and (3) mini-
mizing exclusion of patients after randomization. Statistical
bias inherent in some analytic methods frequently can be
eliminated computationally or may be inconsequential rela-
tive to other sources of error. Systematic overviews of all
relevant trials also are useful in preventing moderate biases
since they prevent an overemphasis in the literature on the
results of subjectively selected RCTs.

33.3.2 Defining Study Outcomes

The specific aims of the clinical trial determine the outcomes
(also referred to as endpoints) that will be measured and
analyzed. Although the stated objectives and specific aims of
the clinical trial lead directly to the choice of an outcome in a
general sense, defining the specific outcome, as it will be
measured in the trial, is not always as straightforward. When
using the classical frequentist approach to the statistical
elements of design, the objective for the trial is usually
restated in the form of a statistical hypothesis for testing. In
order to specify a testable hypothesis, the outcome measure
must be defined carefully with consideration given to its
clinical relevance, objectivity, quantifiability, validity, and
reproducibility. Typically, there may be a number of out-
comes or interest, but in most Phase III studies there is a
single primary outcome selected. Of course, there are
occasions when there is more than one outcome that may be
of major interest, leading to specification of more than one
“primary” outcome, but the usual approach is to select the
most meaningful clinical outcome as primary, and other
important clinical outcomes as secondary. There are also
trials in which a composite outcome may be constructed to
accommodate a combination of outcomes as a single sum-
mary measure. Hard outcomes, such as mortality, are gen-
erally preferred for evaluating responses to treatment over
“softer” outcomes such as tumor regression. In order to
calculate the power of the study to detect a clinically
important difference between treatments, it is necessary to
select a single primary outcome measure; the power asso-
ciated with the secondary outcomes then is a passive con-
sequence of the sample size specified for the primary
outcome. Piantadosi [27] gives an insightful discussion of
issues associated with selection of the primary outcome.

Time-to-event Outcome: Since time-to-event outcomes,
such as survival, disease-free survival, recurrence-free
interval, progression-free interval, etc., are the most com-
mon outcomes used in breast cancer clinical therapeutic
trials, it is worthwhile to discuss some of the considerations
related to such measures. Time-to-event outcomes have
become widely used, replacing binomial outcomes such as
5-year survival probability as a measure of response to

therapy. There are two numerical values that must be spec-
ified for each subject’s outcome for time-to-event at the time
when an analysis is done.

First, there is a binary variable for each subject that
indicates whether the person has experienced the event of
interest. For example, if the outcome is survival, then each
subject is classified as alive or dead at the time of the last
recorded follow-up. Generally, there is an indicator variable
coded as 0 (alive) or 1 (dead) associated with the vital status
of each person at the end of follow-up. The second numerical
value is the actual time from randomization (initial treat-
ment) until death or, if not dead, time from randomization
until the last follow-up time. Study subjects alive at the last
regular follow-up scheduled time are generally referred to as
censored. Some study subjects may not have continued
under observation throughout the course of the study for
various reasons, so there is not up-to-date information on
their vital status.

Censoring: Statisticians distinguish between those who
are administratively censored because of a planned analysis
and those whose follow-up is delinquent, referring to the
latter as “lost-to-follow-up.” Since patients are generally
accrued into a clinical trial over some period of time, often
several years, until the requisite sample size is achieved and
then followed for the outcome for some additional years, the
censoring times will vary for patients who have not yet died.
It is reasonable to assume that patients with short observa-
tion periods due to their late entries may have similar
treatment response rates as those with longer follow-ups,
whereas patients with shorter follow-up times due to some
lack of compliance to the study (lost-to-follow-up) may not
have responses that are independent of the study outcome,
which could introduce a bias in the estimation of treatment
effect. Study subjects who do not adhere to the follow-up
schedule may also not have adhered to the treatment
schedule when treatment consists of receiving therapy over
time. There is also a particular concern if the loss rates differ
between the treatment groups. If there are a substantial
proportion of patients with incomplete observation times due
to “lost-to-follow-up,” then the analysis needs to take into
account potential for bias in the treatment outcomes. Many
sample size formulas have the capability to specify a rate of
lost-to-follow-up in the calculation, but it is important in the
design and conduct of the study that the proportion of losses
be kept low in order to avoid the potential bias. Sections on
sample size and analysis considerations below provide
additional insights into issues that arise in defining outcome
measures.

Surrogate Outcome: Because of the lengthy study per-
iod required to observe the primary outcomes of direct
interest (death or recurrence) in early stage breast cancers,
investigators may think of using a “surrogate” outcome that
occurs earlier in the course of follow-up. Surrogate outcomes
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have considerable clinical appeal because they usually are
associated with some biological change caused by the
treatment that it is believed will eventually be reflected in the
treatment effect on the longer term outcome. Moreover,
surrogate outcomes, when valid and reliable, can lead to
more efficient trials due to smaller sample size requirement,
as well as shorter follow-up times to observe the surrogate
outcome. Surrogate outcomes are commonly employed in
the earliest phases of testing on humans. Unfortunately,
surrogate outcomes often have serious limitations and
uncertain validity in comparative trials so that statisticians
will generally discourage their use in Phase III RCTs.
Fleming and DeMets [34] provide an excellent overview of
surrogate outcomes and the serious problems that can arise.
It is often worthwhile, however, to consider including the
surrogate outcome as a secondary explanatory aim in the
Phase III trial, since the resulting information can be valu-
able for enhancing understanding of the biological role of
the surrogate outcome in determining the definitive outcome
of the trial.

33.3.3 Choice of Control Group

The design of clinical trials always involves decisions about
the appropriate comparison against which the experimental
intervention will be evaluated. The earliest phases of
development in new therapies typically do not entail ran-
domized control groups. As noted above, Phase IIA cancer
trials do not have concurrent or randomized control groups
incorporated in the design, but rather rely upon assumptions
derived from historical experience with the standard thera-
pies, to evaluate the probable efficacy of an experimental
therapy.

Randomization serves several valuable purposes in
assuring the scientific integrity of the clinical trial design.
Randomization helps to distinguish between association,
which is what is measured in observational studies, and
causation so that differences in outcome between treatment
groups can be attributed to the therapy. As noted earlier,
randomization has a role in the elimination of bias in the
treatment comparisons. When sample sizes are adequate,
randomization tends to assure balance in the distributions of
prognostic factors across the treatment groups. An important
feature of randomization, that is not inherent in other
methods such as statistical adjustment to control for potential
confounding effects of imbalances in prognostic factors, is
that randomization balances not only known prognostic
factors, but also balances unknown (or unmeasured) prog-
nostic factors. The balance on prognostic factors tends to
improve with increasing sample size. Finally, random allo-
cation of participants to treatment groups guarantees the
validity of the statistical tests comparing the interventions.

Although the focus in this chapter is on drawing inferences
from clinical trials based on the classical frequentist methods
of statistical design and analysis, it is worthy of mention that
randomization is also relevant for the Bayesian and likeli-
hood approaches. For example, in the Bayesian approach to
analysis, randomization is necessary in order to assure the
absence of confounding [35].

Although the majority of clinical trialists now accept the
RCT as the gold standard for comparing a standard to an
experimental therapy, some researchers have been propo-
nents of the use of other comparison groups, such as his-
torical or nonrandomized concurrent controls, as an
alternative to randomization for many trials. They argue that
there is no ethical dilemma in treating patients in a histori-
cally controlled trial (HCT) and that an HCT requires a
smaller sample size. They generally rely on multivariable
modeling to adjust for known prognostic variables to alle-
viate potential bias in comparisons.

Most Phase III breast cancer clinical trials seek to identify
small or moderate differences between treatments. There are
serious concerns about biases that may remain due to
unknown or unmeasured prognostic factors associated with
diseases, such as breast cancer, for which all factors asso-
ciated with the clinical outcome are still not well understood.
The philosophy that has guided the NSABP relating to
randomization has been:

When ethical issues do not preclude its use, the appropriate
focus should be upon how the principles may be best utilized
rather than upon what the alternative approaches to the ran-
domized clinical trial might be [36].

The numerous examples in the literature of uncontrolled
studies, studies with historical controls or nonrandomized
concurrent controls that have created at times undue enthu-
siasm for treatments subsequently determined to be of little
worth, provide a strong practical justification for random-
ization in clinical trials. When considering the value of
RCTs, it is good to be aware of the lessons learned recently
from the Women’s Health Trial, in which the hormone
replacement treatment (HRT) arm was discontinued early,
due to the surprising result that there was a harmful car-
diovascular effect of the treatment rather than the potentially
strong benefit for heart disease, which was predicted based
on the findings of earlier observational studies (WHI [37]).

33.3.4 Masking and Placebos

The rationale for masking is that the investigators, who
recruit patients, administer treatments, or collect and evalu-
ate data on outcomes, or the patients will not make judg-
ments relating to the conduct of the study based on knowing
the treatment received by individual patients. Among the
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numerous biases that masking helps to prevent are patient
biases in reporting of subjective outcomes or side effects,
physician bias in patient management, bias in evaluation of
clinical response to treatment, bias in data management
within the clinic, and bias in decisions related to interim
monitoring of a trial.

Placebos are inactive chemical compounds formulated to
resemble the active test drug in terms of taste, smell, and
appearance that are given to patients allocated to the non-
experimental therapy. Sometimes “sham” procedures that
resemble the actual treatment are also done to disguise which
patients receive test medical procedures. Approaches to
assure masking can become quite elaborate; therefore, it is
worthwhile to provide details of how masking was achieved
for studies involving masking. Although ethical questions
have been raised with the use of placebos, if the procedures
employed include careful attention to details, such as when
and how the patient will be unmasked and which investi-
gators have access to unmasked data, these concerns can be
largely addressed. Members of interim data monitoring
committees (DMCs) should always retain the right to review
unmasked data in masked trials, since their primary
responsibility is to ensure the safety of the participants and
cannot rely on statistical guidelines as the sole means of
distinguishing benefit from harm. Another caution is that
masking does not guard against biases important in equiv-
alence trials, since masking cannot provide protection
against concluding equivalence when actually one treatment
is superior [38].

In the majority of breast cancer RCTs, it is not feasible to
mask the clinical investigators who treat patients or the
participants to the treatments that are being received, since
they are of a disparate nature in terms of the administration
or the adverse effects. However, there are some trials in
which it is not only possible to mask the treatment alloca-
tion, but also is important to protect the scientific integrity of
the trial from biases that may be introduced following ran-
domization. The first NSABP trial of long-term chemother-
apy (NSABP B-05) compared the oral drug, l-phenylalanine
mustard (LPAM) to placebo in a double-blinded RCT. The
blinding was useful in assuring that subjective side effects
were reported in an unbiased fashion. During the design of
Protocol B-14, which was the first NSABP RCT in women
with pathologically Stage I breast cancer, the biostatisticians
strongly recommended the use of a placebo so that the trial
would be double-masked in evaluating patients’ response to
the drug tamoxifen. The trials of tamoxifen that had been
conducted by other groups had generally had a control arm
that had no further therapy following surgery for breast
cancer. The primary reason for a placebo was a concern that
there was a potential for patients to be crossed over to the
tamoxifen group during the course of the study. The power
of the study to identify a difference in survival could be

seriously compromised if the “drop-ins” to the tamoxifen
group were not kept to a minimum since the mortality dif-
ference predicted was relatively modest given the favorable
prognosis of women eligible for the trial. The placebo
encouraged investigators to adhere to the protocol and pro-
vided a means of monitoring carefully unmasking for non-
protocol specified reasons. The masking proved to be very
worthwhile also in assuring unbiased reporting of rare
adverse effects, such as thromboembolic events, and sub-
jective side effects, such as the frequency and severity of hot
flashes, which are increased by tamoxifen, but which are
common also in women who do not receive tamoxifen.

When it is not possible to mask the study interventions, it
is still desirable to consider whether it is possible to mask the
clinical staff who will assess the clinical outcome, particu-
larly when the outcome is something other than overall
survival. Another approach to maintain objectivity in
determination of outcomes is to have a committee that
reviews and classifies all outcome data without knowledge
of the treatments that patients have received.

33.4 Sample Size and Study Power

33.4.1 Clinical Significance Versus Statistical
Significance

Choice of the treatment effect (Δ) for the sample size cal-
culation is a critical decision in the design of an RCT. This
decision entails careful deliberation among the key investi-
gators about what treatment effect would be sufficient to
have a clinically important impact. It is necessary to keep in
mind that the apparent treatment effect that is observed in the
clinical trial will be less than what would be achievable in an
idealized experiment because of issues related to patient
adherence and follow-up. The clinical impact, if the exper-
imental treatment is superior to the standard therapy, will
therefore be less than the true efficacy of the treatment.
While larger sample sizes will detect smaller differences as
statistically significant, treatment effect sizes should be
selected, based on consideration of the smallest clinically
meaningful effect size. The choice of a clinically meaningful
effect size, which is done collaboratively among investiga-
tors, is one of the most challenging issues in the design of an
RCT. The biostatistician can facilitate the discussion about
what constitutes a clinically meaningful difference by
preparing tables that show the number of deaths or recur-
rences that will be prevented for treatment differences of
various size for patients in the trial and when findings from
the trial are generalized to similar patients in the general
population. Ultimately, however, it is the clinical investi-
gators who have the lead role and assist the statistician in
making this decision. Once the choice is made, it will not
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only affect the total sample size needed, but also other fac-
tors, such as number of clinical sites needed, anticipated
duration of recruitment, and total length of time to complete
the clinical trial. It is not scientifically sound to design a trial
in which the effect sizes anticipated are smaller than there is
good statistical power to identify.

33.4.2 Statistical Significance and Study
Power

The selection of values for the Type I (α) and Type II (β)
error rates in sample size calculations for breast cancer
treatment trials often relies upon conventions that have
become established in medical research. Conventional val-
ues of 0.05 or 0.01 (two-sided) for a and 0.20 or 0.10 for b
are selected most often as the error rates in comparative
trials. While these values may be acceptable for many
clinical trials, statistical considerations should explicitly
address selection of their values as part of developing sample
size considerations for a clinical trial. The choice of Type I
and Type II error rates is an opportunity to weigh issues
relating to risks and benefits of the control and experimental
treatments. The balancing of benefits and risks in selection
of error rates also depends upon whether the patients have
advanced disease, early stage disease, or are healthy vol-
unteers at increased risk of disease participating in a breast
cancer prevention trial.

The question of when one-sided or two-sided Type I error
rates are appropriate has also been a topic for some debate in
the literature. When the standard therapy is a systemic
therapy against which a new experimental therapy is to be
compared, there is general agreement that the sample size
and statistical test should use Type I error values corre-
sponding to two-sided tests of the alternate hypothesis.
When the standard group is a placebo or control arm that
does not receive any drug, then some statisticians would
favor a one-sided statistical hypothesis. When there is a
placebo, the question is not which drug is better (two-sided)
but rather whether the test drug is better than no drug. In the
latter circumstance, it is still possible to use a lower, more
stringent, α, such as 0.025 or 0.01, which in a practical sense
obviates the argument over whether the test should be one-
or two-sided.

33.4.3 Baseline Outcome Rates
and Population Measures
of Variability

Often one does not know precisely all the parameters needed
in the equation for calculating sample size. There may be

uncertainty about what the baseline outcomes will be in the
group on standard therapy which will affect the sample size
needed. The sample size formula also assumes that we know
the value of the standard deviation (measure of variability) in
the population, but frequently we can only approximate it
from available preliminary data or sometimes can only guess
at a likely range of values. Therefore, we may choose a
range of values for the uncertain parameters and then using
some conservative assumptions calculate a sample size that
seems feasible and likely to achieve the scientific objectives
of the study.

33.4.4 Sample Sizes for Other Common
Experimental Designs

The sample size formula above was for a trial in which the
hypothesis of interest was a test of the superiority of an
experimental therapy as compared to the standard therapy.
When the hypothesis is that the experimental therapy has an
outcome that is similar to that of the standard therapy, i.e.,
equivalence trial, no difference must be defined by specify-
ing the largest acceptable difference, say δ, as part of the null
hypothesis. This specified difference plays a role in the P-
value at the end of the trial and whether the nominal sig-
nificance level is attained. Schumi and Wittes [39] provided
detailed comparison among superiority, equivalence, and
noninferiority tests, and discusses the related regulatory
issues.

33.4.5 Time-to-Event Outcomes

The most common definitive outcomes in breast cancer
clinical trials are time-to-event outcomes, such as survival or
disease-free survival (DFS). For time-related outcomes, the
power of the statistical tests is related to the number of
events (deaths, recurrences) that have occurred at the time
the analysis is performed rather than the number of patients
that have been randomized. One simple approach to sample
size calculations uses the ratio of the hazard (mortality) rates
and assumes that the corresponding survival curves will
follow an exponential curve, i.e., that the hazard rate is
constant over time. If Δ = λ1/λ2, where λ1 and λ2 are the
hazard rates for the control and experimental groups,
respectively, then the maximum likelihood estimates of λ
will be the number of events observed divided by the total
time followed (at risk). Using this method one can solve for
the number of events needed for the trial given specified
Type I and Type II error rates. The required number of
events can be calculated from
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d ¼ ðZ1�a=2 þ Z1�bÞ2
pð1� pÞh2 ;

where a is Type I error probability, 1� b is power, h is the
log hazard ratio, and p is the fraction of patients assigned to
the control group. Once the required number of evens is
determined and the event rate in the control group and the
feasible accrual rate are provided, the accrual and follow-up
periods can be projected to reach the required number of
events.

33.4.6 Sample Size Adjustments

Other more complex formulas that accommodate noncon-
stant hazard rates and adjust the treatment effect size pro-
jected for noncompliance (nonadherence to treatment
allocation such as drop-ins or dropouts and losses to
follow-up) or a phasing in of the treatment effect over time
have been developed. Since the impact of noncompliance is
to reduce the apparent treatment effect observed in the RCT,
there is a need to inflate the sample size. Simple, conservative
adjustment based on the proportion (pm) of anticipated non-
compliance is to use the factor 1/(1 − pm). If pm is 0.20, then
sample size needs to be inflated by 56 % to maintain power.
If noncompliance is as high as 0.30, then the sample size
required is approximately doubled (2.04). Because of issues
about bias associated with noncompliance, we try to reduce
noncompliance as much as possible, but still need to take
noncompliance into account in determining sample size [40].

Lakatos and Lan [41] have developed methods for sample
size calculation utilizing the most common test for
time-to-event outcomes, the log-rank statistic, and incorpo-
rating flexibility in the adjustment for nonuniform accrual
patterns, nonconstant and nonproportional hazard rates, lags
in treatment effects, loss to follow-up and dropouts. For a
detailed presentation of sample size formulae and com-
pendium of sample size tables, the book by Shuster [42] is a
useful reference. Software is readily available for calculating
sample sizes that take into account anticipated accrual pat-
terns, more than two treatment groups, and adjustments for
noncompliance and other factors to ensure that the trial will
have adequate power. The statistical package, PASS, is a
relatively inexpensive package for estimating sample sizes
or study power for the majority of clinical trials (NCSS,
PASS, and GESS, http://www.ncss.com). There are also
numerous useful programs that can be downloaded freely
from trustworthy Websites of clinical trial biostatisticians,
such as the departmental Website of Biostatistics and
Applied Mathematics, at MD Anderson Cancer Center
(http://biostatistics.mdanderson.org/SoftwareDownload/)
and the National Cancer Institute Website (http://www.
cancer.gov/statistics/tools).

Further adjustment of sample size can be done to
accommodate plans for interim data monitoring during the
conduct of the trial based on group sequential designs. Such
adjustments can be quite complex. EaST is a more sophis-
ticated, albeit costly, software package that provides the
capability to take into account the plans for interim moni-
toring of data (Cytel: Statistical Software and Services,
http://www.cytel.com).

There is also freeware that can be found on various
Websites for sample size calculations and simulating the
outcomes of trials under varying assumptions about the
design parameters.

33.5 Randomization Methods

The biostatistician works closely with the clinical investi-
gators prior to the initiation of the clinical trial in specifying
all aspects of the randomization process in order to ensure
that the implementation proposed is appropriate and feasible.
In addition, the process should be carefully documented
thoroughly throughout the trial. Detailed written procedures
of the process and training of all personnel involved in
randomizing participants are important. It is also essential
that procedures are in place for backing up randomization
when computers fail. If the trial is blinded, there should be a
well-defined plan that includes who has access to unblinded
treatment allocations, how blinding is maintained, the indi-
cations for unblinding a participant, and who will be con-
tacted to unblind (including a sequence of backup staff for
times when the primary person is unavailable). Often, it is
necessary to provide coverage for randomization and
unblinding on a 7-day, 24-h basis. Although unblinding of
patients in most RCTs is an uncommon, sporadic occur-
rence, NSABP has experience with rare events related to
young children (or even on one occasion, the pet dog) who
accidentally swallowed some of a patient’s pills on a
weekend evening with the consequence that there was a need
to unblind immediately to determine whether the pills were a
harmless placebo or active drug. All deviations from the
randomization procedures and handling of voided random-
izations or other violations should be documented fully for
interim and final reporting of the trial findings.

Randomization should be centralized at a data coordi-
nating center outside the clinical setting whenever feasible.
The randomization list, if generated in advance of the trial,
should be prepared by a qualified person (usually study
biostatistician) who is not involved with recruitment or
treatment of trial subjects. During the conduct of the study,
the details of the generation of the randomization lists should
not be disclosed to any of the clinical personnel involved
with the trial participants. (Generally access to the random-
ization lists is restricted to only a few individuals who have a

33 Design, Implementation, and Interpretation of Clinical Trials 613

http://www.ncss.com
http://biostatistics.mdanderson.org/SoftwareDownload/
http://www.cancer.gov/statistics/tools
http://www.cancer.gov/statistics/tools
http://www.cytel.com


need to know for protection of subjects and to assure backup
in the event that the biostatistician who generated the list is
not available.)

Random allocation for all subjects is often done prior to
the initiation of recruitment for early phase experiments of
healthy volunteers, experiments with dietary manipulations,
or vaccine trials with closed populations. Alternatively,
random allocation may be done sequentially as the partici-
pants enter the trial. This approach is done in many Phase III
cancer trials that have a prolonged recruitment period. In
trials of operable breast cancer, participants are not known in
advance and may not have been diagnosed with the condi-
tion until sometime during the course of the RCT. The
randomization process may be stepwise. In some trials,
randomization is done for groups of individuals (cluster or
group randomization) rather than for each individual. Group
randomization may be the method of choice when the
intervention is administered in clinical settings to groups of
patients, such as an educational program or a dietary inter-
vention. Random allocation of the clusters makes this
approach scientifically acceptable as long as the cluster
remains the unit for statistical analysis.

Statisticians no longer rely upon tables of random num-
bers and preparation of sealed envelopes containing the
treatment allocations that are opened in sequence at the
clinical site when a patient agrees to participate in a clinical
trial (as was done for the NSABP B-04 and B-06, the sur-
gical RCTs conducted in the 1970s). Use of randomized
assignments in sealed envelopes at clinical sites should be
avoided. While this was a common method in the past for
randomization, it is questionable, especially when the study
is not blinded since the investigator can either deliberately or
by mistake invalidate the randomization process. Further,
with modern communication methods such as fax or
Web-based randomization programs that permit the ran-
domization to occur in real time (when no problems are
identified following a check of the eligibility criteria prior to
randomization), there is generally no justification for
envelope randomization. Any new system for randomization
should be fully pretested prior to the randomization of the
first patient. Software for Web-based systems is now avail-
able, but it should be pretested in the actual context of the
trial prior to adoption.

The random allocation should occur as close in time to
the initiation of the intervention as practically feasible.
Delays between randomization and initiation of therapy can
increase the number of dropouts or subjects who do not
receive the allocated therapy. Omitting from analysis the
patients who do not receive the allocated therapy can lead to
bias. Bias may not occur related to the delay if the treatments
are blinded, but should be suspected in unblinded studies. To
avoid bias associated with dropouts occurring following
randomization, but before initiation of therapy, analysis

should include outcomes for all participants as randomly
allocated regardless of whether treatment was actually
received, i.e., intention-to-treat.

Patients may be stratified into groups based on important
prognostic factors and randomly allocated to treatment
groups within the strata in order to ensure balance on critical
prognostic factors. For example, in clinical trials of operable
breast cancer, it is common to stratify on the number of
positive axillary nodes because number of positive nodes is
the strongest prognostic factor in determining outcomes such
as disease-free survival and survival. Another prognostic
factor of interest for stratification in trials of early stage
breast cancer is the age of the patient at diagnosis, since
outcomes differ by age group with younger (premenopausal)
women tending to have more aggressive tumors that have a
poorer outcome. It is desirable, as well in multicenter studies
to balance treatment allocations by clinical site in the design,
in order to assure that the numbers of patients allocated to
each treatment group within centers are balanced overall, as
well as at times of interim data analysis during the course of
the RCT. In addition, there may be heterogeneity among the
clinical centers, not only with respect to the patient prog-
nostic factors, but also in the adherence rates to the study
treatments and the follow-up of patients which make strati-
fication or balancing on clinical centers.

The next step in the process is to create the randomization
within each stratum. The random allocations may be gen-
erated in a number of ways. According to Wittes [34]: “The
ideal device (for randomized allocation) is a perfectly
unbiased coin tossed by an angel.” A person tossing a coin is
fallible and there may be problems with validating the pro-
cess, such as filing to record all tosses if a particular toss
does not agree with the desired treatment allocation. Ran-
dom and “haphazard” treatment allocations are not the same.
For example, assignment by alternating sequences of the
treatment is not a proper method for random allocation
although supporters of this method have argued that since
patients enroll in a chance order, an alternating assignment
of treatments to patients will result in groups roughly at
equal risk. However, the person doing the randomization can
influence which participants receive a specific therapy. Even
when therapy is blinded using alternative sequences, one
inadvertent unblinding of treatment reveals the entire
sequence of treatment allocations (see [27], p. 335). Simi-
larly, a scheme that allocates patients to different treatments
based on alternating days has problems. Once clinical staff
becomes aware of the sequence, they can control which
patients are randomized to which therapy. This allocation
procedure is especially subject to bias when used for none-
mergency conditions. Under emergency conditions, if all
patients are randomized, the bias issue may be minimal since
treatment cannot be delayed until the next day. However, the
statistical problem relating to the two outcomes still applies.
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Most clinical trials today rely on computer generated
treatment assignments. Computers generate “pseudorandom”
numbers, not random numbers. The common algorithm for
generating a pseudorandom sequence is the linear congru-
ential method [43] which may lead to sequences that are
serially correlated and have repetitive series if algorithm’s
parameters are not appropriately chosen. There is a need to
choose a “good” random number generator and to evaluate
the program thoroughly before initiating randomization and
during the course of a large trial to ensure that the program is
not looping back improperly and, therefore, generating
repetitive sequences. Statistical tests should be performed to
verify the validity of the randomization sequence. Proper
randomization is one of the most crucial features in assuring
the scientific integrity of an RCT. If it is discovered at the
conclusion of a trial that there was a serious problem with the
random allocation, the study can be criticized as invalid.

A simple randomized sequence has no memory of pre-
vious treatment assignments. However, it may have imbal-
ance in the treatment assignments, which can be particularly
problematic when number randomized is small or moderate
in size. There is a nonnegligible probability of some
imbalances between treatments and a small probability of
serious imbalances. Imbalance increases the variance of the
estimated treatment effect, but the amount of the increase
will be slight if the imbalance is not severe. The treatment
allocation may be relatively balanced and still have problems
with imbalances in major prognostic factors.

To alleviate potential treatment imbalances that occur
with simple randomization, statisticians will often employ a
constrained randomization scheme that helps to assure bal-
ance in the numbers on each treatment. Random permuted
blocks is a method of restricted randomization to ensure
exactly equal treatment numbers at certain equally spaced
points in the sequence of patient assignment. Block sizes are
multiples of the number of treatment groups. For each block
of patients, we use a different random ordering of the
assignments for each treatment. For example, if there are two
treatments and the designated block size is four, there will be
six possible orderings of the treatments within a block. The
randomization consists of selecting at random (with
replacement) strings of the blocks. Sometimes treatment
allocation sequences are generated with blocks of varying
size to reduce the predictability of the sequence of treat-
ments, but the block size should be relatively small to assure
balancing of the treatments. Imbalances may still occur with
this approach, the extent of imbalance is less due to the
balance within blocks. The random permuted blocks is an
appropriate randomization scheme in RCTs when there is an
expectation of relatively large numbers accrued from each of
the clinical center.

It is common in breast cancer treatment trials that there
are many clinical centers, but the majority of centers may

accrue only a small number of patients to the RCT. In order
to assure that the numbers of patients are balanced by
treatment and major prognostic factors, cancer biostatisti-
cians have often preferred to use an adaptive (dynamic)
method of allocating patients to treatments while controlling
for balance on prespecified major prognostic factors. Efron
[44] introduced the notion of “biased coin” randomization as
a procedure to control imbalances. The implementation of
this adaptive randomization approach that is most popular in
cancer clinical trials is usually referred to as minimization
method [45, 46].

33.5.1 An Example of Biased Coin Algorithm

The following is a specific example of the biased coin
algorithm adopted by the National Adjuvant Breast and
Bowel Project (NSABP).

1. Obtain the number of patients on each treatment arm for
the current protocol at the current institution.

2. Calculate the difference in number of patients between
the treatment arm(s) with the fewest number of patients
(first group) and the treatment arm(s) with the highest
number of patients. Define the second group as one
including all the treatment arms that have the number of
patients greater than the minimum.

3. If the difference is greater than two patients, then the
treatment is then assigned with a g % (g > 0.5) proba-
bility that it will be a treatment from the first group, and a
(1 − g)% probability that it will be a treatment from the
second group. Within the groups, the probability for each
treatment is evenly divided.

Example 1: Suppose an institution had the following
patients currently:

Arm 1: 5 patients
Arm 2: 6 patients
Arm 3: 8 patients

The biggest difference in patients is three. Thus, assuming
γ = 70, Group 1 will consist only of Arm 1 with 70 %
probability, and Group 2 will consist of Arm 2 and Arm 3
with 30 % probability. Therefore, the probabilities for the
individual treatment arms break down as follows:

Arm 1: 70 % probability of being the assigned treatment arm
Arm 2: 15 % probability of being the assigned treatment arm
Arm 3: 15 % probability of being the assigned treatment arm

4. If the difference in number of patients between the
treatment arm(s) with the fewest number of patients and
the treatment arm(s) with the highest number of patients
is less than or equal to 2 then
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a. Calculate a score for each treatment arm by adding
the number of patients on that arm on the current
protocol at each of the patient’s stratification levels
multiplied by a preassigned weight for each stratum
variable (see Example 2 below).

b. If all treatment arms have the same score, then gen-
erate a random number between 1 and the number of
treatment arms on the current protocol and assign the
treatment accordingly.

c. If all treatment arms do not have the same score, then
divide the treatment arms into two groups, the first
group consisting of all treatment arm(s) with the
lowest score, and the second group containing all
other treatment arms. Within the groups, the proba-
bility for each treatment is evenly divided.

Example 2: Suppose there are three stratification factors
to be used for designing a new study; age (dichotomous),
nodal status (negative, positive), and estrogen receptor
(ER) (negative, positive). Suppose the protocol had the
following distribution of patients across three arms at the
current stage (Table 33.3).

Now suppose that the patient being randomized has these
stratification levels as younger, node-negative, and ER-
positive. Assuming that the weight given to each stratifica-
tion variable is 1, the score for each treatment is shown below:

Score for Arm 1 = (5 × 1) + (4 × 1) + (3 × 1) = 12,
Score for Arm 2 = (4 × 1) + (5 × 1) + (5 × 1) = 14,
Score for Arm 3 = (4 × 1) + (5 × 1) + (6 × 1) = 15.

So Group 1 would include only Arm 1 with 70 %
probability and Group 2 would consist of Arm 2 and Arm 3
with 30 % probability. Therefore, the probabilities for the
patient to be randomized to each arm break down as follows:

Arm 1: 70 % probability of being the assigned treatment arm
Arm 2: 15 % probability of being the assigned treatment arm
Arm 3: 15 % probability of being the assigned treatment arm

33.6 Ethical and Related Considerations

A fundamental responsibility of clinical trial researchers is to
assure the conduct of RCTs that are ethical in all features
from the design through the final closeout of the study.

Ethical considerations are interwoven with many of the
scientific facets involved with clinical trials. This section
deals mainly with ethical concerns that predominate in the
planning of an RCT as they relate to specific design ele-
ments. Although we do not present in detail the evolution of
protections for human subjects in clinical research studies,
all staff involved with the conduct of clinical trials should be
knowledgeable about the background and content of major
codes, laws, guidelines, and principles, such as the Nurem-
berg Code [47], Declaration of Helsinki [48], Belmont
Principles [49], and regulations that pertain to national and
international studies that conduct research with human par-
ticipants. The elements of informed consent should also be
familiar to all investigators and staff, not just those who are
responsible for recruitment of subjects to clinical trials. The
National Institutes of Health (NIH) and other funding bodies
require training in the principles and legal requirements for
research involving human subjects and Institutional
Research Boards must approve research protocols and
review adverse events on an annual basis.

Clinical thinking about an ethical requirement for signed
informed consent of participants in clinical trials has chan-
ged greatly in many countries since the 1960s when, at a
meeting of the Medical Research Council (MRC) to consider
the legal and ethical concerns regarding RCTs, the attendees:

…decided that there was no obligation on the part of an
investigator to inform a patient that he was participating in a
trial. Particularly is this so in the trial of methods of treatment for
desperate cases of advanced disease. If the trial is ethically the
criteria outlined and if therefore the choice of treatments is really
being made by the ‘toss of a coin,’ it is not to be considered to
be the best part of doctoring to inform a patient so gravely ill
that we do not know how to treat her, and that the choice of
treatment is being so determined [50].

Zelen [51] proposed as a design for the RCT that, when a
standard therapy is to be compared to a new experimental
therapy, it is ethical to randomize and then seek informed
consent only from the patients who are randomly allocated
to the experimental therapy, since the patients allocated to
the standard therapy would be treated in the same manner as
if there had been no clinical trial. Although this design,
sometimes referred to as the “informed consent” design, has
generally been deemed as not ethical, it is worthy of mention
because it stimulated consideration of the possibility of some

Table 33.3 Example 2: protocol
distribution of patients across
three arms at the current stage

Age Nodal status ER status

Arm 1 Younger: 5 patients
Older: 4 patients

Negative: 4 patients
Positive: 5 patients

Negative: 6 patients
Positive: 3 patients

Arm 2 Younger: 4 patients
Older: 4 patients

Negative: 5 patients
Positive: 3 patients

Negative: 3 patients
Positive: 5 patients

Arm 3 Younger: 4 patients
Older: 4 patients

Negative: 5 patients
Positive: 3 patients

Negative: 2 patients
Positive: 6 patients
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modifications in the approach to obtaining informed consent
such as the “prerandomization” approach employed in the
NSABP Protocol B-06 lumpectomy trial, as discussed in
more detail below.

Current procedures for ethical conduct of clinical trials
incorporate two important protections for human subjects.
Ethics Committees, or Institutional Review Boards (IRBs) as
they are referred to in the United States, are independent
bodies which must follow various legal and ethical
requirements that protect human subjects in research studies.
IRBs are charged with reviewing and approving protocols
prior to implementation, annual review, and approval of
study progress, as well as intervening substantive protocol
changes. Unexpected adverse events occurring during the
course of the trial are also reported to the IRB for their
review and approval of actions taken.

With few exceptions, such as when the situation does not
permit (e.g., heart or stroke victims requiring immediate
emergency treatment) or in the case of minors or others
unable to give informed consent, signed informed consent
must be obtained from all subjects prior to enrolling them in
a trial. Thus, the approach to clinical trials today strongly
affirms that it is an ethical obligation of the investigators to
obtain informed consent from all participants in a clinical
trial. The informed consent process involves providing the
potential participant with complete, accurate information on
several aspects, including: (1) a clear statement that the
participant is being requested to become a participant in a
research study; (2) explanation of the purpose of the research
and the procedures that will be followed in the study;
(3) description of experimental procedures; (4) potential
benefits for the participant; (5) expected risks and discom-
forts that are known or suspected; (6) alternative methods
available for treatment of the disease; (7) anticipated dura-
tion of the study; (8) availability and willingness of the
investigator to answer questions about the study; and (9) the
right of the participant to withdraw consent at any time
during the course of the trial without any adverse conse-
quences affecting future treatment. The informed consent
should be constructed in language that is informative and
understandable to the populations from which the partici-
pants are to be recruited. In multicenter clinical trials, this
may entail that the consent form is translated into several
languages and written in clear simple words that the public
can understand rather than technical or legalistic terms.

Although there is now general agreement that participants
in clinical trials should be given complete information and
the opportunity to consent voluntarily to become a part of a
clinical trial, issues can still arise about the process used in
obtaining informed consent, particularly in clinical trials
where the patient must simultaneously cope with a serious
newly diagnosed disease such as breast cancer. Signatures
and initials on multiple pages of a consent form are not an

adequate substitute for dedicated and knowledgeable clinical
trial staff that spends time with potential participants dis-
cussing the study and answering their questions in words
that they can understand. With respect to the implementation
of these tremendous gains in the protections of human
subject protections, we have expressed the following
caution:

…There is no dichotomy of purpose between preservation of
human rights and dignity and freedom of inquiry. There must be
strict vigilance to ensure that there is no serious conflict between
the forces defending subjects rights and those defending free-
dom of inquiry. In such a confrontation, once again, ‘winners
may become losers’ [33]

NIH and FDA require interim data monitoring plans for
protection of human subjects during the conduct of the trial.
As discussed below in the section on interim data monitor-
ing, most Phase III have independent data monitoring
committees. In spite of the many formal procedures in place
to protect human subjects who participate in RCTs, those
who design and conduct the trials should give thoughtful
attention to addressing ethical concerns that arise. As illus-
trated in the examples below, ethical issues that arise may be
complex and there may be disparate viewpoints regarding
what is an ethical solution.

To be ethical a study must be scientifically sound. Rut-
stein [52] summarized this principle well:

It may be accepted as a maxim that a poorly or improperly
designed study involving human subjects… is by definition
unethical. Moreover when a study is in itself scientifically
invalid, all other ethical considerations become irrelevant. There
is no point in obtaining informed consent to perform a useless
study [52].

Clinical trial investigators have an ethical obligation to:
(1) ask relevant important clinical questions; (2) use the best
possible research design and methods throughout the con-
duct of the trial; (3) assure that the projected sample size is
adequate to achieve clinically meaningful findings; (4) ob-
tain informed consent of all participants; (5) implement
quality assurance, as appropriate, in protocol requirements
and data collection; (6) monitor accumulating data during
the course of trial to identify known, as well as unexpected,
adverse events of treatment and early evidence of treatment
benefit or harm; (7) analyze data relating to all patients
entered into the RCT, i.e., follow “intention-to-treat” prin-
ciple; and (8) publish and disseminate the findings at the
conclusion of the trial.

Similarly, the research team at institutional sites needs to
be trained by experienced trial leadership in their responsi-
bilities for ethical and scientific conduct of the trial, which
include: (1) careful evaluation of potential participants for
protocol eligibility to minimize errors in subject recruitment;
(2) explain the protocol appropriately and obtain informed
consent of participants prior to entering them into the trial;
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(3) be knowledgeable and comply with all protocol
requirements relating to eligibility, treatment, and follow-up;
(4) promote adherence of participants by providing high
quality care and a supportive clinical environment; (5) sub-
mit complete, accurate data in a timely manner; (6) report
serious adverse events immediately to the appropriate per-
sonnel and agencies, e.g., the Food and Drug Administration
(FDA) for trials funded by or conducted in the United States;
and (7) work collaboratively with the trial management staff
to resolve problems that arise during the conduct of the trial.

33.6.1 Ethical Concerns Relating
to Randomization

Until a drug has been established as efficacious and ade-
quately safe, or ineffective with adequate safety, or simply
ineffective, the principle of “equipoise” can apply to justify
randomization, provided that the participant has been fully
informed of potential benefits and risks and consents freely
to participate. Thus, the participant accepts uncertainties
about individual benefits and risks. There is a fragile balance
between individual and collective ethics. Individual ethics
involves considering what is best for the individual patient,
whereas collective ethics entails consideration of advance-
ments in medicine and public health through careful scien-
tific experimentation.

Opponents of randomization contend that “equipoise”
seldom applies by the time a Phase III trial is conducted
because there is evidence from animal studies and Phase I/II
trials indicating that the therapy is efficacious with an
acceptable level of toxicity [53]. However, the rejection of
the ethical nature of an RCT leads to acceptance of therapies
with limited comparative evidence and/or further observa-
tional studies to establish effectiveness of therapy involving
historical comparisons or concurrent nonrandomized con-
trols [54].

Those of us who consider randomization the method of
choice argue that without randomization there will be limited
advancement of medical science. Those who strongly sup-
port randomization believe that there should be a global
standard of evidence that is based on randomized controlled
clinical trials. Random allocation of patients to treatment
groups has become accepted as the “gold standard” by the
majority of biomedical researchers. Most clinical trial
statisticians are strong advocates for the use of RCTs.

Moreover, with respect to the issue about when patients
should be offered the opportunity to participate in an RCT,
we recommend that clinical investigators adopt the “uncer-
tainty principle,” which has been endorsed by many
researchers as an ethical approach. The uncertainty principle
states that randomization should be offered when both the
physician and patient are uncertain which treatment is better

for the patient. Using this as the guiding principle for ran-
domization of a patient places the emphasis on the individual
patient rather than a group of patients with particular prog-
nostic factors, and is, thus, more consistent with the usual
clinical approach. The drawback for some physicians is that
they must be able to discuss uncertainties in medical practice
with the patient.

33.6.2 Ethical Controversies
in Randomization and NSABP
Protocol B-06

NSABP Protocol B-06 had as its primary hypothesis that
survival following conservative surgery (lumpectomy) is
comparable to that following more extensive surgery (total
mastectomy). There was much controversy surrounding the
conduct of this clinical trial. Although the radical mastec-
tomy was the standard therapy for operable breast cancer in
the United States at the time this protocol was initiated, a
small number of surgeons believed that a lumpectomy was
indeed as good as a radical mastectomy. They envisioned no
ethical dilemma with doing a lumpectomy on patients with
early stage breast cancer in the absence of a definitive direct
comparison with the standard operation. A second important
therapeutic question incorporated in the lumpectomy trial
was whether patients in whom the breast was spared should
also receive radiation therapy for the control of local
recurrences. The leadership of the NSABP and many
NSABP clinical investigators believed fervently that the
ethical approach to resolve these controversial clinical
questions was to conduct a multicenter RCT that was sci-
entifically well designed in all respects to test both the rel-
evant clinical and biological hypotheses. Accordingly, they
developed a protocol with three treatment groups (mastec-
tomy, lumpectomy, and lumpectomy with radiation to the
breast) for women diagnosed with operable breast cancer
that was 4 cm. or less and whose tumors were amenable to a
cosmetically acceptable result. Axillary dissection was done
in all three treatment groups, primarily to obtain pathologic
information on whether the axillary nodes contained tumor
cell, which was necessary since at that time systemic therapy
was given only to women with pathologically Stage II breast
cancer.

NSABP Protocol B-06 opened for accrual in April 1976
utilizing an envelope randomization scheme with treatments
balance achieved within an institution using a classic
Greco-Latin square design. The investigators discussed the
protocol with eligible patients prior to surgery and obtained
informed consent in the conventional manner without
knowledge of which treatment the patient would receive if
she agreed to enter the trial. The adoption of a noncentral-
ized randomization was due to the clinical practice at that
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time of doing the surgery for removal of the cancer with the
initial biopsy to establish the diagnosis of breast cancer. (An
analogous randomization process had been successfully
employed in the predecessor surgical trial, NSABP Protocol
B-04.) Following the biopsy and availability of immediate
pathologic diagnosis of breast cancer by frozen section, the
surgeon would have staff open the next envelope in the
sequence available at the site and would proceed to carry out
the operation specified. The NSABP utilized this conven-
tional randomization scheme for Protocol B-06 until 1978,
when, due to chronic low accrual to the Protocol B-06 that
threatened the capability to complete this paradigm shifting
trial, discussions evolved about whether modifications to the
randomization could be made that would make the trial more
acceptable to both physicians and patients. As noted above,
Zelen [51] had proposed an approach in which randomiza-
tion between a standard and experimental therapy would be
done prior to seeking informed consent and only patients
who were randomly allocated to the experimental therapy
would be approached to obtain informed consent. We
rejected the Zelen approach, since it was deemed unethical
to enter any patient into a research protocol without properly
informing her about her participation in the research. How-
ever, Zelen’s paper stimulated considerations as to whether it
might be possible to modify the conventional randomization
to enhance the accrual rate in a manner that was ethical and
did not seriously jeopardize the ability to answer the scien-
tific questions.

Some idea of how different physicians rationalized the
uncertainties in the surgical treatment of breast cancer
existing at that time are reflected in comments to a survey
querying reasons why surgeons did not consider participa-
tion in an RCT of mastectomy versus lumpectomy [55]. One
surgeon, who performed radical mastectomies on his
patients, stated: “I don’t fear the remorse of removing a
breast unnecessarily as I do the remorse of losing one patient
unnecessarily because of the trial,” whereas another surgeon,
who was a proponent of segmental mastectomy (the term for
lumpectomy used in Protocol B-06) said:

“I have performed the segmental mastectomy over the past few
years and have no reason to regret the surgery. If I honestly
believe that there is no choice between the operations and that I
do not know which is better, then why, obviously, should my
patients subject themselves to the mutilating mastectomy [55].”

These two surgeons obviously could not ethically par-
ticipate in an RCT to test different surgeries because of their
strong clinical opinions favoring one or the other therapies.
However, some surgeons, who participated in NSABP and
believed that an RCT was both ethically and scientifically
necessary to resolve the uncertainties associated with the
surgical treatment of breast cancer, still had difficulties with
recruiting patients to NSABP Protocol B-06. They did not

feel comfortable with presenting a clinical trial in which the
patient had to make a choice between two such disparate
surgeries at a time when the patient did not have a definite
cancer diagnosis and would undergo surgery not knowing
whether she would have her breast removed or only a por-
tion of the breast involved with tumor. These concerns of
NSABP clinical investigators lead us to consider modifica-
tions to the randomization approach in Protocol B-06.
Eventually, after much discussion and debate, both within
and external to the NSABP, the decision was made to
change from an envelope randomization to a centralized
randomization and to adopt an approach to obtaining
informed consent that enabled the surgeon to tell the patient
which surgery she would have prior to the actual operation.
This novel approach, which was named “prerandomization,”
was a compromise reached in order to alleviate ethical
concerns of some investigators and at the same time preserve
the ability of the trial to be completed in a manner that
preserved its scientific objectives. Interestingly, there were
also investigators who believed the conventional random-
ization was entirely ethical and continued to recruit patients
to the trial using that approach even after the introduction of
prerandomization.

There were a number of critical aspects in the procedures
for the implementation of the prerandomization process to
preserve the ethical and scientific integrity of the trial. First,
patients entered into the trial had to have a known diagnosis
of invasive breast cancer, which meant that a biopsy had to
be done prior to and separate from the definitive surgery.
The protocol was changed from the usual one stage proce-
dure for diagnosis and definitive surgery that was done
during that era to a two-stage procedure. Because it was
essential to monitor that the randomization process was
appropriately conducted, central randomization replaced
randomization by envelopes at the institutions. Having
established that a patient had operable invasive breast cancer
and satisfied other protocol inclusion and exclusion criteria,
the site investigator could initiate the randomization process
by telephoning the NSABP Biostatistical Center at the time
when the patient was scheduled for a visit to discuss the
options available for further treatment. During the telephone
call a checklist verifying eligibility, including that the
diagnosis of invasive breast cancer had been made. Fol-
lowing verification of eligibility, the random treatment
assignment for that patient was provided to the investigator.
The second step was for the investigator to present the
protocol to the patient, providing all the treatment options in
detail including potential risks and benefits. If the patient
was receptive to entering the clinical trial, the third step was
an explanation that the treatments were assigned by chance.
The patient was informed which of the treatments she would
receive based on the random assignment already provided to
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the surgeon if she agreed to participate in the trial. The
patient received the information about the randomly allo-
cated treatment prior to signing of informed consent. All
other elements of the informed consent process were
unchanged.

In contrast to the approach proposed by Zelen [51], the
NSABP approached all potential participants for informed
consent. Because of the prerandomization, there were some
patients, who when informed of the treatment allocation
prior to signing informed consent, refused the treatment
assignment. In order to be able to evaluate whether patients
who agreed to the treatment allocation differed from those
who refused on important prognostic factors, patients
refusing the treatment allocation were asked for consent to
clinical follow-up for study outcomes. Most patients refus-
ing the randomly allocated treatment because of a preference
for the alternative treatment agreed to be followed within the
trial.

The prerandomization also generated debate based on
both scientific and ethical grounds. A scientific concern is
that it is less efficient than a conventional randomization
approach. Because the trial now included patients who
refused the allocated treatment, there was a need to reeval-
uate and increase the sample size to ensure that there would
be adequate numbers entered who agreed to the random
treatment allocation. Scientifically, prerandomization is
inefficient relative to conventional randomization. An ethical
concern is that knowledge of the treatment assignment
before obtaining informed consent of the patient might lead a
physician, who wishes to promote the acceptance rate, to
tailor the presentation of the treatment options in a manner to
influence the patient’s decision.

Because the sample size inflation factor (>1) increases
rapidly as the refusal rate increases, it was essential that the
refusal rate be kept as low as possible. For example, if the
refusal rate were 10, 20, or 30 %, then the corresponding
sample size inflation factors would be around 1.6, 2.8, and
6.3, respectively. The accrual rate increased sufficiently
following the initiation of prerandomization to complete
accrual to the trial although the accrual was extended over
more years than most NSABP trials. When the trial closed
accrual in 1984, more than 2100 patients had been ran-
domized in equal numbers to the three treatment groups. Of
the 2105 patients enrolled in the Protocol B-06 trial who
consented to be followed and had follow-up information,
172 (8.2 %) refused their assigned therapy. The refusal rates
varied somewhat across the three treatment groups with
11.3 % of patients refusing allocated treatment in the total
mastectomy group, 5.2 % refusing in the lumpectomy alone
group, and 8.1 % in the lumpectomy plus radiation therapy
group. The initial findings from the trial published in the
New England Journal of Medicine in 1985 provided physi-
cians and women for the first time scientific evidence

indicating that survival was essentially equivalent for
women receiving lumpectomy to those receiving a mastec-
tomy [29]. These results have subsequently been confirmed
through 8, 12, and 20 years of follow-up in subsequent
publications in the NEJM [56–59].

There were no easy resolutions to the complex ethical
considerations involved with Protocol B-06. There was an
unfailing belief among the leadership and clinical investi-
gators that Protocol B-06 was a crucial trial to complete
regardless of difficulties and criticisms encountered. More
than 2000 dedicated women were willing to commit to
participate in a trial spanning almost a decade in spite of the
ongoing controversies. Fortunately, with the changes made
in the trial design, the original aims were fulfilled. In hind-
sight, one could pose a number of questions about the ethics
of RCTs with highly controversial treatment options based
on the experience with Protocol B-06. Are there circum-
stances where it is better to rely on “expert opinion” or
choices favored by the popular media as an alternative to
conducting a controversial RCT? Would the patients’ or
public’s interest have been better served by discontinuing the
trial because of too slow an accrual rate using conventional
randomization and publishing the findings, albeit unreliable,
based on an inadequate sample size? Would the patients’ or
public’s interests have been better served to continue to
accrue patients utilizing conventional randomization even if
the trial was prolonged for several more years? The NSABP
response to these questions is apparent in their commitment
to complete the RCT and to modify the sequence of steps in
their randomization. The conclusions from this trial lead to
dramatic alterations in the treatment options available after
1985 to women diagnosed with operable invasive breast
cancer. In this instance the prerandomization alleviated
sufficiently some ethical concerns of patients and physicians
and provided for a paradigm changing trial to be completed.
In spite of the success with prerandomization in NSABP
B-06, however, classical approaches to randomization and
informed consent are the preferred methods.

Although there were more ethical issues associated with
Protocol B-06 than there are with the typical RCT involving
the comparisons of drug interventions, nonetheless investi-
gators conducting major clinical trials can expect that they
will be confronted with complex ethical issues. With close
collaboration between the clinical scientists and the statisti-
cians for the trial, often resolutions to ethical concerns can
be found that still preserve the scientific integrity of the trial.

33.6.3 Data Integrity

The importance of ensuring the integrity of data collected in
clinical trials cannot be overemphasized. While findings
from laboratory studies are likely to be eventually
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challenged if subsequent experiments fail to reproduce the
results, it is often infeasible and ethically questionable to
consider independent replication of a clinical trial that has
been very costly in money, time, and other resources.
Therefore, for many reasons it is essential that an RCT
provide convincing and credible evidence that can be relied
upon for clinical implementation, as well as planning future
RCT.

Clinical trials carried out by major cancer cooperative
groups have in place many procedures for checking data
submitted on an ongoing basis throughout the course of the
clinical trial. However, it can be difficult to discriminate
between errors in data generation or reporting, which can be
prevalent due to misunderstanding or carelessness, and
instances of sporadic data falsification or fabrication, which
are relatively uncommon. Statistical procedures can be
useful for detecting some forms of fraud (see, for example,
[60]). Clinical settings are not always optimal for data
quality endeavors since RCTs which take many years to
conduct must deal with attrition in key staff and/or changes
in dedication to the objectives of the RCT:

It is infinitely more difficult to maintain a level of enthusiasm
year after year so that data is collected as meticulously and as
thoroughly at the fifth year of study, for example, as at the fifth
week. It is the obligation of those who institute and carry out a
trial, as well as those who participate, to develop and cooperate
in mechanisms to ensure the integrity of the data. Such efforts
should not be considered by the investigator as adversary or
demonstrating lack of trust. Rather, they are to achieve impec-
cability ([33], p. 269).

In spite of dedicated commitment to the principles above,
the NSABP had occasion during the 1990s to experience
firsthand the devastating controversy that can arise when the
principles of data integrity, as articulated above, were found
to have been violated by Dr. Roger Poisson, a surgeon at St.
Luc Hospital in Montreal. It is beyond the scope of this
chapter to relate the chronology of events and give our
perspectives on the impact of events following the discovery
that Dr. Poisson had fabricated or falsified data relating to
eligibility on about 7 % of the approximately 1500 patients
that he had entered on 22 NSABP trials. The NSABP dis-
covered the problem, the leadership reported it to the
appropriate governmental agencies, and assisted throughout
the lengthy 3-year governmental investigation that ensued.
The NSABP also reanalyzed promptly all trials in which Dr.
Poisson had randomized patients which resulted in findings
that were nearly identical to those in publications and sub-
stantiated the validity of the original conclusions. Although
the NSABP had provided convincing information to other
academicians and governmental agencies that the findings
from NSABP trials were not sensitive to the inclusion or
exclusion of data on St. Luc patients, an article published in
the Chicago Tribune in March 1994, raised controversies

and spread doubt about the results of NSABP trials, espe-
cially Protocol B-06, the lumpectomy trial. Events subse-
quent to the media frenzy that ensued lead to government
hearings and serious disruptions to completion of several
major NSABP clinical trials, including the first large-scale
prevention trial (NSABP P-01). Although eventually the
NSABP was able to successfully complete the trials in
progress at that time and to continue with its primary mis-
sion, the effect of the Poisson episode were profound, not
just for NSABP and its leadership, but for all involved in
clinical trials. For a more detailed account and insightful
perspectives on the nature of what transpired and the con-
sequences for RCTs, we refer the reader to the article by
Peto et al. [61] and the discussion in [27] (pp. 553–560).

33.7 Conduct of the Clinical Trial

The written protocol for a clinical trial provides clinical
investigators and other professional staff with important
information relating to the rationale and conduct of the
clinical trial. The protocol helps to assure that the staff at all
clinical centers follow common procedures in carrying out
the major features of the clinical trial. The protocol is the
major document relied upon by review committees in deci-
sions relating to approval and funding. It also contains
information relied upon by Ethics Committees or IRBs to
ensure that patients rights and safety are well protected, as
well as guidance for independent Data Monitoring Com-
mittees (DMCs). Different organizations have developed
their own preferred formats for the content of a clinical trial
protocol, so that there is not one standardized template that
can be recommended for breast cancer clinical trials ([27],
pp. 160–164) outlines 29 items essential for most protocols
describing RCTs and provides a brief discussion of the
content for each item. The majority of features are universal
within the protocols of all groups that carry out multicenter
clinical trials, so that the novice clinical trialist can readily
adapt a template in recent use by one of the major cancer
cooperative clinical trial groups for the development of a
planned RCT.

The protocol does not usually contain detailed informa-
tion on the organizational structure, administrative proce-
dures, or many of the technical processes relating to data
collection, management, and quality control for a clinical
trial. These aspects become part of a separate written doc-
ument, often referred to as the Manual of Operations (MOP).
The MOP serves an important role in assisting all trial per-
sonnel with conducting the protocol in a manner consistent
with the intent of the protocol. A carefully detailed MOP
serves a major purpose in assuring the soundness of the data
derived in the conduct of the clinical trial. The study
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protocol and MOP, which may serve for numerous clinical
trials conducted by the same cooperative group, require
time-consuming careful, often tedious, attention to details by
experienced staff. The preparation of these documents prior
to implementing a clinical trial may take several months of
effort if no prototype is available from a prior trial, but the
time involved can help prevent problems during the course
of the trial that would lead to substantial delays and changes
in approach that can jeopardize the scientific integrity of the
clinical trial. Meinert’s book Clinical Trials: Design, Con-
duct, and Analysis [62] contains detailed guidance on
practical day-to-day aspects of conducting RCTs. The
checklists provided in the book can also be utilized when
writing the protocol and MOP to ensure that the imple-
mentation of a trial is comprehensive in scope.

Over time many features of cancer clinical trials have
tended to become standardized across the cooperative clin-
ical trial groups in order to facilitate data completeness and
quality, as well as to provide for consistency in comparisons
of outcomes across clinical trials utilizing similar patient
populations. The International Conference on Harmonization
(ICH), which is a collaborative effort of the United States,
the European Union, and Japan, has developed numerous
useful guidelines that encompass general considerations for
clinical trials (ICH E8), good clinical practices (ICH E6),
choice of control groups (ICH E10), and sound statistical
principles (ICH E9). All guidelines can be readily accessed
through their Website (URL: http://www.ich.org). Trials of
patients with advanced disease now generally rely on the
RECIST criteria for assessing the responsiveness of tumors
to treatment, duration of complete response, and duration of
overall response [63].

33.7.1 Interim Data Monitoring

Well-defined plans for interim monitoring of data during the
course of a clinical trial are essential for the conduct of
clinical trials. The primary rationale for interim data moni-
toring relates to ethical concerns, but there are also scientific
concerns that are a part of interim monitoring. Interim
monitoring establishes a mechanism to terminate the trial
early for several reasons, including: (1) undue serious toxi-
city occurs; (2) the benefit of the experimental therapy is
clearly established; (3) it becomes apparent that there is little
or no chance for a clinically important benefit to occur based
on the data that have already been accumulated (futility);
(4) findings from other clinical trials have affected the need
for the ongoing trial; or (5) design or conduct issues have
arisen that have compromised the scientific integrity of the
trial.

Interim monitoring also serves a role in quality assurance
and quality control of the data. There are many potential

problems that can occur in data collection and conduct that
only become manifest when there is ongoing review of the
emerging data in a clinical trial. Incompleteness or inaccu-
racies in reporting of critical data items that are not identified
during routine data editing often become manifest during
interim data analyses. Corrective measures can then be
undertaken so that the scientific integrity of the entire trial is
not jeopardized.

Meinert [64] has listed four monitoring models, which he
characterized as: (1) blissful ignorance (nobody looks); (2)
ask the statistician (statistical stopping rules decision-
making); (3) treater investigator monitoring (monitoring
performed by the collective set of study investigators); and
(4) watertight separation (monitoring entrusted to a com-
mittee independent of the trial investigators). The first model
is ethically untenable for the vast majority of cancer clinical
trials, since most treatments have the potential for serious
adverse events. There are situations in which accrual and
treatment may be completed over too short an interval of
time to permit interim monitoring of outcomes that leads to
an early termination of accrual or ineffective therapy, but
these are rare exceptions. The majority of Phase III breast
cancer RCTs have a few years of accrual that are followed
by additional years of observation for study outcomes.

Both NIH and the FDA have policies relating to interim
data monitoring in clinical trials. Since 1998 NIH has
required that all clinical trials must have a written approved
data and safety monitoring plan. All Phase III trials must
have an independent Data Monitoring Committee (DMC).
The FDA recommends an independent DMC for “Pivotal”
Phase III trials and trials with mortality or irreversible
morbidity outcomes.

An independent DMC consists of clinical and basic sci-
entists from relevant disciplinary areas, epidemiologists,
biostatisticians, and ethicists or consumer (patient) repre-
sentatives who are not affiliated with the clinical trial or
those individuals who are conducting the clinical trial.
The DMC deals with the complex issue of how much evi-
dence in support of the superiority (or inferiority) of one of
the treatments should be allowed to accumulate before a trial
is stopped and the findings reported. The role of the DMC is
particularly challenging when there are multiple outcomes of
major interest and/or serious known or potential acute or
long-term adverse effects associated with treatment. Usually,
the results of statistical tests, where the significance level has
been appropriately adjusted for the multiple comparisons
involved with interim looks at the data, provide guidance to
the DMC in making decisions about whether a trial should
continue or not. One objective is to permit early termination
of a trial that has a beneficial effect by means of conservative
stopping guidelines so that a trial will not stop prior to
answering the primary study hypotheses. There are various
organizational structures for DMCs, but usually the DMC
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has responsibilities to the participants in the trial, the study
investigators, the sponsor, local IRBs, and regulatory
agencies.

The DMC meeting to review interim data generally has
four parts. There is an open session that is attended by the
sponsor, the Principal Investigator and other key investiga-
tors involved with the conduct of the trial, the lead bio-
statistician for the trial and other Statistical and Data
Coordinating Center staff. The trial investigators report on
the status of the trial providing information on accrual, data
submission, protocol adherence, and other aspects including
any serious problems that may have been encountered. There
are three practices followed relating to presentation of
interim outcome data during the open session. One approach
is to present no outcome data. A second approach is to
present outcome data for the combined treatment groups.
A third approach is to present the outcome data for the
treatment groups but to mask the treatment assignments. The
third approach may be problematic as differences in treat-
ment begin to emerge during the course of interim moni-
toring if the behavior of trial investigators is affected by
speculation about which treatment group is doing better.
Therefore, our preference is not to show outcome data by
treatment group, even if masking is maintained, during the
open session of the DMC meeting. The second part of the
DMC meeting is a closed session during which the DMC
reviews unmasked data by treatment group. The trial bio-
statistician and a representative of the sponsor may be in
attendance at the closed session, but typically the trial PI and
other clinical investigators are not present for the closed
session. Following its review of outcome data during a
closed session, the DMC members meet in an executive
session to develop their final recommendations based on
their review of interim data and other information about the
trial. (Sometimes, the formulation of recommendations may
be done within the closed session if the DMC does not have
major issues to address.) The DMC recommends one of the
following options: (1) continue the trial as designed; or
(2) continue the trial, but make modifications to the protocol
or operational aspects to deal with safety concerns or other
addressable problems; or (3) stop the trial. There are many
factors that DMCs take into account in formulating recom-
mendations, such as whether the trial is meeting accrual
goals, comparability of treatment groups, protocol adher-
ence, study outcomes, safety concerns, coherence of the
emerging data and consistency of findings with those from
other trials that are available, net benefit based on weighing
the benefits and risks, clinical and public import of interim
data, and statistical considerations.

The Book Data Monitoring Committees in Clinical Tri-
als: A Practical Perspective by Ellenberg et al. [65] is a
valuable nontechnical reference for researchers who would

like to become more familiar with the role, responsibilities,
and procedures for independent DMCs.

Usually the lead biostatistician for the trial, in consulta-
tion with the DMC, develops the detailed plan for interim
data analysis. Important considerations include:

(1) deciding which outcomes should be monitored;
(2) determining how often interim outcome analysis should
be performed; and (3) deciding which nonoutcome variables,
such as compliance, acute toxicity, long-term adverse
events, quality of life, etc., should be included in interim
data analyses.

Statistical issues arise in interim data monitoring that
relate to repeated significance testing. If the significance
level (P-value) for each interim analysis is the same as the P-
value for the final analysis, then the Type I error will
increase with each analysis conducted. For example, if a
significance level of 0.05 is used for each interim analysis,
then by the fifth interim analysis, the true Type I error will be
0.14. If there are ten interim analyses, then the error will be
0.20 by the tenth analysis.

Statistical methods have been developed that adjust the
Type I error for the number of interim analyses. The earliest
approaches to adjusting for multiple tests were the sequential
monitoring methods such as SPRT in which statistical test-
ing is done after each study outcome occurs. These methods
can be especially useful when the outcome can be evaluated
within a short interval of observation following treatment. In
most cancer trials, however, interim analysis is done based
on group sequential designs that have been adapted to trials
in which the outcomes are delayed. The book by Jennison
and Turnbull [66] is an excellent resource on the most
common statistical approaches to interim monitoring.
A typical approach to group sequential monitoring is to
monitor the primary outcome once or twice per year after
some prespecified minimum number of outcomes has been
reported. There is a significance level at each interim anal-
ysis determined such that the overall experimentwise Type I
error will be maintained at the desired level, say, e.g., 0.05.
The data monitoring plan specifies in advance the maximum
number of planned interim analyses, which may be based on
the projected amount of information (outcomes) projected or
on the projected meeting schedule of the DMC.

Some common conventional monitoring techniques are:
(1) Pocock’s [67] approach, which specifies the same lower
nominal significance level at each prespecified interim
analysis and final analysis; (2) Haybittle [68] approach,
which specifies the same lower nominal significance level at
each prespecified interim analysis with the overall signifi-
cance level at the final analysis; (3) O’Brien and Fleming
[69] approach in which the nominal significance levels are
lowest for the earliest prespecified interim analysis which
increases toward the overall significance level at the final

33 Design, Implementation, and Interpretation of Clinical Trials 623



analysis; and (4) Lan and Demets [70] alpha-spending
function approach, which provides flexibility in the number
and timing of interim analyses. Bayesian methods have also
been proposed for interim data monitoring of RCTs,
although Bayesian approaches have not been as widely used
as the frequentist methods presented above.

Specific methods have also been developed for data
monitoring that can be utilized to evaluate when the DMC
should consider stopping the trial because the interim out-
come data show that it would be unlikely or impossible for
the final analysis to have a statistically significant positive
result. The statistical approaches for such futility analysis are
stochastic curtailment or conditional power [71, 72]. For
example, Wieand’s et al. [72] proposed a futility stopping
rule that the study be stopped if, at 50 % of the expected
total information, the estimate of the treatment effect sug-
gests the new therapy is worse than the standard treatment.
Recently, a more flexible method has been proposed, which
provides a trajectory of stopping boundary due to futility
where the negative indication of the new therapy could be at
an arbitrary total expectation information point, not affecting
the overall Type I and Type II error probabilities [73]. For an
unplanned futility analysis, the conditional probability that
the test statistic would cross the critical value at the final
analysis given the accumulated data can be calculated [74].

Often the statistical procedures for interim data monitor-
ing are called stopping rules. However, most experienced
biostatisticians and DMC members prefer to call them
guidelines or flags that are used to inform the DMC about
when there should be serious discussion of the emerging
data relative to the continuation of the trial rather than as
strict rules for when the trial should stop, since there are
other important factors to consider in addition to the primary
efficacy outcome when deciding where to stop a trial and
report the findings. The usual statistical interim monitoring
strategy will have stopping guidelines for primary efficacy
outcomes and may have stopping guidelines for serious
adverse outcomes, although the latter may also be monitored
without any formal statistical testing relying on the expert
judgment of the DMC about when to consider stopping a
trial because of undue risk to participants. During its review
of the interim analyses the DMC generally relies on ad hoc
weighing of the findings for the different outcomes.

The NSABP Breast Cancer Prevention Trial (BCPT),
which tested 5 years of tamoxifen versus placebo in
double-blind RCT of more than 13,000 women at increased
risk of breast cancer, adopted an innovative alternative
approach to data monitoring when there are multiple out-
comes in a clinical trial [75]. The BCPT, presented complex
challenges for interim data monitoring due to the large
number of outcomes, both beneficial and deleterious, that the
DMC needed to consider in the interim data monitoring. The
interim monitoring strategy that was developed incorporated

both guidelines for individual outcomes and a composite
global index that weighted the individual outcomes according
to their life-threatening potential. This more comprehensive
strategy which includes formal statistical considerations of
net benefit for a treatment may also have advantages for data
monitoring in cancer treatment trials.

As another more recent example, the NSABP B-31 study
was an interesting phase III 2-stage randomized trial. It was
designed to evaluate an incremental effect in overall survival
(OS) of a trastuzumab (Herceptin) to a chemo regimen
(AC → Taxol) among positive node and HER2 gene posi-
tive patients. Since there was strong evidence of cardiac
toxicity due to Herceptin, the B-31 trial was planned as a
two-stage study. In the first stage, 1000 patients were to be
randomized to AC followed by Taxol (ACT) or AC followed
by Taxol + Herceptin (ACTH) to compare the cardiac tox-
icities. If the observed difference in proportion of cardiac
events would be less than 4 %, then the second stage would
be initiated to accrue an additional 1700 patients for the
efficacy analysis of Herceptin based on the OS endpoint.
Three formal statistical comparisons were planned to assess
excessive cardiotoxicity on the experimental arm.

To design the second stage of the study, it was assumed
that the addition of Herceptin would reduce the annual
mortality rate by 25 %. It was also assumed that 5 % of
patients who were randomized to ACTH arm would fail to
begin Herceptin, and an additional 10 % will discontinue
their Herceptin therapy uniformly over the 1-year course.
These noncompliance assumptions further attenuated the
25 % reduction to 22.8 %. To detect this reduction in mor-
tality with 80 % power, using a two-sided 0.05-level
log-rank test, would require that the number of deaths be
480. Thus, if 2700 patients were accrued over 4 years and
9 months, the number of required events would be reached
approximately 2 years and 9 months after the closure of
accrual, i.e., 7 years and 6 months after the initiation of the
study. However, the accrual to this study has stopped early
due to strong evidence of efficacy of Herceptin [76]. The
cardiac toxicity of Herceptin was reported in Tan-Chiu et al.
[77].

Four interim analyses were scheduled prior to the
definitive analysis: after 96, 192, 288, and 384 deaths.
Asymmetric stopping boundaries were employed based on
the O’Brien-Harrington-Fleming method [78]. Because these
analyses must be timed to coincide with the semiannual
meetings of the NSABP Data Monitoring Committee
(DMC), in practice, the numbers of events at each interim
analysis usually differ slightly from the plan. If significant
deviations were necessary, the nominal levels of significance
were to be adjusted by alpha-spending [70].

The NSABP B-31 design did not have the futility [71, 72]
component in it, but it would be informative for the Data
Monitoring Committee to consider stopping a trial when
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there is a strong trend that patients in the experimental arm
are doing worse than ones in the control arm. To include the
futility component, at each interim analysis, consideration
may be given to dropping the experimental arm if it is sig-
nificantly worse than the control arm, e.g., if the estimated
hazard ratio versus control exceeds 1, at a prespecified
nominal level.

33.8 General Analysis Considerations

The statistical design considerations and operational defini-
tions of the outcome guide the statistical analysis of the
primary outcome of the clinical trial. The statistical consid-
erations in the protocol specify the analytic strategy for the
primary outcome and major secondary outcomes of the
clinical trial.

In order to prevent biased treatment comparisons the
primary analysis performed for the majority of trials is the
“intention-to-treat (ITT)” analysis which should also be
prespecified in the study protocol. Three fundamental prin-
ciples apply to the ITT analysis. They are: (1) participants in
intervention comparisons should be counted in their ran-
domly allocated group; (2) all participants randomly allo-
cated to the intervention group should be counted in the
denominator for that treatment; and (3) all events should be
included in the intervention comparison for the primary
outcome measure. Even for RCTs in which the “Treated Per
Protocol (TPP)” analysis has been specified as the primary
analysis, as may be done in equivalence trials, there is a need
to conduct the ITT analysis and compare the finding to that
of the TPP to evaluate possible biases in the TPP analysis.
The well-written protocol will contain sufficient information
for ITT analysis and TPP analysis datasets.

If a RCT has been well designed and carefully conducted
in accordance with a detailed protocol, then the analysis for
the primary outcome is often straightforward, although
attention to data quality control checks and simple tabular
and graphical summaries are important during the prelimi-
nary analysis phase to guide specific details of the analysis.
Frequently, data inconsistencies not identified during routine
editing of the data forms will surface during the preliminary
analytic process, particularly when the biostatistician begins
looking at multiple cross-tabulations of variables of interest.

The practice of the NSABP Biostatistical Center has been
to create analysis files containing all variables that will be
analyzed for a specified data cutoff date. The file includes
not only original values of variables, but also some variables
that are formed by combining information from several
variables on the original data forms to facilitate the primary
analyses, such as creation of flags and follow-up times for
time-to-event analyses, specification of cutoff values for
forming categories of interest for continuous variables,

transformed data values indicated for certain analyses, etc.
These analysis files are helpful for the statistician during the
original analysis, and also provide documentation for any
subsequent validation of an analysis. A useful preliminary
analytic technique is to compute event rates (hazard rates) or
outcomes, such as hazard rates for time-to-event outcomes or
proportion of events within each level of baseline covariates
in order to screen for main prognostic effects and potential
interactions of major covariates with the intervention. These
screening tabulations provide information useful in devel-
oping appropriate strategies to deal with issues, such as
colinearity, sparseness in some data categories, missing
observations, and unusual combinations of variables in the
distributions, in multivariable modeling. For readers who
desire more guidance on how to approach preliminary data
analyses, Pocock’s book, Clinical Trials: A Practical
Approach, especially Chaps. 13 and 14 [79], is a basic,
easily understood reference.

Although the possible outcomes employed in clinical
trials may encompass variables of all types, including con-
tinuous, binary, categorical, etc., the majority of major RCTs
in breast cancer have a time-to-event outcome, such as
overall survival or disease-free survival as the primary
outcome.

The brief summary of methods in this chapter focuses on
some of the relevant considerations for trials where the
definitive outcome is analyzed as a time-to-event. There are
numerous books and journal articles that provide compre-
hensive treatment of the theoretical and technical back-
ground needed for the conduct of such analyses, and
numerous software packages that perform these analyses
appropriately, including SAS (SAS Institute Inc., http://
www.sas.com), STATA (StataCorp LP, http://www.stata.
com), and R (R Core Team, http://www.R-project.org/). We
summarize below several conceptual features of the tech-
niques that are most commonly utilized in practice and
provide a few illustrative examples of analytic approaches
that have broad applicability in modern breast cancer clinical
trials.

There is an extensive history of the evolution of methods
for survival analysis, but, as noted earlier, the development
of methodology employed in cancer trials analyzing event
times was greatly stimulated by the establishment of the NCI
Cooperative Group Program in the 1950s. The major ana-
lytic approaches developed from the late 1950s through the
seminal papers by Peto and Peto [80, 81] provided the
fundamental approaches that continue to be used in most
clinical trials today for testing differences in survival curves
and estimating treatment response.

Summarization of time-to-event data typically involves
display of data for each treatment in life table format as well
as calculation of a test statistic to determine whether the
differences between the control group and the experimental
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group(s) are statistically significant. Two joint outcome
variables are associated with each participant in the trial at
the calendar date chosen as the cutoff for the analysis. In the
simplest example, if the outcome of interest is mortality (and
all individuals have been observed until death or the last
protocol scheduled follow-up, if alive), then one calculates
the observed survival time for each patient from the time of
entry to the study using some suitable unit of observation
time. For breast cancer clinical trials, it has been customary
to use months as the time unit for survival curves. The
second variable, referred to as a “dummy variable,” is given
a value of “0” or “1” depending on whether the patient was
alive or dead at the time of last observation. Formally, the
term censored is used for patients with a code “0” since if the
observation time were extended indefinitely, all patients
would eventually die. Since patients enter clinical trials over
a period of time, often several years duration, at the time of
analysis, patients may be censored administratively at vari-
ous times due to the early termination of their observation
time, but they can contribute to the denominator in calcu-
lating a death rate until the time when they are censored at
which time they are taken out of the denominator in calcu-
lating subsequent event rates.

The classical paper by Cutler and Ederer [82] presents the
method for computing the life table from grouped data,
which is often denoted as an actuarial life table. The classical
Kaplan and Meier [83] method for estimating life table
survival utilizes the exact death and censoring times,
resulting in the familiar step function graphs found in many
publications, where the downward steps in the curve occur
when there are deaths. The product-limit estimator for the
Kaplan–Meier survival is

S
_ðtkÞ ¼

Yk
i¼1

½1� di=Ni�

with variance estimated as

V
_fS_ðtkÞg ¼ S

_ðtkÞ2
Xk

i¼1
fdi=NiðNi � diÞg;

where Ni is the number of individuals who are at risk at time
ti, di is the number of individuals who have an event at time
ti, and di/Ni is an estimate of the probability of an event at
time ti given survival to a point just prior to time ti.

Statistical testing to compare the treatment groups is
generally based on some version of the log-rank or a related
test, as shown below for grouped data. It is convenient to
consider the data as a sequence of 2 × 2 tables, in which
each table displays, for control and experimental treatment
groups, the number of events and censored observations for
a particular ordered interval of time as follows:

Group A : diAniA�diA
Group B : diBniB�diB

where diA is the number of deaths in group A at failure time
ti, diB is the number of deaths in group B at failure time ti, niA
is the number of people at risk in group A at failure time ti,
and niB is the number of people at risk in group B at failure
time ti.

The test statistic Z ¼ ðOA � EAÞ=
ffiffiffiffiffiffi
VA

p
; where

OA ¼
X
i

widiA;

EA ¼
X
i

wi
niAdi
ni

; di ¼ diA þ diB

VA ¼
X
i

w2
i di

ðni � diÞniAniB
ðni � 1Þn21

;

can be shown to be approximately a normally distributed
variable.

If wi = 1, the test is the usual log-rank test statistic. (The
log-rank test sometimes includes other designations in
recognition of statisticians who developed the earliest ver-
sions of the test prior to the publication of the more theo-
retically motivated presentation in the classical paper by Peto
and Peto [80]. For example, the modification of the Mantel
and Haenszel [84] by Mantel [85] is a version of the log-rank
test.) The log-rank test is known to be optimal when the ratio
of event rates between two groups does not change over time.
There are also alternative test statistics that can be chosen,
which have been shown to be similar to the log-rank test, but
with a different weighting factor. Perhaps, the best known
alternative to the log-rank test is the version developed by
Gehan [86], as a modification of the nonparametric Wilcoxon
test to take censoring into account. The statistic above
becomes the Gehan Wilcoxon test (also sometimes called
Gehan Breslow test) when the weight, wi = ni is used in the
above formulae. Here the weight function depends on the size
of the risk set, so that more weights are put on early differ-
ences than later ones. Alternatively, the statistic becomes the
Tarone and Ware test [87] when wi ¼ ffiffiffiffi

ni
p

. The latter two
tests are reasonable alternatives to the log-rank for some
trials, but it is important that the rationale and choice of the
test statistic be a part of the written Statistical Considerations
in the protocol. A general form of the weight function has
been also proposed to detect both early differences and late
differences depending on the parameter that is raised to the
power of Kaplan–Meier estimates [88].

When stratified randomization has been used, then
intervention effects should be summarized within strata and
then a combined test across strata utilized when computing
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the test statistics. Properties of many tests and estimation
procedures often depend on “large sample theory” to provide
approximations, as well as often other assumptions relating
to normality and equality of variances among the treatment
groups. Software for exact statistical tests, such as XACT
and LOGXACT, are also now available for testing when
sample sizes are not sufficiently large for use of large sample
theory (Cytel: Statistical Software and Services, www.cytel.
com). Resampling methods can be used for obtaining stan-
dard errors or confidence intervals when exact inference is
not available or assumptions are violated [89].

33.8.1 Modeling Treatment Effects
with Multivariable Models

The major utility of modeling treatment effects often relates
to the testing of prespecified biological hypotheses about the
relationship between patient prognostic factors and outcome,
such as in the NSABP trials relating hormone receptors to
treatment effectiveness in the trials employing tamoxifen, or
adjusting the treatment effect for selected patient prognostic
factors. Generally, the log-rank analysis, as described above,
appropriately taking into account any stratification variables,
will be the primary analysis. However, there is often a desire
to adjust other possibly continuous prognostic factors for
any imbalances as a supportive analysis using multivariable
models. There may also be an interest in examining whether
there are any treatment interactions with selected prognostic
factors. A well-written protocol will include discussion
about the rationale for models and details of whether they
will be utilized in testing prespecified hypotheses or for
exploratory analyses. The Statistical Considerations should
incorporate how the models will be estimated, what
approaches will be utilized for evaluating fit, and details on
how the experimental error will be controlled.

Evaluation of potential subgroups should be based on
findings of interaction tests, preferably prespecified, not on
findings in subgroup comparisons of treatment effects.
Quantitative interactions in treatment effects with covariates
are expected to occur frequently and are model dependent.
Qualitative interactions of covariates with treatment effects,
in which some patients have a positive response and other
patients a negative treatment response, are not model
dependent, but do not occur frequently in practice. Statisti-
cians are generally very cautious in approaching subgroup
analyses, particularly when hypotheses about interactions
have not been specified in advance of the analysis.

The Cox proportional hazards model has become the
most popular for modeling time-to-event data since the
publication of the paper by Cox [81]. Prior to that time there
were a number of parametric models based on distributions
such as the exponential, Weibull, or logistic model

(choosing a fixed binary outcome, e.g., 5-year survival), that
incorporated prognostic factors as covariates. There are
several reasons why the Cox model has nearly universal
appeal to statisticians. The most important rationale for its
use is that it is an extension of the log-rank test statistic.
Briefly, if λ0(t) is the event rate in the control group, λ1(t) is
the event rate in the experimental treatment group, and Xij is
the jth covariate for the ith patient, then

k1ðtiÞ ¼ k0ðtiÞ exp
Xk
j¼1

bjxij

 !
:

The flexibility of this model is great since, unlike the
earlier parametric models, the baseline event (or hazard) rate
is arbitrary and can be separated from modeling of the
covariates; therefore, the event rates in both groups may vary
over time and only the “relative risk” (i.e., ratio of event
rates) is assumed to be constant with time. In spite of its
popularity, there are still circumstances in which the pro-
portionality assumption is questionable or when other
models may be preferred, such as when a mechanistic model
is suggested based on an underlying biological rationale. The
proportional hazards model can be used to compare treat-
ment groups adjusting for covariates and to test for statistical
interaction of treatment with specific covariates as an assist
in identifying subgroups. Several NSABP Protocols have
entailed extensive multivariable modeling to characterize
interactions between prognostic factors and treatment out-
come to test biological hypotheses. One notable example is
NSABP Protocol B-09 in which an apparent qualitative
interaction between hormone receptors and mortality
emerged in multivariable modeling [90]. Although the sub-
group analyses were anticipated at the time of protocol
design, the qualitative nature of the interaction was unex-
pected, necessitating considerable additional analyses and
cautious interpretation about whether the findings were a
rare chance occurrence or could be attributable to the treat-
ment. Interestingly, the findings also motivated the devel-
opment of new methods for testing specifically for
qualitative interaction [91].

Additional considerations apply in modeling variables that
vary over time following randomization. Failure to recognize
and/or analyze appropriately time-related variables has
occurred and may have contributed to a confusing literature
on some important questions in breast cancer clinical trials. In
1981 a paper in the New England Journal of Medicine pre-
sented an analysis of total dose of chemotherapy received by
breast cancer patients in a clinical trial of chemotherapy
versus control that concluded that the size of the treatment
effect was related to the total amount of chemotherapy
received over multiple courses of therapy [92]. Unfortu-
nately, the statistical method employed did not take into
account the time-related nature of the total dose received.
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In order to receive a high total dose, patients had to survive
free of recurrence for most of the time planned for courses of
therapy. We published a commentary and showed results for
patients receiving placebo in an NSABP trial, using the
method apparently employed in the paper. We illustrated that
the outcome and amount of drug were inextricably linked
such that even patients who received more placebo did better
than patients who received less placebo. When more appro-
priate methods, such as a Cox model with a time-varying
covariate, were used, the apparent dose response for the
placebo, as well as that for the chemotherapy treated patients,
was no longer present [93]. A second example, where a
time-varying covariate analysis provided useful insights into
a biological hypothesis, was in the analysis of ipsilateral
breast cancer reoccurrence in patients treated with or without
irradiation to the breast following lumpectomy (NSABP
Protocol B-06) [94].

33.8.2 Multiplicity Considerations

Issues of multiplicity which influence the validity of the
statistical significance tests arise in many contexts in clinical
trials. They are often an important concern in interpreting the
statistical tests and estimated treatment effects properly.
Some of the typical situations in which multiplicity can
become problematic, if not recognized and properly
addressed in the analyses, include more than two treatment
groups, multiple outcome measures, measurements over
time of the same outcome measure, subgroup analyses, and
interim data analyses. One of the most common approaches
in the past used to control the Type I error probability was
the Bonferroni inequality in which the nominal significance
level was divided by the number of statistical tests
employed. The resulting value was then used for each of the
pairwise statistical tests to preserve the overall experimental
error at the desired significance level. More recent papers
have shown that the Bonferroni approach is more conser-
vative than desirable in most multiplicity testing situations.
The papers by Hochberg [95] and Cook and Farewell [96]
provide relevant discussion of multiplicity considerations
and approaches useful for current clinical trials.

33.8.3 Analysis of Multiple Outcomes Under
Competing Risks

In clinical trial data, one of the popular primary outcomes is
disease-free survival (DFS), defined as any first events
consisting of local, regional, or distant recurrence of the
original cancer, a new cancer other than the original one, and
deaths prior to any aforementioned diseases. However,
investigators are often more interested in making statistical

inference on a subset of those first events, which needs to be
cast over the competing risks setting. For example, radiation
oncologist may be only interested in looking at the local or
regional recurrences, to investigate whether irradiation could
help reducing the recurrence rate in local areas around the
original cancer [97]. Also in breast cancer studies, investi-
gators may be interested in knowing whether a new therapy
could reduce the rate of breast cancer-related death alone in
the presence of nonbreast cancer deaths.

33.8.3.1 One Sample Case
Investigators sometimes are interested in estimating pro-
portions of cause-specific events in one group. For example,
in the NSABP B-14 protocol that studied the efficacy of the
hormonal therapy with tamoxifen, a serious side effect was
endometrial cancer. Estimation of the proportion of the
endometrial cancer in tamoxifen group in this case would
require consideration of other events that may have pre-
cluded the event of interest, such as death prior to devel-
oping the endometrial cancer. Statistical inference on a
subset of the DFS events is usually based on the cumulative
proportion of the events of particular interest (cause-specific
events). One possible, but misleading, approach would be to
censor the other events of no interest at their event times and
estimate the cumulative probability of cause-specific events
using 1-Kaplan–Meier (1-KM) estimates. It is, however,
well known that this approach overestimates the true prob-
abilities [98–101]. One way of removing the bias is to use
the cumulative incidence function [102]. Gooley et al. [103]
nicely provide a more intuitive interpretation of the
1-Kaplan–Meier approach and the cumulative incidence
function approach. Another naïve way of removing the bias
would be to rearrange the observed survival data, pretending
that the events of no interest had never happened [104], so
that they are always in the risk sets at observed failure times.
The following example compares the 1-KM and nonpara-
metric cumulative incidence methods.

33.8.3.2 Comparing 1-KM Method
and Nonparametric Cumulative
Incidence Approach in NSABP
B-04 Data

In this example, we use a dataset from one of the Phase III
trials conducted by the NSABP (B-04 study). The NSABP
B-04 study evaluated the endpoint of overall survival to
investigate whether a less aggressive surgical procedure
(total mastectomy) is equivalent to the traditional mastec-
tomy. The patients in this trial have been followed more than
30 years for cancer recurrence and mortality, so the B-04
follow-up data are often viewed as a natural history in breast
cancer mortality without any adjuvant therapy. Fisher et al.
[58, 59] presented an analysis result of the 25-year follow-up
data from the B-04 study.
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A total of 1665 patients (1079 node-negative; 586
node-positive) were originally randomized to five treatment
groups; three groups in node-negative (radical mastectomy,
total mastectomy + irradiation, total mastectomy) and two
groups in node-positive (radical mastectomy, total mastec-
tomy + irradiation). A subset of 586 node-positive patients
will be used in this example.

Investigators in breast cancer research are often interested
in evaluating an effect of a therapeutic agent in terms of
reducing breast-cancer-related deaths only, in the presence
of other causes of deaths. In this analysis, we will define
deaths following the breast cancer events to be breast-
cancer-related deaths, and nonbreast-cancer-related deaths
otherwise. Figure 33.1 shows the comparison between the
two methods in terms of estimating the proportion of
breast-cancer-related deaths as a function of time in the
presence of competing nonbreast-cancer-related deaths
(dashed line). As mentioned earlier, the estimated curve
from the 1-KM approach (dotted line) tend to overestimate
the proportion of breast-cancer-related deaths compared to
one from the cumulative incidence approach (solid line).

There also have been efforts to parameterize the cumu-
lative incidence function completely [105–107] or partially
[108] using popular distributions such as exponential or
(extended) Weibull distributions. The key idea in parame-
terizing the cumulative incidence function is that the overall
events are partitioned into different types of cause-specific
events under competing risks, so the maximum proportion of
each type of cause-specific events is less than 1 (improper).
When the parametric assumption is correct, the parametric
approach provides more accurate results in terms of bias and
variation of the estimator compared to the nonparametric
methods [106, 108]. The major advantage of the nonpara-
metric approach is no need for an assumption for the base-
line distribution of true failure time distribution. Therefore,
nonparametric approaches may merit the designing stage of
a study under competing risks while parametric methods

may provide more accurate inference for ad hoc analysis of
competing risks data if the parametric assumption can be
justified.

33.8.3.3 Two-Sample Comparison
Investigators are often interested in comparing two or more
failure time distributions with censoring under competing
risks. For example, in randomized breast cancer studies, a
new treatment may be given to one group of patients
whereas the patients in the other group are on a conventional
therapy or in placebo. The investigators may be interested in
whether the new therapy delayed local or regional recur-
rences by comparing the cumulative probabilities of local or
regional recurrences over time between the two groups. Pepe
and Mori [101] proposed a two-sample test statistic for this
type of comparison. Earlier Gray [104] proposed a (strati-
fied) K-sample test statistic to compare the subdistribution
cumulative probabilities, which has been implemented as a
procedure cuminc in the cmprsk software package in R
(http://www.r-project.org).

33.8.3.4 Regression on Cumulative Incidence
Function

Regression model is useful in evaluating the effects of
important prognostic factors in breast cancer on the sub-
distributions of cause-specific events, or evaluating interac-
tions between treatment and prognostic factors. Fine and
Gray [109] proposed a semiparametric proportional hazards
model for subdistributions. This approach has been imple-
mented as a function crr in the cmprsk software package in
R. Jeong and Fine [110] proposed a parametric regression
model on cumulative incidence function by assuming the
Gompertz distribution [111, 112] for the baseline cumulative
hazard function under the generalized odds rate model [113].

33.8.3.5 Design Under Competing Risks;
Sample Size and Loss of Power

Recently, the primary endpoints in breast cancer clinical
trials have been more specifically defined such as breast
cancer recurrence [114]. In such designs, it would be more
efficient to consider pattern of other competing events in the
designing stage. Latouche et al. [115] provides a sample size
formula under competing risks as

n ¼ ðua=2 þ ubÞ2
ðln hÞpð1� pÞw :

In the formula above, p is the proportion of patients
randomly allocated to the experimental group, the parameter
θ is the subdistribution hazard ratio, and the parameter
y controls the proportion of cause-specific events of interest.
Thus the sample size will be affected by both the subdis-
tribution hazard ratio and proportion of cause-specific events

Fig. 33.1 Comparison of the 1-KM estimates and cumulative inci-
dence estimates in NSABP B-04 data
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of interest. For example, if there is no other competing
events such as in the DFS endpoint that typically includes
any first event, the hazard ratio can be estimated from the
previously observed distribution of DFS events, and ψ will
be 1. However, if only a subdistribution of local or regional
events is considered, ψ < 1 and the subdistribution hazard
ratio will be affected by the pattern of other competing
events. Even when it is assumed that the subdistribution
hazard ratio in local or regional events and the hazard ratio in
DFS are almost identical, a bigger sample size is still needed
if ψ < 1, or in other words, the power will decrease if the
sample size is calculated by assuming ψ = 1 in this case. In
general, a substantial increase in sample size, or substantial
loss of power, would be expected, if the absolute value of the
hazard ratio in local or regional events is smaller than the
hazard ratio in DFS and the proportion of cause-specific
events is also small.

33.8.4 Building and Validating Prediction
Models

After a clinical trial is conducted, it would be meaningful to
build a prediction model to guide physicians how to treat
their patients or design future studies. A simple example can
be modeling the effects of patients’ baseline characteristics
on development of cardiac events, as in the NSABP B-31
study, such as congested heart failure or cardiac death in
cardiotoxic treatment regimen [77]. In another example, a
model can be built to predict the recurrence rate among
tamoxifen-treated patients given information on their gene
signatures [116]. A simplest approach would be to evaluate
each gene effect on time-to-recurrence in the univariate Cox
proportional hazards model (supervised) and select top genes
to be included in the prediction model based on a stringent
criterion such as the false discovery rate (FDR; [117, 118])
approach, adjusting for multiple comparisons. In case that
the number of selected genes is large, a principal component
regression modeling has been recently proposed to account
for a possible correlation structure among genes [119]. After
analyzing the multivariate Cox model including the final list
of genes or principal components, a linear combination of
the estimates of regression coefficients and covariate values
from the analyzed cohort can be rescaled between 0 and 100
as a score. So when a patient visits a clinic, a score can be
calculated based on the developed model to predict his/her
recurrence probability, which might facilitate evaluation of
risk/benefit aspects of a potentially toxic chemo- or hor-
monal therapy regimen.

Once a prediction model is built, it needs to be validated.
The internal model validation process usually evaluates the
abilities of calibration and discrimination of the developed

model [120]. Both calibration and discrimination measure
the degree of agreement between the predicted and observed
outcomes. Specifically, calibration refers to bias. For
example, if an average predicted probability of breast cancer
recurrence in a group of patients is very close to the
observed counterpart, the prediction model is considered to
have good calibration ability. Discrimination measures the
association at a more individualized level. For example, a
commonly used quantity for evaluating the discrimination
ability is so-called C-index [121], which measures the pro-
portion of all possible usable pairs of patients in which the
predictions and observed outcomes are concordant. For
survival data, the usable pairs only include ones, at least one
of whom has experienced an event. The C-index can be also
interpreted as the area under the receiver operating charac-
teristics (ROC) curve [122], ranging from 0.5 to 1 [123]. The
C-index value closer to 1 would imply a better ability of
discrimination of the model. Once a model is validated
internally, including a bias correction step, the final model
can be validated externally in a new data set collected from
the similar population.

33.8.5 Interpretation

Interpretation of findings from RCTs should adhere to the
ITT principle that guides the analysis of data. If randomized
subjects are withdrawn from the analyses, there is a concern
about the potential for biased results. Interpretation of the
findings should always focus on the primary hypothesis
tested with reliance on the overall estimated intervention
effect and its confidence intervals. Adverse effects of treat-
ment should also be discussed fully in a manner that eluci-
dates the net benefit of the treatment. The CONSORT
statements, which are referred to in Sect. 33.9, provide many
additional insights into the appropriate manner to summarize
and interpret the findings from RCTs.

Subgroup analyses have been an ongoing topic for debate
in clinical trials methodology. Recent articles in clinical
journals highlight the need for improvement in strategies for
the conduct and reporting of subgroup analyses [124, 125].
Subgroup analyses of baseline characteristics should be
limited in number, preferably prespecified, secondary to the
overall study conclusion, and supported by formal statistical
interaction tests. In other words, tests of significance within
individual subgroups are not appropriate for deciding when
to show individual subgroups. Issues of multiplicity of
testing, as discussed in Sect. 33.8.2, are important to take
into account. Subgroup analyses of post-randomization
variables, such as adherence to protocol medication or
intermediate disease markers, should be approached cau-
tiously utilizing methods that have been developed for
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time-varying covariates or serial markers. Unless the RCT
has been specifically designed to test variables such as total
dose, dose intensity or dose timing, analyses of these factors
should be interpreted as exploratory in nature. They may
provide directions for hypotheses that are testable in future
clinical trials. Subgroup findings other than those that have
been predefined in the protocol should also be considered as
hypothesis generating. At no stage in the analysis should the
randomized treatment allocation be compromised.

33.9 Reporting and Publication

There has been a coordinated effort over the past 10 years to
improve the quality of journal articles reporting the primary
findings of RCTs. Most notable among these initiatives has
been the Consolidated Standards of Reporting Trials
(CONSORT) statement, which incorporates a systematic
checklist recommended for structuring a publication that
encompasses the contents of the title, abstract, introduction,
methods, results, and discussion. The CONSORT statement
also recommends inclusion of a flow chart that describes in
detail the flow of patients in the trial from initial registration
and randomization, as well as the reasons for attrition in the
number of patients included in the analyses of the completed
trial. Since publication of the original CONSORT statement
which dealt with guidelines for parallel group trials, the
CONSORT investigators have developed analogous guide-
lines for reporting noninferiority and equivalence trials [126,
127], cluster-randomized trials [128], nonpharmacologic
treatments [129, 130], reporting results of harmful effects
[131], and constructing informative abstracts [132, 133].
The CONSORT guidelines for parallel group designs have
undergone some revisions since their original publication
[134]; therefore, it is important to consult the most recent
versions of the guidelines when preparing a paper for pub-
lication ([135–138]; and the Website http://www.consort-
statement.org/) for the most recent versions of guidelines.

Following the publication of the original CONSORT
guidelines several major journals, such as Lancet and the
New England Journal of Medicine, require that papers
reporting the findings of RCTs that are submitted for pub-
lication adhere to the CONSORT guidelines. Regardless of
whether a specific journal requires following the CONSORT
guideline, key investigators and biostatisticians who partic-
ipate in the preparation of manuscripts should be familiar
with the CONSORT statement and make every effort to
adhere to the principles embodied in their conceptualization.
Even for RCTs in which there are complex designs that may
not conform exactly to the specific content provided in some
of the CONSORT guidelines, they provide much useful
guidance that can be adapted to enhance the quality of the
manuscript.

33.10 Clinical Trial Overviews

The Early Breast Cancer Treatment Collaborative Group
(EBCTCG), established by Sir Richard Peto, Oxford
University, in the 1980s pools data from all known RCTs in
order to determine which, if any, adjuvant therapies have an
impact on survival. The first systematic overview demon-
strated that there were indeed improvements in survival
associated with systemic adjuvant tamoxifen and
chemotherapy. The EBCTCG has continued to compile data
from new RCTs and update follow-up information on all
RCTs every 5 years. The papers from the EBCTCG, which
synthesize, the worldwide data on various treatment ques-
tions, have been influential both in clinical practice and in
providing information useful for designing new RCTs
([139–148]; Website, http://www.ctsu.ox.ac.uk/projects/
ebctcg). The merits of the overviews depend upon having
data from all properly randomized clinical trials that have
followed all patients randomized for many years. Helpful
guidelines are available for conducting overviews for
researchers who wish to conduct formal statistical review of
evidence from related RCTs [149].

Ultimately, the most convincing evidence on specific
interventions comes from well-designed and conducted
randomized trials on breast cancer that have sufficient
numbers of patients to identify small to moderate sized
differences in survival outcomes.
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34Structure of Breast Centers

David P. Winchester

34.1 Introduction

Evaluation and management of benign and malignant breast
disease continue to be a major health problem in the United
States. The American Cancer Society (ACS) estimated that
there would be 231,840 female patients diagnosed with
invasive breast cancer in the United States in 2015. In
addition, the Society estimated that 60,290 women would be
diagnosed with ductal carcinoma in situ [1].

The annual incidence of breast cancer in most developed
countries can be accurately tracked through cancer regis-
tration systems. Contrariwise, there are no comprehensive
databases to estimate the incidence of benign breast disease
in the United States. This annual number likely runs in the
millions. Countless patients seek evaluation and manage-
ment of a broad spectrum of benign disease, which must be
differentiated from breast cancer. The threat of breast cancer
and broad media coverage combine to heighten the level of
anxiety and concern among women with breast cancer
symptoms and findings. These include breast pain, lumps,
nipple discharge, the itching breast, mastitis, axillary node
enlargement and abnormal imaging findings such as cystic
and solid masses, the asymmetric density, microcalcifica-
tions, skin thickening, and enhancing lesions seen on breast
MRI. Thus, millions of consistently anxious women around
the world present with self-discovered findings or
physician-detected abnormalities through physical exam or
imaging studies. This places a significant burden on
healthcare systems to conduct top quality, multidisciplinary
evaluation and management in an optimally organized
setting.

Silverstein recognized that the evaluation and manage-
ment of breast patients was often fragmented, inefficient and
time-consuming. He firmly believed that these patients
should be promptly evaluated and test results communicated

as quickly as possible. He also recognized the need to
navigate patients through this complex environment. The
result was the establishment of a multidisciplinary breast
clinic at UCLA in 1973. Further refinements and philan-
thropic support led to the opening of the Van Nuys Breast
Center, the first free-standing, multidisciplinary breast center
in the United States [2]. Since that time, breast centers,
hospital-based or free-standing, have rapidly proliferated.

34.2 The National Accreditation Program
for Breast Centers

The American College of Surgeons has a long and distin-
guished history of accrediting and fostering clinical quality
improvement programs in cancer, trauma, bariatrics, pedi-
atric surgery, and the National Surgical Quality Improve-
ment Program (NSQIP).

The American College of Surgeons was founded in 1913.
Within 10 years, the first cancer registry in the United States
was introduced and a cancer accreditation program took
root. The Commission on Cancer, as presently constituted,
consists of representatives from 56 national professional
organizations committed to decreasing the morbidity and
mortality of cancer patients through standard setting and the
monitoring of outcomes. Thirty-six multidisciplinary stan-
dards must be met by accredited facilities verified at the time
of triennial survey. Between 70–80 % of all newly diag-
nosed cancer patients in the United States are cared for in the
Commission on Cancer-accredited programs. These 1500
centers are required to submit comprehensive data on all
analytic cancer patients to the National Cancer Database
(NCDB). The NCDB was initially organized in 1988 and
now contains comprehensive information on over 34 million
cancer patients. This has provided, through the years, a firm
foundation for tracking patterns of care on a longitudinal
basis and effecting change to keep pace with evidence-based
changes in evaluation and management.
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The practice of medicine in the United States is under-
going transformation to a more transparent system of quality
management and outcomes of cancer patients through
accredited facilities and individual physician reporting. The
large network of Commission on Cancer-accredited pro-
grams and the robust NCDB have formed an excellent
framework to address these changes.

The idea of a National Accreditation Program for Breast
Centers (NAPBC) was conceived in this transformational
medical delivery system in the year 2005. The experience
and success of the Commission on Cancer provided early
guidelines for the NAPBC development. There was recog-
nition, at the outset, that diseases of the breast, including
breast cancer, required a multidisciplinary team for optimal
patient evaluation and management. The Board of Regents
of the American College of Surgeons approved seed funding
in 2006 to support program development. A formal

governing board of the NAPBC was organized and has been
meeting regularly for the past 10 years. The board consists
of representatives from 20 national, professional organiza-
tions (Table 34.1). In addition, six working committees were
organized as outlined in Table 34.2. Thus, the NAPBC is an
organization of organizations, housed and staffed at the
American College of Surgeons national headquarters in
Chicago but governed by the NAPBC board. The mission
statement for this program states that “The NAPBC is a
consortium of national, professional organizations dedicated
to the improvement of the quality of care and monitoring of
outcomes for patients with diseases of the breast.” To meet
this mission, five objectives were agreed upon (Table 34.3).

The original design of the NAPBC called for three cate-
gories of breast centers. The centers could be housed in a
single geographic area or recognized as centers without
walls as long as the breast center leadership had control of

Table 34.1 Member
organizations

American board of surgerya

American Cancer Society (ACS)
American College of Radiology Breast Imaging Commission (ACRBIC)
American Cancer Radiology Imaging Network (ACRIN)
American Institute for Radiologic Pathology (AIRP)
American Society for Radiation Oncology (ASTRO)

American College of Surgeons

American Society of Plastic Surgeons (ASPS)

American Society of Breast Surgeons (ASBS)

American Society of Clinical Oncology (ASCO)

Association of Cancer Executives (ACE)

Association of Oncology Social Work (AOSW)

College of American Pathologists (CAP)

National Cancer Registrars Association (NCRA)

National Consortium of Breast Centers (NCBC)
National Society of Genetic Counselors (NSGC)

Oncology Nursing Society (ONS)
Society of Breast Imaging (SBI)

Society of Surgical Oncology (SSO)

Members-at-Large
aLiaison board membership

Table 34.2 NAPBC committees Executive committee

Standards and Accreditation

International Committee

Education and dissemination
Research
Finance
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provided services. If provided services were not available
on-site, referred services were required within reasonable
distance for breast patients.

After 18 months of deliberation by the NAPBC board,
there was consensus on the establishment of 28 standards for
breast center accreditation.

In order to field test and validate center categories,
components, standards, and the survey process, 18 voluntary
pilot site surveys were conducted across the United States.
Many lessons were learned. The 28 standards have under-
gone substantial revisions. Several deficiencies were
encountered but appeared to be readily correctable through
education. The structure of the centers confirmed the
heterogeneous settings in which evaluation and management
are conducted. A common model was community-based,
consisting of private practitioners in general surgery, medi-
cal oncology, radiation oncology, radiology, and pathology
working together to deliver high-quality evaluation and
management of their patients. Some services, such as breast
imaging, surgery, systemic therapy, and radiation therapy
were provided on-site while other services, such as genetic
counseling, plastic surgery, and survivorship programs were
referred to nearby locales. Another common model
encountered within or without walls was nonteaching hos-
pitals or academic/teaching hospitals. In these settings, there
were more provided services and fewer referred services. It
was our observation that patients received excellent care,
irrespective of the center model because they were afforded
the full-range of services, whether provided or referred.

The experience of the pilot surveys led the NAPBC board
to approve a single category for accreditation. The board
reasoned that as long as breast patients were afforded the
full-range of services for evaluation and management and all
of the 28 standards were met, a single accreditation category
would be inclusive rather than exclusive.

The NAPBC granted its first accreditation in the United
States in December, 2008. The NAPBC has been widely
regarded as a quality program improving outcomes and
streamlining the evaluation and management of patients with
breast disease. As of April, 2016 the NAPBC has accredited
650 programs. Many have undergone subsequent

re-accreditation surveys, as the program works on a 3-year
cycle. Attrition has been minimal.

There has been increasing interest in NAPBC interna-
tional accreditation. Thirty-two breast centers in seventeen
countries have requested information. The first international
NAPBC accreditation was awarded in the Middle East in
2014. Two surveys are scheduled in Canada in 2016, as well
as one in South Africa.

34.3 NAPBC Standards

The categories for standards include center leadership,
clinical management, research, community outreach, pro-
fessional education, and quality improvement.

34.4 Center Leadership

Purpose: The standard establishes the medical director
and/or co-directors, or interdisciplinary steering committee
as the Breast Program Leadership (BPL) responsible and
accountable for breast center activities.

34.4.1 Level of Responsibility
and Accountability

Standard 1.1 The organizational structure of the breast
center gives the BPL responsibility and accountability for
provided breast center services.

Leadership is the key element in an effective breast center
and its success depends on effective BPL. The BPL is
responsible for goal setting, as well as planning, initiating,
implementing, evaluating, and improving all breast-related
activities in the center.

The center or medical staff formally establishes the
responsibility, accountability, and multidisciplinary mem-
bership required for the BPL to fulfill its role. The center
documents the breast program leader’s responsibility and
accountability using a method appropriate to the center’s

Table 34.3 Mission objectives Consensus development of standards for breast centers and a survey process to monitor compliance

Strengthen the scientific basis for improving quality care

Establish a national breast cancer database to effect quality improvement

Reduce the morbidity and mortality of breast cancer by improving access to screening and comprehensive
care, promoting risk reduction and prevention and advocating for increased access and participation in
clinical trials

Expand programs of quality improvement measurement and benchmark comparison
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organizational structure. Examples include, but are not lim-
ited to, the following:

• The center bylaws designate the breast program leader(s)
as a subcommittee of the cancer committee in centers
with CoC dual accreditation.

• Policies and procedures for the center define authority of
the breast program leader(s).

• Policies and procedures for the medical staff define
authority of the breast program leader.

• The medical staff bylaws designate the breast program
leader(s) to be a standing committee with authority
defined.

Other methods that are consistent with the center orga-
nization and operation are acceptable.

The BPL is responsible for an annual audit of the
following:

• Interdisciplinary Breast Cancer Conference Activity
(Standard 1.2)

• Breast Conservation Rate (Standard 2.3)
• Sentinel Lymph Node Biopsy Rate (Standard 2.4)
• Breast Cancer Staging (Standard 2.6)
• Needle Biopsy Rate (Standard 2.9)
• Radiation Oncology Quality Assurance (Standard 2.12)
• Support and Rehabilitation (Standard 2.15)
• Reconstructive Surgery Referral Rate (Standard 2.18)
• Breast Cancer Survivorship Care (Standard 2.20)
• Clinical Trial Accrual (Standard 3.2)
• Quality and Outcomes (Standard 6.1)
• Quality Improvement (Standard 6.2)

34.4.2 Cancer Conference

Standard 1.2 The BPL monitors and evaluates the interdis-
ciplinary breast cancer conference frequency, multidisci-
plinary attendance, prospective case presentation and total
case presentation annually, including AJCC staging and
discussion of nationally accepted guidelines.

Conferences that include case presentations should be
available to the entire medical staff and are the preferred
format. Consultative services are optimal when physician
representatives from diagnostic radiology, pathology (in-
cluding AJCC staging), surgery, medical oncology, and
radiation oncology participate in the breast conference.

Setting the Interdisciplinary Breast Conference frequency
and format allow for prospective review of breast cancer

cases and encourages multidisciplinary involvement in the
care process. Breast cancer conferences are integral to
improving the care of breast cancer patients by contributing
to the patient management process and outcomes, and pro-
viding education to physicians and other staff in attendance.
CME credit is recommended.

The Interdisciplinary Breast Conference is focused on
treatment planning for newly diagnosed and recurrent breast
cancer patients, and should include discussion of tumor stage
and relevant, nationally accepted breast cancer patient care
guidelines developed by national organizations. This con-
ference should be designed for breast surgeons, medical
oncologists, and radiation oncologists to provide a compre-
hensive update on new data and recent advances in surgery
and systemic/local therapy that are critical to the optimal
management of breast cancer patients. Radiologists and
pathologists provide essential expertise in diagnosis. Nurses,
fellows, and pharmacists in the oncology field are also
invited to attend.

Conference frequency is dependent upon annual case-
load. Depending on the analytic case volume, the conference
should be held at least every two weeks or twice monthly to
ensure timely prospective patient review. Centers with less
than 100 cases per year can be included as part of the general
cancer conference. 85 % of these cases must be presented
prospectively. Centers with 100–250 annual cases must meet
at least twice monthly. Weekly conferences are required with
higher annual cases.

Prospective case reviews include, but are not limited to,
the following:

• Imaging and pathology reviews.
• Newly diagnosed breast cancer and treatment not yet

initiated.
• Newly diagnosed breast cancer and treatment initiated,

but discussion and additional treatment is needed.
• Previously diagnosed, initial treatment completed, but

discussion of adjuvant treatment or treatment recurrence
or progression is needed.

• Previously diagnosed, and discussion of supportive or
palliative care is needed.

• Consideration for clinical trials.

Monitoring of breast cancer conference activity by the
BPL ensures that conferences provide consultative services
for patients, as well as offer education to physicians and
allied health professionals.

The surveyor attends a breast cancer conference to
observe the multidisciplinary involvement in case discus-
sions, at the time of survey.
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34.4.3 Evaluation and Management
Guidelines

Standard 1.3 The BPL identifies and references
evidence-based breast care evaluation and management
guidelines.

Patient management and treatment guidelines promote an
organized approach to providing care. The BPL should
review and adopt breast care evaluation and management
guidelines developed by national organizations appropriate
to the patients that are diagnosed and treated by the center.
Examples of referencing these guidelines could include:

• PowerPoint presentations or handouts at cancer confer-
ences or BPL meetings of relevant, nationally accepted
breast care guidelines.

National organizations that have developed breast care
guidelines include, but are not limited to, the following:

• American Cancer Society (ACS)
• American Society of Clinical Oncology (ASCO)
• American Society for Therapeutic Radiology and

Oncology (ASTRO)
• National Quality Forum (NQF)
• National Comprehensive Cancer Network (NCCN)

Guidelines adopted by the BPL for use by the center are
documented. This is in addition to patient management and
treatment guidelines required by the NAPBC. The BPL
establishes the concordance rate for adherence to adopted
guidelines being used by the center, and monitors utilization
through review of a random sample of cases for which these
guidelines are applicable. The monitoring activity is reported
to the BPL on a regular basis. The BPL addresses compli-
ance levels that fall below the established concordance rates.

34.5 Clinical Management

Purpose: The standards identify the scope of clinical ser-
vices needed to provide quality breast care to patients. The
managing physician is essential to coordinating a multidis-
ciplinary team approach to patient care.

34.5.1 Interdisciplinary Patient Management

Standard 2.2 A patient navigation process is in place to
guide the patient with a breast abnormality through provided
or referred services.

Breast cancer is a disease requiring interdisciplinary
evaluation and management. The NAPBC has identified 17

components in the spectrum of breast cancer diagnosis,
treatment, surveillance, and rehabilitation/support. These are
described in the Appendix.

Standards 1.1, 1.2, and 2.1 are critical standards and must
be met to be considered for NAPBC survey.

34.5.2 Patient Navigation

Standard 2.2 A patient navigation process is in place to
guide the patient with a breast abnormality through provided
or referred services.

The primary function of the patient navigation process is
to coordinate services and guide patients through the health
care system by assisting with access issues, identifying
resources, providing educational materials, and developing
relationships with service providers.

The patient navigation process should include a consis-
tent care coordinator throughout the continuum of care able
to assess the physical, psychological, and social needs of the
patient. The results are enhanced patient outcomes, increased
satisfaction, and reduced costs of care. This may involve
different individuals at each point of care.

The following organizations provide patient navigation
information and resources:

• American Cancer Society
• Patient Navigation in Cancer Care
• Educare
• Association of Community Cancer Centers
• Association of Oncology Social Work
• C-Change
• Harold P. Freeman Patient Navigation Institute
• National Consortium of Breast Centers
• Oncology Nursing Society

Qualifications of a patient navigator may include:

• Successful completion of a recognized patient navigator
training program.

• Documentation of the requisite knowledge and skills
from previous education and experience to provide
patient navigation.

34.5.3 Breast Conservation

Standard 2.3 Breast-conserving surgery (BCS) is offered to
appropriate patients with breast cancer. A target rate of 50 %
of all eligible patients diagnosed with early stage breast
cancer (Stages 0, I, II) are treated with BCS, and the BCS is
evaluated annually by the BPL.
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Breast-conserving surgery for patients with early stage
breast cancer is a nationally accepted standard of care in
appropriately selected patients. A target rate of 50 % may
decrease in the future, as reported mastectomy rates are
increasing.

34.5.4 Sentinel Node Biopsy

Standard 2.4 Axillary sentinel lymph node biopsy is con-
sidered or performed for patients with early stage breast
cancer (Clinical Stage I, IIA, IIB) and compliance is eval-
uated annually by the BPL.

Patients currently considered candidates for sentinel
lymph node biopsy include those with:

AJCC Stage I, IIA, and IIB invasive breast cancer with
Clinical N0 disease, resectable, locally advanced, invasive
breast cancer, either before or after, neoadjuvant systemic
therapy, extensive DCIS requiring total mastectomy, with no
suspicious axillary nodes, unilateral or bilateral prophylactic
mastectomy and DCIS requiring wide excision in an ana-
tomic location interfering with future node mapping, with no
suspicious axillary nodes.

This technique most commonly utilizes a combination of
radionuclide and blue dye, although some centers utilize
radionuclide alone.

34.5.5 Breast Cancer Surveillance

Standard 2.5 A process is in place for assuring follow-up
surveillance of breast cancer patients.

Follow-up surveillance includes history, clinical exami-
nation, upper extremity lymphedema measurements, and
imaging studies. Frequency of follow-up will vary from
patient to patient. Bone scan, PET scan, and other tests are
the responsibility of the managing physician and are gen-
erally ordered for evaluation of symptoms or restaging.

Guidelines for follow-up surveillance are available at

• ASCO (www.asco.org)
• NCCN (www.nccn.org)

34.5.6 AJCC Staging

Standard 2.6 The BPL develops a process to monitor
physician use of AJCC staging in treatment planning.

Proper staging of cancer allows the physician to deter-
mine appropriate treatment. Staging enables the reliable
evaluation of treatment results and outcomes reported to
various institutions on a local, regional, and national basis.

When using the AJCC system, either clinical or patho-
logical staging is assigned to each primary. Both should be
assigned and recorded in the medical record, if appropriate.
Use the criteria for clinical and pathological staging outlined
in the current edition of the AJCC Cancer Staging Manual
[3] to determine the appropriate stage.

A designation of Mx makes the patient unstageable and
this designation should not be used. The managing physician
should designate whether the patient is M0 or M1.

The assignment of staging is most appropriate by the
managing physician, who is ultimately responsible for
planning the patient’s treatment. The patient’s managing
physician evaluates all available staging information
(X-rays, scans, laboratory tests, and operative and pathology
reports), records the staging elements (TNM and Stage
Group) in the medical record. Tumor registrars participate in
documentation, if available.

34.5.7 Pathology Reports

Standard 2.7 The College of American Pathologists’
(CAP) Cancer Committee guidelines are followed for all
invasive breast cancers, including estrogen and progesterone
receptors, and Her2 status for all invasive breast cancer
patients. Estrogen receptor status is recommended for DCIS.
Outside pathology is reviewed [4].

Patient management and treatment guidelines promote an
organized approach to providing quality care. The NAPBC
requires that 90 % of breast cancer pathology reports will
contain the scientifically validated data elements outlined on
the surgical case summary checklist of the (CAP) publica-
tion Reporting on Cancer Specimens [4]

• College of American Pathologists (CAP) synoptic
reporting is required Imaging studies should be correlated
with pathology when feasible

34.5.8 Diagnostic Imaging

Standard 2.8 Mammographic screening and diagnostic
imaging, are conducted through Mammography Quality
Standards Act (MQSA)-certified facilities.

Federal law mandates that mammography must be con-
ducted and interpreted by a MQSA-certified radiologist.

MQSA information is available from:

• U.S. Food and Drug Administration (FDA)

ACR Guidelines for mammographic screening, diagnos-
tic imaging, and breast MRI are available from:
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• American College of Radiology
• Guidelines for the Performance of Screening

Mammography
• Guidelines for the Performance of Diagnostic

Mammography
• Guidelines for the Performance of Magnetic Reso-

nance Imaging (MRI) of the Breast

34.5.9 Needle Biopsy

Standard 2.9 Palpation-guided or image-guided needle
biopsy is the initial diagnostic approach rather than open
surgical biopsy.

Either fine needle aspiration for cytologic evaluation or
core needle biopsy constitute the initial diagnostic approach
for palpable or occult lesions. Open surgical biopsy as an
initial approach should be avoided as it does not allow for
treatment planning and is associated with a high re-excision
rate. Compliance is reviewed annually with BPL.

34.5.10 Ultrasonography

Standard 2.10 Diagnostic ultrasound and/or
ultrasound-guided needle biopsy are performed at an
American College of Radiology (ACR) ultra-
sound-accredited facility or by an American Society of
Breast Surgeon (ASBS)-Breast Ultrasound-certified surgeon.

34.5.11 Stereotactic Core Needle Biopsy

Standard 2.11 Stereotactic core needle biopsy is performed
at an ACR accredited facility, or by surgeons under the
standards and requirements developed by the ACR and the
American College of Surgeons or by an American Society of
Breast Surgeons (ASBS) Breast Procedure Program-certified
surgeon.

34.5.12 Radiation Oncology

Standard 2.12 Radiation oncology treatment services are
provided by or referred to board certified/eligible radiation
oncologists. The center has been accredited either by the
ACR, Radiation Oncology Practice Accreditation
(ACR-ROPA), American Society for Radiation Oncology,
Accreditation Program for Excellence (ASTRO-APEx) or
the American College of Radiation Oncology (ACRO) or
has a quality assurance program in place, and the breast

quality measure endorsed by the National Quality Forum
(NQF) for radiation.

34.5.13 Medical Oncology

Standard 2.13 Medical oncology treatment services are
either provided by or referred to board certified/eligible
medical oncologists, and the breast center quality measures
endorsed by the NQF for medical oncology are utilized.

Standard 2.14 Nursing care is provided by or referred to
nurses with specialized knowledge and skills in diseases of
the breast. Nursing assessment and interventions are guided
by evidence-based standards of practice and symptom
management.

The complex needs of cancer patients and their families
require specialized oncology nursing knowledge and skills
to achieve optimal patient care outcomes. The oncology
nurse is an integral member of the multidisciplinary breast
team.

In larger centers, ONS-certified nurses are preferred. In
smaller centers or private practice offices, ONS-certified
nurses are optional, but nursing care should be provided by
those with experience in breast diseases.

A clinical expert in oncology may include:
Oncology Nurse Practitioners (AOCNP) Oncology Clini-

cal Nurse Specialist (AOCNS) Oncology Certified Nurse
(OCN)CertifiedBreastCareNurse (CBCN), defined as anurse
with documented knowledge and skills from previous educa-
tion and experience in the care of women with breast disease.

34.5.14 Support and Rehabilitation

Standard 2.15 Support and rehabilitation services are pro-
vided or referred to clinicians with specialized knowledge of
diseases of the breast.

Comprehensive breast cancer care is multidisciplinary
and includes medical health professionals addressing patient
needs identified along the breast cancer continuum from
diagnosis through survivorship. Supportive services help
patients and their families cope with the day-to-day details of
a breast cancer diagnosis. These resources address emo-
tional, physical, financial, and other needs of the breast
cancer patient.

34.5.15 Genetic Evaluation and Management

Standard 2.16 High-risk counseling, genetic counseling, and
testing services are provided or referred to a board
certified/eligible genetic counselor.
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Not all breast cancer patients will need to be referred to a
cancer genetics professional. Genetic counseling is provided
by: An American Board of Genetic Counseling professional
(ABGC) An American College of Medical Genetics
(ACMG) physician board certified in medical genetics. An
advanced practice oncology nurse (APON) with specialized
education in cancer genetics. A Genetics Clinical Nurse
(GNCC) credentialed through the Genetics Nursing Cre-
dentialing Commission (GNCC). A board certified/eligible
physician with expertise in medical genetics.

34.5.16 Educational Resources

Standard 2.17 Culturally appropriate educational resources
are available for patients along with a process to provide
them. The materials provided are appropriately adjusted for
the patient population and reviewed annually.

Centers should provide patients with educational infor-
mation covering the entire spectrum of evaluation and
management of breast disease. Some centers have patient
education libraries, while others provide printed materials
that are either locally generated or provided by national
organizations. Audiovisual education is a very effective
delivery method.

34.5.17 Reconstructive Surgery

Standard 2.18 All appropriate patients undergoing mastec-
tomy are offered a preoperative referral to a
reconstructive/plastic surgeon. Reconstructive surgery is
provided by or referred to a board certified/eligible
reconstructive/plastic surgeon.

Patients undergoing mastectomy should be afforded a
discussion on the options of breast reconstruction with a
board certified/eligible plastic/reconstructive surgeon. There
is an increasing trend in immediate breast reconstruction
utilizing tissue expanders, implants, or autologous tissue
transfer. Some patients may desire delayed reconstruction.
Patients need to understand that breast reconstruction does
not interfere with surveillance or detection of local
recurrence.

34.5.18 Evaluation and Management
of Benign Breast Disease

Standard 2.19 Evaluation and management of benign breast
disease follows nationally recognized guidelines.

Benign breast disease is defined as breast findings found
on clinical breast examination deemed non-suspicious by the
examiner or a BIRADS category one or two on breast
imaging.

If the mass is cystic and tender, needle aspiration may be
done at the time or deferred until breast imaging is done. If
ultrasound is available to the initial examining physician,
confirmation of the cyst and complete aspiration with
ultrasound guidance is preferred. Palpation-guided cyst
aspiration is acceptable. The mass should completely resolve
and follow-up options should be discussed. The fluid, if
benign in appearance, should be discarded. Incomplete res-
olution of the mass and/or bloody fluid are indications for
submission of the cyst fluid for cytologic evaluation.

A clinically benign, but solid mass requires additional
evaluation. Mammography and ultrasound, unless recently
performed, should be done to confirm the solid, but benign
characteristics of the palpable mass. Office-based fine needle
aspiration or core needle biopsy can be palpation and/or
ultrasound -guided. Ultrasound-guided needle biopsy would
be expected in a radiology department setting. If a benign
diagnosis, without atypia, is confirmed, the patient may be
observed or excisional biopsy performed, depending on
circumstances and patient/physician preferences.

Occult, asymptomatic cysts, found with
mammography/ultrasound require no intervention but thor-
ough discussion with the patient. BIRADS 3 findings are
usually managed with a 3–6 month imaging follow-up and
clinical breast exam. This applies to both benign masses and
micro calcifications.

Atypical ductal or lobular hyperplasia found on needle
biopsy requires follow-up excisional biopsy to accurately
define the lesion.

34.5.19 Breast Cancer Survivorship Care

Standard 2.20 A comprehensive breast cancer survivorship
care process, including a survivorship care plan with
accompanying treatment summary, is in place within six
months of completing active treatment and no longer than
one year from date of diagnosis. The survivorship care
process is evaluated annually by the BPL.

34.6 Research

Purpose: The standards promote advancement in prevention,
early diagnosis, and treatment through the provision of
clinical trial information and patient accrual to breast
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cancer-related clinical trials and research protocols.

34.6.1 Clinical Trial Information

Standard 3.1 Information about the availability of breast
cancer-related clinical trials is provided to patients through a
formal mechanism.

By providing information about the availability of breast
cancer-related clinical trials, the facility offers patients the
opportunity to participate in the advancement of
evidence-based medicine.

The following organizations offer patient information and
resources related to clinical trials:

• American Cancer Society
• National Cancer Institute
• U.S. Food and Drug Administration
• CenterWatch
• Coalition of Cancer Cooperative Groups.

A formal process is in place to provide information about
breast cancer-related clinical trials to patients seen at the
center. Methods of providing information include, but are
not limited to, the following:

• Access to the internet or Intranet search services through
the patient library.

• Articles in facility newsletters.
• Pamphlets or brochures in patient waiting rooms or

patient packets.
• Physician/nurse education.

34.6.2 Clinical Trial Accrual

Standard 3.2 Two percent (2 %) or more of eligible breast
cancer patients are accrued to treatment-related breast cancer
clinical trials and/or research protocols annually.

Clinical research advances science and ensures that
patient care approaches the highest possible level of quality.

Facilities must accrue patients to breast cancer-related
clinical research at the minimum percentage rate of 2 %.
Patients eligible to meet this standard are those patients

• Seen at the center for diagnosis and/or treatment and
placed on a clinical trial through the facility.

• Seen at the center for diagnosis and/or treatment and
placed on a trial through the office of a staff physician.

• Seen at the center for diagnosis and/or treatment and
placed on a trial through another facility.

• Seen at the center for any reason and placed on a pre-
vention or breast cancer control trial.

Basic science, clinical, and prevention and control
research is generally conducted in cancer centers supported
by grants from the National Cancer Institute (NCI) or in
academic health centers. Research in community hospitals
typically involves therapeutic and nontherapeutic trials.

Treatment-related clinical trial groups include, but are not
limited to, the following:

• NCI-sponsored programs such as the Community Clini-
cal Oncology Program (CCOP).

• Cooperative trial groups such as the Alliance for Clinical
Trials.

• University-related research.
• Pharmaceutical company research.
• Locally developed, peer-reviewed studies.

Cancer control research studies include, but are not lim-
ited to, the following:

• Primary prevention.
• Early Detection.
• Quality of life.
• Economics of care.

Centers participating in clinical research show that an
independent review mechanism consistent with national
standards is in place and used. Research projects involving
participation by human subjects must be approved by an
internal or external institutional review board (IRB). Patients
participating in clinical trials must give their informed
consent.

A study coordinator, data manager, or other clinical
research professional is available to assist in enrolling
patients, monitoring patient accrual, and identifying and
providing information and/or education about new trials.

Patient accrual is monitored, and the results are
documented.

Information about breast cancer clinical trials is available
through the following:

• National Cancer Institute (NCI)

34.7 Community Outreach

Purpose: The standards ensure that breast cancer education,
prevention, and early detection programs are provided
on-site or coordinated with other facilities or local agencies
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targeted to the community and follow-up is provided to
patients with positive findings.

34.7.1 Education, Prevention, and Early
Detection Programs

Standard 4.1 Each year, two or more breast cancer education
prevention and/or early detection programs are provided by
the center or coordinated with other facilities or local
agencies targeted to the community with expectations for
follow-up of positive findings.

34.8 Professional Education

Purpose: The standard promotes increased knowledge of
breast cancer program staff through participation in local,
regional, or national educational activities.

34.8.1 Breast Program Staff Education

Standard 5.1 Professionally certified/credentialed members
of the breast center participate in local (in addition to breast
cancer conference attendance), state, regional, or national
breast-specific educational programs annually.

The breast cancer care team members should include, but
is not limited to, the following professionals:

• Radiologist
• Pathologist
• Surgeon
• Medical oncologist
• Radiation oncologist
• Genetic counselor
• Nursing staff
• Patient navigator
• Social worker
• Physical therapist
• Plastic reconstructive surgeon

34.9 Quality Improvement

Purpose: The standard ensures that breast services, care, and
patient outcomes are continuously evaluated and improved.

34.9.1 Quality and Outcomes

Standard 6.1 Each year, the BPL conducts or participates in
two or more center-specific studies that measure quality
and/or outcomes and one or more of your physician mem-
bers participate in their specialty-specific quality improve-
ment program. The findings are communicated and
discussed with the breast center staff, participants of the
interdisciplinary conference, or the cancer committee, where
applicable.

The annual evaluation of services and care provide a
baseline to measure quality and an opportunity to correct or
enhance patient outcomes. Quality improvement is a multi-
disciplinary effort and must include support and represen-
tation from all clinical, administrative, and patient
perspectives. Successful participation in quality improve-
ment programs/initiatives from other breast-related health
care organizations can meet some, or all, of these quality and
outcomes requirement to be an approved breast center. The
following are examples of recommended quality improve-
ment programs/initiatives:

• The ASBS Mastery of Breast Surgery Program
• The National Outcomes and Analysis Database Project of

the ASBS—www.breastsurgeons.org [5]
• The Committee on Quality and Safety of the ASBS

establishes standards for breast surgery quality—www.
breastsurgeons.org [5]

• Participation in the National Consortium of Breast Cen-
ters’ Quality Initiatives benchmarks available for per-
formance comparison—www.breastcare.org [6]

• The NQFs breast cancer measures—www.quality-forum.
org [7]

• The American College of Surgeons, Commission on
Cancer, National Cancer Data Base breast cancer
benchmarks—www.facs.org/cancer [8]

34.10 Survey Process

To facilitate a thorough and accurate evaluation of the breast
center, the center must complete or update an online SAR.
Each year, the facility is notified of the areas of the SAR
requiring annual updates.

In addition to capturing information about breast center
activity, the individuals responsible for completing portions
of the SAR will perform a self-assessment and rate com-
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pliance with each standard using the Breast Center Standards
Rating System.

The survey is conducted by one trained surveyor with a
major interest in diseases of the breast. The survey requires
approximately 5–6 h. Approximately 1 h is allotted for the
surveyor to speak/meet with the breast center leadership and
key staff responsible for various aspects of the program to
assess compliance with each standard through review of the
survey application. Two hours are allotted for the surveyor
to review at least 20 charts containing information on
patients diagnosed with breast cancer for AJCC staging and
compliance with the CAP protocol for breast pathology
reports, and ten charts containing information for patients
diagnosed with benign breast disease. One hour is spent for
the breast conference, with the remaining time allotted to
touring the center and a summation with the breast center
team.

34.11 Accreditation Awards

Accreditation decisions are based on consensus rating from
the surveyor, NAPBC staff and Center Criteria and
Approvals Process Committee. Table 34.4 describes the
accreditation award matrix.

Appeals to the accreditation award are reviewed by the
Center Criteria and Approvals Process Committee.

34.12 Accreditation Award Matrix

See Table 34.4

34.13 Benefits of Being a NAPBC-Accredited
Center

Accreditation by the NAPBC offers many notable benefits
that will enhance a breast center and its quality of patient
care. NAPBC-accredited programs offer the following:

• A model for organizing and managing a breast center to
ensure multidisciplinary, integrated, and comprehensive
breast care services.

• Self-assessment of breast program performance based on
recognized standards.

• Recognition by national healthcare organizations as
having established performance measures for
high-quality breast healthcare.

• Free marketing and national public exposure.
• Access to breast center comparison benchmark reports

containing national aggregate data and individual facility
data to assess patterns of care and outcomes relative to
national norms.

From a patient’s perspective, obtaining care at a
NAPBC-accredited center ensures that one will receive the
following:

• Quality care close to home.
• Comprehensive care offering a range of state-of-the-art

services and equipment.
• A multidisciplinary, team approach to coordinate the best

care and treatment options available.
• Access to breast cancer-related information, education,

and support.
• Breast cancer data collection on quality indicators for all

subspecialties involved in breast cancer diagnosis and
treatment.

• Ongoing monitoring and improvements in care.
• Information about clinical trials and new treatment

options.

Acknowledgments Much of the content of this chapter is derived
from the NAPBC Standards Manual [9].

Appendix

• Imaging
– Screening Mammography (Digital or Analog)
– Diagnostic Mammography
– Ultrasound
– Breast MRI

• Needle Biopsy

Table 34.4 Accreditation award matrix

Three-year/full accreditation Three-year/provisional accreditation Accreditation deferred

Twenty-eight
Standards

Ninety percent or more of eligible
standards are met. Full accreditation
awarded with recommendation for
improvement in any deficient
standards within a 12-month period

Less than 90 % of eligible standards
are met. Full accreditation withheld
until correction of deficient standards is
documented within a 12-month period

Less than 75 % of eligible standards
are met. Full accreditation deferred
until correction of deficient standards
and resurvey in 12 months
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– Needle biopsy—palpable
– Image guided—Stereotactic
– Image guided—Ultrasound
– Image guided—MRI (if available)

• Pathology
– Report completeness/CAP protocols
– Radiology-Pathology correlation
– Prognostic and predictive indicators
– Gene studies (if available)

• Interdisciplinary Conference
– Pre-and Post-treatment interdisciplinary discussion
– History and findings
– Imaging studies
– Pathology

• Patient Navigation
– Facilitates navigation of patient through system

• Genetic Evaluation and Management
– Risk assessment
– Genetic counseling
– Genetic testing

• Surgical Care
– Surgical correlation with imaging/concordance
– Preoperative planning after biopsy for surgical care
– Breast biopsy: lumpectomy or mastectomy
– Lymph node surgery: SNB/ALND
– Post-initial surgical correlation/treatment planning

• Plastic Surgery Consultation/Treatment
– Tissue expander/Implants
– TRAM/Latissimus flaps
– DIEP flap/free flaps (if available)

• Nursing
– Nurses with specialized knowledge and skills in dis-

eases of the breast
• Medical Oncology Consultation/Treatment

– Hormone therapy
– Chemotherapy
– Biologics
– Chemoprevention

• Radiation Oncology Consultation/Treatment
– Whole breast irradiation with or without boost
– Regional nodal irradiation
– Partial breast irradiation treatment or protocols
– Palliative radiation for bone or systemic metastasis
– Stereotactic radiation for isolated or limited brain

metastasis
• Data Management

– Data collection and submission
• Research

– Cooperative trials
– Institutional original research

– Industry sponsored trials
• Education, Support, and Rehabilitation

– Education (nurse) along continuum of care
(pre-treatment, during, post-treatment)

– Psychosocial Support
Individual Support
Family Support
Support Groups

– Symptom management
– Physical therapy (e.g., lymphedema management)

• Outreach and Education
– Community education: at large (including

low-income/medically underserved)
– Patient education
– Physician education

• Quality Improvement
– Continuous quality improvement through annual

studies
• Survivorship Program

– Follow-up surveillance
– Rehabilitation
– Health promotion/risk reduction
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Index

A
Acute myelogeneous leukemia (AML), 340
Adjuvant accelerated partial breast irradiation (ABPI), 225
Adjuvant hormonal therapy, 225–226
Adjuvant radiotherapy, 189, 223–225
Adjuvant systemic therapy, 149, 311, 522

adjuvant bisphosphonates, 317
adjuvant chemotherapy, 312
anthracyclines, 312–314
single agent or combination chemotherapy, 312
taxanes, 314

adjuvant endocrine therapy, 315
aromatase inhibitors, 315–316

aims of, 311
cancer stem cells, 311
immunogenicity, 312
micro-metastatic disease, 311

ER- and PR-negative tumour, 524
genomic testing, 317–318
HER-2 negative tumors, 523
HER-2 positive tumors, 523–524
monoclonal antibodies, 316–317
ovarian suppression, 317
treatment benefit, 522
treatment selection, 522–523
trials in older patients, 318–319

Adjuvant therapy, 324
GnRHa for ovarian protection, 326
neoadjuvant therapy, 327
postmenopausal patients, 328
postmenopausal women, 326–327
premenopausal patients, 324, 327
aromatase inhibitors (AIs), 325–326
ovarian function suppression (OFS), 324–325
tamoxifen, 324

Ado-trastuzumab emtansine (T-DM1), 358–359, 397–398, 459
Afatinib, 354t
Aflibercept, 362t, 364
Alkylating agents, 347, 348t

bendamustine, 348–349, 348t
cyclophosphamide, 347–348, 348t

Alloplastic vs. autogenous reconstruction
alloplastic, 276–277
implant complications reconstruction, 279–280
implant types, 277–278
permanent tissue expander, 279
single stage reconstruction implants, 278–279

two stage expander, 278
ALTTO (Adjuvant Lapatinib and/or Trastuzumab Treatment Optimi-

sation) trial, 402
design of, 441f

Amastia/athelia, 44, 46
American Cancer Society (ACS), 147, 632, 637
American Joint Committee on Cancer (AJCC) staging system, 160
Anastrozole, 53, 325, 326, 328, 368, 395, 457
Anatomy and physiology, 2

factors, 2, 3t, 25, 27
gross anatomy
changes, lifespan, 6–7
lymphatic drainage, 5–6, 7f
nerve supply, 4–5
relationships and quadrants, 2, 4
vascular supply, 5, 6f

histology
basement membrane (BM), 9, 13
3-D reconstruction, parenchyma, 9
lactiferous duct, 5
low power micrograph, 8f
nipple and areola, 9
parenchyma, 9–13
stroma, 13–15

hormones
estrogen and progesterone, 15–17
GnRH, 15
hypothalamo–hypophyseal-gonadal axis, 16f
menstrual cycle, 15, 16f
oxytocin (OXT), 17, 27

mammary gland-related mouse gene knockouts, 3t
mammary gland structure and function
adult premenopausal breast, 22–23
birth-puberty development, 20
lactation, 25–28
postlactational involution, 28
postmenopausal involution, 28–29
pregnancy, 23–25
prenatal development, 18–19
puberty, 20–22

other regulators, breast development, 17–18
Angiogenesis inhibitors, 417–418
Angiosarcoma, 189
Anthracyclines, 312–314, 335

acute myelogeneous leukemia (AML), 340
in adjuvant chemotherapy and alternative anthracycline-free regi-

mens, 340–341

Note: Page numbers followed by “f” and “t” indicate figures and tables respectively
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avoiding, 401
cardiotoxicity, 339–340
chemotherapy, 419
liposomal anthracyclines, 341–342
myelodysplastic syndromes (MDS), 340

Antiangiogenic agents, 359, 361t
aflibercept, 364
antiangiogenic tyrosine kinase inhibitors (TKIs), 364
sorafenib, 361t, 364
sunitinib, 361t, 364

bevacizumab, 359–363, 361t
ramucirumab, 364–365
trebananib, 365
VEGF-Trap, 364

Antiangiogenic tyrosine kinase inhibitors (TKIs), 364
sorafenib, 361t, 364
sunitinib, 361t, 364

Antidepressant medications, 569, 570t
syndromes treated by, 569t

Antimetabolites, 350, 351t
capecitabine, 352
5-fluourouracil (5-FU), 352
gemcitabine, 352–353
methotrexate (MTX), 350

Anxiety disorder, 566–567
APHINITY trial, 402
Architectural distortion, 165
Aromatase inhibitors, 315–316, 366–367, 596

efficacy, 596
side effects, 596–597

Aromatase inhibitors (AIs), 325–326, 521, 523
Arterial supply, 5
Ataxia-telangiectasia (AT), 150
Atypical ductal hyperplasia (ADH), 182–183
Atypical lobular hyperplasia (ALH), 173, 184
Autogenous reconstruction

abdominal perforator flaps, 284–285
gluteal musculocutaneous and perforator flaps, 286
latissimus dorsi musculocutaneous flap, 285–286
myocutaneous flaps, 280
TRAM flaps, 282
bipedicled, 282
free, 283–284
midabdominal, 283
pedicled/unipedicled flap, 281–282, 281f, 282f

Autologous fat grafting, 287
Axilla management

axillary relapse, 237–238
lymph node classification, 236
partial ALND, 237
radiotherapy, 241
skip metastases, 237
staging, 238–239
survival, 237

Axillary dissection, 231, 253, 546
Axillary lymph node dissection (ALND), 230,

236–237, 251
axillary relapse, 252–253
completion, 257–259
overall survival, 252
partial, 237
surgical aspects, 251–252

Axillary lymph nodes, anatomy of, 248, 249f
Axillary node sampling, 253

blue dye-assisted node sampling (BDANS), 253–254
four-node axillary sampling, 253

B
Bacterial infection of nipple, 97
Basal-like subtype, 209

biological and epidemiological implications, 209–211
Bayesian approach, 610
Bazedoxifen, 488–489
Beam arrangement for the supraclavicular and axillary apex area, 296f
Bendamustine, 348–349, 348t
Bevacizumab, 359–363, 361t, 403, 537

in neoadjuvant chemotherapy, 445
Biomarkers, 195

predictive, 195
prognostic, 195

Bisphosphonates (BPs), 371
adjuvant, 317, 374–375
nitrogenous, 372–374
nonnitrogenous, 372

Blue dye-assisted node sampling (BDANS), 247, 253–254
Body mass index (BMI), 130
Bone metastasis, 463

locoregional therapy of, 464–465
systemic therapy of, 463–464

Bone mineral density (BMD), 146
Bone-targeted agents, 371, 372t

adjuvant use of, 374
adjuvant bisphosphonates, 374–375
adjuvant denosumab, 375

bisphosphonates (BPs), 371
nitrogenous bisphosphonates, 372–374
nonnitrogenous bisphosphonates, 372

rank ligand (RANKL) inhibitors, 374
denosumab, 374

Brain metastasis, 465
general recommendations, 465
radiotherapy for, 465–466
systemic therapy of, 465

Breast cancer
aetiology
alcohol, 131
body fat distribution, 130
body mass index (BMI), 130
breast density and benign breast disease, 131
diet, 131
endogenous sex hormones, 130
exogenous sex hormones, 131
height, 130
inheritance, 128–130
ionising radiation, 131
lifestyle, 131
physical activity, 131
reproductive factors, 130
risk factors, 127–131

diagnosis, 531–532
epidemiology, 529–530
extended family members, 588–589
family history, 578–580
fertility preservation
American Society of Clinical Oncology, 541
embryo cryopreservation, 542
ovagenesis, 541
ovarian tissue cryopreservation, 543

fetal exposure, staging procedures
axillary dissection, 546
chemotherapy, 546–547
granulocyte colony-stimulating factor (G-CSF), 548
mastectomy, 546
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methotrexate avoidance, 548
pregnancy, surgery safety, 545
radiation therapy, 546

genetic testing
education and counseling, 582–583
interpretation, 583

high risk gene mutation carriers, medical management of, 585
high-risk individuals, medical management
chemoprevention, 586
mutation carriers diagnosis, 588
ovarian cancer, screening, 584
predisposition gene mutation carriers, 585
risk-reducing mastectomy, 587–588
risk-reducing salpingo-oophorectomy, 586–587
screening, men and women, 584, 585
without identifiable mutation, 584

incidence and mortality rates, 125–127
lactation
BRCA2 mutation, 543
fine-needle aspiration (FNA), 544–545
gestational/pregnancy-associated breast cancer, 543
management/treatment (see Lactation)
sonography, 544

management/treatment, 539
moderate risk gene mutation carriers, medical management of, 585
monoclonal antibodies, 539
vascular endothelial growth factor (VEGF), 537

PARP1 [poly(ADP-ribose) polymerase-1], 538
pedigree symbols, 579f
personal health history, 580
pregnancy after breast cancer, 549–550
prevalence, 127
primary prevention, 131–133
psychological support
anxiety disorder, 566–567
cognitive difficulties, 568
diagnosis, 565
estrogen deficiency and depression, 568–569
fatigue, 569
hormonal medication adherence, 566
hormonal treatment effect, 566
insomnia, 567, 567t
major depressive disorder (MDD), 569
psychotic illness, 570
treatment, 569–570

psychosocial, familial and professional aspects, 550–551
risk assessment
absolute risk, 580
BRCA gene mutation, BRCAPro and BOADICEA, 581
Gail model and Claus tables, 581
relative risk, 580

risk factors/prognosis
BRCA1/BRCA2 mutations, 530
fetal estrogen, 531
oral contraceptive, 530

secondary prevention/screening, 133
side effects
radiation therapy, 540–541
surgery, 539
systemic treatment, 539–540

somatic and germline genetics, 575–576
survivors care, 541
syndromes
BRCA1/BRCA2 mutation, 575, 577
Li-Fraumeni disorder, 583

tumor characteristics, 532–533

tyrosine kinase inhibitors, 538
vaccines, 538–539
5-year survival, 133

Breast Cancer Index (BCI), 199
Breast cancer in males (BCM)

associated factors and conditions, 494–496
vs. BCF, 504–507
breast lump diagnosis, 498
factors associated with development of, 495t
family history and genetics, 496
global distribution, 494
histologies, 497
imaging, 498
physical findings, 498
prognostic factors, 503–504
staging, 497
survivorship issues, 507–508
family members, testing of, 507
follow-up, 507
psychological issues/resources/support groups, 508
tumor registry, 507

treatment and outcomes
adjuvant chemotherapy, 502–503
hormone therapy, 503
palliative therapy, 503
prognostic factors, 503–504
radiation therapy (RT), 502
surgery, 501–502

tumor biology, 497
U.S. incidence, 494

Breast cancer screening
benefits, 139, 140t
breast self-examination (BSE), 147, 148
breast ultrasound, 146
clinical breast examination (CBE), 147–148
breast cancer detection and demonstration project (BCDDP), 147
CNBSS, 147–148

mammography screening, 141
Canadian trials, 143
vs. diagnostic mammography, 141
Edinburgh trial, 143
effect of age, 145–146
health insurance plan (HIP) trial, 142
meta-analyses, 144
randomized controlled trials characteristics, 142t
Swedish trials, 142–143
United Kingdom age trial, 143–144

MRI, 146–147
potential hazards, 149
cost, 151–152
false positives, 150
lead time, 150
over-diagnosis, 151
radiation exposure, 150–151

principles, 139
detectable preclinical phase (DPCP), 139–140
lead-time bias, 140
length and selection bias, 140–141
total preclinical phase (TPCP), 139

Breast cancer screening programs (BSC), 133
Breast cancer specific survival (BCSS), 198
Breast center

accreditation award matrix, 647
breast program staff education, 646
center leadership
cancer conference, 640
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evaluation and management guidelines, 641
level of responsibility and accountability, 639–640
responsibility and accountability level, 639–640

clinical management
AJCC staging, 642
benign breast disease, evaluation and management, 644
breast cancer surveillance, 642
breast conservation, 641–642
diagnostic imaging, 642–643
educational resources, 644
genetic evaluation and management, 643–644
interdisciplinary patient management, 641
medical oncology, 643
needle biopsy, 643
nursing, 643
pathology reports, 642
patient navigation, 641
radiation oncology, 643
reconstructive surgery, 644
sentinel node biopsy, 641
stereotactic core needle biopsy, 643
support and rehabilitation, 643
ultrasonography, 643

community outreach, 645–646
member organizations, 638t
National Accreditation Program for Breast Centers (NAPBC)
accredited center benefits, 647
mission objectives, 639, 639t
standards, 639

prevention and early detection programs, 646
quality improvement, 646
research
clinical trial accrual, 645
clinical trial information, 645

survey process, 646–647
Breast conserving surgery (BCS)

appropriate surgical therapy, 234
axillary surgery, 236
factors, 232
frequency, 234
ipsilateral breast tumor recurrences, 231
preoperative chemotherapy, 234
vs. radical mastectomy, 232
RT administration, 232
tumor size, 233

Breast-conserving therapy (BCT), 273, 299, 546, 533
Breastfeeding, benefits of, 81–82
Breastfeeding and lactation problems

intrapartum period, 85
galactopoiesis failure, 87
hospital discharge planning, 90
in-hospital risk assessment, 90
lactation establishment, 85
lactogenesis failure, 86–87
mammogenesis failure, 85–86
maternal psychosocial health, 90
milk intake, 90
milk transfer, 87–89

postpartum period, 91
clinical breastfeeding assessment, 91
insufficient milk syndrome, 92–93
maternal hyperlactation syndrome, 93–96
medicines, 99
relactation, 99
sore nipples, 96–98

prenatal period, 81

anticipatory guidance, 84–85
breastfeeding benefits, 81–82
infant formula hazards, 82
informed choice, 81
prenatal breast examination, 84
prenatal education, 82
prenatal lactation assessment, 82–83
screening for risk factors, 83–84

Breast imaging
breast ultrasound
cystic masses, 169–170
normal anatomy, 169

core needle biopsy (CNB), 172
indications, relative, contraindications and complications, 173
postcore biopsy, 113

magnetic resonance imaging, 173–175
mammography
abnormality location, 163, 164f
calcifications, 164–165, 166f
craniocaudal (CC), 157, 158f
diagnostics, 160
false-negative mammograms, 168
indirect and secondary signs of malignancy, 165, 167f, 168
masses, 164
mediolateral oblique (MLO), 157, 158f
report, 161–163
screening, potential adverse consequences, 168

radionuclide imaging, 175
screening, 171–172
solid masses, 170–171, 170f
technical advances, 169
ultrasonography, 157

Breast imaging reporting and data system (BI-RADS), 157, 162–163
Breast lift procedure, 287
Breast mass evaluation, 105

benign breast masses, 120–121
benign nodularity, 121
breast sepsis, 122
breast ultrasound, 112, 113f–114f
clinical examination, 107–110
abnormalities detection, 108
bilateral axillary examination, 110
inspection and palpation, 108
left breast cancer, 110f, 112f

craniocaudal mammograms, 111, 112f, 117f
cysts, 112, 113f, 114f, 121
fat necrosis, 123
fibroadenoma, 112, 116f, 119
history of presentation, 106
bleeding nipple discharge, 106, 107f
features, 106, 106t
nipple retraction, cancer, 108f, 110f
patient age and diagnosis, 106t
patient’s record, 109t
skin nodules, 106, 108f

intraduct papilloma, 122
investigation, 110
magnetic resonance imaging (MRI), 115–116, 117f–18f
magnification views, 113f
mammography, 114–115
medio-lateral oblique views, 112f, 1111
other lesions, 123
pathology diagnosis
core needle, fibroadenoma, 119f
cytology scoring, 118
fine needle aspiration cytology, 120f
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malignant cells, 114
needle localisation, 120f
X-ray image, cores, 119, 119f

patient plan, 120
phyllodes tumour, 121
positron emission tomography/computerised tomography

(PET/CT), 116–117
pregnancy and lactation, 121
presentation routes, 105
incidental detection, 106
screening, 106
symptomatic, 105–106

skin lesions, 122
Breast program leadership (BPL), 639–642
Breast quadrants, 4, 4f
Breast reconstructive surgery, 273

alloplastic vs. autogenous, 276–280
autogenous reconstruction, 280–286
chemotherapy, 288
indications, 274
nipple–areola reconstruction, 286–287
radiation, 287–288
skin-sparing mastectomy, 274
timing, 275–276

Breast self-examination (BSE), 133
Breast ultrasound

cystic masses, 169–170
normal anatomy, 169
screening, 171–172
solid masses, 170–171, 170f
technical advances, 169

Bromocriptine, 51, 77

C
Calcifications, 164–165, 166f
Calcium metabolism, during lactation, 27–28
Canadian National Breast Screening Study (CNBSS), 141, 143,

147–148, 150
Cancer Chemotherapy National Service Center (CCNSC), 602–603
The Cancer Genome Atlas (TCGA) Project, 204
Cancer stem cells, 311
Candida albicans, 97
Candidiasis, 97–98
Capecitabine, 344, 351t, 352, 362, 394, 397, 462
Carboplatin, 349–350, 350t, 415–416, 444
Cardiac events and timing hypothesis, 483–484
Cardiff Breast Pain Chart, 74f, 77
Cardiotoxicity, 339–340
CD8 + T cells, 312
Chapped nipples, 97
Chemoprevention of breast cancer, 593

chemoprevention agents, 593
aromatase inhibitors, 596–597
tamoxifen, 593–596

prevention trials, 597
exemestane, using, 599
International Breast Cancer Intervention Study-II, 597–599
new agents, 599

Chemotherapy, adjuvant, 312
anthracyclines, 312–314
single agent or combination chemotherapy, 312
taxanes, 314

Chemotherapy (CT), 453
Chest wall tenderness, 75–76, 76f
Chlorpromazine, 99

Cisplatin, 349, 350t
Claudin-low tumors, 211
Clinical breast examination (CBE), 133
Clinical trials

baseline outcome rates, 612
clinical significance vs. statistical significance, 611–612
competing risks, design under, 629–630
design considerations
control group choice, 610
definition, 609–610
masking and placebos, 610–611
precision and eliminating bias, 608–609

disease-free survival (DFS), 628
ethical concerns, 618
evolution, 601–602
Food and Drug Administration (FDA), 617
fundamental features
collaboration, 603–604
explanatory and pragmatic considerations, 606–608
new drug development and testing, 605
primary question selection, 608

history of cancer cooperative groups, 602–603
intention-to-treat (ITT) analysis, 625
interpretation, 630–631
Kaplan-Meier life-table, 626
1-KM method vs. nonparametric cumulative incidence approach,

628–629
log-rank test, 626
loss of power and sample size, 629–630
multiplicity considerations, 628
multivariable models, 627–628
National Institutes of Health (NIH), 616
NSABP Biostatistical Center, 625
NSABP Protocol B-06
data integrity, 620–621
ethical controversies, 618
Greco-Latin square design, 618–620
interim data monitoring, 621–625
International Conference on Harmonization (ICH), 622
lumpectomy, 618–619
manual of operations (MOP), 621
prerandomization approach, 619–620
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