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            Introduction 

       The breast is an organ that has captured the imagi-
nation of mankind since the beginning of our exis-
tence. It serves the dual function of an end organ, 
infl uenced by the endocrine system, with the abil-
ity to produce milk in mammals, sustaining the 
offspring, and functioning as a secondary sex 
organ in humans. The breast is evaluated and 
treated by a multitude of specialists, for both aes-
thetic and disease processes. In this chapter, we 
will focus on the anatomy of the breast with 
respect to the treatment of breast disease. The 
breast aesthetics, while an important aspect of the 
breast evaluation, is beyond the scope of discus-
sion in this chapter.  

    Evolution and Comparative 
Anatomy of the Breast 

 To fully appreciate the anatomy and physiology 
of the human breast, one must delve into the evo-
lution and comparative anatomy of the organ. The 
mammary glands, closely tied to reproduction, 
are unique features of mammals and their evolu-
tionary development. The Anamniota, the “lower 
vertebrates,” are a group comprising the fi sh and 
the amphibians. Their eggs lack an amnion, which 
serves to transport oxygen and expel carbon diox-
ide, causing the anamniotes to lay eggs in water 
which helps in the diffusion of waste products. In 
contrast, the amniotes are a group of “higher ver-
tebrates” whose eggs possess an amnion, allow-
ing for an adaptation to lay eggs on land. 

 Amniotes, like reptiles, lay eggs away from 
water and maintain egg moisture by secretion 
from sweat glands [ 1 – 3 ]. The amniotic egg repre-
sents a critical divergence within the vertebrates, 
which allowed for terrestrial reproduction. The 
monotremes, like the platypus and echidna, are 
mammals that lay eggs instead of giving birth. 
Monotremes have mammary gland, which they 
have derived from an ancestral apocrine-like 
gland that lactates through mammary hair follicle 
openings. This provides moisture and other nutri-
ents which permeate to hatch the eggs. This asso-
ciation is retained by monotreme mammary 
glands and is evident as vestigial mammary hair 
during development of marsupials. 

 The nipple has evolved from the vestigial hair 
opening seen in marsupials. There is evidence 
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that lactose, secreted by apocrine-like glands, 
also continues to secrete complex nutrient-rich 
milk in marsupials. This, in turn, causes the 
decline in egg size development of the underde-
veloped fetus in marsupials. Marsupials have 
more developed nipples present in the pouch, 
such as a kangaroo. To feed the incompletely 
developed offspring born without an immune 
system [ 4 ] and lacking fur to maintain warmth, 
they stay attached to the nipples in the pouch for 
the remainder of their development. 

 The mammary gland development is closely 
related with the evolution of the cloaca and the 
placenta. Monotremes with a single cloaca, per-
forms the reproductive, intestinal, and urinary 
excretion, thus, laying an egg. Conversely, mar-
supials have a choriovitelline placenta, in which 
the embryo is nourished from an egg yolk sac, 
also capturing nutrition from the uterus, which 
later matures in the pelvic pouch. 

 Progression of evolution led to the develop-
ment of the eutherians, the fully developed pla-
cental mammals, which have the ability to 
maintain a warm, internal temperature. This abil-
ity led to the development of bigger fetuses, 
which are secondary to the development of the 
placenta. Initially, the placenta was attached via 
the choriovitelline, which lacked the hormones to 
fully support the development of the fetus. In 
contrast, the more evolved chorioallantoic pla-
centa has the ability to secrete choriogonadotro-
pin to maintain the fetus to full development. 

 The eutherians also have well-developed geni-
tal organs, urinary tracts, and anal opening. The 
mammary gland formation from skin apocrine 
glands coincides with the development of the clo-
aca and the placenta in the eutherians. A further 
evidence shows that it has led to the development 
of the pre-maxilla, palate, and limb posture and 
development of the corpus callosum. 

 The mammary gland is a modifi ed epidermal 
appendix of an apocrine gland, which arises from 
a dense cluster of the mammo-pilo-sebaceous 
unit. The development led to other evolution-
ary changes in higher mammals to nourish their 
offspring. This has allowed placental structures 

to accept lactation which is truncated in the 
 mammary gland of eutherians. 

 Vitellogenin is a glycoprotein molecule, with 
an egg yolk precursor present in oviparous female 
species of most invertebrates, amphibian fi sh, 
reptiles, birds, and monotremes like the platypus 
and echidna [ 1 ]. This glycoprotein declines in 
placentation and lactation in placental mammals 
and is replaced by the progressive casein. Casein 
has similar properties, a phosphoprotein that is a 
main nutrition source for offspring. This progres-
sion shows the placentation in oviparous to 
 placentation and lactation in placental animals.  

    Embryology 

 The skin consists of two main layers, the dermis 
and epidermis. The epidermis is derived from 
ectoderm and consists of epidermal cells, mela-
nocytes, Merkel cells derived from neuroendo-
crine cells and Langerhans cells from the bone 
marrow. Melanocytes produce melanin to protect 
the skin from sun damage. The Merkel cell is a 
nerve ending for pressure-sensitive end organs, 
and Langerhans cells are responsible, in part, for 
antigen presentation. The dermis is derived from 
mesoderm and contains supporting structures 
like blood vessels, nerve endings, and a collagen 
layer. The single layer of ectoderm with its under-
lying mesoderm begins to proliferate to form 
multilayers and specialized epidermal structures 
like hair and hair follicles, nails, and teeth and 
gives rise to sebaceous, eccrine, apocrine, and 
mammary glands during the fourth week of intra-
uterine life [ 5 ]. 

 The sebaceous, eccrine, and mammary glands 
are epidermal glands that develop as down-
growths or diverticula of the epidermis to the der-
mis. The mammary gland is a modifi ed apocrine 
gland. During the fourth week of gestation, a 
paired epidermal thickening develops called 
mammary ridges that are a part of the milk duct 
line that extends from the axilla to the medial 
thigh (Fig.  1.1 ). This mammary ridge or milk line 
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becomes curvilinear due to the differential 
 epidermal growth around the umbilical cord and 
lateral folding during development. In humans, 
the mammary ridges disappear, except at the 
fourth intercostal space on the mid-axillary tho-
rax. There are two pairs of mammary glands that 
develop in human beings. These numbers and 
locations vary in different species corresponding 
to the number of offspring.

   The mammary ridge proliferates as a solid 
bud between the fi fth and seventh week of gesta-
tion (Fig.  1.2 ). The mammary bud grows down-
ward into the dermis and starts branching to the 
secondary bud around the twelfth week. This 

 downward growth and branching is due to induc-
tive infl uence of the extracellular matrix of the 
primary mesoderm on the mammary bud. This 
 epithelial and mesenchymal signaling is through 
paracrine and juxtacrine mechanisms. The meso-
derm and underlying adipose tissue around the 
bud produce growth factors and hormones, which 
interact with receptors on the mammary bud 
ectodermal cells to proliferate and grow down-
ward. These hormones and growth factors derive 
from lipids from adipose tissue. These buds 
elongate to form lactiferous ducts at about the 
twentieth week.

   The canalization of the mammary bud that is 
transformed into lactiferous ducts is infl uenced 
by placental hormones that are circulating 
through the fetal circulation. The placental hor-
mones consist of progesterone, growth hormone, 
insulin-like growth hormone, estrogen, prolactin, 
adrenoglucocorticoid, and triiodothyronine. 
There are about 15–20 lobes of glandular tissue 
formed with lactiferous ducts. The mammary 
gland is surrounded by mesenchyme, which 
forms connective tissue, fat, and vasculature and 
intersects mammary nerves. 

 By the end of prenatal life, the mammary ecto-
derm, with modifi ed apocrine glands, branches 
into 15–20 solid buds that then canalize and form 
the lactiferous ducts and lobes of the lung alveoli. 
The mammary gland proliferates and the ducts 
elongate; further divisions occur to form the 
mammary glands and ductal system. Initially, the 
lactiferous ducts open into a small mammary epi-
thelial pit, which is transformed into the nipple 
by proliferation of the underlying mesenchyme. 
Mesodermal proliferation also gives rise to the 
circular and longitudinal smooth muscle fi bers of 
the nipple-areola complex. A failure of mesen-
chymal proliferation causes the ducts to open into 
a shallow pit resulting in an inverted nipple. At 
birth, the male and female anatomies appear alike 
due to maternal circulating prolactin in the 
mother. While the male breast remains the same, 
the female breast undergoes further transforma-
tion at the time of puberty, pregnancy, and lacta-
tion due to hormonal infl uence.  

  Fig. 1.1    Milk line from the axilla to the groin       
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    Areola 

 During the neonatal period, the nipple is a small 
pit at the center of the thickened areola. The are-
ola contains sweat glands and sebaceous gland 
with its Montgomery tubercle. The nipples 
become elevated and protrude, with the areola 
developing increased pigmentation. Prolactin 
secretion in the pituitary gland is stimulated by 
falling estrogen levels in the neonatal period and 
may result in the acini to develop and produce 
witch milk, milk secreted from the breasts of 
newborns [ 6 ].  

    Congenital and Acquired Deformity 
of the Breast 

 Occasionally, fragments of the mammary ridge 
may persist, giving rise to accessory nipples 
(polythelia) or developing into a complete breast, 
also known as polymastia, along the mammary 
line (Fig.  1.3 ) [ 7 – 11 ]. The most common location 

of an accessory nipple is within the inframam-
mary fold, while accessory breasts are most com-
monly found in the axilla (Figs.  1.4  and  1.5 ).

     There is a wide variation of congenital and 
acquired deformities (Table  1.1 ). For example, the 
congenital deformities are hyperplasia, hypopla-
sia, and a combination of these. The hyperplastic 
breasts are unilateral or bilateral with  hyperplasia, 

5 weeks

a

d e

b c

20 weeks At birth

Adult
Thelarche
(puberty)

  Fig. 1.2    Development of breast. ( a ) Mammary ridge. ( b ) 
Elongation of the mammary bud and canalization of the lac-
tiferous duct in 20 weeks. ( c ) Rudimentary mammary glands. 

( d ) Further development to form the adult ductal system in 
the mammary gland during puberty. Connective tissue and 
deposition of fat. ( e ) Functional gland with secretary alveoli       

  Fig. 1.3    Accessory nipple. Accessory nipple seen on the 
superior aspect of both breasts       
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polythelia, polymastia, hematoma, and giant 
fi broadenoma occurring in the female and gyne-
comastia in the male (Fig.  1.6 ). The hypoplasia 
of the breast may occur in one or both breasts. 
Hypoplasia can be seen in tuberous breasts due 
to a fi brous cord and the absence of superfi cial 
fascia under the areola causing hypertrophy and 
a herniated areola (Figs.  1.7  and  1.8 ). There are 
various abnormalities of the  hypoplastic breast 

and athelia of the breast, which can occasionally 
be seen in Poland syndrome (Fig.  1.9 ).

       The acquired deformity is due to iatrogenic 
injury caused by thoracotomy or biopsy of the 
breast for a tumor, and post-radiation deformity 
is due to radiation for a hemangioma or tumor. 
Such injuries may be the result of thermal burns 

  Fig. 1.4    Axillary breast. Patient has axillary breast in the 
axilla of the right breast       

  Fig. 1.5    Axillary breast. The patient has bilateral axillary 
breasts       

   Table 1.1    Congenital and acquired deformity of the breast      

 Congenital  Acquired 

 Hyperplastic breast  Hypoplasia of the breast  Iatrogenic  Trauma 

 Hypertrophy  Hypoplasia  Thoracotomy  Thermal burn 
 Unilateral and bilateral  Unilateral and bilateral  Breast biopsy  Penetrating injury to the breast 
 Polythelia  Athelia  Lumpectomy  Breast ironing 
 Polymastia  Poland syndrome  Radiation 
 Male gynecomastia  Tuberous breast 
 Giant fi broadenoma  Inverted nipple 

  Fig. 1.6    Hematoma of the breast. This patient presents 
with a hematoma of the left breast and hypoplasia of the 
right breast. It is slow in growth, 5 years       

  Fig. 1.7    Asymmetry breast. This patient has hypertrophy 
breast with asymmetry       
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in childhood that may cause scars, contracture, 
and deformity. Other examples describe an 
alarming number of worldwide reports that have 
identifi ed vicious practices of “breast ironing” 
[ 12 ] in teens in order to suppress the growth of 
breasts and prevent teen pregnancy in Central and 
West Africa.  

    Development and Physiology 
of the Breast Parenchyma 

 During puberty, enlargement of the mammary 
glands is primarily due to ovarian estrogen. The 
lactiferous ducts branch to form a solid spheri-
cal mass of glandular cells that are potentially 
still able to develop into alveoli. At the end of 
puberty, there is dense fi brous stroma that sepa-
rates the scattered ducts lined with epithelium 

and fat in the mammary gland. Increasing serum 
estradiol concentrations promote fat deposition 
and the formation of new ducts by branching and 
elongation. 

 During pregnancy, the lactiferous ducts branch 
and secretory alveoli appear due to the infl uence 
of placental progesterone, estrogen, prolactin, 
and lactogen. The adipose tissue increases under 
the infl uence of a robust blood fl ow. 

 The abrupt withdrawal of progesterone upon 
delivery leaves the breast under the infl uence of 
prolactin. In the presence of growth hormone, 
insulin, and cortisol, prolactin converts the epi-
thelial cells to secretory cells, resulting in the 
production of milk by alveolar cells. Oxytocin is 
then released from the posterior pituitary gland 
in response to nipple-areola stimulation, caus-
ing the ductal myoepithelial cells to contract and 
eject milk. After parturition, there is reduction of 
estrogen and progesterone levels that stimulates 
prolactin secretion from the anterior hypophy-
sis. This promotes the apocrine gland to secrete 
milk with fat droplets. Placental lactogen and 
sex hormones maintain the mammary epithe-
lium in a pre-secretory phase by antagonizing 
the effects of prolactin and thyroid hormone [ 6 ]. 
During the post-lactational period, the prolactin 
level decreases with an inhibitory effect of non- 
expelled milk that results in a return to a nonfunc-
tional state. During the pre- and postmenopausal 
period, the gland becomes senescent, with result-
ing involution of the mammary gland and deposi-
tion of connective tissue and fat [ 5 ].  

    Adult Breast 

    Overview 

 The breasts are located on the anterior chest wall 
and are composed of the skin envelope which 
contains the nipple-areola complex with adnexal 
structures and mammary parenchyma containing 
glandular tissue and adipose and fi brous connec-
tive tissue which support the gland (Fig.  1.10 ). 
The adult female breast rests within the super-
fi cial and deep fascia held in position with 

  Fig. 1.8    Asymmetrical breast. This patient has hypertro-
phy of the breast with asymmetry       

  Fig. 1.9    Poland syndrome. Patient has hypoplasia of the 
right breast, absence of pectoral muscle, and a small are-
ola. The patient has nipple tattooing of the right breast. 
The patient has mastopexy with implant on the left side       
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 suspensory ligaments on the anterior upper tho-
racic wall. The breast extends from the second 
rib to the inframammary fold located at the level 
of the sixth or seventh rib [ 13 – 15 ]. Medial exten-
sion of the breast is to the sternum, and the lateral 
border extends to the mid-axillary line terminat-
ing as the axillary tail of Spence. The posterior 
surface of the gland rests upon the fascia of the 
pectoralis major and serratus anterior muscle. 
The inferior aspect rests on the external oblique 
muscle and upper portion of the rectus sheath 
with inframammary support.

   The size and shape of the breast vary with 
individual race and age. The breast can develop 
into a variety of shapes, including hemispherical, 
conical, pendulous, tuberous, piriform, thin, or 
fl attened. Due to the development of the human 
infant jaw relative to primates, the conical shape 
of the breast is primarily due to fat accumulation 
during lactation period aids. This aids with 
breastfeeding without suffocation of the baby 
and further helps to feed without retraction of the 
pre-maxilla.  

    Skin Envelope and Nipple-Areola 
Complex 

 The skin of the breast surrounds the underlying 
parenchyma, with the nipple-areola complex 
located at the apex of the breast. The quality of 
the skin varies from patient to patient. During 
youth, the skin has greater elasticity and provides 
fi rm support to the underlying parenchyma. With 
age, weight gain, and pregnancy, the skin loses its 
elasticity, becoming thinner and often developing 
stria (tears and separations in the thinned dermis) 
with diminished support of the underlying paren-
chyma. Thinning of the central breast skin and 
absence of elastic support of the parenchyma can 
lead to a constricted breast associated with tubu-
lar or tuberous breasts. 

 The nipple stays within the center of the areo-
lar skin which is of ectodermal origin. It contains 
sebaceous glands that when enlarged form 
Montgomery tubercles. The areola also has sweat 
glands that secrete lipoid material that helps 
lubricate and protect this structure. The areolar 

Pectoralis major muscle

Deltoid muscle

Breast lobule

Nipple areola complex

Rectus abdominis muscle

Serratus anterior muscle

Cephalic vein

Latissimus
dorsi muscle

Biceps muscle

Axillary tail breast

  Fig. 1.10    Anterior view: breast shows mammary glands, lobules situated over the pectoralis major muscle, axillary tail 
projecting into the axilla       
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size ranges from about 28 to 50 mm in diameter 
for the typical breast. Enlarging during preg-
nancy, the areola is under hormonal infl uence 
that results in hyperpigmentation of the nipple 
and areola. The areolar pigmentation depends 
upon two polymers, eumelanin and pheomelanin, 
which cause brown and red pigments to be 
secreted. The extent of pigmentation varies with 
skin tone. The areola and nipple have no hair and 
are devoid of fat underneath the areolar skin. The 
areola is composed of sweat and sebaceous 
glands located within the periphery and the 
accessory glands of Montgomery, which produce 
small elevations on the surface of the areola. 

 The areola secretes both lubricants and phero-
mones to facilitate breastfeeding, with the latter 
facilitating the baby to nurse. It has been sug-
gested that the differing color of the nipple-areola 
complex is for a higher visibility for the infant. 
The nipple contains openings for the lactiferous 
ducts and smooth muscle that aid in lactation and 
breastfeeding. The areola also contains tissues 
that cause erection of the nipple-areola complex 
during lactation. 

 The nipple stays at the level of the fourth 
intercostal space in the nulliparous woman or 
young adult. The nipple contains multiple sen-
sory nerve endings, Meissner’s corpuscles, 
Ruffi ni’s corpuscles, Krause’s corpuscles, and 
autonomic nervous system. The sensory innerva-
tion of the nipple plays a great functional signifi -
cance during lactation. The nipple contains 
openings for the lactiferous ducts and circular 
nonstriated smooth muscle that aid in lactation 
and breastfeeding. The longitudinal muscle may 
retract the nipple and circular muscles that, in 
turn, causes erection of the nipple.  

    Parenchyma of the Breast 

 The parenchyma of the breast is composed of the 
glandular tissue supported by fi brous tissue that 
holds the gland and interlobular adipose tissue 
that is also enriched with blood vessels and 
nerves. The breast parenchyma is pale yellow in 
color, with the lobulated tissue supported by con-
nective tissue. It is usually composed of 15–20 

lobes, with each lobe comprised of the same 
number of tubuloalveolar lobules connected by a 
single lactiferous duct. They are arranged in a 
radial pattern and orientation from the areola. 
These lobules drain to the lobes through the lac-
tiferous duct and sinuses just underneath the are-
ola. The sinuses are reservoirs that are connected 
to the narrow papilla that transmit milk to the ori-
fi ces in the nipple. The lactiferous ducts, lined 
with stratifi ed squamous epithelium, transition 
into lactiferous sinuses lined with cuboidal and 
myoepithelial cells located beneath the areola. 

 Each of the lobules contains hundreds of 
secretory acini. The ducts have columnar epithe-
lia and lined by the basal lamina and myoepithe-
lium at the periphery of the ducts. It is from 
within these ducts that invasive ductal carcinoma 
arises. Larger ducts have two or three layers of 
epithelium, becoming keratinizing stratifi ed 
squamous epithelium at the opening. The mor-
phology of the secreting gland varies greatly with 
age and hormonal infl uence. The inactive breast 
undergoes mild cyclical changes associated with 
the menstrual cycle. Conversely, signifi cant cel-
lular hypertrophy of the breast occurs throughout 
pregnancy. The breast also contains varying 
amounts of fat, which contributes to the contour, 
shape, and softness of the breast. Fat deposition 
is infl uenced by genetic and hormonal factors. 
For example, postmenopausal women have more 
fat in their breasts, often making it easier to eval-
uate the tissue with mammography [ 16 ]. Lacking 
the alveoli, the male breast tissue is structurally 
different than the female breast. The male breast 
ducts are solid with little adipose tissue and no 
extension of the ducts beyond the areola. The 
nipple papilla and areola are small.   

    Gynecomastia 

 The early stages of breast development are inde-
pendent of the sex steroid hormones, causing 
similarity of the breasts in both genders. During 
this time, the male mammary glands become 
responsive to the hormonal environment, with the 
presence of testosterone leading to the normal 
involution of the male mammary gland. However, 
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in testicular feminization syndrome, where there 
are higher circulating levels of testosterone and a 
lack of testosterone receptors, the individual 
develops a female phenotype, including the typi-
cal female breast development.  

    Fascia and Ligaments 

 Scarpa’s fascia extends onto the chest and splits 
into an anterior and posterior lamella that encom-
passes the breast (Fig.  1.11 ). The anterior lamella 
forms inframammary fold and encloses the breast 
[ 13 ,  14 ,  17 ,  18 ]. The anterior lamella serves as the 
dissection plane when performing a mastectomy. 
The posterior lamella [ 19 ] separates the breast 

from the underlying pectoralis major muscle and 
is the plane of dissection for sub- glandular breast 
augmentation. There is a retromammary space 
between the breast parenchyma and posterior 
lamella on the pectoralis major muscle. This is 
called the loose areolar membranous layer and 
allows the overlying breast tissue to move upon 
the pectoral fascia. Occasionally, we see inva-
sion of the fascia and muscle with invasive breast 
cancer, with the capacity to also invade the sus-
pensory ligaments and retromammary space. The 
latter is often associated with visible skin retrac-
tion and lymphatic tumor cell invasion of the 
skin, referred to as peau d’orange, for its typical 
thickened appearance of the skin similar to that 
of an orange peel.

Pectoralis major muscle

Pectoralis
minor muscle

Subclavius muscle

Clavipectoral fascia

Pectoralis fascia

Suspensory ligament

Mammary gland

Lacteriferous sinus

Nipple and
Papillary opening

Interior adipose tissue

Loose membrane layer

Anterior lamina

Rectus abdominus

Suspensory facia
Anterior lamelia

Scapula

Axillary neurovascular
structure

  Fig. 1.11    Lateral view of breast. The rectus fascia, Scarpa’s 
fascia, splits into the anterior and posterior laminae. The 
posterior lamina called pectoral fascia spreads across the 
pectoralis major muscle and to the clavicle. The ante-
rior lamina (fascia) envelops the breast. The  suspensory 

 ligaments anchor the anterior lamina and mammary gland 
to the pectoral fascia. The clavipectoral fascia attached 
to the clavicle splits around subclavius muscle and to the 
pectoralis minor and reaches the axilla through which the 
axillary vessels and nerves travel to the axilla       
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   There are multiple interdigitating connective 
tissue fi bers within the breast and between the 
lamellae called Cooper’s ligaments, which con-
tribute to the shape of the breast and support it. In 
addition, there is a horizontal fascial septum orig-
inating from the lower, lateral border of the pec-
toral fascia at the level of the fi fth rib that splits 
the breast into a superior two-thirds and inferior 
one-third. This septum was fi rst described by 
Wuringer and colleagues and is associated with a 
well-formed neurovascular supply that courses 
within this fascia and provides support for the 
nipple-areola complex. The axillary tail of the 
breast has additional support via the suspensory 
ligament of the axilla. Retaining ligaments of the 
lateral chest wall suspend the lateral portion of 
the breast parenchyma and are often divided dur-
ing a mastectomy [ 20 ].  

    Anatomy of the Axilla 

 The axilla is a distinct, pyramidal-shaped com-
partment located between the thoracic wall and 
the upper extremity and has four boundaries and 
one apex. The apex of the axilla extends into the 
posterior triangle of the neck via the cervicoax-
illary canal. The anterior wall includes the pec-
toralis major and minor muscles as well as the 
clavipectoral fascia. The posterior wall is com-
posed of the subscapularis, teres major, and latis-
simus dorsi muscles and overlying fascia. The 
medial wall is based on the serratus anterior mus-
cle and the fi rst four ribs that are covered by the 
intercostal muscles and fascia that is continuous 
with Scarp’s fascia. The lateral wall is bounded by 
the intertubercular sulcus of the medial humerus 
with the insertion of the latissimus dorsi, coraco-
brachialis, and biceps muscle. The base is com-
posed of the axillary fascia that extends from the 
pectoralis major to the latissimus dorsi muscle 
and encloses the axillary contents. 

 The pectoral fascia invests the pectoralis 
major muscle, while the clavipectoral fascia 
extends from the clavicle to the axillary fascia 
within the fl oor of the axilla and encloses the pec-
toralis minor muscle. The part of the  clavipectoral 

fascia attaches to the clavicle, enclosing the sub-
clavius muscle to the fi rst rib and referred to as 
Halsted’s ligament. It then unites to form one 
layer that covers the axillary neurovascular bun-
dle. This fascia again divides to enclose the pec-
toralis minor muscle. This part of the fascia 
covers the axillary neurovascular bundle and 
axillary lymph nodes. 

 The fascia units below the pectoralis minor 
form the axillary fascia and terminate within the 
axilla as the suspensory ligaments of the axilla or 
Gerdy’s ligament (coracoaxillary fascia). This 
fascia is pierced by the cephalic vein, lateral pec-
toral nerve, and vascular branches from the thora-
coacromial trunk. The suspensory ligament is 
pierced by the axillary tail of the breast (tail of 
Spence). The upper part of the clavipectoral fas-
cia and Halsted’s ligament extends from the clav-
icle to the fi rst rib, covering the thoracic inlet as 
an axillary sheath. The thickened fascia from the 
fi rst rib to coracoid is called the costocoracoid 
ligament. A tubular sheath emerges from the tho-
racic inlet in order to cover the axillary neurovas-
cular bundle, referred to as the axillary sheath. 
The axillary contents are composed of fi broadi-
pose tissue that is pierced by the axillary tail, 
lymphatic system, and second lateral intercostal 
sensory nerves that innervate the upper inner 
aspect of the arm. The axilla also contains the 
great vessels and nerves that supply the upper 
extremity. These nerves and vessels are enclosed 
within the axillary sheath. 

 There are several nerves in the axilla that need 
to be identifi ed during a formal axillary dissec-
tion. The long thoracic nerve, which is located on 
the medial wall of the axilla, arises from the C5 
to C7 and enters the axilla via the cervicoaxillary 
canal. It lies along the lateral aspect of the serra-
tus anterior muscle that it innervates. Injury to 
this nerve will result in the “winged scapula.” 
The thoracodorsal nerve originates from the pos-
terior cord (C6 to C8) of the brachial plexus, 
accompanied by the subscapular artery and inner-
vates the latissimus dorsi muscle. The intercosto-
brachial nerve is a purely sensory nerve that 
provides sensation to the skin of the axilla and 
the upper medial aspect of the arm.  
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    Vascular Anatomy of the Breast 

 The breast receives blood supply from the perfo-
rating branches of the internal mammary artery 
medially, the lateral branches of the posterior 
intercostal arteries, and the lateral thoracic and 
pectoral branches of the thoracoacromial artery 
superiorly [ 21 – 25 ]. There is a mesentery as 
described by Wuringer that connects the lateral 
thoracic artery and chain of lateral intercostal 
vessels from the lateral border of pectoralis major 
to the medial anterior perforating intercostal ves-
sels arising from the internal mammary artery. 

 These form the mesentery arc at the base of 
breast (Figs.  1.12  and  1.13 ) and traverse through 

the gland to the superfi cial vascular system 
(Fig.  1.14 ) [ 26 – 28 ]. The blood supply to the skin 
is primarily from the subdermal plexus with com-
munications to the underlying perforators from 
the external mammary artery, anterolateral and 
anteromedial intercostal artery, and internal 
mammary artery. There is an abundant and sub-
stantial collateralization of arterial fl ow within 
the breast.

     The venous drainage of the breast closely 
 follows the arterial blood supply and is directed 
towards the axilla. The superfi cial veins have 
extensive collateralization that may be visible 
just underneath the skin. The major venous drain-
age of the breast occurs through (A) perforating 
branches of the internal mammary artery, (B) 
tributaries of the axillary vein, and (C) perforat-
ing branches of the posterior intercostal veins. 
The posterior intercostal veins are in continuity 
with the vertebral plexus of veins, the Batson’s 
plexus that extends from the base of the skull to 
the sacrum. This pathway may provide a direct 
and effi cient route of hematogenous spread of 
breast cancer to the skull, vertebrae, pelvic bones, 
and central nervous system [ 29 ]. The blood sup-
ply to the nipple-areola complex is contributed 
from both the parenchyma beneath and the rich 
subdermal plexus surrounding the complex [ 20 , 
 23 ,  30 – 32 ].  

    Lymphatic Drainage of the Breast 

 The lymphatics of the breast are located within 
the parenchyma itself, with individual lymphatic 
drainage to each of the lobules and ducts 
(Fig.  1.15 ). The main route of drainage of the 
breast, greater than 75 %, is through the axillary 
lymph node groups. The remainder of lymphatic 
drainage is through the parasternal nodes and 
likely the internal thoracic lymph nodes, which 
are a group of smaller lymph nodes located about 
a centimeter lateral to the sternal border. These 
nodes are located within the intercostal spaces 
along the internal mammary vessels. The skin of 
the breast drains via the superfi cial lymphatic 
vessels into the axillary lymph nodes.

  Fig. 1.12    Venous outfl ow. The subdermal plexus of the 
vein travels in a radial direction from the nipple-areola 
complex       

  Fig. 1.13    Vascular mesentery. This dissection shows lat-
eral thoracic vessel arches, lateral to the pectoral muscle 
and form arc to supply blood fl ow to the breast       
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Superior thoracic artery

Axillary artery

Acromiothoracic artery

Internal mammary artery
Lateral thoracic artery

Thoracodorsal artery

Fibrous septum with 
vascular mesentery arch

  Fig. 1.14    Arterial vessels to the breast fi brous septum forming central pedicle to supply major part of the breast and 
nipple-areola complex described by Dr. E. Wuringer       
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  Fig. 1.15    Lymphatic drainage of the breast       
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   There are six commonly described groups at 
three anatomic levels [ 29 ,  33 – 37 ]:
    1.    The  axillary vein group  consists of four to six 

lymph nodes located posterior to the axillary 
vein and receives drainage from the deltopec-
toral lymph nodes and upper extremity.   

   2.    The  external mammary group  is composed of 
four to six lymph nodes, located along the 
lower border of the pectoralis minor muscle, 
in close proximity to the lateral thoracic ves-
sels. These nodes receive the majority of 
lymph drainage from the breast.   

   3.    The  scapular group  is composed of six to 
seven lymph nodes located at the posterior 
wall of the axilla, in proximity to the lateral 
border of the scapula. These nodes receive 
drainage from lower aspects of the neck and 
the posterior skin and subcutaneous tissues of 
the trunk.   

   4.    The  central group  is composed of three to 
four lymph nodes located posterior to the pec-
toralis minor muscle. These nodes receive 
drainage from the preceding nodal basins 
(axillary, external mammary, and scapular) 
and afferent lymphatic from the breast.   

   5.    The  subclavicular group  is the apical group 
composed of 6–12 lymph nodes located supe-
rior to the pectoralis minor, extending into the 
apex of axilla. These nodes receive drainage 
from all other nodal groups. The lymphatic 
drainage of the group is into the subclavian 
trunk which empties into the internal jugular 
vein or the subclavian vein. On the left side, 
the subclavian trunk may terminate into the 
thoracic duct.   

   6.     Rotter’s group  is composed of one to three 
lymph nodes located between the pectoralis 
major and minor muscles. Lymphatic drain-
age from these nodes is to the central and sub-
clavicular systems.    
  The axillary lymph node groups are divided 

according to their lateral and medial relation-
ship to the pectoralis minor muscle into levels 
I–III. Level I nodes are located inferior to the 
lower border of the pectoralis minor and are 
composed of external mammary, axillary vein, 
and scapular lymph node groups. Level II nodes 
are located posterior to the pectoralis minor and 

include the central lymph node group. Level III 
nodes are located superomedial to the pectoralis 
minor and are composed of the subclavicular 
group.  

    Innervation of the Breast 

 The sensory innervation of the breast is supplied 
primarily by the lateral and anterior cutaneous 
branches of the second through the sixth inter-
costal nerves (Fig.  1.16 ). The sensation of the 
breast skin is segmental and is derived from the 
dermatomes of breast development. The third 
through the sixth branches, known as the lateral 
mammary branches, supply the majority of the 
skin covering the breast. The medial parts of the 
breast skin are innervated by the sensory anterior 
intercostal nerve, although the supraclavicular 
nerve supply below the clavicle does not 
 contribute any sensory innervation to the skin 
covering the breast [ 38 – 43 ]. The intercostobra-
chial nerve originates from the lateral branch of 
the second intercostal nerve and courses through 
the fascia of the fl oor of the axilla to join the 
medial cutaneous nerve of the arm. This nerve is 
often divided during an axillary lymph node dis-
section resulting in the loss or decrease in sensa-
tion to the upper inner aspect of the arm. The 
innervation of the nipple-areola complex and the 
central breast is primarily from the T3–T5 
branches of the anterolateral and anteromedial 
intercostal nerves. The nipple is innervated by 
the third, fourth, and fi fth lateral intercostal 
nerves [ 44 – 49 ].

       Muscles Supporting the Breast 

 The breast is situated on top of the pectoralis fas-
cia and anterolateral chest wall musculature. The 
upper central and medial portions of the breast 
lie over the pectoralis major muscle, with the 
lower portions of the breast covering the antero-
lateral serratus anterior muscle and the upper 
external oblique muscle, and fascia over the 
upper origins of the rectus abdominis muscle 
inferomedially. 
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    Pectoralis Major Muscle 

 The pectoralis major is a thick, triangular-shaped 
muscle that covers most of the upper thoracic area, 
with two muscular heads, the clavicular and ster-
nal heads that are separated by a cleft (Fig.  1.17 ). 
The clavicular head of the pectoralis major origi-
nates from the medial half of the clavicle. The ster-
nal head of the pectoralis major takes origin from 
lateral anterior part of sternum to the fi rst through 
seventh ribs and costal cartilage. It also traverses the 
sternal end of the sixth and seventh ribs and aponeu-
rosis of the external oblique muscle. The muscle is 
composed of a fl at tendon that inserts into the lateral 
lip of the intertubercular sulcus of the articular cap-
sule and into the deltoid tubercle of the humerus. 
It has two laminae, the anterior lamina from the 
clavicle and sternum manubrium and the posterior 
deep lamina derived from the sternum and ribs. The 

anterior lamina inserts lower than the posterior lam-
ina. The insertion of the pectoralis major muscle is 
anterior to the coracobrachialis muscle and is also 
covered by the anterior portion of the deltoid.

   The thoracoacromial artery, internal mam-
mary artery perforators, and anterolateral 
cutaneous branches of the intercostal vessels 
contribute to the blood supply. The pectoralis 
major adducts and internally rotates the humerus, 
and these two heads of the muscle function dif-
ferently while swinging the arm. The clavicular 
head is innervated by C5–C6, while the sternal 
head is innervated by C7–T1. This is the only 
muscle in the body that is innervated by all of the 
branches from the brachial plexus. This muscle 
forms the major component of the anterior axil-
lary fold. The deep fascia of the pectoralis major 
is continuous with the axillary fascia and the 
investing fascia of the latissimus dorsi muscle. 

Supraclavicular nerve
Deep to
sternocleidomastoid muscle   

Lateral intercostal nerve

Intercostal brachial
nerve

Anterior intercostal
cutaneous nerve

Long thoracic nerve

Thorocodorsal nerve

  Fig. 1.16    Nerves of axilla. Thoracodorsal nerve (poste-
rior cord) supplies the latissimus dorsi muscle. Long tho-
racic nerve (C5, C6, C7 root) innervates the serratus 
muscle. Second intercostal brachial nerve travels axilla to 
medial border arm. The supraclavicular nerve arises from 
C3 and C4 and innervates the infraclavicular part of the 

chest wall. The breast is innervated by the thoracic medial 
1–6 and lateral 2–7 intercostal nerves. The nipple is inner-
vated by lateral and anterior cutaneous branches of the 
3rd, 4th, and 5th intercostal nerves and equally medial 
and. Lateral branch of thoracic 4th intercostal nerve pro-
vides the major innervation       
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The sternal and clavicular portions are distinct 
embryologically and separated by a fascial com-
ponent. The functional defi cit caused by removal 
and denervation of the pectoralis major muscle 
is not signifi cant.  

    Pectoralis Minor Muscle 

 This muscle is covered by the pectoralis major 
muscle. The pectoralis minor originates from 
the third to fi fth ribs and inserts onto the medial 
border of the upper surface of the coracoid pro-
cess. This attachment may cross the coracoid 
process and attach as the coracoacromial and 
coracohumeral ligament (Fig.  1.18 ). The blood 
supply is via the thoracoacromial artery and the 
lateral  thoracic artery, and it is innervated by the 
medial pectoral nerve via the C6–C8 nerve 
roots. The pectoralis minor is a triangular mus-
cle that protracts the scapula. It covers part of 
the axilla and is an important landmark for per-
forming a complete axillary lymph node 
dissection.

       Serratus Anterior Muscle 

 This muscle is a large muscle that lies upon the 
lateral wall of the thorax and originates from the 
fi rst eight ribs laterally. This muscle inserts onto 
the ventral surface of the medial border of the 
scapula. It is a segmental muscle and is attached 
to medial border of scapula at various levels from 
the superior scapula angle to the triangle area 
along the inferior border of scapula. Its blood 
supply is via the segmental intercostal perfora-
tors and external serratus branch arising from the 
thoracodorsal artery. It is innervated by the long 
thoracic nerve via the C5–C7 nerve roots and acts 
to stabilize the scapula. It also draws the medial 
scapula onto the thoracic wall, preventing the 
winging of the scapula, when injured. It also 
assists with abduction of the arm.  

    Rectus Abdominis Musculature 

 The rectus abdominis muscle originates from the 
pubic crest and the symphysis pubis. It inserts 

Pectoralis major 
(clavicular origin) Deltoid muscle

Pectoralis major 
(sternocostal origin)

Rectus abdominis muscle

Serratus anterior muscle

Latissimus
dorsi muscle

Biceps muscle

  Fig. 1.17    Pectoralis major with relationship to the rectus abdominis serratus muscle and latissimus dorsi muscle       
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onto the fi fth through seventh costal cartilages. 
Three major sources supply vascular fl ow to 
the muscle: the deep inferior epigastric artery, 
superior epigastric artery, and segmental inter-
costal arteries (seventh through the twelfth). It is 
innervated by seventh through twelfth intercos-
tal nerves and acts to fl ex the vertebral column. 
Preservation of the epigastric vessels may help 
with the reconstruction of the breast utilizing 
the deep inferior epigastric perforating (DIEP) 
vessels.  

    Latissimus Dorsi Muscle 

 The latissimus dorsi muscle forms the lateral 
boundary of the axilla as it passes around the 
teres major muscle to be inserted in the inter-
tubercular sulcus located in front of the teres 
major and behind the pectoralis major muscle 
(Fig.  1.19 ). The latissimus dorsi is a very large 

muscle that takes its origin from the thoracolum-
bar fascia, spines of lower six thoracic vertebrae 
and from the outer lip of the iliac crest lateral to 
the erector spinae and third and fourth lower ribs 
interdigitating with the external oblique muscle. 
The muscle fi bers have a horizontal direction to 
them, oblique in the middle and vertical along 
the anterior aspect. The two triangles, lumbar 
and auscultation triangle, are associated with 
the latissimus muscle. The lumbar triangle is 
surrounded by the external oblique anteriorly, 
iliac crest inferiorly and lower fi bers of the latis-
simus dorsi muscle posteriorly. The fl oor is cov-
ered by the internal oblique muscle. Weakness 
within the muscular fl oor of this triangle may 
result in a lumbar hernia. The triangle of aus-
cultation is formed by the medial border of the 
scapula, trapezius muscle and latissimus dorsi 
muscle. This is the thinnest part of chest wall 
where one is able to auscultate the lungs with a 
stethoscope.

Pectoralis minor

Deltoid muscle

Subclavius muscle

Reflected pectoralis
major muscle

Rectus abdominis muscle

Axillary neurovascular
bundle

Corocoid bone

Serratus anterior muscle

Latissimus dorsi muscle

Teres major muscle

  Fig. 1.18    Pectoralis minor originates from the third, 
fourth, and fi fth rib and is inserted into the medial and 
upper border of coracoid process. It is a landmark for 

 division of axillary vessels as the vessels pass under the 
muscle. The pectoralis major muscle is refl ected       
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   The vascular supply is mainly from the sub-
scapular artery that supplies the subscapularis 
muscle through the circumfl ex scapular artery. 
It is a branch to the serratus anterior muscle 
and terminates with the latissimus dorsi muscle. 
Additional blood fl ow is provided by the perfo-
rating lower intercostal and lumbar arteries. This 
vascularity provides a rich vascular supply to a 
variety of myocutaneous fl aps that are utilized for 
reconstruction. The innervation is through the tho-
racodorsal nerve from the posterior cord, C6–C8.  

    External Oblique 

 The external oblique muscle originates from 
the lower eight ribs and inserts onto the linea 

 semilunaris of the rectus sheath. Its vascular sup-
ply is via seventh through twelfth segmental inter-
costal arteries and it is innervated by the seventh 
through twelfth segmental intercostal nerves. 
It acts to laterally fl ex and rotate the trunk.  

    Anomalous Muscles 

 There are several possible anomalous muscles 
that may be present. Limb muscles generally 
arise in situ from the somatopleuric layer of lat-
eral plate of the mesoderm around the develop-
ing bones. Some primordial muscles of different 
layers fuse to form a single muscle. Grim et al. 
reported this in 1972, observing that while the 
primordial stage disappears in some muscles, 
others may persist to the formation of muscle 
slips [ 50 ,  51 ]. The most common anomalies 
that are seen include the presence of an acces-
sory “slip” and an abnormal origin or insertion of 
the pectoralis major muscle (Poland syndrome) 
(Fig.  1.20 ) [ 15 ,  52 – 54 ]. A second set of anoma-
lies is associated with abnormal muscles, which 
may include the rectus, sternalis, and abnormal 
insertion of the latissimus dorsi muscle, known 
as Langer’s muscle (Fig.  1.21 ) [ 55 – 58 ].

    The sternalis muscle is a well-known, docu-
mented normal anatomic variant seen in humans 
[ 59 – 62 ]. 

 It can be unilateral or bilateral, and usually 
lies within the anterior chest wall superfi cial and 
medial to the sternal origins of the pectoralis 
muscle. The sternalis usually courses longitudi-
nally adjacent to the sternum and does not cross 
the midline. Several variations regarding the 
superior and inferior insertion have been noted. 
The superior insertions can include the tendon of 
the sternocleidomastoid muscle, sternum, clav-
icle, pectoralis major, platysma, and the upper 
ribs and costal cartilages. The inferior insertions 
can include the third to eighth costal cartilages, 
the fourth to eighth ribs, the anterior rectus 
sheath, the pectoralis major fascia, and the sub-
cutaneous adipose tissue overlying these muscles 
(Figs.  1.22 ,  1.23 , and  1.24 ). The presence of the 
sternalis muscle is not associated with any known 
symptomatic fi ndings. However, its presence may 

Deltoid muscle

Latissimus dorsi muscle

Thorocolumbar fascia

Teres major muscle

Infraspinatus muscle

Supraspinatus muscle

Trapezius muscle

  Fig. 1.19    Latissimus dorsi muscle takes origin from tho-
racolumbar fascia lumbar spine inserts in the bicipital 
grove in anterior to teres major. This muscle travels poste-
rior to anterior and winds around the teres major muscle       
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Pectoralis major
muscle

Pectoralis major muscle

Pectoralis minor
muscle

Pectoralis minimus
muscle (abnormal)

Subclavius muscle

Latissimus
dorsi muscle

Latissimus dorsi muscle

Biceps muscle

Axillary arch muscle
(abnormal)

Axillary arch muscle
(abnormal)

Teres major muscle

Posterior cord split

Axillary neurovascular
muscle

  Fig. 1.20    Latissimus dorsi sends anomalous slips to 
form the axillary arch muscle and teres major, infraspina-
tus, and pectoralis minor causing diffi cult-to-do axillary 

 dissection and nerve compression. Abnormal pectoralis 
minimus muscle is seen in deep chest wall dissection       

  Fig. 1.21    Langer’s arch muscle. This patient has 
Langer’s muscle presents in the axilla, anomalous muscle 
takes a slip from Latissimus muscle and inserts into the 
pectoral muscles causing compression of nerves at the 
axilla. This may cause diffi cult axillary dissection       

  Fig. 1.22    Rectus sternalis. This muscle is analogous to 
the rectus abdominis. This muscle is present over sternal 
bone and takes origin on the sternal bone. Insertion varies 
and is multiple       
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be interpreted as an abnormal breast mass when 
fi rst observed by mammography. Sternomastalis 
is a variant of the sternalis muscle, with attach-
ments to Cooper’s ligaments of the breast or to 
the substance of the breast tissue.

     Langer’s axillary arch muscle is an anomalous 
muscular slip of latissimus dorsi muscle, fi rst 
described by Ramsay in 1795, and subsequently 
confi rmed in cadaver dissections to be present in 
7–13 % of humans [ 51 ]. The muscle arch extends 
from the proximal border of the latissimus dorsi 
muscle as it arches across anteriorly to the axil-
lary vessels at the level of posterior border of 
axillary fold. It then inserts onto the undersurface 

the pectoralis major tendon and the tendon of 
coracobrachialis muscle and fascia of the long 
head of the biceps muscle. 

 Another variation is described by Pillay [ 51 ], 
with the muscle originating from the latissimus 
dorsi and teres major muscle. It passes upwards 
through the posterior cord of the brachial plexus 
and can be seen under the axillary neurovascular 
bundle. It then splits in two slips and inserts into 
the coracoid process and the lesser tubercle of 
humerus. The latissimus dorsi muscle connects 
to the triceps tendon, called dorsoepitrochlearis 
brachii. These muscles may be seen as a mass 
within the axilla, leading to diffi culty in perform-
ing an axillary dissection, especially along the 
lower part of the axilla. Additionally, this anoma-
lous muscle may produce lymphedema and neu-
rovascular impingement. 

 There are several anomalies involving the 
pectoralis muscle [ 63 – 69 ]. Complete absence of 
the muscle is usually associated with congenital 
syndromes. Poland [ 53 ] described a condition 
 associated with the absence of a unilateral pecto-
ralis major and cutaneous syndactyly of the ipsi-
lateral hand (Fig.  1.25 ) [ 53 ,  70 ]. It may also be 
associated with microtia. Other variations include 
a normal pectoralis major muscle, but with breast 
malformation secondary to anterior thoracic 
hypoplasia and associated vascular impairment 
in utero. There are varying degrees of hypoplasia 
described by Paraskevas et al., including bilateral 
hypoplasia of the clavicular head associated with 

  Fig. 1.23    Sternomastalis. The sternomastalis is a part of 
the rectus sternalis inserts of the breast; it can be seen in 
X-ray. It deforms the breast appearance       

  Fig. 1.24    Sternomastalis. This picture is showing the 
origin of the sternomastalis, an analogue muscle that cor-
responds to the rectus abdominis. This is a superfi cial 
muscle under the fascia. It is sometimes seen in the breast, 
X-rays, and surgery. Insertion varies       

  Fig. 1.25    Poland syndrome. This male patient shows 
Poland syndrome, hypoplasia of the pectoral and serratus 
muscle       
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associated vascular anomalies of the external jug-
ular vein in an atypical Poland syndrome.

   Other anomalies involving the pectoralis 
include a cleft between origin of pectoralis mus-
cle from the clavicle, sternum and cephalic vein 
as it traverses over the clavicular origin of the 
pectoralis muscle. There are also variations of 
the insertion of the pectoralis muscles. These are 
named according to the various slips of insertion 
and include the chondrohumeralis, axillopectoral, 
and chondroepitrochlearis. The chondrohumera-
lis takes origin from the pectoralis major muscle 
and inserts superfi cial to the axillary neurovascu-
lar bundle and the biceps. This is a remnant of the 
axillopectoral muscle. The chondroepitrochlearis 
is a rare anomaly where the muscle takes origin 
from the inferior border of the pectoralis muscle 
and inserts onto the epitrochlear bone. It runs 
parallel to the biceps. 

 There are various slips of the pectoralis major 
muscle, which may not be fused and, as such, 
leads to the formation of a single muscle with 
various names, such as the pectoralis quartus, 
pectoralis intermediate, and, pectoralis mini-
mum. The pectoralis quartus arises from the cos-
tochondral junction of the sixth rib and passes 
laterally under the border of pectoralis major 
and inserts onto the intertubercular groove of 
humerus. The pectoralis intermediate takes ori-
gin from third and fourth ribs and passes as a 
fl eshy slip and inserts onto the short head of the 
biceps. The pectoralis minimum arises from the 
second costal cartilage and passes between the 
pectoralis major and minor muscle, inserting into 
the superior surface of the coracoid process. The 
oblique pectoralis anterior muscle, described by 
Huber et al., originates from the sternum medi-
ally and courses inferiorly, inserting onto the 
sixth and seventh ribs and anterior rectus apo-
neurosis. The anomalous pectoralis major mus-
cle with an accessory head of pectoralis arises 
from the serratus anterior muscle and inserts 
onto the intertubercular groove of the humerus. 
Anomalies involving the rectus muscle include 
the rectus thoracis bifurcalis, which takes origin 
from external oblique aponeurosis and splits into 
a Y shape at the sternal angle and inserting into 
the sternocleidomastoid bilaterally called the 
rectus thoracis [ 71 ,  72 ].  

    Principles to the Surgical Approach 
of the Breast 

 In the surgical approach to the breast, one has to 
carefully plan the incisions incorporating both 
the need for future reconstructive procedures 
and breast aesthetics. In patients undergoing 
excisional biopsy for high-risk tumors, the inci-
sions should be placed along future mastectomy 
incisions whenever possible. When the tumor is 
close to the areola, a periareolar incision should 
be utilized. Lumpectomy incisions should be 
placed along Langer’s lines in order to mini-
mize the visual scar. Every attempt should be 
made to avoid scar placement above the bra line. 
The surgeon should be familiar with the vascu-
lar supply of the breast, especially in the set-
ting of a lumpectomy pocket closure to prevent 
parenchymal necrosis, hematoma, and infection. 
It is important to preserve the anterior inter-
costal perforator artery, especially the second 
 intercostal perforator. The knowledge of anoma-
lous muscles must be considered during surgical 
dissection. Additionally, too much traction dur-
ing glandular dissection may result in damage 
to the skin fl aps and leading to wound healing 
 complications. A well-planned and executed 
incision will achieve a nice aesthetic result and 
maintain maximum vascularity to the skin fl aps 
in order to allow for future breast reconstruction. 
The papillary ducts are directed radially and any 
incision around the nipple should be made in a 
similar fashion [ 20 ]. The mammary ducts are 
present within 1 mm from the areolar surface, 
also present within the dermis of the areola. It is 
diffi cult to remove all of the ducts during nipple 
coring or a nipple-sparing mastectomy.      
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            Introduction 

    Breast ultrasound is not only an important breast 
imaging tool but also an integral part of the sur-
geon’s management of a breast patient. The tech-
nologic advances in breast ultrasound systems over 
the past several decades have allowed this technol-
ogy to take its place in the offi ce setting and to be 
utilized for the real-time evaluation, diagnosis, and 
treatment of patients being seen for breast abnor-
malities. The modern surgeon has quickly adopted 
breast ultrasound as a “hands- on” technology, 
without deferring the performance of this impor-
tant diagnostic modality to ultrasound technolo-
gists. The comfort with breast pathophysiology 
and a 3-dimensional intraoperative understanding 
of breast anatomy have also allowed for more 
aggressive utilization of breast ultrasound [ 1 ]. 

 Doubts over the ability of surgeons performing 
both diagnostic and interventional breast ultra-
sound have been addressed. Whitehouse and col-
leagues showed a 96 % concordance between 
breast ultrasound performed by surgeons and 
radiologists [ 2 ]. Staren et al. performed 150 

 diagnostic ultrasounds on non-palpable, new or 
increasing size, mammogram-detected breast 
masses, with 97 patients undergoing diagnostic 
ultrasound only and 53 having an ultrasound- 
guided aspiration and/or biopsy. There were no 
false positives and no false negatives reported [ 3 ]. 

 Breast sonography has been available for 
approximately 60 years [ 4 ]. In 1954, Wild and 
Reid fi rst reported on their fi ndings utilizing 
1-dimensional, A-mode echography to visualize 
the human breast [ 5 ]. Dedicated equipment for 
breast ultrasound was not introduced until the 
1970s [ 4 ]. Ultrasound technology continued to 
make remarkable advances, such as the availabil-
ity of high-frequency, linear array, electronically 
focused transducers. Other advances included 
computer-enhanced imaging that has been 
directly responsible for the expanded indications 
for breast ultrasound that went well beyond its 
capacity to distinguish between a lesion’s cystic 
and solid character [ 6 – 8 ]. Typical operating fre-
quencies of 7.5–14 MHz allow the delineation of 
subtle characteristics to assist the clinician in 
determining the benign versus malignant nature 
of focal lesions [ 9 – 11 ]. Further advances now 
provide the ability to house the technology in 
smaller portable and affordable ultrasound sys-
tems, making today’s ultrasound technology eas-
ily applicable to the surgeon’s offi ce setting. 

 Corresponding with improvements in the 
imaging technology and the development of 
portable or mobile ultrasound systems was the 
evolution of the spring-loaded core biopsy nee-
dles. This was quickly followed by the develop-
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ment of the vacuum-assisted or rotating cutter 
biopsy devices capable of being utilized in the 
offi ce setting. After assessing the probability 
of  malignancy for a focal lesion, the need for 
ultrasound-guided intervention can be easily 
determined and performed [ 1 ]. Aspiration of a 
symptomatic cyst or biopsy of a highly suspi-
cious, stellate mass can be performed with a min-
imally invasive ultrasound-guided approach with 
relative ease [ 1 ,  12 – 14 ]. 

 The surgeon’s increased comfort level with 
breast ultrasound as a diagnostic and intervention 
tool has now brought the technology into the 
operating room. Intraoperative ultrasound-guided 
localization techniques (with and without a local-
ization device) are assisting the surgeon with 
both excision of non-palpable, ultrasound-visible 
malignant lesions and assessment of lumpectomy 
free margins [ 15 – 17 ]. Anything from percutane-
ous lesion removal to lesion ablation to  placement 
of post-excision adjuvant treatments (such as 
brachytherapy catheters) can now be safely and 
effectively performed by surgeons, with the help 
of breast ultrasound. In fact, the interventional 
capability of breast ultrasound has become inte-
gral to the advancement of new technology [ 1 ]. 

 In the mid-1990s, the national surgical com-
munity realized that surgeons seeing breast 
patients needed to incorporate the breast ultra-
sound technology into their practices. The 
American Society of Breast Surgeons (ASBS) 
and the American College of Surgeons (ACS) 
developed courses with hands-on workshops in 
order to further educate surgeons on the use of 
breast ultrasound. Subsequently, the ASBS 
developed a breast ultrasound certifi cation pro-
gram that allowed surgeons to demonstrate their 
ultrasound training, knowledge, and competence 
in utilizing breast ultrasound in the clinical set-
ting for both diagnosis and intervention.  

    Scanning Techniques of Breast 
Ultrasound 

 The patient is typically positioned supine, in a 
contralateral oblique position with the ipsilateral 
arm abducted, with the hand placed above the 

head and a pillow positioned under the shoulder 
to help spread the breast evenly on the chest wall. 
Real-time ultrasound scanning allows for altera-
tions in patient positioning such that patients 
with large, pendulous breasts may require a more 
decubitus position to view the lateral aspect of 
the breast [ 1 ]. Most often with offi ce-based ultra-
sound, the surgeon performs a targeted diagnos-
tic breast scan, concentrating upon only one-third 
to one-half of the breast in the region of the mam-
mographic or clinical areas of concern [ 1 ]. 

 In order to examine the entire breast with ultra-
sound, several scanning techniques have been 
developed. The radial scan, often referred to as 
“ductal echography,” was fi rst described by 
Teboul in 1988 [ 18 ]. By orienting the ultrasound 
transducer radially to the nipple-areola complex 
(i.e., parallel to the axis of the ducts), the normal 
architecture of the breast is visualized, allowing 
the examiner to view the full extent of the breast 
lobes and ducts. The standard image on the ultra-
sound monitor places the nipple in the upper left 
hand corner by convention. The radial scan begins 
at the nipple and moves out radially toward the 
periphery of the breast parenchyma. The pattern 
is repeated by moving around the nipple-areola 
complex corresponding to hours on the clock 
face. This way any part of the breast can be visu-
alized with an identical anatomic orientation. 

 This technique is especially useful in perform-
ing whole breast scanning and may assist the 
neophyte in developing pattern recognition of the 
varying appearance of the normal breast anatomy 
in patients of different parity and quantity of fatty 
involution [ 1 ]. A more effi cient method of scan-
ning larger portions of the breast involves rotat-
ing the transducer 90° to the radial orientation 
and performing an anti-radial survey of the 
breast. This allows the scanner to cover larger 
portions of the breast at one time but sacrifi ces 
the anatomic orientation provided by the radial 
scanning technique. However, if an abnormality 
is visualized during an anti-radial scan, the trans-
ducer may then be rotated 90° into the radial ori-
entation. This may be helpful in determining the 
extent of disease of a malignant lesion. 

 The transverse sweeping scan is another scan-
ning technique utilized in a thorough examination 
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of the breast or in searching for an abnormality 
with a targeted ultrasound examination. When a 
focal lesion is identifi ed, it is typically docu-
mented with both a transverse and longitudinal 
scan (AIUM standards) [ 1 ]. Orientation of the 
monitor, by convention, places the patient’s right 
on the left side of the ultrasound monitor in a 
transverse scan and the patient’s head on the left 
side in a longitudinal or sagittal scan. 

 Scanning behind the nipple-areola complex 
(NAC) directly can be limited by the shadowing 
created due to the dense connective tissue and 
smooth muscle in this area. A tangential orienta-
tion of the ultrasound transducer adjacent to the 
areolar edge allows the retro-areolar region to be 
adequately visualized [ 1 ]. The surgeon may then 
utilize their non-scanning hand to manipulate the 
breast to allow the transducer face to maintain full 
contact with the skin, despite the tangential angle.  

    Sonographic Anatomy of the Breast 

 It is vital to become intimately familiar with the 
normal sonographic anatomy, including the skin, 
subcutaneous fat, and glandular tissue inter-
spersed with Cooper’s ligaments, as well as retro-
glandular fat, pectoral muscles, ribs, and pleura, 
in order to be profi cient in both diagnostic and 
interventional breast ultrasound. The time-gain 
compensation curves are set to a uniform median- 
level echogenicity (gray) from the skin to the 
pectoral muscle [ 19 ]. The skin appears as a uni-
form, gray layer at the most superior aspect of the 
image followed by a bright white hyperechoic 
line which represents the interface separating the 
skin from the underlying subcutaneous fat below 
[ 19 ]. The subcutaneous tissue appears as a 
hypoechoic (darker) layer below the skin. Fat in 
the subcutaneous tissue and retromammary 
region or even areas of fatty involution within the 
breast parenchyma will have a similar echo-
genicity [ 19 ]. The glandular tissue below the sub-
cutaneous fat appears as a similar echogenicity to 
the skin [ 19 ,  20 ] (Fig.  2.1 ).

   Variation in the appearance of the glandu-
lar tissue is related to age and parity because 
of the amount of fatty tissue interspersed [ 20 ]. 

The younger patient may have very little fatty 
 involution, and the glandular layer appears rela-
tively uniform and dense. The postmenopausal 
patient with complete fatty involution may also 
have a uniform grayscale level of echogenicity 
similar to that seen with younger, dense glandu-
lar tissue. This uniform echogenic pattern may be 
diffi cult to distinguish from the glandular tissue 
without correlation with fatty-replaced mammo-
gram [ 1 ,  21 ]. The postmenopausal breast allows 
the clearest depiction of the Cooper’s ligaments 
as hyperechoic, curvilinear structures represent-
ing fi brous planes [ 1 ]. Occasionally, care must be 
taken to deal with an artifact of shadowing cre-
ated by the convergence of Cooper’s ligaments. 

 The partially involuted breast has a glandular 
appearance consisting of intermittent hypoechoic 
fatty lobules within dense glandular tissue. This 
sometimes creates the appearance of a pseudo- 
solid lesion that can be confi rmed as a fat lobule 
by rotating the scan 90° and visualizing a blend-
ing of these fat lobules into the fatty parenchyma. 
The pectoral muscle appears as a relatively 
hypoechoic layer, occasionally with hyperechoic 
striations depending on the angle of the trans-
ducer with the muscle fi bers. Again, the dynamic 
nature of real-time scanning allows the patient to 
fl ex the pectoral muscle for confi rmation [ 1 ]. The 
rib appears as a hyperechoic curvilinear refl ec-
tion with dense posterior shadowing. Beneath the 
pectoral muscle and ribs is a hyperechoic refl ec-
tion that represents the pleura or interface with 
the lung parenchyma [ 19 ].  

  Fig. 2.1    Normal ultrasound breast anatomy in a younger 
patient with dense breast parenchyma       
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    Sonographic Characteristics 
of Focal Lesions 

 There are a number of diagnostic criteria used 
to delineate the benign versus malignant charac-
teristics of focal lesions. These criteria include 
margins, echogenicity, internal echo pattern, ret-
rotumoral acoustic features, compressibility, and 
lateral to anterior-posterior dimension ratio [ 11 , 
 20 ]. Margins that are smooth and well defi ned 
are used to contrast a probable benign lesion with 
a malignancy having jagged, indistinct margins. 
A solid lesion is usually hypoechoic to the sur-
rounding glandular tissue with a homogeneous 
or uniform internal echo pattern more consistent 
with a benign abnormality [ 11 ]. 

 When a lesion is without ultrasound echoes, it is 
referred to as anechoic. Though an anechoic interior 
is most commonly associated with a smooth-walled 
cyst, many malignancies are almost anechoic, but 
usually have a mixture of echogenicities to give a 
heterogeneous internal echo pattern. The internal 
echo pattern is one of the least specifi c character-
istics delineating benign and malignant lesions. 
Complex cysts, abscesses, and other benign con-
ditions may also have a nonhomogeneous internal 
echo pattern [ 1 ]. Homogeneity limits the amount 
of sound refl ection within a focal abnormality and 
therefore allows greater sound transmission creat-
ing posterior enhancement, another criteria favor-
ing a benign condition [ 19 ]. 

 In contrast, the heterogeneity associated with 
malignant lesions will usually cause dense, irregu-
lar, posterior shadowing because of limited sound 
penetration and sound refraction. A more uniform 
refraction of sound, however, occurs in association 
with a smooth (probably benign) lesion. This type 
of refraction at the edges of smooth-walled lesions 
creates a symmetric pattern of shadowing known as 
bilateral edge shadowing [ 19 ]. The lateral to ante-
rior-posterior ratio refl ects the relationship of a 
lesion to the surrounding architecture. A malignant 
lesion is more likely to disrupt adjacent tissue planes 
growing perpendicular to the skin and muscle and 
therefore have an anterior-posterior dimension that 
is greater that the lateral dimension [ 1 ,  19 ]. A benign 

lesion grows in parallel with the tissue planes and 
has a lateral dimension greater that the anterior- 
posterior dimension.  

    Classifi cation of Breast Lesions 

 Ultrasound characteristics of focal breast abnor-
malities help to place them within several cat-
egories including simple cysts, fi broadenomas 
(or benign fi brous nodules), indeterminate, and 
suspicious. Simple cysts are anechoic, well cir-
cumscribed, and thinly encapsulated, typically 
with posterior enhancement and often with thin 
edge shadows [ 11 ,  20 ,  22 ]. Fibroadenomas and 
benign fi brous nodules are hypoechoic, well- 
circumscribed lesions with a homogeneous, inter-
nal echo pattern; with a lateral to anterior- posterior 
dimension ratio greater than one; and with both 
posterior enhancement and bilateral edge shadow-
ing [ 10 ,  11 ,  23 ]. The larger the fi broadenoma, the 
more likely it is to be associated with lobulations. 
Indeterminate lesions are usually hypoechoic with 
often sharp, smooth margins that may be some-
what indistinct [ 3 ,  20 ]. The internal echo pattern 
is variable and makes it diffi cult to distinguish the 
solid versus cystic nature of such lesions. 

 Complex cysts frequently fall into the indetermi-
nate category. They have diffuse, low-level echoes 
as a result of blood, pus, or fl oating crystalline mate-
rial and may require aspiration to distinguish them 
from solid lesions [ 3 ]. Movement of echoes within 
the lesion and compressibility may be demonstrated 
with real-time ultrasound imaging and, if cystic, 
may have posterior enhancement [ 1 ]. Suspicious 
breast lesions have indistinct, jagged margins; are 
almost anechoic; and have a heterogeneous interior, 
irregular posterior shadowing, and an anterior-pos-
terior dimension greater than the lateral dimension 
[ 11 ,  20 ]. In a review of 662 consecutive patients 
undergoing 1,028 diagnostic breast ultrasounds, 
Staren et al. demonstrated an overall accuracy of 
greater than 90 % [ 17 ]. However, the decision to 
biopsy, or not biopsy, solid nodules cannot be based 
strictly on sonographic criteria because of these 
overlapping features.  
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    Documenting Findings Using 
BI-RADS® 

 The American College of Radiology developed 
the BI-RADS® classifi cation of mammographic 
abnormalities to improve the assessment of 
microcalcifi cations and masses. Management 
decisions based upon the BI-RADS® assess-
ment have resulted in standardization of care 
after being incorporated into the Mammography 
Quality Standards Act of 1992. An ultrasound 
BI-RADS® classifi cation has also been devel-

oped to better characterize sonographic breast 
 abnormalities, including those with mammo-
graphic correlates. The need for standardiza-
tion of lesion descriptors led the development of 
lexicons that have been incorporated into these 
reporting systems (Table  2.1 ). It is imperative to 
utilize this list of standard terms when describing 
ultrasound fi ndings, to reduce variability among 
imagers and reports [ 24 ]. The ASBS has adopted 
the requirement for BI-RADS classifi cation for 
ultrasound submissions to the ultrasound certifi -
cation application.

 BI-RADS®–US Lexicon 

 The table below lists the terms which should be used when describing the sonographic 
fi nding. One descriptor from each category should be chosen 
 Shape  Surrounding tissue 
  Oval   Duct changes 
  Round   Cooper’s ligament changes 
  Irregular   Edema 

  Architectural distortion 
  Skin thickening 
  Skin retraction/irregularity 

 Orientation  Posterior acoustic features 
  Parallel to skin   No features 
  Not parallel to skin   Enhancement 

  Shadowing 
  Combined pattern 

 Margin  Special cases 
  Circumscribed   Clustered microcysts 
  Non-circumscribed   Complicated cysts 
   Indistinct   Mass in or on skin 
   Angular   Foreign body 
   Microlobulated   Intramammary lymph nodes 
   Spiculated   Axillary lymph nodes 
 Lesion boundary  Calcifi cations 
  Abrupt interface   Macrocalcifi cations 

  Echogenic halo   Microcalcifi cations outside of a mass 
  Microcalcifi cations within a mass 

 Echo pattern  Vascularity 
  Anechoic   Not present or not assessed 
  Hyperechoic   Present in lesion 
  Complex   Present adjacent to lesion 
  Hypoechoic   Increased in surrounding tissue 
  Isoechoic 

     Adapted from ACR BI-RADS®–US Lexicon Classifi cation Form, American College of 
Radiology 2003  

  Table 2.1    ACR breast 
ultrasound lexicon for 
BI-RADS reporting  
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       BI-RADS®-US Assessment 
Categories 1  

     Category 0  
 Incomplete: 
 Need Additional Imaging Evaluation: Further 

studies (i.e., mammography, MRI) are 
required before the evaluation is complete.  

   Category 1  
 Negative: 
 This category is for sonograms with no abnormal-

ity, such as a mass, architectural distortion, 
thickening of the skin, or microcalcifi cations. 
An attempt should be made to correlate the 
ultrasound location with the mammographic 
fi nding that necessitated the ultrasound.  

   Category 2  
 Benign Finding(s): 
 A report that is  negative for malignancy . This can 

include benign fi ndings such as simple cysts and 
intramammary lymph nodes. Fibroadenomas 
that have not changed in size can be included in 
this category.  

   Category 3  
 Probably Benign Finding: Short-interval follow-

 up is suggested. 
 This is a report that indicates a lesion that has a high 

chance of being benign, but does not fulfi ll all of 
the benign ultrasound characteristics. An example 
of this would be a solid mass with circumscribed 
margins, oval shape, and horizontal orientation, 
most likely a fi broadenoma, which would have a 
 less than 2 % risk of malignancy . Generally, a 
6-month follow-up is recommended.  

   Category 4  
 Suspicious Abnormality: Biopsy should be 

considered. 
 In this circumstance, the lesion is worrisome for 

malignancy based on the sonographic fea-
tures. Lesions in this category would have an 
 intermediate probability of cancer ,  ranging 
from 3 to 94 % . Category 4 can be further sub-
divided into a, b, or c with c being the highest 
risk of malignancy. However, all of these 

1  Adapted from ACR BI-RADS®–US American 
College of Radiology, 2003 [ 24 ]. 

lesions require biopsy. Included in this group 
would be solid or cystic lesions that have some 
characteristics that make them suspicious, but 
not highly suggestive of malignancy.  

   Category 5  
 Highly Suggestive of Malignancy: Appropriate 

action should be taken. 
 The abnormality identifi ed sonographically and 

placed in this category should have a  95 % or 
higher risk of malignancy . These lesions 
require biopsy.  

   Category 6  
 Known Biopsy-Proven Malignancy 
 This is a lesion that has already been biopsied 

and proven to be cancer. An example would be 
on a lesion seen on ultrasound that already had 
undergone an MRI-guided biopsy.     

    Indications for Offi ce-Based Breast 
Ultrasound 

 Though a surgeon traditionally has relied on the 
clinical breast examination to evaluate non- discrete 
palpable “lumps” or regions of nodularity, in the 
patient with a negative or nonspecifi c mammogram 
because of tissue density, breast ultrasound can 
often assist the surgeon in ruling out the presence 
of a focal suspicious lesion [ 25 ,  26 ]. By palpating 
the “lump” or clinical region of concern while 
scanning, a corresponding ridge of fi broglandular 
tissue can often be visualized as a homogeneous, 
isoechoic tissue pattern following the same contour 
found on physical exam [ 1 ]. When the physical 
examination reveals a discrete palpable abnormal-
ity, ultrasound is complementary to both the clini-
cal and mammographic evaluation and helpful in 
determining the cystic versus solid nature of the 
lesion and directing further workup [ 3 ]. 

 A diagnostic workup that includes breast ultra-
sound is very useful in evaluating mammographi-
cally indeterminate, non-palpable lesions 
presenting as discrete nodules, focal asymmetries, 
and areas of architectural distortion. Ultrasound is 
the primary imaging modality to establish if a dis-
crete focal lesion on mammogram is a cystic or 
solid abnormality [ 6 – 8 ]. The determination of the 
fl uid-fi lled nature of cysts as small as 2–3 mm, 

R.E. Fine



29

reaching an accuracy of 96–100 %, is easily 
accomplished with today’s improved ultrasound 
technology [ 4 ,  6 ,  8 ]. With such lesions presenting 
as discrete nodules, ultrasound is the imaging 
modality of choice to differentiate cystic from 
solid abnormalities and also to distinguish a solid 
lesion’s benign versus malignant nature. Areas of 
persistent asymmetry or architectural distortion 
after appropriate diagnostic focal compression 
mammography can be evaluated with ultrasound 
[ 4 ,  20 ,  21 ]. An area of asymmetry may only rep-
resent prominent fi broglandular tissue, but an 
underlying cystic or solid lesion may be further 
evaluated with ultrasound- guided intervention, 
depending on symptoms related to a simple cyst 
or the benign versus suspicious characteristics in 
the case of a solid lesion [ 1 ,  3 ,  20 ]. 

 Diagnostic breast ultrasound is performed in the 
evaluation of younger patients [ 15 ] when mammog-
raphy is less helpful and will assist the clinician in 
evaluating the patient who is pregnant or lactating 
when mammography is contraindicated [ 27 ]. The 
increase in water tissue density provides a favorable 
acoustic condition. Ultrasound may assist in the 
evaluation of mastitis and detection of underlying 
abscess formation where mammography is diffi cult 
secondary to pain and edema and may not demon-
strate an abscess due to infl ammation [ 28 ]. 
Ultrasound may guide aspiration or drainage tech-
niques to provide nonoperative management of 
those ultrasound- identifi ed breast abscesses [ 1 ,  29 ]. 

 Postoperative oncologic follow-up for both 
mastectomy and breast conservation may be aided 
by evaluation with ultrasound. A palpable nodule 
of the chest wall may be visualized and assessed 
for depth of penetration, and then ultrasound may 
be used to guide a fi ne-needle  aspiration or core 
needle biopsy for diagnosis [ 30 ]. After breast 
conservation surgery, there is a loss of the typical 
breast anatomy with an increase in tissue density 
that allows for evaluation and/or intervention of 
the lumpectomy site for evidence of recurrent dis-
ease [ 1 ]. Ultrasound is useful for postoperative 
follow-up for both benign and malignant diseases, 
including monitoring and management of sero-
mas and hematomas [ 20 ,  30 ,  31 ]. 

 The accuracy of intervention and tracking the 
pathway of a needle under real-time imaging may 

allow for the safe biopsy of a suspicious lesion in 
a patient who has undergone elective augmenta-
tion mammoplasty [ 32 ]. The axilla may be scanned 
for preoperative staging of the patient with a 
known or obvious breast cancer [ 1 ,  30 ]. Assessment 
of the axillary region for recurrent disease is aided 
by the enhanced imaging condition created by a 
decrease in fatty tissue postaxillary surgery. 
Ultrasound is also useful in guiding a biopsy of a 
pathologic-appearing lymph node in a patient with 
an unremarkable breast evaluation [ 1 ]. 

 Ultrasound may assist in the workup of the 
patient with a pathologic nipple discharge. 
Considered by many radiologists to be the method 
of choice for evaluating nipple discharge, per-
forming a ductogram is limited by the necessity of 
reproducing the discharge from a duct so that it 
can be successfully cannulated. Ultrasound evalu-
ation of the ducts may be accomplished with the 
technique of duct echography, performed in a 
radial fashion, maintaining the ultrasound trans-
ducer in alignment with the ducts. By identifying 
a dilated, fl uid-fi lled duct and in some cases an 
intraluminal fi lling defect or lesion responsible 
for the discharge, localization can be successfully 
performed to direct mammary duct evaluation and 
management [ 3 ,  20 ,  21 ]. In terms of overall cost, 
ultrasound is a much less expensive alternative to 
breast MRI in evaluating silicone breast implants 
for rupture or leak. Though MRI is considered by 
many as the standard diagnostic study of choice 
for identifying subtle leaks, ultrasound can often 
detect obvious rupture or leakage with improved 
cost-effective effi ciency [ 33 ]. 

 Breast ultrasound screening had historically 
been used more commonly in several European 
countries despite the prior lack of any randomized 
controlled trials to evaluate the impact of screening 
on breast cancer mortality [ 1 ,  20 ,  21 ]. Several stud-
ies have indicated that whole breast sonography as 
an adjunct to screening mammography may depict 
small, non-palpable cancers not seen on mammo-
gram, especially when the breast tissue is dense 
[ 34 ,  35 ]. In the ACRIN 6666 trial, 2,809 women 
determined to be at high risk for breast cancer at 
21 different site were enrolled to compare mam-
mography screening alone to  mammography plus 
physician-performed  screening ultrasound. Berg 
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and colleagues found that adding a single screen-
ing ultrasound found 28 % more cancers compared 
to mammography alone. However, the combined 
screening strategy led to four times the number 
of false positives [ 36 ]. Patients with a strong fam-
ily history, a radiographically dense breast tissue, 
and a diffi cult clinical breast examination due 
to extensive nodularity may benefi t from whole 
breast ultrasound [ 24 ,  25 ]. Whole breast ultra-
sound may also be useful in following the patient 
with multiple known sonographic lesions and to 
exclude multicentric malignancy when breast con-
servation is an option for a known malignancy [ 1 ]. 
Finally, ultrasound is used as the imaging modality 
to guide minimally invasive percutaneous aspira-
tions, biopsies, localization procedures, and even 
nonoperative potentially therapeutic modalities [ 1 , 
 20 ,  37 ].  

    Offi ce-Based Ultrasound-Guided 
Intervention 

 Each year in the United States, women undergo 
an increasing number of biopsies required for the 
defi nitive diagnosis of image-detected abnormal-
ities. Fortunately, a greater proportion of these 
biopsies are amenable to minimally invasive 
image-guided needle biopsies. The most recent 
International Consensus Conference on diagno-
sis and treatment of image-detected breast cancer 
once again reconfi rmed that minimally invasive 
image-guided percutaneous breast biopsy should 
be the fi rst-line intervention for both palpable and 
non-palpable image-detected abnormalities [ 38 ]. 

 Image-guided percutaneous breast biopsy 
should eliminate the need for open surgical 
biopsy for diagnosis. Unfortunately, the propor-
tion of open surgical biopsies remains high. 
Clark-Pearson found the average rate of open 
biopsy among surgeons at their institution to be 
36 % [ 39 ]. This fi nding was disappointing as the 
integration of the image-guided needle biopsy 
approach found to be less invasive and more cost 
effective has been accomplished without sacrifi c-
ing diagnostic accuracy [ 1 ,  37 ]. If image-guided 
needle biopsy results are benign, the patient 
requires no further intervention, monitored with 

only appropriate imaging and clinical follow-up; 
however, if diagnosed with breast cancer by 
image-guided percutaneous biopsy, the patient 
will proceed to defi nitive surgical management. 

    Indications for Intervention 

    Cysts 
 When diagnostic ultrasound identifi es a cyst that 
meets all the benign criteria of a simple cyst 
(anechoic, smooth margins with posterior 
enhancement) and it is asymptomatic, no further 
intervention is required as there is essentially no 
risk of malignancy [ 1 ,  3 ,  37 ]. Enlarging, symp-
tomatic cysts are a common indication for 
ultrasound- guided intervention [ 13 ,  37 ]. Even if 
palpable, direct visualization of the procedure 
accurately positions the needle in the lesion, 
ensuring complete collapse of the cyst and docu-
menting the procedure. 

 Ultrasound guidance, of course, allows access 
to non-palpable cysts. Aspiration is easily per-
formed with a 20–25-gauge, 1½-in. needle with 
either a vacutainer or syringe holder system [ 40 ]. 
Ultrasound-guided cyst aspiration may also 
resolve the issue of those indeterminate lesions 
that represent complex cysts (indistinct margins, 
heterogeneous internal echo pattern, and irregu-
lar septations). Aspiration of thick, paste-like 
contents, frequently associated with mammary 
duct ectasia, may require local anesthesia and the 
use of larger, 18- to 14-gauge needles [ 40 ]. 
Cytologic evaluation of aspirated fl uid is reserved 
for bloody fl uid or lack of cyst resolution [ 41 ].  

    Indeterminate Breast Abnormalities 
 Most patients with an indeterminate, image- 
detected, palpable or non-palpable breast abnor-
mality recommended for biopsy should undergo 
minimally invasive image-guided percutaneous 
needle core biopsy. The modalities for image 
guidance include ultrasound, stereotactic, or MRI 
guidance. The choice of image guidance is 
dependent upon the modality of detection, the 
lesion type, and the tissue density of the breast 
parenchyma. The most common indication for 
ultrasound-guided percutaneous biopsy is the 
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indeterminate or suspicious, ultrasound-visible, 
solid mass. However, some solid masses are bet-
ter visualized on mammography because of a 
large fatty-replaced breast parenchyma where 
stereotactic guidance would be preferable. 

 The usual approach for the patient with 
mammogram- detected microcalcifi cations with-
out a mass is with stereotactic-guided, percutane-
ous needle biopsy. However, rarely, with the 
advent of high-end, high-resolution ultrasound 
equipment, a prominent cluster of indeterminate 
calcifi cations can be biopsied with ultrasound 
guidance. Performing a second-look, directed 
ultrasound on a patient with an MRI-detected 
enhancing mass lesion will identify a lesion ame-
nable to ultrasound guidance about 60 % of the 
time. The advantages of ultrasound guidance over 
other imaging modalities include patient comfort, 
lying supine (as opposed to prone with neck exten-
sion on the stereotactic table), and availability of 
ultrasound as an offi ce-based procedure, minimiz-
ing costs and scheduling delays [ 1 ,  40 ,  42 ]. 

 The presence of a non-palpable, solid mass is 
an indication for an ultrasound-guided needle 
core biopsy to obtain a histologic diagnosis. It is 
also appropriate to utilize ultrasound guidance 
for the solid, palpable mass according to the 
ASBS Position Statement on Image-Guided 
Percutaneous Biopsy of Palpable Breast Lesions 
(January 29, 2001) [ 43 ]. Without the adjunct of 
image guidance, the surgeon would be unable to 
confi rm the proper penetration of the core needle 
through the lesion or the alignment of the tissue- 
sampling portion of a vacuum-assisted or rotat-
ing core device, leading to false-negative results. 

 The surgeon should categorize these abnormal-
ities based on their risk of malignancy. Smooth, 
well-defi ned margins suggest that a lesion is 
benign, whereas irregular, indistinct margins sug-
gest a malignancy. Heterogeneous internal echo 
pattern implies malignancy, while benign lesions 
usually display homogeneity. Posterior enhance-
ment represents transmission of sound through the 
lesion related to lesion homogeneity and causes a 
brighter echo pattern behind the lesion, which is 
usually benign. The heterogeneous nature of many 
cancers will cause haphazard sound refraction, 
which leads to irregular shadowing. However, 

bilateral edge shadows are consistent with a 
smooth-walled benign lesion. Finally, benign 
lesions tend to be wider than they are tall (width 
greater than anterior- posterior diameter). In con-
trast, cancers tend to disrupt the adjacent normal 
tissue planes and appear taller than they are wide. 
Familiarity of these characteristics will help the 
surgeon anticipate the diagnosis. Any discordance 
between the image analysis and the pathology 
results will require a complete excision of the 
lesion [ 1 ,  40 ,  42 ]. 

 Non-cystic lesions requiring intervention can 
be categorized based on their risk of malignancy 
[ 1 ,  17 ]. Hypoechoic, well-circumscribed lesions, 
with a homogeneous internal echo pattern, with a 
transverse diameter greater than its longitudinal 
dimension, and perhaps with posterior enhance-
ment and bilateral edge shadowing would be con-
sidered “low-risk” lesions [ 3 ,  10 ,  20 ]. If an 
ultrasound-guided biopsy confi rms a benign his-
tology, the lesion may be safely monitored. For the 
very small (less than 5–6 mm), solid, hypoechoic 
lesion with completely benign features such as 
smooth margins, homogeneous internal echoes, 
bilateral edge shadows, and ellipsoid shape, ultra-
sound-guided needle biopsy can confi rm a benign 
diagnosis. Others surgeons with experience in 
ultrasound interpretation and pathologic correla-
tion may choose to monitor the lesion, especially 
with a highly compliant patient [ 1 ,  40 ,  42 ]. 

 The “indeterminate-risk” lesions often have 
indistinct and lobulated yet smooth margins and a 
lateral to anterior-posterior dimension ratio greater 
than one, and often they will have heterogeneous 
interiors. If a surgeon cannot characterize a lesion 
as a simple cyst, aspiration to distinguish a com-
plex cyst from a solid mass is required. A lesion 
with a mixed internal echo pattern and posterior 
enhancement suggests the presence of fl uid versus 
a solid lesion, and an aspiration may be preferable, 
prior to a core biopsy. Another indeterminate 
lesion requiring intervention is the cystic-appear-
ing lesion with a mural lesion or solid-appearing 
component. The risk of possible malignancy of 
10–15 % must be resolved with histologic sam-
pling [ 20 ,  21 ]. Only resolution of a complex cyst 
or a specifi c benign diagnosis on percutaneous 
needle biopsy will avoid surgical excision.  
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    Suspicious Breast Abnormalities 
 The remaining “high-risk” lesions have suspicious 
focal ultrasound criteria such as jagged, indistinct 
margins, a nonhomogeneous interior, a posterior 
shadowing, and a lateral to anterior- posterior 
dimension ratio less than one, due to disruption of 
adjacent architectural planes. Confi rmation of the 
malignant diagnosis obtained with ultrasound-
guided biopsy in a cost-effective, effi cient manner 
in the offi ce setting is preferred to facilitate plan-
ning the defi nitive management [ 1 ,  20 ]. 

 Confi rmation of the histology eliminates an 
initial operating room procedure for diagnosis 
and may limit returns to the operating room for 
positive resection margins. Encountering positive 
margins is twice as frequent at defi nitive surgery 
if not preceded by an image-guided percutaneous 
biopsy to confi rm the malignant diagnosis. 
Patients that may be candidates for neoadjuvant or 
preoperative chemotherapy will ideally be diag-
nosed with image-directed percutaneous biopsy. 
The core needle biopsy tissue provides many of 
the ancillary markers required for appropriate 
management (estrogen/progesterone receptors, 
Ki-67 proliferative index, and Her-2/neu status).   

    Pre-procedure Planning 

 Consistency in successful interventional 
ultrasound- guided procedure begins with pre- 
procedure information and planning. Taking an 
appropriate history, which includes an assess-
ment of risk factors for breast cancer, and per-
forming a clinical breast exam are essential. 
Anticoagulant medications can lead to bleeding 
complications, including signifi cant hematomas. 
Patient anxiety related to a signifi cant risk profi le 
such as a strong family history might lower the 
threshold to perform an image-guided percutane-
ous biopsy on a lesion of relatively low malignant 
potential. The clinical breast examination corre-
lates any palpable mass and the image-detected 
abnormality. The diagnostic ultrasound exam 
should be interpreted in complement to any addi-
tional imaging available such as mammogram or 
MRI. Careful evaluation of the diagnostic ultra-
sound performed at an outside institution may 

suggest lesion characteristics, such as posterior 
enhancement, that allows the physician to attempt 
a cyst aspiration and eliminate the unnecessary 
wasting of an expensive disposable biopsy tool 
for a presumed solid lesion. 

 The benefi ts and risks of an ultrasound-guided 
percutaneous breast biopsy are reviewed, and the 
patient signs an appropriate consent. The physi-
cian should emphasize to the patient that the 
image-guided percutaneous procedures is a diag-
nostic procedure and that further surgical or non-
surgical intervention may still be necessary 
depending upon the concordance between the 
pathology and the imaging fi ndings. If the benign 
pathology fully correlates with the ultrasound 
fi ndings, then it is not necessary for the surgeon 
to remove the lesion, whether palpable or non- 
palpable. The patient must also be comfortable 
with the reassurance of a benign diagnosis, with-
out removal of the suspect lesion. 

 An image-guided percutaneous biopsy would 
be inadvisable for the patient who desires com-
plete removal of the lesion, especially when it is 
palpable. This is a fairly common situation in the 
younger patient who presents with a solid, pal-
pable mass and has the ultrasound characteristics 
of a fi broadenoma. More often than not, the dis-
cussion with the patient usually ends with a 
desire to have the mass completely removed. It is 
important that the patient understands that the 
breast abnormality may remain on future imag-
ing and continue to be palpable after an image- 
guided needle biopsy, unless percutaneous 
excision is planned. 

 Ultrasound-guided percutaneous excision is 
an alternative to open surgical excision for those 
patients who desire the removal of their lesions, 
especially when palpable, despite being well 
informed. The surgeon may accomplish percuta-
neous excision with vacuum-assisted biopsy 
devices that are capable of removing sequential 
core samples of tissue with a single insertion of 
the device into the breast. The procedure may be 
both therapeutic and diagnostic in a single set-
ting. Percutaneous management of benign lesions 
has several benefi ts. In addition to avoiding the 
disadvantages of the surgical approach, the 
patient avoids the physical and emotional trauma 
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and added cost. Further indications for percuta-
neous excision with ultrasound guidance include, 
but are not limited to, the following:
•    Nonoperative potential therapy for benign 

lesions which may accomplish removal of 
image evidence and/or palpability of the 
lesion such as clinically apparent fi broadeno-
mas in younger patients  

•   A palpable lipoma causing location-related 
discomfort or pain (inframammary fold)    
 With ultrasound-guided percutaneous exci-

sion, it should be pointed out that a small percent-
age of lesions would either not be successfully 
removed in their entirety or will again be visual-
ized on the follow-up imaging studies. Finally, 
the surgeon should avoid a percutaneous image- 
guided biopsy if surgical excision of the target 
lesion were part of the defi nitive management. 
This sometimes occurs when the suspected 
pathology result would not be acceptable without 
excision, such as a subareolar lesion with or with-
out associated nipple discharge. Complete exci-
sion would be recommended due to the possibility 
of a papillary lesion that is present whereby the 
pathologist will require the intact specimen in its 
entirety in order to confi rm the diagnosis, while 
eliminating any associated atypia or a papillary 
carcinoma [ 42 ].   

    Image-Guided Minimally Invasive 
Breast Biopsy Devices 

 The physician performing the ultrasound-guided 
percutaneous biopsy must decide on the proper 
device or instrument that best accomplishes the 
goal of the procedure. The most important objec-
tive for any image-guided biopsy procedure is to 
obtain the correct diagnosis (benign versus 
malignant). The tools for specimen acquisition 
have evolved from fi ne-needle aspiration cytol-
ogy to automated Tru-Cut® core needles provid-
ing histology. Further advancements of 
vacuum-assisted and rotational core technology, 
available with ultrasound guidance, allow for tis-
sue acquisition with either multiple insertions of 
the device or a single device insertion allowing 
multiple tissue samples. Either approach  provides 

adequate “sampling” capability for diagnosis for 
most lesions or therapeutic “removal” (by percu-
taneous excisional biopsy) capability for selected 
lesions. Understanding similarities and differ-
ences in the current technology enables the sur-
geon to select the most appropriate device and 
application. 

 The minimum requirement for ultrasound- 
guided biopsy of “indeterminate” or “high-risk” 
lesions is cytologic or histologic confi rmation of a 
malignancy. Fine-needle aspiration biopsy (FNA) 
of solid masses has received considerable criti-
cism, especially in the United States, related to 
the degree of insuffi cient sampling and the need 
for expert cytopathology [ 41 ]. Despite such criti-
cisms, FNA is a quick and inexpensive technique 
to delineate benign from malignant solid breast 
masses. The sensitivity and specifi city are affected 
not only by expert cytopathology evaluation but 
also by who is performing the FNA technique. It 
should be noted that many community surgeons 
that participate in managed care organizations 
may be limited to only certain choices of tech-
nique and pathology labs for specimen evaluation. 
Despite these limitations, in experienced hands, 
ultrasound-guided FNA can delineate benign 
from malignant solid breast masses. 

 Fornage and colleagues demonstrated a sensi-
tivity of 97 % and a specifi city of 91 % after eval-
uating 355 breast masses with ultrasound-guided 
FNA biopsy [ 12 ]. Gordon et al. confi rmed the 
diagnosis of malignancy with ultrasound-guided 
FNA biopsy in 213 of 225 cases, yielding a sen-
sitivity of 95 % and specifi city of 92 % [ 44 ]. The 
majority of false-negative fi ndings in this series 
(6 of 12) were lobular carcinoma, known to be 
diffi cult to diagnose with FNA due to the paucity 
of shed cells available for collection by aspira-
tion. In addition to cytologic confi rmation of 
malignancy of a “high-risk” lesion, ultrasound- 
guided FNA is frequently used to evaluate lesions 
in areas where more invasive biopsy devices may 
be diffi cult or dangerous, such as the axilla or 
adjacent to a breast implant [ 1 ,  32 ]. The diagnosis 
of lymph node metastasis by FNA can assist with 
preoperative staging, such as the consideration of 
neoadjuvant chemotherapy [ 45 ] or eliminating 
sentinel lymph node biopsy for pathologically 
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involved lymph nodes. An adequately performed 
FNA provides ample cells in order to perform 
hormone receptor studies [ 46 ]. 

 The limitations of FNA are essentially elimi-
nated with the use of an automated, large-core 
needle biopsy, especially for “high-risk” lesions 
[ 1 ,  3 ,  20 ]. Histologic type and grade of a diag-
nosed cancer can be adequately determined with 
core histology, in contrast to FNA cytology which 
rarely provides suffi cient tissue [ 14 ,  47 ]. Staren 
et al. reduced the initial false-negative rate 
obtained with ultrasound-guided FNA from 20 to 
3.6 % using ultrasound-guided, 14-gauge core 
biopsies in 210 patients with a non-palpable, 
mammographically detected lesion [ 48 ]. There 
were no false positives, and no cancers were 
detected after a median follow-up of 18 months 
in the patients with a benign diagnosis. 

 The automated needles used to perform a core 
biopsy are available in a variety of lengths, gauges 
(12–16), and forward throw (1–2.3 cm). Some 
core needle devices are completely disposable, 
while others utilize disposable needles only 
within a more permanent, reusable housing 
device. The mechanism of tissue acquisition is 
similar with the automated forward movement of 
an inner cannula with a sampling notch. This is 
immediately followed by utilization of an outer 
sheath that cuts and samples the tissue. Two- phase 
fi ring action is accomplished under direct ultra-
sound visualization. The 14-gauge spring- loaded 
core biopsy needle has been the most common 
device for ultrasound-guided percutaneous biopsy 
device of solid lesions. It has been utilized since 
the mid-1990s and remains the most commonly 
used device for ultrasound- guided core “sam-
pling,” in particular for the larger, easily targeted 
suspicious masses requiring diagnosis only. 

 The accuracy of ultrasound needle core biopsy 
has been widely documented. Parker et al. found 
no subsequent cancers in 132 lesions with a 
benign diagnosis obtained by ultrasound-guided 
core needle biopsy [ 14 ]. Eventually, an updated 
report of a larger, multicenter, image-guided 
biopsy series (stereotactic and ultrasound guided) 
showed 15 false-negative cases out of 280 benign 
lesions diagnosed by core biopsy, with most rep-
resenting a biopsy of microcalcifi cations [ 49 ]. 

The false-negative rate for ultrasound-guided 
needle core biopsy of solid masses was 1.4 %. 

 A specifi c benign diagnosis such as fi broade-
noma, which is concordant with the radiologic 
imaging, does not require further intervention. The 
patient is placed into an appropriate follow- up pro-
tocol, such as a 6-month follow-up with mammo-
gram and/or ultrasound [ 14 ]. A diagnosis of cancer 
provides the information necessary to plan defi ni-
tive therapy. Once the diagnosis of breast cancer is 
obtained, the surgeon may alter the lumpectomy 
technique to improve the chances that clear patho-
logic margins will be obtained at the initial surgi-
cal setting. Whitten et al. achieved a tumor-free 
margin rate of 71 % when the initial lumpectomy 
followed an image-guided biopsy diagnosis. This 
is compared with only 35 % free margins when the 
initial diagnostic procedure for diagnosis was an 
open surgical (needle localization) biopsy [ 50 ]. 
Excision is necessary also for cytologic atypia, 
because of the signifi cant number of cancers that 
are identifi ed in association with these pathologic 
changes [ 16 ]. Excision of a lesion will also follow 
an ultrasound-guided needle core biopsy if medi-
cal judgment dictates because sample quality is 
inadequate or poor or there is suspected discordant 
pathology. 

 There has been an evolution of biopsy tech-
nology over the last decade in order to address 
both real and perceived problems associated with 
image-guided needle core breast biopsy tissue 
acquisition. Despite accurate histology with 
spring-loaded core needles, specimens that are 
more substantial, obtained with the larger, 
vacuum- assisted/rotational core devices, offer 
advantages. During the 1990s, several publica-
tions brought to light the problem of “upgrading” 
the diagnosis, specifi cally with regard to the 
biopsy of microcalcifi cations [ 16 ,  51 ,  52 ]. 
Stereotactically guided 14-gauge needle core 
biopsy was found to signifi cantly underestimate 
the diagnosis of cancer. A diagnosis of atypical 
ductal hyperplasia (ADH) is upgraded to ductal 
carcinoma in situ (DCIS) on excision in 33–50 % 
of cases, and DCIS is upgraded to invasive carci-
noma in up to 20 % of cases [ 16 ,  51 ,  52 ]. 

 Development of the fi rst directional, vacuum- 
assisted biopsy (VAB) device, Mammotome® 
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Breast Biopsy System (Ethicon Endo-Surgery, 
Inc., Cincinnati, OH), satisfi ed the requirement 
of increasing the size of the core samples 
obtained. Furthermore, the contiguous nature of 
the sampling provided a suffi cient solution to the 
issue of diagnostic upgrading seen with stereo-
tactic biopsy of microcalcifi cations. By applying 
suction through small holes in the notch of the 
probe’s outer cannula, the VAB pulls the tissue 
down into the sampling notch. A rotating inner 
cannula advances forward to cut the tissue free 
from inside the breast. When the sampling notch 
is closed and the tissue captured, the inner can-
nula stops rotating and the front vacuum ceases. 

 By maintaining a constant vacuum at the back 
end of the inner cannula shaft, the tissue is pulled 
down into the inside of the biopsy probe by the 
reverse movement of the inner cannula. The tis-
sue is then delivered into the collection chamber 
for retrieval without removing the biopsy probe 
from the breast. The position of the sampling 
notch is rotated to obtain each additional tissue 
core. The sampling pattern is varied in accor-
dance with the type of lesion being sampled, the 
extent of sampling the operator desires, and the 
alignment of the lesion with the sampling notch. 

 In removing larger tissue samples in a more 
contiguous fashion, VAB technology success-
fully addressed the underestimation of disease 
[ 51 ] but also provided several other advantages. 
These include:
•    Removal of multiple samples without the need 

to remove the device from the breast  
•   Ability to inject local anesthesia directly 

through the biopsy device  
•   Eliminating the need for pinpoint accuracy 

because of the ability of the vacuum to pull the 
lesion toward the device and the ability to 
directionally sample  

•   Ability to place a marker (clip) through the 
device directly into the biopsy site    
 There are currently two additional directional, 

side-cutting, VAB devices that offer the same 
advantages as the Mammotome®, the Automated 
Tissue Excision and Collection (ATEC®) Breast 
Biopsy and Excision System (Hologic, Inc., 
Bedford, MA) and the EnCor™ (Bard Biopsy 
Systems, Tempe, AZ). 

 Vacuum-assisted technology was subse-
quently adopted for ultrasound-guided biopsy 
procedures with similar concerns in mind, such 
as reducing physician error associated with mul-
tiple reinsertions and repositioning of the core 
biopsy needle [ 53 – 55 ] (Fig.  2.2 ). The directional 
capability with the ultrasound-guided VAB 
devices is helpful in dealing successfully with 
deep target lesions because the physician posi-
tions the device below the lesion and directs the 
sampling superiorly, away from the chest wall or 
an implant. Manually inserting the device with-
out having to utilize a “fi ring” mechanism could 
help deal with the deep lesion, avoiding the risks 
of penetrating the pectoral muscle or implant. 
Compared to samples obtained with the 14-gauge, 
spring-loaded needle core device, the samples 
obtained are considerably larger.

  Fig. 2.2    Ultrasound-guided vacuum-assisted biopsy 
devices; ( top to bottom ) Mammotome® (Cincinnati, OH)   , 
the Automated Tissue Excision and Collection (ATEC ® ) 
Breast Biopsy and Excision System (Hologic, Inc., 
Bedford, MA), and the EnCor™ (Bard Biopsy Systems, 
Tempe, AZ)       
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   Ultrasound-guided vacuum-assisted biopsy is 
indicated for any indeterminate ultrasound- 
visible, palpable or non-palpable solid mass. It 
may be especially helpful in obtaining a tissue 
diagnosis of small (<1 cm) masses that tend to be 
more diffi cult to perform with needle core biopsy. 
These smaller, solid lesions will more often 
return with a nonspecifi c benign diagnosis (e.g., 
stromal fi brosis) as opposed to fi broadenomas. 
By using a vacuum-assisted biopsy device to 
remove larger tissue samples and perhaps remove 
the majority of the lesion visualized, the follow-
 up dilemma of this mildly discordant pathology 
is resolved. 

 Other currently available devices designed to 
remove larger core samples, utilizing either vac-
uum or a rotating cutter, include EnCor 360™ 
(formerly the SenoCor 360; SenoRx), Celero™ 
spring-loaded handheld breast biopsy devices 
(Hologic, Inc., Bedford, MA), and Vacora™ 
Breast Biopsy System (Bard Biopsy Systems, 
Tempe, AZ) (Fig.  2.3 ). These devices require less 
capital expense than the Mammotome, ATEC, or 
EnCor while providing the diagnostic advantage 
of being able to capture larger tissue specimens. 
They require reinsertion for each core sample and 
do not generally provide percutaneous excisional 
capability.

   An additional larger core device, utilizing a 
rotating cutter, the Flash™ (Encapsule Medical, 
Redwood City, CA), provides a single-insertion, 
multi-sample device in a self-contained dispos-
able unit employing a closed collection chamber 
and requires no capital cost (Fig.  2.4 ).

   The indications for ultrasound-guided VAB or 
rotational cutter devices are similar to those for 
needle core biopsy, including any indeterminate, 
ultrasound-visible, palpable or non-palpable 
solid mass. If the physicians were interested in 

percutaneous excision, single-insertion, multi- 
sample, side-cutting VAB devices would be 
required. These devices have successfully dem-
onstrated their ability to remove image evidence 
and especially palpability of probably benign 
solid masses [ 56 ]. 

 False-negative rates with the ultrasound- 
guided vacuum-assisted biopsy range from 0 to 
2.7 % [ 53 ,  54 ]. The sensitivity ranges from 95 
to 97 % and the specifi city from 98 to 100 %, 
with a reported complication rate of 2–8 % 
(hematoma and infection) [ 55 ]. Several factors 
affect the success of an ultrasound-guided vac-
uum-assisted biopsy procedure, including less 
than optimal positioning of the patient, physi-
cian, and equipment along with improper posi-
tioning of the biopsy probe aperture with the 
lesion. 

 “Low”- to “intermediate”-risk lesions can be 
adequately addressed with the use of ultrasound- 
guided aspiration to resolve complex cysts and 
ultrasound-guided needle core biopsy or VAB for 

  Fig. 2.3    Vacora™ Breast 
Biopsy System (Bard Biopsy 
Systems, Tempe, AZ)       

  Fig. 2.4    Flash™ (Encapsule Medical, Redwood City, 
CA); the cores are visualized real time in the collection 
chamber of this single-insertion multi-sample device       
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diagnosing solid masses. The majority of low- 
and often many intermediate-risk solid masses 
will turn out to be fi broadenomas or benign 
fi brous nodules [ 1 ,  17 ]. If the results of the biopsy 
are specifi c and concordant and the patient 
desires, the lesion can be left in place without fur-
ther intervention. 

 Whether justifi ed or not, many women still 
have concerns about leaving a benign lesion in 
their breast. For such patients, there are nonop-
erative approaches for their removal. Reasons to 
consider nonoperative therapy include removing 
the image evidence of the lesion, removing the 
palpability of the lesion, and avoiding histologic 
heterogeneity of a benign lesion with sampling 
[ 57 ]. With an expected benign diagnosis, devices 
that permit the percutaneous multi-core excision 
of even larger lesions are ideal when the patient 
wants it removed entirely. The Mammotome, 
ATEC, and EnCor are capable of removing all 
imaged evidence or palpability of a lesion (percu-
taneous excisional biopsy), such as a benign 
fi broadenoma. 

 Several published studies have indicated the 
ability of vacuum-assisted biopsy with stereotac-
tic or ultrasound guidance to provide complete 
lesion removal in addition to accurate diagnosis 
[ 51 ,  53 ,  55 ,  56 ]. Fine et al. reported on the use of 
a vacuum-assisted handheld device with ultra-
sound guidance to remove low-risk palpable 
breast masses [ 56 ]. This was a multicenter, non- 
randomized study using both the 11-gauge and 
8-gauge handheld Mammotome™ (Ethicon 
Endo-Surgery, Cincinnati, OH) for removal of 
benign masses up to 3 cm in size. The initial 
report of 124 patients showed 88 % of the lesions 
had benign pathology (fi broadenomas = 70 %) 
with complete removal of the image lesion in the 
immediate post-biopsy assessment to be 99 % 
with the 8-gauge device and 96 % with the 
11-gauge device. After further accrual to 216 
patients, 73 % had no ultrasound evidence of the 
original mass and 98 % had no palpability of the 
original mass. None of the patients needed to 
undergo additional diagnostic or therapeutic pro-
cedures. The results of this series and others indi-
cated that ultrasound-guided vacuum-assisted 
biopsy allows for diagnostic accuracy as well as 

therapeutic management with complete excision 
with regard to lesion palpability. 

 There are no specifi c studies that provide an 
explanation for the residual image evidence at 
6 months of lesions initially considered to be com-
pletely excised at the time of the initial biopsy. It 
may be related to diffi culty of accurately assessing 
complete removal at the time of biopsy secondary 
to tissue, fl uid, and blood in the biopsy cavity. In 
addition, as the biopsy proceeds and the abnormal-
ity becomes smaller, the remaining pieces are dif-
fi cult to visualize with real-time ultrasound. 
Another theory involves regrowth of these lesions 
from the residual tissue left behind as the excision 
is performed in a piecemeal fashion.  

    Performing Ultrasound-Guided 
Intervention 

    Positioning 

 Successful performance of an interventional 
ultrasound-guided procedure begins with proper 
positioning of the patient with optimization of 
the ultrasound machine. The patient should be 
positioned, as with diagnostic scanning, supine 
with a pillow placed under the shoulder and the 
ipsilateral arm raised above the head [ 1 ,  20 ,  40 , 
 42 ]. Using a pillow under the shoulder allows the 
breast to disperse more evenly on the chest wall 
decreasing the thickness of the breast paren-
chyma in the region of concern. This contralat-
eral oblique position facilitates propping the 
patient at an appropriate angle for access to lat-
eral lesions. Additionally, keeping the biopsy 
device parallel with the pectoral muscle allows 
for safe access to more posterior (deeper) lesions. 
The position of the physician in relation to the 
ultrasound equipment is the key to visualization 
and comfort while performing a procedure. 
Standing directly across from the ultrasound pre-
vents the surgeon from needing to turn their head 
away from the biopsy fi eld in order to see the 
ultrasound monitor. It also allows for the optimal 
visualization of the advancing biopsy needle, 
along a straight line of sight down the physician’s 
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arm holding the breast biopsy device, across the 
breast, and straight up to the ultrasound monitor 
(Fig.  2.5 ).

       Optimization of the Image 

 To optimize the scan image, the overall gain and the 
time-gain compensation (TGC) must be adjusted to 
provide a uniform level of gray scale throughout the 
ultrasound image. An improper overall gain setting 
may alter the appearance of the internal echo pattern 
and limit the ability to distinguish solid from cystic 
lesions. The focal zone must be placed correctly at 
the area of concern to improve lateral resolution 
[ 19 ]. In  preparation for intervention, the lesion of 
interest should be scanned in two planes at 90° 
angles for confi rmation. Once reproduced, the 
lesion should be compared to the diagnostic ultra-
sound, especially if it was performed previously at 
an outside institution [ 6 ]. The lesion should be doc-
umented and measured.  

    Technique 

 Familiarity with the two basic scanning tech-
niques (sometimes referred to as “painting” and 
“skiing” based upon the scanning motion utilized) 
is very helpful for successful intervention by 

 identifying the portion of the lesion with the 
greatest diameter and moving the position of the 
lesion where it is visualized on the ultrasound 
monitor. In order to visualize the lesion at its larg-
est diameter, the ultrasound transducer should be 
moved in short, stroke-like motions and perpen-
dicular to the long axis of the transducer from one 
end of the lesion to the other (“painting”) 
(Fig.  2.6 ). Aligning the tip of the advancing 
biopsy needle with the widest part of the lesion 
avoids veering off the edge of the lesion and 
allows biopsy of different portions of the lesion. 
To reposition the lesion along a horizontal plane 
from one side of the ultrasound monitor to the 
other, the transducer should slide along the long 
axis (“skiing”) (Fig.  2.7 ). Practice with these 
scanning techniques allows the surgeon to become 
more facile at manipulating the position of the 
lesion to minimize the amount of breast tissue 
which must be traversed by the needle and to ade-
quately sample varying portions of the lesion.

    With positioning and imaging optimized and the 
target lesion location in the breast reestablished, the 
physician aligns the ultrasound transducer with its long 
axis oriented in a direct line between themselves and 
the ultrasound monitor. The approach of the biopsy 
device toward the target lesion will be along the long 
axis of the transducer. The decision for the optimal 
position of the entry site as well as the distance from 
the entry site to the transducer edge is dependent on the 

  Fig. 2.5    Positioning of the 
physician, patient, and 
equipment for optimal 
success in ultrasound-guided 
intervention       
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type of biopsy device and the depth of the lesion. 
Devices that require positioning beneath the lesion and 
those lesions that are deeper in the breast may require 
an entry site further away from the transducer edge to 
maintain a biopsy needle/device approach that paral-
lels the skin and pectoral muscle. This allows better 
visualization of the approaching biopsy device and 
therefore improves accuracy and safety.  

    Cyst Aspiration 

 After wiping the skin at the entrance site with an 
alcohol swab, a 1.5-in., 25–27-gauge needle is uti-
lized to inject local anesthetic and raise a skin 

wheal. Deeper parenchymal anesthetic may be 
required for deeper cysts or ones suspected of con-
taining thick fl uid requiring a larger gauge needle 
for aspiration. Usually, a 20- or 22-gauge needle 
will suffi ce for aspiration of most cysts. The aspi-
ration needle is guided under ultrasound guidance 
into the cyst, where the contents are aspirated. An 
attempt is made to aspirate the cyst completely, 
documenting the procedure with pre- and post-
aspiration image documentation. The cyst fl uid is 
discarded unless the contents are nontraumatic 
blood or the cyst fails to resolve with aspiration, 
possibly indicating a more complex process. 

 Fine-needle aspiration is a quick, inexpensive 
technique to assist in several areas of breast care 

  Fig. 2.6    Moving the 
ultrasound transducer 
perpendicular to its long axis 
allows the physician to 
determine the point of the 
lesion’s greatest diameter       

  Fig. 2.7    Moving the 
ultrasound transducer in the 
same direction as its long 
axis allows the physician to 
control the position of the 
lesion on the monitor       
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management. A small gauge needle, similar to 
those required for simple cyst aspiration, is 
inserted under ultrasound guidance as previously 
described. The hyperechoic tip is visualized 
within the lesion, and then with a rapid in-and- 
out motion, the lesion is sampled by maintaining 
negative suction and until the needle hub appears 
to be fi lled with material. Image documentation 
of the hyperechoic needle tip within the lesion is 
desired. The cellular material is smeared on glass 
slides, fi xed, and sent for cytologic interpretation 
[ 58 ]. Ultrasound-guided large-core needle biopsy 
for histologic diagnosis requires more planning 
than cyst aspiration or fi ne-needle aspiration 
biopsy but is still quick, minimally invasive, and 
cost effective and can often be performed on the 
initial patient evaluation [ 1 ,  40 ,  42 ]. 

 Once the lesion requiring biopsy is visualized, 
the patient is appropriately positioned and the 
transducer is manipulated to obtain optimal posi-
tioning of the lesion on the ultrasound monitor. 
The skin is marked for the site of needle insertion 
that optimally is the shortest skin-to-lesion dis-
tance and avoiding the inner portion of the breast 
for cosmetic reasons [ 40 ]. A sterile or clean fi eld 
is prepared. This technique is a physician’s pref-
erence. There are disposable Betadine swabs 
available, which can be used in combination with 
disposable sterile towels and individual packets 
of sterile ultrasound gel. Others have chosen to 
use Betadine gel for both the antiseptic and the 
acoustic coupling. Alternative antiseptic solu-
tions such as Hibiclens are available to those with 
an iodine allergy. A sterile ultrasound transducer 
cover is optional. If utilized, it is necessary to 
place ultrasound gel inside the cover for acoustic 
coupling between the transducer and the cover. 

 The physician then identifi es the target lesion, 
positioning the ultrasound transducer to demon-
strate the lesion’s greatest diameter and minimiz-
ing the skin-to-lesion distance. The needle for 
injecting local anesthetic or the actual biopsy 
needle is inserted along the transducer’s long 
axis, attempting to remain parallel with the trans-
ducer face. By tilting the patient, and by gently 
pushing the far end of the transducer into the 
breast, the angle of needle insertion remains par-
allel with the angle of the transducer allowing the 

needle tip (and possibly the “comet tail” of the 
advancing biopsy needle) to be visualized and 
monitored as it is placed into position. It will take 
some skill in order to keep the scan plane in par-
allel with the long axis of the transducer, which 
has an overall width of approximately 1–1.5 mm. 
The needle tip must also be maintained within 
this narrow scan plane as it moves forward. 
Attachable transducer needle guides have been 
useful for the beginner, but the freehand tech-
nique is quickly adopted to avoid the disadvan-
tages of limited access to deeper lesions and the 
inability to deviate from the pattern of sampling 
the lesion [ 40 ,  42 ]. 

 After appropriate sterile preparation of the 
breast and the transducer, local anesthetic is 
injected fi rst as a skin wheal. It is then further 
injected along the transducer’s edge and needle 
pathway to the lesion under direct ultrasound 
visualization, creating a fi eld block around the 
lesion. The physician can accomplish this tech-
nique by injecting anterior and posterior to the 
lesion and then directing the needle superior and 
inferior to the lesion. Anesthetizing the breast 
parenchyma on the far side of the lesion, where 
the tip of a spring-loaded device may end its 
excursion, adds to patient comfort. The ability to 
direct the placement of local anesthesia can also 
be valuable in moving a superfi cial lesion away 
from the skin. It can also help in lifting a deep 
posterior lesion off the underlying pectoral mus-
cle or augmentation implant capsule. This allows 
the needle pathway to remain parallel to the chest 
wall, thereby avoiding potential complications 
such as a pneumothorax [ 1 ,  40 ,  55 ]. This can be 
especially important when utilizing a biopsy 
device that requires placement under the target. 

 A small skin incision is made with an 11-blade 
scalpel. The size of the skin incision is a function of 
the biopsy device used, but usually is between 2 and 
6 mm. The needle is advanced through the incision 
toward the lesion until the needle tip abuts against 
the surface of the lesion. Once inserted through the 
skin incision, the physician must guide the biopsy 
device along the long axis of the transducer, main-
taining the needle in the 1–1.5-mm-thickness scan 
plane, constantly keeping the advancing needle tip 
in view on the ultrasound image (Fig.  2.8 ).
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   Maintaining the proper needle alignment 
within the narrow ultrasound plane is accom-
plished freehand allowing fl exibility in the needle 
insertion site and angle of approach of the needle 
to the breast lesion [ 1 ,  40 ,  42 ]. Visualization of 
the needle is maximized by keeping the needle at 
a shallower angle and therefore parallel to the 
sole of the transducer. By propping the patient 
with a pillow laterally and by gently pushing the 
far end of the transducer into the breast, keeping 
the device parallel to the sole of the ultrasound 
transducer allowing better visualization of the 
advancing device tip, possibly even demonstrat-
ing a comet tail artifact, further confi rms the 
biopsy device position for intervention. 

 Advancement of a forward cutting or coring 
device such as the automated Tru-Cut (ATC) 
device toward the target lesion under direct ultra-
sound visualization continues until the needle tip 
abuts against the lesion. When the needle posi-
tion is confi rmed at the front of the lesion, with 
image documentation, the needle-gun combina-
tion is “fi red” activating the biopsy mechanism. 
With the ATC device, as well as other forward 
cutting/coring devices, lesion sampling occurs 
with piercing by the sampling portion of the 
device, followed again with post-fi re image docu-
mentation. Prior to withdrawing the device to 
acquire the tissue sample, confi rmation of the 
needle within the lesion is mandatory. 

1.5 mm
Ultrasound plane

90°

  Fig. 2.8    The needle must remain within the narrow 1–1.5 mm ultrasound plane in order for it to be visualized aligned 
with and within the lesion on the ultrasound monitor       
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 By scanning the ultrasound transducer in a 
motion perpendicular to its long axis, toward the 
superior end of the lesion, and then back past the 
portion of the lesion containing the biopsy needle 
toward the inferior end of the lesion, it can be 
assured that the needle is in the lesion. The goal 
is to see a portion of the lesion without a biopsy 
needle on either side of the scan plane containing 
the needle. Seeing the lesion on both sides of the 
device confi rms that the device is inside the 
lesion and rules out the “image averaging” arti-
fact that can occur when the device is immedi-
ately adjacent to the lesion. Finally, the surgeon 
can obtain further confi rmation by turning the 
transducer perpendicular to the device and imag-
ing a cross section of the device within the lesion. 
With this orientation, the device appears as a 
small bright dot within the mass. 

 The needle is then withdrawn and the tissue 
sample acquired. Rolling the tissue off the needle 
trough onto moistened gauze or rinsing it off in a 
container of saline solution is a physician’s pref-
erence. The multiple insertion devices, requiring 
withdrawal from the breast for each tissue sample 
obtained, prepared (cocked) for additional sam-
pling is reinserted into the breast through the same 
incision. It is important to adjust the biopsy nee-
dle tip toward different portions of the lesion to 
acquire an additional three to fi ve samples and 
avoid a sampling error and a resulting discordant 
diagnosis. The number of samples required 
depends on the quality of the samples and the con-
fi rmation of the needle penetrating the lesion. 
When adequate sampling is achieved, the proce-
dure is terminated, manual compression is applied 
for hemostasis, and the incision is re- approximated 
without suturing using Steri- Strips™ and appro-
priately dressed with a Tegaderm™ dressing [ 40 ]. 
The core samples are sent for permanent histo-
logic diagnosis in formalin.  

    Ultrasound-Guided Vacuum-Assisted 
Biopsy 

 The fi rst steps of the procedure are the same 
with a few exceptions. The side-cutting VAB 
device is again inserted along the long axis of 

the  ultrasound transducer. It is important that 
it is guided underneath the lesion for sampling 
because the artifact created by the device would 
eliminate visualization of any portion of the 
lesion below the biopsy probe. To access under-
neath the lesion, especially when the lesion is in 
a posterior position, requires a shallow angle of 
insertion, which can be assisted by patient posi-
tioning (contralateral oblique), injection of local 
anesthetic posterior to the lesion for a lifting 
effect, and torquing down of the biopsy device 
handle as the probe approaches the underside of 
the lesion. 

 Once positioned below the lesion, the ultra-
sound transducer is rotated 90° to view in cross 
section the probe, directly below the center of the 
lesion. Larger amounts of local anesthetic may be 
needed, both for comfort and for lifting a more 
posterior positioned lesion off the chest wall, to 
allow the device to be positioned between the 
muscle and the lesion. Positioned beneath the 
lesion, rotating the ultrasound transducer 90° 
confi rms the proper alignment of the lesion with 
the sampling portion of the device by being able 
to see the circular artifact of the device directly 
below the center of the lesion. 

 Tissue acquisition is achieved through the 
same mechanism of action described previously. 
The pattern of sampling, however, is slightly dif-
ferent. The sampling with the ultrasound-guided 
device is usually superior with a rotation of the 
sample notch back and forth along an arc, for 
example, from 10 to 2 o’clock. This pattern of 
sampling is, of course, altered according to the 
relation of the lesion’s position to the vacuum- 
assisted biopsy probe. Following this methodol-
ogy, it is especially helpful when the desire is to 
remove the entire image evidence of the lesion. 
This will avoid splitting the lesion into small 
fragments that become more diffi cult to visualize 
with ultrasound as the biopsy proceeds. 

 Intra-procedural bleeding is rarely a prob-
lem but can be minimized with injection of 
local anesthetic mixed with epinephrine directly 
through the biopsy probe and into the biopsy site. 
Following a VAB procedure, manual compres-
sion is applied to the breast to obtain hemostasis. 
The incision size is 4–6 mm, depending on the 
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gauge of the probe (11 gauge or 8 gauge), is rarely 
sutured and usually re-approximated with a Steri-
Strip™, and is covered with a Tegaderm™ dress-
ing. The patient may also be sent home wrapped 
with a binder around the chest for patient comfort 
and continued pressure for hemostasis. 

 The goal of the ultrasound-guided percutane-
ous biopsy helps determine the amount of sam-
pling for any of the devices chosen. For purely 
diagnostic purposes, especially confi rmation of a 
suspicious lesion as malignant, approximately 
three to fi ve good quality cores should be 
obtained. If the purpose of the procedure is to 
remove the image evidence of a solid mass that 
has a greater likelihood of being benign (i.e., 
fi broadenoma), then a vacuum-assisted biopsy 
device may require a much greater number of 
core samples. The gauge of the device may also 
infl uence the number of cores needed. 

 Localizing marker placement, prior to end-
ing the procedure, is common with percutaneous 
image-guided biopsy. Deployment of a simple 
metallic marker in the center of the lesion in ques-
tion will help to identify the lesion location after 
the patient undergoes neoadjuvant treatment. 
The technique of guiding the marker applicator 
through the biopsy incision along the long axis 
of the transducer follows the same ultrasound- 
guidance principles associated with performing 
the biopsy. 

 Removal of the image evidence of a lesion 
with a vacuum-assisted device, or if a small 
lesion is diffi cult to visualize after removal of 
multiple cores, requires a marker with ultrasound 
visibility characteristics. These markers serve 
two purposes. If the lesion requires surgical inter-
vention for cancer or for discordance between the 
pathology and the radiographic interpretation, 
then the ultrasound-visible markers allow the sur-
geon to eliminate a preoperative trip for their 
patient to radiology for wire localization and 
allow them to perform their own intraoperative 
ultrasound localization for defi nitive surgery. If 
the ultrasound-guided percutaneous biopsy diag-
nosis is benign, the metallic portion of the marker 
remaining allows for future orientation and eval-
uation of the ultrasound biopsy site on mammo-
gram. Others do not routinely utilize specialized 

ultrasound-visible localization markers and rely 
instead on the routinely ultrasound visibility of 
the residual VAB cavity and associated small 
hematoma for intraoperative localization. 

 The surge in large-core and VAB devices 
is largely based on the concept that complete 
removal of the imaged abnormality will be more 
effi cacious and provide a more complete diag-
nosis in most patients. However, removing an 
abnormality in numerous pieces does not allow 
for optimal pathologic assessment especially in 
size and margin status and does not allow for 
specimen orientation. Newer technology under-
development is evaluating the potential thera-
peutic effect of large, intact sampling devices. 
Radiofrequency devices inserted under ultra-
sound guidance capture the lesion as a whole 
intact sample, and the enclosed specimen is with-
drawn through a small (10–12-mm) incision [ 59 ]. 

 The technology of large, intact sample devices 
with ultrasound guidance is promising both for 
facilitating biopsy of breast lesions and for percu-
taneous removal of benign lesions. This capabil-
ity provides maximal diagnostic certainty and 
may prove particularly helpful in removing such 
challenging lesions as radial scar, lesions with 
associated atypia (ADH, ALH), and lesions with 
pathologic diagnoses that are diffi cult without the 
entire lesion (papilloma, nodular adenosis, phyl-
lodes tumor). Such success begs the question as 
to the role of such technology in the treatment of 
small, malignant breast lesions. 

 Another alternative to open surgery for treating 
fi broadenomas involves a variety of percutaneous 
ablation techniques using heating or cooling ele-
ments. Several potential advantages of using the 
cold energy of cryoablation for cell destruction 
have been suggested, including  excellent visualiza-
tion under ultrasound, anesthesia control, and min-
imal scarring [ 60 ,  61 ]. Cryoablation is performed 
in the offi ce setting with an a liquid nitrogen-
based treatment system using a 3.4-mm cryoprobe 
(IceSense 3 cryoablation system, IceCure Medical, 
Collierville, Tennessee). The patient is prepped, 
draped, and anesthetized in a manner consistent 
with other ultrasound-guided interventional proce-
dures. With ultrasound guidance the cryoprobe is 
directed into the middle of a core biopsy proven. 
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The ultrasound transducer is then rotated 90° to 
a position perpendicular to the cryoprobe so as to 
confi rm that the probe is centered within the lesion. 

 A treatment algorithm has been developed 
based on the fi broadenoma’s size to determine 
the time duration of freeze cycles with intermit-
tent thaw allowing for osmotic shifts at the cel-
lular level so as to maximize tissue destruction 
[ 60 ]. The edge of the ice ball is highly echogenic, 
and therefore its size and proximity to the skin 
can be easily visualized with ultrasound [ 60 ]. 
Constantly monitoring the procedure with ultra-
sound, saline may be injected during the proce-
dure to protect the patient’s skin. The cryoprobe 
is removed from the patient at the end of the com-
plete treatment cycle. Kaufman et al. reported on 
the treatment of 57 core biopsy samples (proven 
fi broadenomas) in 50 patients [ 60 ]. There was a 
high level of patient satisfaction and minimal 
complications, with lesions showing progressive 
shrinkage over 3–12 months. 

 The surgeon’s direct involvement with inter-
ventional breast ultrasound has naturally led to an 
ever-increasing role for the use of ultrasound as an 
adjunct to open surgery. Ultrasound guidance 
may be utilized for localization of non-palpable 
lesions with and without localization devices. 
Due to limited access to ultrasound technology in 
the hospital or operating room, some surgeons 
may perform ultrasound-guided localization pro-
cedures in the offi ce setting. However, the 
advanced ultrasound technology has led to the 
development of small, portable (even laptop style) 
ultrasound units with good image quality that may 
be taken to the operating room by the surgeon. 

 Traditional preoperative, mammographically 
guided, wire localization has a reported “miss 
rate” as high as 22 % [ 62 ,  63 ]. With the patient 
awake and usually upright, syncope episodes are 
reported in 9–20 % of pre-biopsy needle localiza-
tion procedures [ 62 ]. Additionally, the patient 
must be scheduled in the radiology department, 
resulting in less fl exibility for the surgeon with 
scheduling early morning operations, resulting in 
delays in the schedule as a result of a diffi cult 
localization. Other disadvantages are wire tran-
section and dislodgement [ 62 – 64 ]. Thus, many 
have begun to replace mammographically guided 

wire localization with ultrasound-guided local-
ization techniques. 

 The technique of performing intraoperative 
ultrasound for both localization and excision has 
been extensively described [ 65 – 67 ]. Traditional 
localization wires (Hawkins™, Bard™, 
Kopans™) formerly used only for mammo-
graphic or stereotactic localizations are easily 
inserted under direct ultrasound guidance in the 
operating room after the patient is in position and 
sedated. The wire/needle combination is guided 
into and through the lesion under direct ultra-
sound visualization. The needle is then with-
drawn, allowing the barb or hook of the wire to 
engage the tissue just beyond the lesion’s far 
edge so as to minimize the chance it will become 
dislodged during dissection. This procedure may 
be preceded by injection of local anesthetic under 
direct ultrasound visualization. 

 The ability to inject local anesthesia under direct 
visualization without the concern of obscuring the 
lesion is another advantage of ultrasound-guided 
wire localizations compared to mammographically 
guided needle localization [ 40 ]. This may be done 
immediately before surgery by the operating sur-
geon, thereby eliminating a trip to radiology and 
the resultant lack of scheduling control. The patient 
is on the operating table supine, which allows wire 
placement in accordance with the location and 
direction of the planned incision. If intraoperative 
ultrasound is not available, the same ultrasound-
guided localization procedures may be performed 
the morning of surgery, in the offi ce setting, with 
similar benefi ts. 

 Ultrasound excision without a localization 
device is performed using an appropriate high- 
frequency linear array transducer. The lesion is 
visualized and centered on the monitor, and the 
skin is marked at each end of the long axis of the 
transducer. After rotating 90° and maintaining 
the center, the skin is again marked at the ends of 
the transducer. The marks are connected and 
where they cross is the position of the lesion. The 
depth of the lesion is noted on the ultrasound 
monitor. The incision is placed appropriately 
close to the lesion with a greater chance for 
improved cosmetic results [ 65 – 68 ]. Consistently, 
the benefi ts of intraoperative ultrasound-guided 
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localization and excision for both palpable and 
non-palpable lesions are reported including 
smaller excised volume and adequate margins 
[ 65 – 68 ]. The positive margins in most of these 
studies were related to DCIS [ 65 – 67 ]. 

 Localization can be performed on any 
ultrasound- visible lesion requiring further evalua-
tion or defi nitive management. The advantages of 
avoiding preoperative mammographic wire local-
ization have recently been expanded to lesions 
that are traditionally considered ultrasound invis-
ible by converting these lesions into ultrasound-
visible status. An ultrasound-visible marker can 
be placed at the time of a stereotactic- guided 
breast biopsy for microcalcifi cations [ 69 – 71 ]. 
Several ultrasound-visible markers have become 
available which contain absorbable, echogenic, 
material plus a metallic marker [ 71 ]. The absorb-
able material allows ultrasound visibility for sev-
eral weeks. Ultrasound-guided localization can 
also be performed after a stereotactic biopsy by 
visualizing the vacuum-assisted hematoma-fi lled 
biopsy cavity [ 70 ]. Smith et al. reported success-
ful removal of the hematoma as long as 56 days 
after the biopsy [ 72 ].   

    Breast Tumor Ablation 
with Ultrasound Guidance 

 The management of breast disease has continued 
to evolve toward minimally invasive techniques 
as a result of an increasing number of smaller, 
non-palpable abnormalities identifi ed through 
screening. The evaluation of percutaneous abla-
tive techniques in the management of benign and 
malignant disease of the breast is consistent with 
this trend and offers the potential for offi ce-based 
treatment with excellent cosmetic results and 
improved quality of life. Several clinical proto-
cols are exploring possible treatment for small 
benign and malignant breast tumors, utilizing 
varying ablative therapy modalities, including 
cryoablation, radiofrequency, and interstitial 
laser [ 60 ,  73 – 76 ]. Ultrasound is frequently the 
imaging method utilized for guidance of the 
treatment devices, monitoring parenchymal 
changes, as well as follow-up of the breast for the 

evaluation of residual disease or recurrence. Such 
follow-up may include ultrasound-guided biopsy 
of the tissue at the periphery of the treatment 
zone [ 61 ]. Surgeons’ involvement in ultrasound 
imaging for diagnosis and intervention of appro-
priate lesions is essential for the future advance-
ment of breast cancer treatment. 

 Cryoablation for the treatment of small breast 
cancers utilizes the same technology described 
for the ablation of biopsy-proven fi broadenomas 
[ 60 ]. Cryotherapy began with the use of cryogens 
for treating skin cancers. Cryoablation of visceral 
tumors (liver and prostate) followed over time 
has provided a considerable body of basic knowl-
edge on the biology of freezing of tumors and the 
potential benefi cial effects [ 77 ,  78 ]. Tissue 
destruction with cold provided by the liquid 
nitrogen or argon gas generates an easily 
ultrasound- visible freeze ball helpful in measur-
ing the treatment margins beyond the tumor edge. 

 In addition to ensuring adequate destruction, 
this allows for monitoring of the safety zone from 
the overlying skin. The 2-phase or double freeze- 
thaw cycle to a target temperature of −106 to 
−196 °C is required to cause crystallization 
within the tumor cells [ 61 ]. Rand was the fi rst 
(1986) to use cryotherapy in the breast followed 
by mastectomy [ 79 ]. Staren et al. performed an in 
situ cryoablation in 1997 without surgical resec-
tion, and the patient had no evidence of recurrent 
disease after 7 years [ 77 ]. A pilot trial of 11 
patients with small invasive breast cancers treated 
with cryoablation showed 90 % complete abla-
tion in the resected specimens (7–21 days post-
treatment) [ 78 ].  

    Radiofrequency Ablation 

 Radiofrequency ablation achieves cell kill 
through the production of heat. The 15-gauge, 
insulated probe is placed percutaneously into the 
tumor under ultrasound guidance. The electrode 
prongs are deployed to varying lengths to adjust 
for treatment volume. Frictional heat is created 
within the breast tissues a result of ion movement 
responding to the high-frequency alternating 
 current. Temperature sensors on the prongs assist 
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in reaching the target temperature of 95 °C in 
5–7 min. The target temperature is maintained for 
15 min and then followed by a cooldown period 
of 1 min [ 76 ,  80 ]. An early pilot study by Jeffrey 
and colleagues evaluated the success of radiofre-
quency ablation techniques in fi ve patients with 
locally advanced breast cancer. Complete abla-
tion was found in four of fi ve (85 %) of the mas-
tectomy specimens [ 75 ]. Complete ablation was 
also achieved by Izzo and colleagues in 96 % of 
26 women with T1 and T2 invasive breast carci-
nomas [ 74 ]. 

 Ultrasound is utilized in all reported radiofre-
quency ablation series for treatment and guid-
ing follow-up resection with the exception of 
one case reported by Elliott using stereotactic 
guidance with clip placement and delayed sur-
gical excision [ 81 ]. The ablation zones appear 
hypoechoic on ultrasound but is less distinct than 
the radiofrequency ablation of a hepatic metasta-
sis. The excised tissue reveals a zone of ablation 
appearing fi rm, chalky, yellow white surrounded 
by a red rim (representing the outer zone of tissue 
destruction) [ 76 ,  80 ,  81 ]. 

 Failure of ablation appears to be more com-
mon in patients whose tumor size is under-
estimated on preoperative breast imaging or 
those undergoing neoadjuvant chemotherapy 
that resulted in multifocal tumor cells remain-
ing without visualization [ 61 ]. Despite this, 
Singletary et al. reported an 87 % complete abla-
tion with reduced nicotinamide adenine dinucle-
otide staining (NADH) in 30 patients with T1 
invasive breast cancers [ 80 ].  

    Laser Ablation 

 Another heat-activated method of tissue destruc-
tion is generated with laser. The fi beroptic probe 
is inserted into the center of the lesion with image 
guidance using a coaxial insertion technique. A 
temperature of 80–100 °C is maintained for 
15–20 min [ 61 ,  73 ]. The heat is transferred in a 
radial fashion creating a zone of pseudo necrosis 
or “pseudo viability” the vaporized tissue adja-
cent to the laser tip and the outer ring of fat 
necrosis. Though on hematoxylin and eosin 

staining the cells in this pseudonecrotic zone 
appear viable, immunohistochemical and special 
stains confi rm they are not. This outer rim may 
represent the limit of cancer destruction [ 73 ]. 

 Although ultrasound can be used to localize 
the tumor and to insert the fi beroptic probe into 
the center of the tumor, the largest experience 
with interstitial laser therapy has utilized stereo-
tactic guidance. Dowlatshahi has performed 
greater than 50 cases of laser ablation and resec-
tion over the past 7 years [ 61 ,  73 ]. In a series of 36 
patients (34 invasive, 2 DCIS), complete ablation 
was demonstrated histologically in 67 %. MRI 
guidance has been utilized by Harms and col-
leagues to perform laser ablation on 12 patients 
with complete ablation in 100 % of tumors less 
than 3 cm in size [ 82 ]. 

 Ablative technology to treat small breast can-
cers without surgical resection is a promising 
future application. Several protocols have suc-
cessfully demonstrated the ability to safely and 
effectively destroy cancer in the breast with a 
number of different modalities [ 61 ,  73 – 82 ]. 
However, despite strict and careful patient selec-
tion, ablation has failed to reach complete abla-
tion in all patients. Surgical positive margins 
must be eliminated to avoid local recurrence. 
Though ultrasound is extremely helpful in guid-
ing many of these treatments, the limitation is the 
ability to visualize the extent of disease. 

 MRI may be helpful in this regard if the detec-
tion of nonspecifi c abnormalities can be con-
trolled. .  Long-term results of ablation without 
resection are necessary to provide patients with a 
less invasive, cosmetic approach to breast cancer 
treatment. Questions that are yet to be answered 
include the ability to follow patients despite the 
expected posttreatment changes of fat necrosis, 
scarring, and “transient” residual mass that makes 
the physical exam more diffi cult and creates anx-
iety for the patient and the physician. Injury from 
these technologies such as skin burns has been 
dealt with by incorporating excision of the 
affected area into a defi nitive surgical treatment; 
therefore cosmetic results without resection are 
not known. Therefore, except for biopsy-proven 
benign disease, these techniques are not appro-
priate outside the setting of clinical trials.  
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    Conclusion 

 This chapter has updated the role of ultrasound 
in the surgeon’s care of benign and malignant 
disease of the breast. Doubts over a surgeon’s 
capabilities in performing diagnostic and inter-
ventional breast ultrasound remain of historical 
signifi cance only. Identifi cation of asymptom-
atic cysts and palpable regions of fi broglandular 
tissue helps eliminate unnecessary intervention 
or biopsy. The ability to intervene with any 
number of tools using ultrasound guidance will 
eliminate most patients with complex cysts, 
fi broadenomas, and other benign entities from 
going to the operating room suite for surgical 
diagnosis. Low-risk, palpable and non- palpable 
masses can be removed percutaneously with 
vacuum-assisted biopsy. 

    When cancer, atypical, or discordant pathol-
ogy requires excision for defi nitive manage-
ment, the use of preoperative offi ce-based or 
intraoperative ultrasound, with and without 
localization devices, has consistently facili-
tated excision with smaller tissue volume and a 
high rate of clear margins. Finally, the advance-
ment of minimally invasive ablative technol-
ogy for the treatment of benign and malignant 
tumors requires ultrasound for device inser-
tion, monitoring treatment, preventing 
unwanted complications, and guiding both sur-
gical and nonsurgical follow-up after ablation. 

 The importance of breast ultrasound edu-
cation for surgeons is illustrated by the 
demand for didactic and hands-on courses 
provided by such organization as the American 
College of Surgeons and the American Society 
of Breast Surgeons. The American College of 
Surgeons has recently listed breast ultrasound 
as a requirement for general surgery residency 
programs. Education and training is provided 
to enhance expertise and clinical competency 
for surgeons who use diagnostic and interven-
tional breast ultrasound in their training and 
practice. The American Society of Breast 
Surgeons has developed a breast ultrasound 
certifi cation designed to ensure the highest 
quality in surgeons performing breast ultra-
sound and therefore improve the quality of 
care for women with breast disease.     
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            Introduction 

    Over 95 % of patients who develop breast symp-
toms or signs have normal breasts or benign 
breast disease [ 1 ]. An understanding of the 
causes of benign breast conditions, their symp-
toms and their management will ensure that 
patients who have benign disease are treated 
correctly and are happy with their consulta-
tion. Benign breast disease continues to cause 
considerable morbidity and anxiety, and with 
increasing patient awareness and expectation, 
the number of patients seeking referral for 
benign breast conditions is increasing. Effective 
treatment includes making an accurate diagno-
sis followed by an adequate explanation of the 
condition and provision of relevant information 
related to both the diagnosis and how the condi-
tion is best managed.  

    Congenital Abnormalities 

 Although not diseases as such, development 
abnormalities of the breast can and do cause con-
siderable anxiety and concern and are not uncom-
mon reasons for patients to be seen by a general 
or breast surgeon. 

    Supernumerary or Accessory 
Breast Tissue 

 Accessory breast tissue is usually found in the 
axilla; supernumerary or accessory nipples are 
usually found below the breast but above the 
umbilicus. Accessory nipples can have underly-
ing breast tissue, and accessory breasts in the 
axilla can have associated rudimentary nipples 
(Fig.  3.1 ). Accessory breast tissue can cause pain 
and discomfort and may only become evident 
during pregnancy. Reassurance is usually all that 
is needed. If an accessory nipple is in the bra line 
or an accessory breast is large, then surgery may 
be indicated. Excision should be reserved for 
those with signifi cant symptoms because acces-
sory nipples or breasts can be diffi cult to excise 
cosmetically. Surgery for the removal of acces-
sory breast tissue has been reported to be associ-
ated with signifi cant morbidity [ 2 ]. Liposuction 
is valuable when excising accessory breast tissue 
in the axilla because it helps defi ne the planes 
between the accessory breast tissue and the fascia 
of the axilla. The best technique for excising 
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accessory nipples is to excise only the skin of the 
nipple and adjacent areola and then to elongate 
the incision, medially and laterally in the skin 
crease lines de-epithelialising the skin medially 
and laterally before closure with an absorbable 
suture to produce a cosmetically acceptable scar.

       Breast Hypoplasia 

 This is the failure of one breast, or rarely two 
breasts, to develop normally and can be congeni-
tal or acquired. Congenital causes of hypoplasia 
include Poland’s syndrome, which is a group of 
conditions in which breast hypoplasia is associ-
ated with absence of, or hypoplasia of, the pecto-
ralis major muscle, chest wall and varying 
degrees of syndactyly [ 3 ]. It is more common in 
men and is quite rare overall. 

    Management of Breast Hypoplasia 
 Treatment of hypoplasia or Poland’s syndrome 
depends on the degree of asymmetry and defor-
mity. For mild asymmetry, reassurance may be all 
that is required. If the asymmetry is marked and 
readily noticeable, then the smaller breast can 
be augmented. If there is a lack of skin over the 
hypoplastic breast, then tissue expansion may be 
required prior to permanent implant placement. 
Another option is to reduce the larger breast. In 
many, a combination of techniques involving 
surgery to both breasts is required in order to 
achieve good overall breast symmetry. Pedicled 
or free fl aps are usually needed if there is a large 

defect. Fat transfer (lipomodelling) is being used 
increasingly as a technique to help or aid the cor-
rection of breast hypoplasia, either alone or com-
bined with the use of breast implants [ 4 ,  5 ]. 

 Hypoplasia can also be associated with tubular 
or tuberous breasts. This deformity is caused by a 
constricting ring at the base of the breast that lim-
its vertical and horizontal growth. Management 
of this condition is challenging. Tissue expan-
sion combined with radial incisions in the deep 
aspect of the breast can improve the shape and 
appearance. The large nipple-areola complex 
often needs to be reduced. As in other types of 
hypoplasia, lipomodelling is being increasingly 
used with acceptable cosmetic results [ 5 ].   

    Juvenile Hypertrophy 

 Some patients have excessive development of the 
breasts, and this may occur during puberty or at 
the onset of lactation and is often referred to as 
juvenile hypertrophy. For patients with large 
breasts, a reduction mammoplasty improves the 
signifi cant physical and psychological problems 
associated with this condition [ 6 ].   

    Abnormalities of Normal Breast 
Development and Involution 

 Defi ning what represents benign disease and 
what is part of normal breast development and 
involution is challenging [ 7 ]. The breast passes 
through phases related to the levels of circulating 
hormones and how these affect the breast. There 
are a range of conditions that should be consid-
ered as aberrations, rather than disease, and these 
take place against the normal process of breast 
development, cyclical change and involution. 

    Fibroadenoma 

 Fibroadenoma is best classifi ed as an aberration 
of normal breast development. It arises from the 
breast lobule including the epithelium and the 
associated stroma and not from a single cell [ 8 ]. 
Fibroadenomas are under the same hormonal 

  Fig. 3.1    Bilateral accessory breast tissue in axillae       
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 control as the rest of the breast and can increase 
in size during pregnancy, and they become less 
active with involution. The activity in the stro-
mal element defi nes their classifi cation. A simple 
fi broadenoma contains stroma of low cellularity. 
There are three separate types of fi broadenoma: 
common fi broadenoma, giant fi broadenoma and 
juvenile fi broadenoma (Fig.  3.1 ). There is no uni-
versally accepted defi nition of what constitutes 
a giant fi broadenoma, but most consider that it 
should measure over 5 cm in diameter. Juvenile 
fi broadenomas occur in adolescent girls and 
sometimes undergo rapid growth, but are man-
aged in the same way as the common fi broad-
enoma (Fig.  3.2 ).

       Phyllodes Tumours 

 Phyllodes tumours are distinct pathologic enti-
ties. They are usually larger than fi broadenomas, 

occur in an older age group, have malignant 
potential and cannot always be differentiated 
from fi broadenomas clinically and on imaging. 
Phyllodes tumours focally can have an infi ltrative 
margin, particularly in more aggressive forms, 
and phyllodes tumours range from benign (70 %) 
to borderline (25 %) to malignant (5 %) (Figs.  3.3 , 
 3.4  and  3.5 ). About 10 % of benign phyllodes 
tumours recur after excision [ 9 ].

  Fig. 3.2    Juvenile giant fi broadenoma (left breast)       

a b

  Fig. 3.3    Oblique ( a ) and craniocaudal ( b ) mammogram showing benign phyllodes tumour       
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        Management of a Discrete Mobile Mass 
in a Young Woman 
 A diagnosis based on imaging alone is accept-
able, providing the patient is young (≤21 years 
old), and the lesion measures <3 cm. Otherwise, 
a histological diagnosis should be established by 
core needle biopsy. In patients with multiple 
fi broadenomas, two or more lesions should be 
sampled, and the remainder should be imaged 
and monitored. Any fi broadenoma over 4 cm 
requires full assessment by core biopsy. Multiple 
core biopsy passes (ideally 5–6 cores) should be 
performed in order to ensure that the lesion is 
adequately sampled and minimising potential 
sampling error. 

 Following a core biopsy pathologic diagnosis 
of a simple fi broadenoma, simple reassurance 
that the lesion is benign, with no malignant 
potential, is all that is required, and no further 
follow-up is necessary. However, excision is 

often performed at the request of the patient who 
despite this knowledge wishes the lesion to be 
removed. Larger lesions are usually excised fi rst 
because they are often visible and symptomatic, 
but if they have been adequately sampled, they 
can be safely observed. Lesions over 5 cm are 
usually excised even if they are fi broadenomas on 
core biopsy because they are usually symptom-
atic, causing pain and/or discomfort. It is impor-
tant to be certain that they are simple 
fi broadenomas and not phyllodes tumours.  

    How to Excise a Fibroadenoma 
 A cosmetic approach is recommended if a fi bro-
adenoma is to be excised. Lesions in the lower 
half of the breast can be approached through an 
incision in the inframammary fold. Lesions in the 
upper half can be excised through a circumareo-
lar incision or if near the axilla through an axil-
lary skin crease incision.  

  Fig. 3.4    Histology (low power) ( left – right ). ( a ) Simple fi broadenoma, ( b ) benign phyllodes, ( c ) borderline phyllodes, 
( d ) malignant phyllodes       
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    Operative Technique 
 If an inframammary incision is used, then the 
incision is taken down to the rectus abdominus 
muscle and pectoral major muscle. The breast is 
elevated from the pectoral fascia without disturb-
ing the fascia, and the fi broadenoma is approached 
from behind the breast. Fibroadenomas can be 
enucleated, and the best way to perform this is to 
open the capsule with blunt dissection using a 
pair of Metzenbaum scissors through the poste-
rior aspect of the breast. The scissors are aimed at 
the fi broadenoma and opened, and this results in 
opening of the breast tissue down to the capsule 
of the fi broadenoma. Once the capsule is reached, 
the scissors are pushed into the capsule and 
opened, and this splits the capsule. A fi nger can 
then be inserted and the fi broadenoma enucle-
ated. It usually remains attached at the point 
where the blood supply enters, and at this site the 
fi broadenoma is adherent to the capsule. Once 

the fi broadenoma is fairly mobile within the cap-
sule, it is usually possible to deliver it through the 
wound and divide any residual attachment to 
the capsule under direct vision with diathermy. 
The defect in the back of the breast is closed with 
absorbable interrupted sutures. Bleeding is rarely 
a problem but careful inspection of the capsule is 
performed, and any bleeding is stopped with dia-
thermy. The inframammary wound is then closed 
carefully in layers. 

 If the fi broadenoma is being approached 
through a circumareolar incision, then having 
deepened the incision the plane between the 
 subcutaneous fat and the breast fat is entered. 
This may be facilitated by hydrodissection using 
normal saline or a 1 in 500,000 adrenaline in nor-
mal saline solution. Once the breast tissue over 
the fi broadenoma is reached, then the tissue is 
opened down to the fi broadenoma using scissors 
pointed at the fi broadenoma with the scissors 

  Fig. 3.5    Histology (high power) ( left – right ). ( a ) Simple fi broadenoma, ( b ) benign phyllodes, ( c ) borderline phyllodes, 
( d ) malignant phyllodes       
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being opened to divide the overlying breast tis-
sue, and then the capsule around the fi broade-
noma is also split with scissors. Enucleation is 
performed with a fi nger, and the lesion is deliv-
ered through the tunnel into the wound and the 
blood supply of the fi broadenoma divided under 
direct vision. No sutures in the breast tissue are 
needed. The skin is closed in layers with absorb-
able sutures. Small fi broadenomas can be 
removed using vacuum- assisted core biopsy 
devices [ 10 ]. 

 Most phyllodes tumours are benign and 
require total removal but do not require to be 
widely excised. When removing a benign phyl-
lodes tumour, the lesion together with the capsule 
is excised with the aim of achieving clear mar-
gins clear (≥1 mm) of the phyllodes tumour. If 
following excision of an apparently simple fi bro-
adenoma a phyllodes tumour is diagnosed and 
the surgeon is confi dent that the lesion has been 
excised completely, then careful follow-up, rather 
than re-excision, is appropriate. Borderline and 
malignant phyllodes may require a wider 
excision.    

    Aberrations of Cyclical Activity 

    Nodularity 

 Focal breast lumpiness is one of the most com-
mon reasons for a woman to be referred to a 
breast clinic. Lumpy nodular breast tissue is 
common. Women with a focal area of nodularity 
should be assessed with imaging, and providing 
there is no abnormality visualised on ultrasound 
and/or mammography, then the patient can be 
safely reassured. These young women with nodu-
lar breast tissue were previously considered as 
having fi broadenosis or fi brocystic disease, but 
these terms are not appropriate and should not be 
used because these women usually have normal 
breast tissue if biopsy is performed. Breast can-
cer can present in a young woman with asym-
metrical nodularity, and if there is clinical 
suspicion in the face of normal imaging, then a 
core biopsy or fi ne-needle aspirate of the palpa-
ble mass should be performed.  

    Breast Pain 

 Up to 70 % of women experience breast pain at 
some point in their life. What women describe as 
breast pain can be pain that originates from the 
breast or is referred from adjacent areas, such as 
the chest wall. Breast pain is a rare symptom of 
breast cancer, and in one 10-year study period in 
Edinburgh of 8,504 patients presenting with 
breast pain, only 220 (2.7 %) were subsequently 
diagnosed as having breast cancer. During the 
same period 4,740 were diagnosed with breast 
cancer, and this means that only 4.6 % of women 
with breast cancer have pain as a presenting 
symptom [ 11 ]. 

 Cyclical breast pain is very common and is 
now regarded as physiologic and not pathologic. 
Severe or prolonged pain is considered an aberra-
tion of normal cyclical activity. 

    Management of Breast Pain 
 It is important to differentiate between pain aris-
ing from the chest wall and true breast pain. 
Features suggesting that the breast pain is referred 
pain from the chest wall include:
•    Unilateral and brought on by activity  
•   Very lateral or medial in the breast  
•   Can be reproduced by pressure on a specifi c 

area of the chest wall    
 Careful clinical examination is essential. 

A patient complaining of breast pain should have 
an examination lying on her side allowing the 
breast to fall away from the breast wall, and the 
underlying ribs and muscles should then be pal-
pated. The patient should be asked to indicate if 
there is any localised tenderness on the palpation 
of the chest wall and whether the pain elicited is 
similar to that they normally suffer. If the patient 
has pain in the lower part of the breast, then the 
underlying chest can be checked by lifting the 
breast upwards with one hand while palpating the 
underlying chest wall with the other hand. 

 The mainstay of treating breast pain is reassur-
ance that there is no serious underlying problem 
[ 12 ]. Lifestyle issues are important and it is not 
uncommon for women who spend many hours 
at a desk, sitting in front of a computer, to have 
chest wall pain. If, on examination, the pain is 
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very localised to one specifi c spot on the chest 
wall, then infi ltration of the site of the pain with a 
combination of prednisone (40 mg in depot form) 
combined with a long-acting local anaesthetic 
such as bupivacaine can produce long-lasting 
pain relief. 

 Pain in bed at night is a problem for many 
women. Wearing a soft supportive bra stops the 
breast pulling down on the chest wall, and this 
helps many women to sleep. There have been 
numerous studies looking at the role of caffeine, 
essential fatty acids, and diet as a contributing 
factor for breast pain. There is little evidence that 
activities such as cutting out caffeine, taking eve-
ning primrose oil, or transferring to a low-fat diet 
are benefi cial [ 13 – 16 ]. 

 The treatment that has been shown to have 
greatest effi cacy in true breast pain is tamoxifen 
[ 17 ]. Although most commonly given for cyclical 
pain, it can help true noncyclical breast pain. It is 
best tolerated in a dosage of 10 mg a day [ 18 ]. 
Compared with other treatments, such as danazol, 
there are fewer adverse events with tamoxifen 
[ 18 ]. It is possible to restrict the use of tamoxifen 
to the luteal phase of the cycle, and this can relieve 
pain in up to 85 % of women [ 19 ,  20 ]. 

 A variety of nonhormonal agents have been 
tried for breast pain. Although some studies have 
reported an improvement with soya milk, there is 
general non-compliance in studies published to 
date [ 21 ]. Agnus castus, a fruit extract, has been 
shown in one trial to improve breast pain [ 22 ]. 
Selective serotonin reuptake inhibitors have also 
been shown to improve breast pain [ 23 ].    

    Aberrations of Breast Involution 

    Palpable Breast Cysts 

 Approximately 7 % of women at some point in 
their life develop a palpable breast cyst [ 24 ]. 
Such cysts constitute 15 % of  a ll discrete masses. 
Cysts are distended in involuted lobules and are 
most common in the perimenopausal period. 
Women generally present with a smooth, discrete 
breast lump that can be painful and is sometimes 
visible. Cysts have characteristic features on 

ultrasound and on mammography. Once diag-
nosed on imaging, simple cysts do not need to be 
aspirated unless they are symptomatic, complex 
or indeterminate. Cyst fl uid should only be sent 
for cytology if it is blood stained, safely discard-
ing non-bloody fl uid. 

 After a cyst has been aspirated, the breast 
should be examined to check that the palpable 
mass has disappeared. Between 1 and 3 % of 
patients who have cysts in their breasts also have 
a carcinoma. It is therefore important that both 
breasts are assessed by careful clinical examina-
tion and appropriate imaging when necessary. 

    Management of Patients with Cysts 
 Following aspiration, the majority of patients 
require no clinical follow-up. It is only those 
patients who have multiple bilateral cysts who 
merit any further clinical follow-up. The only rea-
son for seeing these women is that they tend to 
continue to develop multiple bilateral cysts and 
return at regular intervals to breast clinics. Regular 
assessment by clinical assessment and ultrasound 
allows them to be reassured without the need for 
regular re-referral. During follow-up only symp-
tomatic cysts should be aspirated. Studies show a 
small but not a signifi cant increased risk of breast 
cancer in women with palpable breast cysts [ 25 ].   

    Sclerosis 

 During evolution, the stroma of the breast 
changes and it is not uncommon to develop local-
ised areas of excessive fi brosis or sclerosis. 
Pathologically, sclerosing lesions can be sepa-
rated into three groups: sclerosing adenosis, 
radial scars, and complex sclerosing lesions. The 
only difference between radial scars and complex 
sclerosing lesions is that radial scars are small 
and complex sclerosing lesions are larger. 
Sclerosing lesions are only clinically important 
because they cause diagnostic problems during 
imaging and breast screening. 

    Management of Sclerosing Lesions 
 They are normally identifi ed on imaging with 
only a few palpable on clinical examination. 
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A core needle biopsy should be performed. There 
is some concern that a standard 14-gauge core 
biopsy might miss a small area of DCIS in asso-
ciation with a radial scar or a complex sclerosing 
lesion. For this reason larger, vacuum-assisted 
core biopsy or a needle localisation excision 
biopsy is required to make a defi nitive diagnosis 
[ 26 ]. Debate continues as to whether all radial 
scars should be excised because of their associa-
tion with invasive and in situ breast cancer [ 27 ].   

    Duct Ectasia 

 The major subareolar ducts dilate and shorten 
during ageing or involution. By the age of 70, 
40 % of women have substantial duct dilatation. 
Some of these women develop both duct dilata-
tion and duct shortening that manifests as nipple 
retraction with or without nipple discharge, and 
occasionally women present with a palpable peri-
areolar mass that can be hard or doughy from the 
dilated ducts fi lled with inspissated secretion. 
The discharge in patients with duct ectasia is usu-
ally “cheesy” in consistency, and the nipple 
retraction is classically symmetrical or slit like. 

    Management of Duct Ectasia 
 Imaging can usually diagnose duct ectasia, and 
for patients with nipple inversion who have no 

suspicious features clinically or radiologically, 
surgery is not required. Surgery is only indicated 
in multiduct discharge, if it is troublesome or 
there is an inverted nipple and the patient wants 
the nipple to be everted. Duct ectasia (Fig.  3.6 ) 
should not be confused with periductal mastitis 
which is a separate condition [ 28 – 30 ]. Once can-
cer has been excluded, patients with duct ectasia 
can be reassured and do not require follow-up.

        Duct Papillomas 

 Duct papillomas can be single or multiple. They 
are common and generally are considered as 
aberrations rather than true neoplasms as they 
show minimal malignant potential. The problem 
is that they are very common and can be visual-
ised on imaging and are often incidental fi ndings 
during screening. Core biopsy can identify that 
the lesion is papillary, but often cannot always 
exclude malignancy. More often than not, the 
pathologist will give this the diagnosis of a “pap-
illary neoplasm of uncertain clinical signifi -
cance”, prompting removal of the lesion. 

    Management of Duct Papillomas 
 Options include observation if there is no evi-
dence of atypia or excision (Fig.  3.7 ). Papillomas 
can be removed with vacuum-assisted core 

  Fig. 3.6    Histology showing 
features of duct ectasia       
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biopsy. They are often excised to exclude malig-
nancy, but given their frequency and low rate of 
malignancy, there needs to be greater consider-
ation as to whether all such lesions need to be 
removed [ 31 ].

        Nipple Retraction 

 Slitlike retraction of the nipple is characteristic of 
benign disease (Fig.  3.8 ), whereas nipple inver-
sion, when the whole nipple is pulled in, occurs 
in association with both breast cancer and infl am-
matory benign breast conditions (Fig.  3.9 ). For 
patients with congenital nipple retraction and 
benign acquired nipple retraction, which is 
unsightly and does not respond to conservative 

measures such as suction devices or nipple 
shields, surgery which may require duct division 
or excision is successful at everting the nipple 
(Fig.  3.10 ). Women need to be informed that duct 
excision can result in loss of ability to breastfeed 
and can result in loss of, or reduction in, nipple 
sensation, and occasionally some women develop 
nipple hypersensitivity.

         Nipple Discharge 

 Nipple discharge accounts for approximately 
5 % of all referrals to a breast clinic and is a 

  Fig. 3.7    Histology of a 
benign intraduct papilloma       

  Fig. 3.8    Benign slitlike nipple inversion       

  Fig. 3.9    Nipple inversion in association with 
malignancy       
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frightening symptom because of the fear of can-
cer [ 32 ]. More than 95 % of women presenting 
with nipple discharge will have a benign cause 
[ 33 ]. Discharge associated with signifi cant under-
lying pathology is spontaneous, more likely to be 
unilateral, arise from a single duct, be persistent 
(defi ned as more than twice a week) and be blood 
stained. One study found that in women with 
nipple discharge signifi cant risk factors for 
malignancy were blood staining of the discharge 
(odds ratio 3.7) and spontaneous discharge (odds 
ratio 3.2) [ 34 ]. 

    Investigation of Nipple Discharge 
 Physical examination should include application 
of fi rm pressure around the areola as the presence 
of a dilated duct will result in the production of 
discharge through the nipple (Fig.  3.11 ). The 
nipple should also be squeezed with fi rm digital 
pressure, and if fl uid is expressed, then the site 
and character of the discharge recorded. Age is 
an important predictor of malignancy, and in one 
study 3 % of patients younger than 40, 10 % of 
patients between the ages of 40 and 60 and 32 % 
of women older than 60 years of age who had 

a

b

  Fig. 3.10    Bilateral nipple inversion ( a ) before and ( b ) after nipple eversion surgery       
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nipple discharge as their only symptom were 
found to have cancer [ 35 ]. Mammography has a 
low sensitivity of only approximately two thirds 
in women with nipple discharge [ 36 ,  37 ]. 
Ultrasound can identify visible lesions within the 

breast ducts including papillomas [ 38 ]. Imaging 
the ductal tree by ductography or galactography 
can identify intraductal lesions, but this investi-
gation has a sensitivity of only 60 % for malig-
nancy [ 33 ,  39 ]. Nipple cytology, ductoscopy and 
ductal lavage have a role in routine assessment of 
nipple discharge [ 40 – 44 ]. Of these techniques, 
ductoscopy is the most accurate but takes longer 
than 6 months to learn and the equipment is 
costly [ 45 ].

       Management of Nipple Discharge (Fig.  3.12 ) 
    If clinical examination demonstrates a mass 
lesion visible on mammography or ultrasonogra-
phy, then image-guided core biopsy of this lesion 
should be performed and the patient managed 
appropriately [ 38 ]. Otherwise, if no abnormali-
ties are found on clinical examination, surgery is 
indicated for spontaneous discharge from a sin-
gle duct that has one or more of the following 
characteristics:  Fig. 3.11    Example of nipple physiological multiduct, 

multicolour discharge       

  Fig. 3.12    Flow diagram for investigation of nipple discharge       
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•    Blood stained.  
•   Persistent and stains clothes.  
•   Associated with a mass.  
•   New development in a woman of over 50 years 

of age.  
•   The discharge is not thick or cheesy.    

 Discharge from multiple ducts normally 
only requires surgery when it causes distressing 
symptoms. 

 Options for surgery for single-duct discharge 
include microdochectomy or total duct excision. 
Current evidence suggests that total duct excision 
is more effective than microdochectomy at estab-
lishing a specifi c diagnosis and has a lower chance 
of missing any malignancy that is present [ 46 ]. For 
this reason, many units perform total duct excision 
in women over the age of 45 and only perform 
microdochectomy in younger women [ 47 ].   

    Microdochectomy 

 Microdochectomy can be performed through a 
circumareolar or radial incision. The discharging 
duct is cannulated either with a probe or a blunt- 
ended needle, through which methylene blue can 
be injected. Both techniques allow the involved 
duct to be identifi ed underneath the nipple through 
the skin incision. The discharging duct, once it 
has been identifi ed, is dissected distally into the 
breast over a distance of about 5 cm. Almost all 
signifi cant disease that causes nipple discharge 
involves the proximal 5 cm [ 44 ,  48 ]. Following 
excision of the involved duct, the remaining distal 
duct in the breast should be inspected, and if there 
is a visible dilated duct passing into the breast, 
then further tissue can be excised, or the duct 
opened and any visible lesion in the duct removed. 
This is because some DCIS lesions develop at 
some distance from the nipple, and these produce 
nipple discharge, but can be missed on microdo-
chectomy. They are diagnosed only if the distal 
ducts are inspected and excised if abnormal.  

    Total Duct Excision 

 Total duct excision is best performed through a 
circumareolar incision based at 6 o’clock. If the 

operation is being performed for periductal mas-
titis, then the patient should receive perioperative 
and postoperative appropriate antibiotic therapy 
such as amoxicillin-clavulanic acid or a combina-
tion of erythromycin and metronidazole hydro-
chloride. Having deepened the incision, dissection 
continues towards the nipple. It is usually better to 
use scissors or a knife near the nipple rather than 
cautery. Dissection with Metzenbaum scissors is 
continued under the  areola down either side of the 
major ducts. Curved tissue forceps are then passed 
around the ducts, and all the ducts that have been 
encircled are delivered into the wound. Having 
secured the distal ducts with tissue forceps, they 
are then divided from the underside of the nipple. 

 If a total duct excision is being performed for 
periductal mastitis, it is important to excise all the 
ducts up to the nipple skin [ 49 ]. If the surgery is 
being performed for nipple inversion, then the 
ducts can be simply divided. Otherwise, approxi-
mately 2–5 cm of ducts are excised [ 50 ]. It is often 
useful to close any defect in the breast with absorb-
able sutures. If the nipple was inverted prior to sur-
gery, then it is important to evert the nipple before 
wound closure, and this may involve dividing any 
scar tissue that is distorting the nipple. The nipple 
may need to be squeezed between the thumb and 
index fi nger to break down any adhesions to main-
tain eversion. Sutures are rarely if ever required to 
maintain eversion because if the nipple does not 
remain everted without sutures, then it will invert 
even if sutures are placed. No drains are needed 
and the wound is closed in layers with absorbable 
sutures. Patients should be warned before surgery 
that this operation will reduce nipple sensitivity in 
up to 40 % of women [ 49 ].   

    Benign Disease in Men 

    Gynecomastia 

 Gynecomastia is the growth of breast tissue in males 
to any extent. It is entirely benign and usually revers-
ible. It is seen most frequently during puberty and 
old age. In boys aged 10–16 years of age, between 
30 and 60 % have breast enlargement, and this usu-
ally requires no treatment as 80 % of this breast 
enlargement resolves spontaneously within 2 years. 
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 Surgery for gynecomastia is not straightforward 
and should be performed by an experienced sur-
geon. Embarrassment and persistent enlargement 
of the breast tissue are both indications for surgery. 

 Gynecomastia commonly affects older men 
between the ages of 60 and 80 (Fig.  3.13 ). In the 
majority, it does not seem to be associated with any 
signifi cant endocrine abnormality [ 51 ,  52 ]. There 
are a variety of specifi c causes including several 
classes of medications. A careful alcohol and drug 
history and an examination often reveal the cause.

   Patients with recent progressive breast enlarge-
ment without any easily identifi able cause require 
a hormonal profi le and blood tests to exclude a 
metabolic cause. Mammography and ultrasound 
can differentiate between breast enlargement due 
to fat or gynecomastia and can identify malig-

nancy if this is suspected. Breast cancer usually 
presents as a fi rm lump that is eccentric, whereas 
gynecomastia is concentric. If imaging is suspi-
cious, then core biopsy should be performed. 

    Management of Gynecomastia 
 In drug-related gynecomastia, withdrawal of the 
drug or change to an alterative treatment should 
be considered. Gynecomastia is seen in body-
builders who take anabolic steroids, and some of 
these have learned that by taking tamoxifen, they 
can counteract these symptoms. Bodybuilders 
should be encouraged to reduce or stop steroids. 
In young men, gynecomastia is seen in both 
heavy beer and lager drinkers and in young men 
who smoke cannabis. There are phytoestrogens 
in beer and lager; cannabis is also estrogenic in 
its action. 

 In patients with symptomatic gynecomastia, 
both tamoxifen and danazol improve symptoms, 
but recurrence when the drug stops can be a prob-
lem [ 53 ,  54 ]. Tamoxifen at a dose of 10 mg is 
effective and produces less side effects than 
20 mg. Surgery for gynecomastia is not straight-
forward and should normally be performed by 
experienced breast surgeons or plastic surgeons. 
It often involves a combination of excision of 
breast tissue and liposuction occasionally with 
removal of overlying skin [ 55 – 57 ] (Fig.  3.14 ).  Fig. 3.13    Bilateral senescent gynecomastia       

  Fig. 3.14    Algorithm for the 
management of 
gynecomastia       
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         Benign Neoplasms 
and Proliferations 

    Epithelial Hyperplasia 

 This is an increase in the number of cells lining the 
terminal duct lobular unit. Previously called epi-
theliosis or papillomatosis, these terms are no lon-
ger in common use. The degree of hyperplasia can 
be graded as mild, moderate or severe. Atypical 
hyperplasia is diagnosed if the hyperplastic cells 
also show cellular atypia. Atypical hyperplasia is 
one of the few benign conditions that are associ-
ated with a signifi cantly increased risk of breast 
cancer. The absolute risk of breast cancer in 
women with atypical hyperplasia who do not have 
a fi rst-degree relative with breast cancer is about 
8 % at 10 years [ 58 ]. However, in women who do 
have a fi rst-degree relative with breast cancer, the 
risk increases to 20–25 % at 15 years [ 58 ]. 
Hyperplasia can consist of cells with so-called 
“ductal” or “lobular” morphology. Atypical hyper-
plasia of lobular type is now classifi ed together 

with lobular carcinoma in situ as a single entity 
called lobular intraepithelial neoplasia. 

    Management of Atypical Hyperplasia 
and Lobular Intraepithelial Neoplasia 
 Options include regular screening, breast screen-
ing with annual mammography or chemopreven-
tion. Tamoxifen reduced the risk of breast cancer 
by 87 % in women with atypical hyperplasia and 
56 % in LCIS (Fig.  3.15 ). Patients with atypical 
hyperplasia of ductal type are at increased risk of 
developing breast cancer in the same breast, 
whereas patients with lobular intraepithelial neo-
plasia are at risk of developing breast cancer in 
either breast.

         Breast Infection 

 Breast infection is now less common that it used 
to be. Breast infection can be subdivided into lac-
tational, non-lactational and postsurgical. The 
skin overlying the breast can also become infected 

  Fig. 3.15    Results of 
chemoprevention for atypical 
ductal hyperplasia and 
lobular intraepithelial 
neoplasia from the NSABP 
study       
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either primarily or secondarily to an existing 
lesion such as an epidermoid cyst or as a conse-
quence of a more generalised skin condition such 
as hidradenitis suppurativa. Breast infection is 
also occasionally seen in neonates. The organisms 
responsible for breast infection and the most 
appropriate antibiotics with activity against these 
organisms are summarised in Table  3.1  [ 59 ].

       Lactational Infection 

 This is most commonly seen during the fi rst preg-
nancy and in the fi rst 6 weeks of breastfeeding but 
can also occur during weaning. The fi rst stage in 
the development of breast infection is usually a 
cracked nipple or skin abrasion due to nipple 
trauma from breast feeding. This produces oedema 
of the subareolar ducts and poor milk drainage. A 
consequence of nipple maceration is an increased 
number of organisms on the skin, and together 
with a poorly draining segment, the milk becomes 
infected. The most common causal organism is 
 Staphylococcus aureus , but  Staphylococcus epi-
dermidis  can sometimes be the cause. 

 Symptoms include pain, erythema, swelling, 
tenderness and occasionally systemic signs of 
infection. A fl uctuant mass with overlying shiny 
red skin is the classic feature of a breast abscess, 
but the clinical signs are usually more subtle con-
sisting of erythema overlying a tender wooden 
area of breast tissue. Enlarged lymph nodes are 
not usually a feature, although occasionally 

patients can be toxic with pyrexia, tachycardia 
and a raised white count. 

    Management of Lactational Infection 

 In the early stages, antibiotics and promotion of 
breast feeding is usually effective at resolving the 
infection. Appropriate antibiotics for treating dif-
ferent infections are listed in Table  3.1 . Tetracycline, 
ciprofl oxacin and chloramphenicol should not be 
used as they can potentially harm the baby [ 60 ]. 
A patient whose condition does not improve rap-
idly within a few days of starting an appropriate 
antibiotic should have ultrasonography performed. 
Infl ammatory cancers can sometimes be diffi cult to 
differentiate from breast infections (Fig.  3.16 ).

       Table 3.1    Organisms responsible for different types of breast infection and appropriate antibiotics   

 Type of infection  Organism  No penicillin allergy  Penicillin allergy 

 Neonatal   Staphylococcus aureus  (rarely 
 Escherichia coli ) 

 Flucloxacillin (500 mg 
four times daily) 

 Erythromycin (500 mg twice daily) 

 Lactational   S. aureus  (rarely  S. 
epidermidis  and streptococci) 

 Flucloxacillin (500 mg 
four times daily) 

 Erythromycin (500 mg twice daily) 

 Skin associated   S. aureus  (500 mg four times 
daily) 

 Flucloxacillin (500 mg 
twice daily) 

 Erythromycin (500 mg twice daily) 

 Non-lactating   S. aureus , enterococci, 
anaerobic streptococci, 
 Bacteroides  spp. 

 Co-amoxiclav (375 mg 
three times daily) 

 Combination of erythromycin (500 mg 
twice daily) with metronidazole (200 mg 
three times daily) 

  Fig. 3.16    Infl ammatory breast cancer mimicking 
cellulitis       

 

3 Management of Benign Breast Disease



66

 How I Do It: Management of Breast Abscesses 

 If an abscess is evident on ultrasound 
(Fig.  3.17a ), then management depends on the 
state of the overlying skin. If the skin is not 
thinned or necrotic, then the abscess should 
be aspirated to dryness under ultrasound 
guidance. One percent lidocaine with 1 in 

200,000 adrenaline is injected into the normal 
skin some distance away from the abscess 
and injected into the breast parenchyma up to 
the edge of the abscess. A long needle (spinal 
needle) may be required if the abscess is deep 
in the breast to ensure the whole length of the 
needle track is  anaesthetised. Either using the 

a

c

b

  Fig. 3.17    ( a ) Ultrasound of lactating breast abscess. ( b ) Ultrasound of lactating breast abscess with needle in 
abscess. ( c ) Ultrasound of lactating breast abscess post aspiration       
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same needle or using a larger needle, local 
anaesthetic with adrenaline is then irrigated 
into and out of the abscess cavity until the 
fl uid aspirated comes back clear (Fig.  3.17b ). 
The local anaesthetic has two roles; fi rst it 
reduces pain and, second, it dilutes out any 
thick pus and allows this to be aspirated. 
The adrenaline reduces bleeding and allows 
greater volumes of local anaesthetic to be 
used. As most of the anaesthetic irrigated 
into the cavity is re-aspirated, large volumes 
can be used safely. Once the fl uid comes back 
clear, then the abscess is aspirated to dryness 
(Fig.  3.17c ). The patient is then reviewed in 
48–72 h. A combination of aspiration every 
2 or 3 days and oral antibiotics is effective at 
resolving most breast abscesses (Fig.  3.18a, 
b ) [ 59 – 61 ]. Characteristically, the fl uid aspi-
rated changes over a week from pus to serous 
fl uid and then to milk.

    If the skin overlying the abscess is 
thinned (Fig.  3.19a ) and pus is visible on 
ultrasound close to the skin, then the lido-
caine and adrenaline are injected directly 
into the thinned skin over the abscess with a 

23- or 25-gauge needle (Fig.  3.19b ). A small 
stab incision is then made 5–10 min later 
into the anaesthetised skin (Fig.  3.19c ). 
Through this small incision, pus is drained 
(Fig.  3.19d ) and the cavity is irrigated with 
local anaesthetic solution (Fig.  3.19e ). 
Irrigation is continued until all pus has been 
drained (Fig.  3.19f ). The incision can be 
kept open with a small piece of Kaltostat, 
but the abscess should not be packed. A dry 
dressing is then placed over the Kaltostat to 
collect any fl uid that drains from the abscess 
cavity. The patient is reviewed 2–3 days 
later and the cavity irrigated every 2–3 days 
with saline or local anaesthetic until resolu-
tion. Few if any lactational abscesses require 
drainage under general anaesthesia. The use 
of drains and packing of any breast abscess is 
unnecessary. Breastfeeding should continue 
if possible because the infant is not harmed 
by the bacteria in the milk nor the antibiot-
ics, and continuing to breastfeed promotes 
abscess resolution. There are some women 
who have multiple areas of breast infection 
and who are exhausted by breastfeeding, in 

a b

  Fig. 3.18    Lactating abscess ( a ) pre- and ( b ) posttreatment with needle aspiration       
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whom consideration should be given to stop-
ping breastfeeding and halting milk fl ow. 
Stopping milk production is achieved by 

prescribing cabergoline 2.5 mcg given twice 
a day for 2 days.  

a

c

e

b

d

f

  Fig. 3.19    ( a ) Non-lactating abscess with shiny over-
lying skin (left breast). ( b ) Infi ltration of 1 % lidocaine 
+ 1 in 200,000 adrenaline into skin. ( c ) Incision 
through skin overlying the abscess. ( d ) Pus draining 

from abscess. ( e ) Irrigation of abscess cavity with 
local anaesthetic solution. ( f ) Abscess post incision 
and drainage       
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         Non-lactational Infection 

    Central or Periareolar Infection 

 Periareolar infection is most commonly seen in 
young women with a mean age of 32 years, 
and most are cigarette smokers [ 62 ]. The rea-
son patients get periareolar infection is as a 
consequence of infection of areas of periduc-
tal mastitis [ 59 ,  63 ]. This condition has been 
confused with, and called, duct ectasia, but duct 
ectasia is a separate condition affecting older 
women and is characterised by subareolar duct 
dilatation and less pronounced and less active 
periductal infl ammation [ 30 ]. Current evidence 
suggests that smoking is the most important factor 
in the aetiology of periductal mastitis: about 90 % 
of women who get periductal mastitis, or its com-
plications, smoke cigarettes; this compares with 
38 % of the same age group in the general popula-
tion [ 64 ]. Substance in cigarette smoke may either 
directly or indirectly damage the wall of the sub-
areolar breast ducts. Aerobic or anaerobic organ-
isms then infect these damaged tissues [ 65 ]. 

 In North America, a widely held view is that 
periductal mastitis is due to duct obstruction by 
squamous metaplasia that is seen commonly in 
this condition. All ducts in non-lactating women 
are plugged with keratin, so duct obstruction is 
not important, and the squamous metaplasia seen 
in periductal mastitis is likely to be a conse-
quence of chronic infection, rather than the cause 
of it. Initial presentation of periductal mastitis 
may be with periareolar infl ammation (with or 
without an associated mass) or with an estab-
lished abscess (Fig.  3.20 ). Associated features 
include central breast pain, nipple retraction at 
the site of the diseased duct and purulent nipple 
discharge. The organisms responsible for peri-
ductal mastitis and periareolar infection are dif-
ferent to those in lactational infection and often 
include anaerobes (Table  3.1 ). Periareolar infec-
tion should initially be treated by antibiotics, but 
if this does not settle, an ultrasound should be 
performed. Any abscess should be treated by 
aspiration and mini-incision and drainage as with 

lactational infection. Periareolar infl ammation 
tends to be recurrent because incision and drain-
age or aspiration of any abscess does not remove 
the underlying cause of the periductal mastitis.

       Mammary Duct Fistulae 

 A mammary duct fi stula is a communication 
between the skin usually and the periareolar 
region and a major subareolar duct [ 59 ]. They are 
seen to develop most commonly after incision 
and drainage of a non-lactational abscess, 
although they can also occur following spontane-
ous discharge of a periareolar infl ammatory mass 
or following biopsy of an area of periductal mas-
titis [ 66 ]. 

    Management of Mammary Duct Fistula 
 Management of mammary duct fi stula consists of 
either opening up the fi stula tract or excising it 
[ 66 ,  67 ]. Fistula operations are best performed 
under general anaesthetic. A probe is passed 
along the fi stula either from its opening through 
the nipple or through the opening at the areolar 
margin. The simplest procedure is to simply cut 

  Fig. 3.20    Periareolar non-lactating abscess (right breast) 
with skin necrosis requiring incision and drainage       

 

3 Management of Benign Breast Disease



70

down onto the fi stula probe (fi stulotomy). This is 
the operation as described by Atkins [ 67 ] and is 
effective but tends to leave an ugly scar. Another 
option is to excise the skin over the fi stula probe 
and excise the whole of the fi stula tract (fi stulec-
tomy). This is achieved by deepening the incision 
underneath the fi stula probe to ensure the entire 
fi stula tract is removed. This is usually successful 
but leaves a poor cosmetic outcome. An alterna-
tive is to make a periareolar incision incorporat-
ing the exit site of the fi stula at the areolar margin 
(Fig.  3.21 ) [ 68 ]. The incision is deepened and the 
skin anterior to the fi stula probe on the areola is 
lifted off and left intact and dissection continued 
under the skin to excise the tract incorporating all 
the granulation lined fi stula tract up to the nipple. 
It is important to excise the entire fi stula directly 
up to the nipple skin.

   This is a more technically demanding opera-
tion than simple fi stulotomy or fi stulectomy, and 
to excise the whole of the fi stula usually requires 
a total duct excision, with excision of all the ducts 
up to the back of the nipple skin. Excision of the 

whole of the diseased duct usually leaves a small 
hole in the nipple skin at the site of the affected 
duct. This does not need to be closed and no deep 
sutures are required. The circumareolar wound is 
closed in layers with absorbable sutures. As fi stu-
lae are infected the operation should be covered 
by peri-antibiotics (Table  3.1 ), and if the wound 
has been closed, then the patient should be given 
5 days of post-operative antibiotics.   

    Peripheral Non-lactating Abscesses 

 Peripheral non-lactating abscesses are less com-
mon than periareolar abscesses, and although 
they have been reported to be associated with 
conditions such as rheumatoid arthritis, diabetes, 
steroid treatment and trauma in the majority, 
there is no obvious cause [ 69 ] (Fig.  3.22 ). 
 Staphylococcus aureus  is most commonly 
responsible. Peripheral abscesses are treated by 
aspiration or incision and drainage as for other 
breast abscesses.

  Fig. 3.21    Diagrammatic illustration of the steps involved in excision of a mammary duct fi stula performed through a 
circumareolar incision with primary wound closure under antibiotic cover [ 67 ]       
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        Skin-Associated Infection 

    Cellulitis 

 Cellulitis is an uncommon infection in the breast 
and can be diffi cult to distinguish from infl am-
matory breast cancer or benign erythematous 
conditions of the breast. Pain is a prominent fea-
ture of breast cellulitis and is associated with ery-
thema, swelling, and warmth. Treatment is with 
antibiotics Table  3.1 .  

    Eczema 

 Patients with eczema involving the skin overly-
ing the breast may develop secondary cellulitis. 
Appropriate treatments for the eczema reduce 
recurrence of the cellulitis.  

    Epidermoid Cysts 

 Epidermoid cysts are discrete nodules that often 
are referred to as sebaceous cysts, but there is no 
sebaceous component. These cysts are common 
within the skin of the breast and can become 

infected, forming local abscesses that require 
mini incision and drainage.  

    Hidradenitis Suppurativa 

 Hidradenitis suppurativa is a condition that 
affects the apocrine sweat glands and can result 
in recurrent infection and abscess formation of 
the skin of the lower half of the breast as well as 
the axilla [ 59 ,  70 – 73 ]. Treatment of hidradenitis 
suppurativa involves stopping smoking and keep-
ing the area of skin as clean and dry and possible. 
A variety of drug treatments have been tried and 
are partially effective. Excision and skin grafting 
has a success rate of up to 50 %.  

    Intertrigo 

 Intertrigo is infl amed skin in the inframammary 
folds, and this is usually due to the skin becoming 
moist and macerated [ 74 ,  75 ]. This is a recurrent 
problem in women with large ptotic breasts that 
make contact with the chest wall. Fungi play no 
aetiological role in this condition. The primary 
management of intertrigo is to educate the patient 
about keeping the area as clean and dry as possi-
ble. The skin should be washed gently two times 
a day with simple soap, a mild cleansing solution 
or hypoallergenic skin wipes and then dabbed dry 
with a towel or dried with a hair dryer at a low 
setting [ 74 ,  75 ]. Preventive measures include 
wearing cotton against the skin and keeping the 
skin dry and clean. Steroids and antifungal 
creams should be avoided.  

    Piercing 

 Nipple rings can result in subareolar breast 
abscess and recurrent nipple infections, particu-
larly in smokers (Fig.  3.23 ). Nipple piercing is a 
signifi cant risk factor for a subareolar breast 
abscess (objective risk (OR) 20 [95 % CI 2.01–
204.28]) as is smoking (OR 11 [95 % CI 4.41–
29.94]) [ 76 ].

  Fig. 3.22    Peripheral breast abscess with thinned overly-
ing skin       
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       Other Rare Infections 

 Tuberculosis is rare in Western countries but the 
breast can be the primary site [ 59 ,  60 ].  

    Granulomatous Lobular Mastitis 

 Granulomatous lobular mastitis is characterised 
by noncaseating granulomata and microabscesses 
confi ned to the breast lobule [ 77 ,  78 ]. It can pres-
ent as a fi rm mass which may be indistinguish-
able from breast cancer or multiple and sometimes 
recurrent abscesses (Fig.  3.24 ). Occasionally 
skin ulceration is seen. It is most common in 
young women who have a history of breast feed-
ing although not all women who develop this 
condition are parous [ 79 ]. Its exact cause is not 

  Fig. 3.23    Infection resulting from nipple piercing (pierc-
ing removed) with scars of abscess drainage       

  Fig. 3.24    Spectrum of granulomatous lobular mastitis with overlying skin changes and swelling and distortion that can 
be seen in this condition       
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clear and different aetiologies including hyperp-
rolactinemia and corynebacterium have been 
suggested as having an aetiological role, but there 
is no real evidence that they are the underlying 
cause.

      Management of Granulomatous 
Lobular Mastitis 
 Current treatment involves establishing a diagno-
sis preferably with a core biopsy and observation. 
There is a strong tendency for this condition to 
recur even if it is excised. Steroids have been 
tried but without consistent success [ 78 ]. More 
recently, methotrexate has been proposed as a 
treatment, but this may work simply as an immu-
nosuppressant, and whether it alters the course of 
the disease is not clear [ 80 ].   

    Breast Infection After Surgery 

 Rates of breast infection after surgery vary in 
relation to the extent of the surgery and the pre-
operative risk factors including smoking, obesity 
and the presence of diabetes. Rates of over 10 % 
are seen after mastectomy and axillary lymph 
node dissection [ 81 ]. Preoperative antibiotics 
reduce the risk of infection by approximately 
36 %, and therefore these should be administered 
to the majority of patients undergoing breast sur-
gical operations [ 82 ].   

    Other Benign Breast Conditions 

    Galactorrhea 

 Galactorrhea is copious bilateral milky discharge 
not associated with pregnancy or breastfeeding 
[ 83 ]. Prolactin levels are usually, but not always, 
raised. A careful drug history should be taken as 
a variety of agents, particularly psychotropic 
agents, can cause hyperprolactinaemia. In the 
absence of a relevant drug cause, a search for a 
pituitary tumour should be instituted in a patient 
with a raised prolactin greater than 1,000 IU/l.  

    Lipomas 

 Lipomas are soft, lobulated radiolucent lesions 
and they need to be differentiated from pseudoli-
pomas which are soft masses that can be felt 
around breast cancers caused by indrawing of 
surrounding fat by the cancer. Ultrasound and 
mammography are helpful in establishing the 
diagnosis. Lipomas only need to be excised if 
they are troublesome.  

    Nipple Adenoma 

 Nipple adenoma is an ulcerated lesion of the nip-
ple that can either present as a lump in the nipple 
or nipple discharge (Fig.  3.25 ). Treatment is by 
wide excision and it is usually possible to save 
the nipple. Recurrence is seen if the lesion is not 
completely excised.

       Hematoma 

 Hematomas most commonly follow trauma, such 
as road traffi c accident, but can occur after core 
biopsy, fi ne-needle aspiration cytology or open 
biopsy. In extremely unusual circumstances a breast 
cancer can present as a spontaneous hematoma.  

    Fat Necrosis 

 Fat necrosis is common. It is often called trau-
matic fat necrosis although there is only a history 
of trauma in around 40 % of cases. Fat necrosis 
can be diffi cult to differentiate from malignancy. 
Imaging usually suggests the diagnosis. Core 
biopsy features are characteristic, and such areas 
rarely need to be excised.  

    Mondor’s Disease 

 Mondor’s Disease is thrombosis of the superfi cial 
veins of the breast. The thoracoepigastric vein is 
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the most common site. It is seen after surgery or 
trauma although it can occur spontaneously. It is 
often painful and tender to touch. Other than 
analgesia, no specifi c treatment is required.  

    Hamartoma 

 Hamartomas, otherwise known as fi broadenolipo-
mas, are quite common. They present as a discrete 
mass and are often misinterpreted clinically and on 
ultrasound as fi broadenomas. It is important for cli-
nicians when biopsying lesions likely to be hamar-
tomas to inform the pathologist of the  suspicion the 

lesion may be a hamartoma;  otherwise, the core 
biopsy may be reported as showing normal breast 
tissue, and thus the suspicion may be the lesion has 
been missed. The pathology of hamartomas is sub-
tle and includes normal breast tissue elements in a 
disorganised manner.  

    Enlarged Montgomery’s Tubercles 

 Montgomery’s Tubercles are blind ending ducts in 
the areola. Secretions can become inspissated and 
they can develop into a lump in the areolar skin. 
They only need to be excised if troublesome.  

  Fig. 3.25    Examples of nipple adenomas       
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    Para Areola Cysts 

 Para areola cysts are rare but are seen in pubertal 
and post-pubertal teenagers (13–16 years). They 
present as discrete superfi cial masses at the are-
ola margin. They can often be seen through the 
skin and contain green or blue/black fl uid. 
Because the fl uid can be inspissated, they can 
sometimes be interpreted on ultrasound as solid. 
Once a diagnosis has been established, they do 
not need treatment as they usually resolve, but if 
the lesion is large, it can be aspirated.  

    Morphoea 

 Morphoea is a form of localised scleroderma of 
the breast and presents as a thickened, white 
oedematous area of the skin. It can result in dis-
tortion of the breast contour and is most common 
in women who have had radiotherapy after breast 
conserving surgery [ 84 ]. Treatment is symptom-
atic with local chemotherapeutic creams if there 
is signifi cant a degree of infl ammatory change.  

    Arteritis and Aneurysm 

 Patients with generalised vascular disease can 
develop localised vasculitis of the breast. 
Aneurysmal dilatation of arteries in the breast 
has also been reported [ 85 ].  

    Sarcoidosis 

 Patients with sarcoid can present with a single or 
multiple masses within the breast. Although it 
can be the fi rst presentation of sarcoid, it is more 
common in patients with disease elsewhere.  

    Granular Cell Tumours 

 Granular cell tumours are uncommon benign 
neoplasms that originate from Schwann cells or 
peripheral nerves in the breast. About 6 % of all 

granular tumours involve the breast [ 86 ]. They 
are benign and treatment is by excision.  

    Diabetic Mastopathy 

 Diabetic mastopathy is a form of breast sclerosis 
occurring in premenopausal women and occa-
sionally men with type 1 diabetes [ 87 ]. It can 
present clinically as one or more hard masses 
which are indistinguishable from malignancy. 
Core biopsy establishes the diagnosis.      
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      Abbreviations 

   CM    Cyclic mastalgia   
  EP    Extramammary pain   
  NCM    Noncyclic mastalgia   

          Introduction 

    Breast pain, or mastalgia, is one of the most com-
mon breast disorders affecting women world-
wide. Although some studies have suggested that 
up to 70 % of women in Western societies expe-
rience breast pain in their lifetime, few experi-
ence symptoms severe enough to seek care for 
evaluation and treatment [ 1 ,  2 ]. Additionally, 
the prevalence is greatly infl uenced by the over-
all population being studied and the defi nitions 
used by the investigators. Although a common 
condition, the etiology of mastalgia remains 
quite enigmatic, also occurring in men but much 

more limited in terms of incidence as compared 
to females [ 3 – 5 ]. 

 In a retrospective cohort study involving 2,400 
women aged 40–69 who were enrolled in a health 
maintenance organization, breast pain was the most 
common breast symptom prompting evaluation, 
accounting for almost half (47 %) of all breast-
related visits [ 6 ]. A second study of 1,171 women 
who answered a questionnaire on breast pain found 
that 69 % of women experienced premenstrual 
breast pain, noting that it impacted sexual activ-
ity (48 %), physical activity (37 %), social activity 
(12 %), and work or school activity (8 %) [ 7 ]. 

 Pain of extramammary origin may often be 
perceived as breast pain. The differential diag-
nosis for pain perceived as emanating from the 
breasts is broad and should be considered in any 
patient presenting with the chief complaint of 
mastalgia (Table  4.1 ). The defi nition of breast 
pain is further classifi ed as cyclic (breast pain 
that occurs in relationship to the menstrual cycle) 
and noncyclic (breast pain not associated with the 
menstrual cycle) [ 3 ]. Herein, we will review the 
etiology, diagnosis, management, and prevention 
of cyclic and noncyclic breast pain.

       Cyclic Mastalgia 

    Clinical Features 

 Cyclic mastalgia is defi ned as breast pain of 
moderate- to-severe intensity, lasting ≥7 days 
and, because it demonstrates a relationship to 
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the menstrual cycle, occurring in premeno-
pausal women [ 7 ]. Typically, it follows a course 
of relapse and remission, often confused with 
premenstrual breast pain. However, premen-
strual breast tenderness is a normal physiologic 
response that occurs about 2–3 days before the 
onset of menstrual fl ow. In this context, breast 
symptoms are mild to moderate, most often bilat-
eral, associated with swelling and tenderness, 
and self-limited [ 7 ]. 

 Symptoms of cyclic mastalgia are usually 
most signifi cant during the luteal phase of the 
menstrual cycle and may involve one or both 
breasts. The pain often resolves with the onset 
of the menstrual cycle, but a low level of pain 

may persist throughout the month with luteal 
phase intensifi cation [ 3 ]. Most patients report 
a dull or aching sensation in the breasts, rarely 
reporting a sharp or stabbing nature to the pain. 
Women with cyclic mastalgia frequently expe-
rience the onset of symptoms in the third or 
fourth decade of life with almost half demon-
strating resolution with the cessation of menses 
(menopause) [ 8 ].  

    Etiology 

 A number of theories of causality for cyclic 
mastalgia have been proposed, but no spe-
cifi c etiology has been determined. In spite of 
the association with menstrual cyclicity, cyclic 
mastalgia has not been shown to correlate with 
specifi c changes in hormonal levels (i.e., estro-
gen, progesterone, prolactin) in studies com-
paring women with and without symptoms [ 9 ]. 
Although an intriguing hypothesis, fl uid reten-
tion has not been shown to cause cyclic mastal-
gia. In a study by Preece et al., total body water 
was measured early and late in the menstrual 
cycle for women with breast pain and in asymp-
tomatic women, with no apparent correlation 
identifi ed [ 10 ]. Histopathological changes of 
fi brocystic breast disease can be found in women 
with and without cyclic mastalgia. Additionally, 
no nutritional, infl ammatory, or psychiatric asso-
ciations have been substantiated based upon the 
current literature [ 3 ].   

    Noncyclic Mastalgia 

    Clinical Features 

 Noncyclic mastalgia has no clear association 
with a woman’s menstrual cycle and can be 
intermittent or constant. Pain associated with 
noncyclic mastalgia may often localize to a spe-
cifi c quadrant of one breast, but it may also be 
diffuse and similar to that of cyclic mastalgia 
[ 11 ]. In contrast to cyclic mastalgia, noncyclic 
mastalgia is often a condition of the postmeno-
pausal years, most commonly occurring in the 

   Table 4.1    Differential diagnosis of mastalgia   

 Location  Differential diagnosis 

 Breast-related  Mastalgia 
  Cyclic mastalgia 
  Noncyclic mastalgia 
 Mastitis 
 Breast trauma 
 Thrombophlebitis/Mondor’s disease 
 Cysts 
 Benign breast tumors 
 Breast cancer 

 Musculoskeletal  Chest wall pain (intercostal muscle 
strain/tear) 
 Tietze syndrome/costochondritis 
 Chest wall trauma/rib fracture or 
contusion 
 Fibromyalgia 
 Cervical radiculopathy 
 Shoulder pain 
 Herpes zoster 

 Miscellaneous
causes 

 Coronary artery disease/angina 
 Pericarditis 
 Pulmonary embolus 
 Pleurisy 
 Gastroesophageal refl ux/esophageal 
spasm 
 Peptic ulcer disease 
 Cholelithiasis/cholecystitis 
 Sickle cell anemia 
 Psychological 
 Pregnancy 
 Medication (see Table  4.2 ) 

  Adapted from Smith et al. [ 3 ]  
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fourth or fi fth decade. Although less common 
than cyclic mastalgia, it still accounts for 31 % 
of women presenting with breast pain to some 
mastalgia clinics [ 8 ]. It can occur before, at, or 
after menopause and for some women may be 
even more problematic than cyclic mastalgia 
as the inciting event or cause for resolution can 
remain a mystery.  

    Etiology 

 The majority of noncyclic breast pain is of idio-
pathic origin, while a minority of patients can 
attribute their symptoms to anatomical changes 
resulting from pregnancy, mastitis, or trauma. 
Noncyclic breast pain is less likely due to throm-
bophlebitis, macrocysts, benign tumors, cancer, 
or medications. A number of medications how-
ever have been shown to have an association with 
breast pain. Awareness of this association allows 
for appropriate patient counseling prior to the 
institution of therapy (Table  4.2 ).

   Recently, duct ectasia has been proposed as 
a cause for noncyclic mastalgia. An ultrasound 
study comparing maximum mean width of milk 
ducts in asymptomatic women and women with 
cyclic and noncyclic mastalgia found a signifi -
cant increase in maximum mean width of milk 
ducts in women with both types of pain. Pain 
intensity correlated with ductal width [ 12 ]. It is 
also suggested that the dilatation of the ducts 
with stagnant secretions leads to periductal 
infl ammation (periductal mastitis which may 
be subclinical). The pain is often described as 
a throbbing sensation, and nipple retraction 
and purulent nipple discharge may also occur. 
A short course of antibiotics may be considered 
as the fi rst line of treatment, and if no improve-
ment occurs, surgical management should be 
considered [ 13 ].   

    Clinical Impact 

 Cyclic and noncyclic mastalgias signifi cantly 
impact quality of life for many women. A study 
by Davies et al. demonstrated a negative impact 

on sexual relations in 28 % of women with cyclic 
mastalgia and 20 % with noncyclic mastalgia, 
for women reporting moderate-to-severe pain 
[ 8 ]. Clinical complaints of mastalgia often lead 
to further evaluation. In a health maintenance 
organization cohort study evaluating the outcome 
of breast symptom episodes, further evaluation 

      Table 4.2    Medications associated with breast pain in 
women   

 Categories  Medications 

 Hormonal medications  Estrogens 
 Progestogens 
 Combination medication 
  Oral contraceptives 
  Menopausal hormone 
therapy 
 Diethylstilbestrol 
 Clomiphene 
 Cyproterone 

 Antidepressant, 
antipsychotic, and 
anxiolytic medications 

 Sertraline (and other 
serotonin reuptake inhibitors) 
 Venlafaxine 
 Mirtazapine 
 Chlordiazepoxide 
 Amitriptyline a  
 Doxepin a  
 Haloperidol (and other 
antipsychotic agents) 

 Antihypertensive and 
cardiac medications 

 Spironolactone a  
 Methyldopa 
 Minoxidil 
 Digoxin a  
 Reserpine a  

 Antimicrobial agents  Ketoconazole a  
 Metronidazole a  

 Miscellaneous agents  Cimetidine a  
 Cyclosporine 
 Domperidone 
 Penicillamine 
 Methadone a  
 Carboprost, dinoprostone 
(and other prostaglandins) 
 Estramustine 

  Adapted from Smith et al. [ 3 ] 
 Information obtained from MEDLINE, MICROMEDEX, 
and discussion with breast specialists and pharmacists 
  a Medications causing galactorrhea and gynecomastia and 
believed to be associated with breast pain. Other medi-
cations (not listed) also may be associated with breast 
pain and should be considered according to clinical 
circumstances  
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was recommended for 391 (73 %) episodes, 
which included a surgical consultation (38 %), 
return for repeat examination (23 %), and diag-
nostic studies including mammography (30 %), 
fi ne- needle aspiration (8 %), biopsy (4 %), and 
ultrasonography (1 %) [ 6 ]. Signifi cant resources 
are utilized in the ensuing workup leading to an 
increase in health-care costs. 

 Interestingly, in a study of 1,200 female vet-
erans, those with frequent mastalgia (defi ned as 
≥ weekly) compared to women without mastal-
gia were more likely to experience the follow-
ing: panic disorder (odds ratio [OR] 7.1, 95 % CI 
3.9–12.8), posttraumatic stress disorder (OR 5.2, 
95 % CI 3.2–8.4), chronic pelvic pain (OR 5.4, 
95 % CI 2.7–10.5), major depression (OR 4.2, 
95 % CI 2.6–6.9), fi bromyalgia (OR 3.9, 95 % 
CI 2.1–7.4), domestic violence (OR 3.1, 95 % 
CI 1.9–5.0), irritable bowel syndrome (OR 2.8, 
95 % CI 1.6–4.8), eating disorder (OR 2.6, 95 % 
CI 1.5–4.7), or alcohol misuse (OR 1.8, 95 % 
CI 1.1–2.8) [ 14 ]. This study highlights the need 
to consider comorbidities in patients presenting 
with a chief complaint of mastalgia. 

 Women with cyclic and noncyclic mastalgia 
often express concerns about the association of 
pain with breast cancer. However, pain as a pre-
senting symptom, or the only symptom, of breast 
cancer is a relatively rare occurrence, reported as 
a presenting symptom in only 5–18 % of breast 
cancers [ 2 ]. Studies of the association of mas-
talgia and breast cancer have shown confl icting 
results. A potential association between breast 
pain and cyclic mastalgia has been identifi ed in 
premenopausal women with early-stage breast 
cancer and breast pain. In a cohort study of 247 
French women with benign breast disease (and 
free of any hormonal treatment), the OR for breast 
cancer was 1.35 (95 % CI 1.01–1.83) for women 
with any cyclic pain compared to 3.32 for women 
with symptoms rated as severe when compared to 
controls. With a mean follow-up of 16 ± 5 years, 
a total of 22 breast cancers were found. Utilizing 
the Cox model, the corresponding relative risk 
for 37 months of cyclical mastalgia was 5.31 % 
(95 % CI 1.92–14.72) [ 15 ]. Results in these stud-
ies may have been infl uenced by bias in report-
ing, as women with breast cancer may have a 

higher rate of reporting symptoms. A larger study 
of 5,463 women seen in a breast care center dem-
onstrated that breast pain was associated with 
a decreased risk of breast cancer [ 16 ]. Clearly, 
further study is needed to clarify this possible 
association.  

    Clinical Evaluation 

 An approach to evaluating the patient present-
ing with breast pain entails a thorough history 
and physical examination. Identifying the onset, 
quality, and duration of pain, as well as aggra-
vating and alleviating factors or association with 
a mass or infl ammation, can aid in differentiat-
ing the etiology of breast pain. Assessing pain 
severity using a standardized pain scale, such as 
the Likert scale of 1–10, and documenting the 
change in severity over time will guide treatment 
recommendations with both non-pharmacologic 
and pharmacologic treatment options (Table  4.3 ).

   Although known risk factors for breast can-
cer include reproductive history, family history, 
personal breast cancer, or a prior precancer-
ous breast lesion, the presence or absence of 
these factors should not detract from a thorough 
evaluation of breast pain in order to exclude 
malignancy or other benign etiologies. Various 
medications including hormonal preparations 
and antidepressants and antihypertensive medi-
cations have been associated with breast pain 
(Table  4.2 ). Discontinuation, taking a drug holi-
day, or switching to a different dose or formu-
lation may be indicated in the management of 
breast pain.  

    Physical Examination 

 The diagnostic clinical breast examination entails 
inspection and palpation performed in the seated 
or supine position, sometimes both. It is help-
ful to visualize both breasts at the same time to 
allow for comparison of size and symmetry and 
to assess for presence of erythema, skin dimpling 
(peau d’orange), nipple changes (inversion or dis-
charge), and distortion of the breast  architecture. 
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Palpation of the entire breast including the nip-
ple areolar complex and regional lymph nodes 
should be performed on all patients. Tenderness 
may localize to discrete areas in the breast and 
may be generalized or of extramammary etiol-
ogy. Having the patient bend over or lie on their 
side to allow the breast tissue to fall away from 
the pectoralis muscle and chest wall can help dif-
ferentiate pain emanating from the breast versus 
the chest wall [ 9 ]. The fi nding of a discrete mass 
or localized area of pain should be further evalu-
ated with diagnostic imaging including ultra-
sound and mammogram.  

    Diagnostic Evaluation 

 The diagnostic workup of breast pain can be 
challenging, with the determination of the ideal 
imaging study often dependent upon the clini-
cal fi ndings and patient age. In a patient younger 
than 30, the sensitivity of diagnostic mammog-
raphy is markedly decreased due to the overall 
increased density of the young breast. Therefore, 
if no mass is palpated in association with local-
ized breast pain, we proceed fi rst with a targeted 
ultrasound as the preferred initial modality for 
imaging the breast tissue. Mammography may 
be added depending on the clinical context and 
perceived individual risk. Patients older than 
30 should undergo diagnostic mammography 
in addition to a focused ultrasound. Diffuse 
pain without a palpable mass is further catego-
rized into cyclic versus noncyclic etiologies, 
with patients older than 30 with noncyclic pain 
undergoing diagnostic mammography fi rst. 
A reasonable treatment algorithm provides a 
typical approach to the patient with breast pain 
(Fig.  4.1 ).

   Irrespective of age, if a palpable mass is 
clearly found on clinical examination, this 
will require both a diagnostic mammogram 
and ultrasound. If clinical suspicion is high for 
malignancy and diagnostic imaging is nega-
tive, referral to a surgeon for consideration of 
biopsy of the palpable fi nding is recommended. 
Masses that are palpable but located deep within 
the breast tissue are very challenging and may 
require an open biopsy rather than biopsy in an 
outpatient setting. If clinical suspicion is low 
for malignancy and diagnostic imaging is nega-
tive, short- term follow-up with reexamination 
and consideration of additional imaging if the 
area of concern has changed is recommended. 
Depending on available resources, MRI may be 
utilized; however, the utility of diagnostic MRI 
in this setting is not yet fully defi ned and may 
offer a low yield of a cancer diagnosis [ 17 ]. In 
situations where the mass is visible on MRI, 
consideration could be given to an MRI-guided 
biopsy. 

 Smith et al. reported that the yield of either 
mammography or ultrasound in the context of a 

   Table 4.3    Historical factors to elicit in the clinical evalu-
ation of breast pain   

 History 
 Differentiating 
features 

 Cyclic mastalgia 
(CM) versus 
noncyclic 
mastalgia (NCM) 
or extramammary 
pain (EP) 

 Location  Unilateral and 
localized 

 NCM 

 Bilateral and 
generalized 

 CM 

 Duration  Acute (<month), 
subacute 
(1–6 months), or 
chronic (<6 months) 

 CM or NCM or 
EP 

 Severity  Likert pain scale 1–10 
 Quality of 
pain 

 Burning or aching 
sensation 

 NCM 

 Dull or heavy 
sensation 

 CM 

 Exacerbating 
or alleviating 
factors 

 Relationship to 
physical activity or 
activities of daily 
living (sleep) 

 NCM or CM 

 Initiation of new 
medication 

 NCM 

 Caffeinated beverage 
use 

 NCM 

 Associated 
factors 

 Palpable breast mass, 
erythema, nipple 
discharge, or skin 
changes 

 NCM 

 Chest wall pain  EP 
 Reproductive 
factors 

 Relationship to 
menstrual cycle 

 CM 

 Pregnancy  NCM 
 Medications  See Table  4.2  
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presenting symptom of breast pain was low for 
detecting a breast malignancy [ 3 ]. Ultrasound is 
most often ordered as a fi rst-line imaging study 
primarily to exclude a focal or discrete mass. A 
study of 110 directed ultrasonographic exams 
performed for focal breast pain showed no breast 
cancer, with a benign fi nding identifi ed at the site 
of the pain in 18/110 (%) patients [ 18 ]. There are 
no specifi c laboratory hormonal tests to assist in 
the evaluation of breast pain other than a preg-
nancy test if clinically indicated in a woman of 
reproductive age. 

 For those patients who are found to have 
either cyclic or noncyclic mastalgia with nega-
tive imaging studies, a short trial of non-phar-
macologic therapies may be the logical fi rst step 
for mild-to- moderate pain. For patients with 
pain that is clearly impacting their daily qual-
ity of life, consideration can be given to pur-
suing pharmacologic measures as a fi rst-line 
intervention.  

    Management Options 

 The treatment of breast pain requires an individ-
ualized approach with careful consideration and 
understanding of the patient’s concerns and its 
impact upon their quality of life. Often, reassur-
ance that no serious problem underlies the pain 
is the only intervention required. A minority of 
women, once reassured, will still require treat-
ment in order to decrease or alleviate symptoms 
related to the anxiety and uncertainty associated 
with this often new symptom [ 19 ,  20 ]. Assessing 
the effi cacy of treatment strategies is often clini-
cally challenging as the symptoms may wax and 
wane, often self-limited. Further complicating the 
evaluation of therapeutic response is the robust 
placebo response reported in a number of studies, 
ranging from 10 to 40 % [ 21 ,  22 ]. Encouraging 
the use of a symptom diary utilizing a pain scale 
aids in the choice of therapeutic modalities and 
the evaluation of effi cacy.  

Evaluation of breast pain and no palpable breast mass

Localized Pain

Age <30 Age ≥30

Targeted
ultrasound +/–

mammogram at
discretion of
radiologist

Targeted
ultrasound and

diagnostic
mammogram

If
positive If

positive

Consider
diagnostic

mammogram

Radiologic work
up as indicated

Reassure and
assess pain

severity + short
term f/u

Pain severity =
mild to moderate

Pain severity = severe and
impacting quality of life

Consider short trial
non-pharmacologic

options

Discuss
pharmacologic

options

Radiologic
work up as
indicated

If
negative

If
negative

Determaine if cyclic vs.
noncyclic mastalgia

If cyclical
mastalgia

If noncyclical
& >30

Diffuse pain

  Fig. 4.1    Algorithm: evaluation of breast pain and no palpable breast mass       
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    Non-pharmacologic Therapies 

 A number of non-pharmacologic options should 
fi rst be considered as the initial treatment for both 
the prevention and treatment of breast pain. These 
include physical measures, relaxation training, 
dietary changes, and nutritional supplements. 
Although evidence-based research on the thera-
peutic value of these measures is limited, a trial of 
3–6 months can certainly be considered, followed 
by reassessment. It is both reasonable and appro-
priate to counsel patients presenting with breast 
pain of mild-to-moderate intensity to try these 
non-pharmacologic approaches, particularly if the 
symptoms are interfering with their quality of life.  

    Physical Measures 

 Approximately 70 % of women wear a brassiere 
that does not provide adequate support, is improp-
erly fi tted, or has underwiring [ 23 ]. For both cyclic 
and noncyclic breast pain, wearing a well- fi tted 
bra during the day and a soft supporting bra while 
sleeping can result in an improvement of breast 
pain. A prospective study comparing danazol to 
wearing a sports brassiere demonstrated an 85 % 
relief of symptoms among patients instructed to 
wear sports brassieres compared to only 58 % 
relief of symptoms in the group who received 
danazol [ 24 ]. A well-fi tted brassiere worn during 
exercise provides support to Cooper’s ligaments 
which can be impacted by the amplitude of move-
ment especially with activities that involve breast 
motion (running, aerobics, and walking) [ 25 ].  

    Relaxation Training 

 There is good evidence regarding the impact of 
psychological factors and stress as contributors to 
breast pain, and so, it is important to obtain this 
as part of the history when evaluating a patient 
with breast pain. A small study of premenopausal 
women reporting severe cyclic mastalgia demon-
strated higher levels of anxiety and depression 
compared with women with no symptoms [ 26 ]. 

A psychological assessment may be important to 
screen for depression, with an appropriate psy-
chological referral considered for further psychi-
atric consultation and possible intervention. In the 
circumstance where patients report a high level 
of stress but are not clinically depressed, imple-
mentation of relaxation training into a patient’s 
daily lifestyle may be able to avert psychologi-
cal distress and possibly prevent breast pain. A 
study evaluating the use of an audiocassette that 
discusses progressive muscular relaxation over a 
4-week period demonstrated that 61 % of women 
reported relief of breast pain compared to those 
who did not use the audiocassette [ 27 ].  

    Dietary Changes 

 Historically, women have often been counseled 
to avoid caffeine-containing foods such as cof-
fee, tea, and chocolate as a strategy to decrease or 
prevent breast pain. However, the data on meth-
ylxanthine avoidance (specifi cally caffeine) has 
been confl icting. 

 There have been several trials showing that 
a caffeine-free diet did not impact symptoms of 
breast pain [ 28 ,  29 ]. It is postulated that breast 
pain may be infl uenced through the effects of 
caffeine on endogenous hormone levels. Caffeine 
intake has been found to be associated with 
altered hormone levels such as elevated plasma 
estrone, decreased testosterone, and increased 
sex hormone-binding globulin [ 30 ]. A random-
ized trial assessing caffeine intake and the rela-
tionship to fi brocystic changes and nodularity has 
shown improvement in breast nodularity, but not 
necessarily a decrease in breast discomfort [ 31 ]. 
For women who do consume moderate-to-heavy 
caffeine, it is reasonable to discuss reduction of 
caffeine intake as a preventive intervention.  

    Nutritional Supplements 

 The evidence evaluating herbal therapies such 
as vitamin E and evening primrose oil for man-
agement of moderate-to-severe breast pain has 
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been equivocal. The mechanism of action for 
vitamin E is primarily through an antioxidant 
effect and inhibition of the hormonal infl uence 
on breast receptors [ 32 ,  33 ]. Evening prim-
rose oil, a nutritional supplement that con-
tains gamma linolenic acid, is speculated to 
reduce breast sensitivity in women who have 
a dietary defi ciency of gamma linolenic acid 
[ 34 ]. A meta-analysis comparing several phar-
macologic therapies versus evening oil of prim-
rose was conducted. In this study, the authors 
included three randomized placebo- controlled 
trials of evening primrose oil with the outcomes 
presented as a mean pain score. The results 
demonstrated that evening primrose oil com-
pared to placebo showed no benefi t in improv-
ing the pain score [ 35 ]. 

 A small pilot study in premenopausal women 
was conducted to compare vitamin E alone, 
evening primrose oil alone versus combining 
vitamin E with evening primrose oil, and a pla-
cebo group for cyclic mastalgia over a 6-month 
period. The dose of the vitamin E was 400 IU 
three times per day and evening primrose oil 
3,000 IU three times per day. This study demon-
strated a trend to improvement in breast pain in 
all three arms when compared to placebo [ 36 ]. A 
randomized placebo-controlled study of vitamin 
E 200 IU twice a day versus placebo for cyclic 
mastalgia demonstrated improvement after two 
months of treatment, with no additional benefi t 
after 4 months of usage among premenstrual 
women [ 32 ]. 

 Dietary fl axseed is another supplement that 
has been examined in a randomized placebo- 
controlled fashion for its effect on cyclic mas-
talgia.    Flaxseed muffi ns containing 25 g daily 
consumed for up to four menstrual cycles com-
pared to placebo resulted in a signifi cantly greater 
degree in breast pain improvement compared to 
the placebo group and was associated with mini-
mal side-effects [ 37 ]. 

 In general, women presenting with mild-
to- moderate pain are often more inclined and 
receptive to a short trial of an herbal supple-
ment before pursuing pharmacologic therapy. 

The herbal preparations are often better toler-
ated and considered to be a safe alternative to 
pharmacologic therapies.    Following a short 
therapeutic trial, follow-up visit and reas-
sessment are prudent, and if no improvement 
is reported, then the supplement should be 
discontinued.  

    Pharmacologic Therapies 

 In patients who fail to respond to non- 
pharmacologic measures, consideration should 
be given to a trial of pharmacologic interven-
tions. First-line interventions for the treatment 
of breast pain that is related to medication use 
should include dose and delivery modifi cations. 
Postmenopausal hormone therapy has been 
shown to be associated with breast pain, and the 
reduction of the estrogen dose may provide a 
decrease in symptoms [ 38 ,  39 ]. 

 Oral contraceptives may also be associated 
with breast pain although pain may resolve after 
completion of a few cycles [ 2 ]. If pain persists, a 
trial of another agent with a lower dose of estro-
gen may alleviate symptoms. Conversely, oral 
contraceptives may be used to alleviate symp-
toms that are related to the cyclicity of the men-
strual cycle. Studies evaluating the risk of breast 
pain in oral contraceptives that contain very low 
doses of estrogen (ethinyl estradiol 20 mcg) 
have shown no increased risk when compared 
with placebo [ 40 ]. In women with persistent 
pain despite a trial of low-dose estrogen prepa-
rations, a trial of progestin-only pills or long-
acting  parenteral progestins may provide relief 
while still providing adequate contraceptive 
effect [ 41 ]. 

    Danazol 

 Danazol is the only US Food and Drug 
Administration-approved medication available 
for the treatment of breast pain or mastalgia. 
In numerous clinical trials, 59–92 % of women 
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treated with danazol reported relief of breast 
pain [ 42 – 55 ]. Unfortunately, side effects limit 
the use of danazol, and although dose-related, 
they are signifi cant enough to cause discontinu-
ation in as many as 15 % of patients. Possible 
side effects include acne, voice changes, male 
pattern hair loss, weight gain, mood distur-
bances, and menstrual irregularity [ 22 ]. Luteal 
phase-only administration of danazol has been 
shown to provide symptom relief without an 
increase in side effects when compared to pla-
cebo [ 53 ,  54 ].  

    Dopamine Agonists 

 Dopamine agonists have shown promising 
results for the treatment of breast pain with sev-
eral studies documenting a signifi cant decrease 
in breast pain in treated patients [ 56 ,  57 ]. The 
mechanism underlying the effi cacy may relate 
to the impact of dopamine agonists on prolac-
tin secretion. A number of studies have docu-
mented the presence of thyrotropin-induced 
increases in prolactin occurring in women with 
mastalgia [ 58 ,  59 ]. Bromocriptine has shown 
effi cacy ranging from 47 to 88 % of women 
studied, but its use is also limited by its side 
effect profi le (GI upset, headache, fatigue). 
Interestingly, clinical improvement of mastal-
gia may persist despite discontinuation of bro-
mocriptine [ 60 ].  

    Selective Estrogen Receptor 
Modulators 

 The selective estrogen receptor modulators 
(SERMS) are used in the treatment and preven-
tion of breast cancer. Tamoxifen has been studied 
in cyclic and noncyclic mastalgia and has dem-
onstrated effi cacy in pain reduction with studies 
revealing a decrease in pain in cyclic mastalgia 
ranging from 71 to 96 % of women treated and in 
56 % of those treated who had noncyclic mastal-
gia. A number of controlled trials have been con-

ducted assessing the effi cacy of treatment with 
tamoxifen [ 61 – 67 ]. 

 When considering the use of tamoxifen for 
mastalgia, the risk of side effects must be fac-
tored into the decision. Although effective, the 
risk of signifi cant adverse side effects often 
outweighs the benefi ts especially in mild-to- 
moderate pain. We recommend that tamoxi-
fen be reserved for the treatment of symptoms 
that are moderate to severe in intensity and 
have failed more conservative measures. The 
dose of the tamoxifen used for management of 
breast pain ranges from 10 to 20 mg per day. 
Raloxifene, another SERM, has not been spe-
cifi cally studied for effi cacy in the treatment of 
mastalgia (Table  4.4  [ 61 – 67 ]).

       Gonadotropin-Releasing Hormone 
Agonists 

 The administration of gonadotropin-releasing 
hormone agonists results in the suppression 
of pituitary ovarian hormone production. In 
estrogen- defi cient states, women experience 
improvement in breast pain but experience sig-
nifi cant symptoms resulting from the lack of 
estrogen. Although promising for treatment 
effi cacy, these agents can only be used short 
term and must be further evaluated to assess 
their role in the ongoing treatment of mastalgia 
[ 3 ,  68 ]. 

 Simple analgesics such as nonsteroidal 
anti- infl ammatories or acetaminophen often 
provide adequate therapy for the treatment of 
mild-to- moderate breast discomfort and can be 
recommended for use during periods of pain 
intensifi cation. They should be considered as 
fi rst-line therapy and may be used in addition to 
other agents. 

 Finally, there is no role for surgical man-
agement as a preventive therapy of cyclic or 
 noncyclic mastalgia. For a majority of women, 
the reassurance that the breast pain is not due to 
malignancy is often the most effective therapy 
and uniformly well received [ 3 ].   
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    Conclusion 

 Breast pain is a very common complaint in 
women, affecting up to 70 % of women in 
Western societies during their lifetime. 
Although frequently concerning and anxiety-
producing, it is rarely associated with breast 
cancer. Simple reassurance is often the only 

therapy required to alleviate concern and to 
mitigate pain intensity. If education and reas-
surance fail to achieve adequate symptom 
relief, a number of non- pharmacologic and 
pharmacologic measures have demonstrated 
effi cacy. Selection of a specifi c agent must be 
guided by patient expectation, side effect 

   Table 4.4    Clinical trials of tamoxifen for treatment of mastalgia   

 Study 

 No. (%) of subjects responding to intervention 

 Comments 

 Tamoxifen 

 10 mg  20 mg  Danazol  Bromocriptine  Placebo 

 Fentiman
et al. [ 61 ] 

 NE  22/31 
(71) 

 NE  NE  11/29 
(38) 

 Randomized double-blind trial of daily 
tamoxifen or placebo in 60 subjects with 
cyclic or noncyclic pain; response (≥50 % 
decrease in mean pain score) at 3 months. 
Signifi cant difference between groups 
( P  < 0.025); 6 in each group stopped study 
due to adverse effects 

 Powles
et al. [ 62 ] 

 NE  22/25 
(88) 

 20/25 
(80) 

 NE  NE  Randomized trial of tamoxifen 20 mg/d and 
danazol 100 mg twice daily; agents were of 
equal effi cacy ( P  > 0.10), but fewer adverse 
effects were noted with tamoxifen ( P  < 0.01) 

 Messinis and 
Lolis [ 63 ] 

 16/18 
(89) 

 NE  NE  NE  6/16 
(38) 

 Randomized trial of tamoxifen or placebo 
administered from days 5 to 24 for 6 
consecutive menstrual cycles; signifi cant 
difference between groups ( P  < 0.0001) 

 Fentiman, 
et al. [ 64 ] 

 26/29 
(90) 

 24/28 
(86) 

 NE  NE  NE  Randomized double-blind trial of 10 or 
20 mg of tamoxifen daily for 3 or 6 months. 
Each dosage and duration equally effective a ; 
fewer adverse effects in 10 mg compared 
with 20-mg group (21 % vs 64 %; 
 P  < 0.0001) 

 GEBM [ 65 ]  127/155 
(82) 

 107/142 
(75) 

 NE  NE  NE  Randomized trial of 10 or 20 mg of 
tamoxifen from days 15 to 25 of menstrual 
cycle; doses equally effective ( P  = NS) with 
fewer adverse effects b  in 10-mg group 
( P  < 0.05) 

 Sandrucci 
et al. [ 66 ] 

 18/20 
(90) 

 NE  NE  16/18 (89)  NE  Randomized, blind trial of tamoxifen 10 mg 
from days 15 to 25 of menstrual cycle or 
bromocriptine 7.5 mg/d; agents equally 
effective ( P  = NS); adverse effects reported 
as mild and similar 

 Kontostolis 
et al. [ 67 ] 

 23/32 
(72) 

 NE  21/32 
(66) 

 NE  11/29 
(38) 

 Randomized trial of tamoxifen 10 mg from 
days 5 to 24 of menstrual cycle, danazol 
100 mg twice daily, or placebo for 6 months. 
Tamoxifen was more effective than danazol 
( P  < 0.001), but both were more effective 
than placebo ( P  < 0.035,  P  < 0.011, 
respectively) 

  Adapted from Smith et al. [ 3 ] 
  GEMB  Grupo de Estudio de Mastopatias Benignas,  NE  not evaluated in the study 
  a Relapse occurred in 48 and 39 % of subjects in 10- and 20-mg group at 3 months median time after treatment 
  b Hot fl ashes, gastrointestinal discomfort, vaginal discharge, ankle edema, and menorrhagia  
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 profi le, and severity of symptoms. Ongoing 
follow-up is necessary as mastalgia often 
resolves allowing for discontinuation of ther-
apy. Spontaneous remission can occur and 
therapeutic interventions can lead to long-last-
ing resolution of symptoms. Further study is 
needed to assess newer agents for effi cacy.     
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           Introduction 

       The clinical management of high-risk breast 
lesions is intellectually challenging, continu-
ally evolving over time and occasionally contro-
versial. The evaluation of all breast conditions 
begins with a thorough history and physical 
exam, appropriate breast imaging, and cyto-
logic or histologic evaluation when indicated. 
Percutaneous core needle biopsy (CNB) has 
become the diagnostic modality of choice for 
both palpable and non-palpable breast lesions 
when histologic assessment is desired [ 1 – 3 ]. 
In the treatment of breast cancer, preopera-
tive diagnosis by CNB offers many advantages 
over open surgical biopsy. CNB provides pre-
operative clinical staging and tumor marker 

assessment, enables discussion of neoadjuvant 
options, and increases the rate of breast-conserv-
ing therapy. Yet, the majority of image-detected 
breast lesions are benign, and most patients who 
undergo a breast biopsy will not have a diagno-
sis of malignancy. When there is concordance 
among clinical history, physical examination, 
imaging, and needle biopsy pathology, CNB 
may obviate the need for surgery to prevent 
under- and overtreatment of patients. However, 
some CNB fi ndings are considered “borderline” 
because the CNB reveals a nonmalignant diag-
nosis, but cancer might be present at the biopsy 
site, implying a sampling error. The manage-
ment of these high-risk lesions may be variable 
among practitioners, and a need for consensus 
in management of many of these lesions exists. 
In a position statement in 2011, the American 
Society of Breast Surgeons (ASBrS) defi ned a 
subset of benign and borderline breast lesions 
discovered on CNB that are associated with an 
upgrade in diagnosis to malignancy when CNB 
is followed by surgical excisional biopsy. 

 These lesions will be described in this chapter 
and include:
•    Atypical ductal hyperplasia (ADH)  
•   Lobular neoplasia (lobular carcinoma in situ 

and atypical lobular hyperplasia)  
•   Columnar cell lesions (hyperplasia or fl at epi-

thelial atypia)  
•   Papillary lesions  
•   Radial scar (complex sclerosing lesions)  
•   Fibroepithelial lesion (with or without cellular 

stroma)  
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•   Mucocele-like lesion  
•   Spindle cell lesion    

 The upgrade rate to ductal carcinoma in situ 
(DCIS) or invasive ductal carcinoma (IDC) when 
a borderline breast lesion in diagnosed on CNB is 
summarized in Table  5.1 .

   Patient counseling following identifi cation of 
a borderline breast lesion must take into account 
an assessment of concordance between the clini-
cal suspicion and CNB result, an estimation of 
the risk and implications of associated lesions 
of greater clinical signifi cance (such as malig-
nancy), and knowledge of the natural history of 
the specifi c high-risk lesion identifi ed. The Gail 
risk model, along with other risk assessment 
models, has been increasingly used to estimate 
future breast cancer risk based on the results of 
breast biopsy [ 21 ,  22 ]. Utilizing the Gail model 
in clinical trial enrollment, the NSABP P-1 study 
fi rst showed a signifi cant reduction in the inci-
dence of breast cancer in women at higher risk, 
including those with ADH and lobular neopla-
sia, when tamoxifen therapy was administered. 
Subsequently, risk assessment along with indi-
vidual care plans for borderline breast lesions has 
become standard of care [ 23 ,  24 ]. In the clinical 
management of borderline breast lesions today, 
risk assessment assists in informing appropriate 
follow-up, prevention, and screening discussions, 
including the use of breast MRI [ 25 ]. When these 
high-risk lesions are identifi ed by CNB, man-
agement may include structured observation, 
repeat CNB, or surgical excision, and the cho-
sen care pathway must represent a practice of 
informed discussion with the patient and shared 
decision-making.  

   Atypical Ductal Hyperplasia (ADH) 

 Atypical ductal hyperplasia (ADH) is described 
as a breast lesion involving the epithelial cells 
within the ductal system that is felt to be not 
only a precursor on the continuum from normal 
breast tissue to breast carcinoma but also a risk 
factor for future breast cancer. The model for 
a linear progression from hyperplasia to inva-
sive breast carcinoma was initially described 

by Wellings and Jensen [ 26 ]. This model pro-
poses a natural progression along a histologic 
continuum through an accumulation of molecu-
lar changes, ultimately resulting in an invasive 
phenotype. Flat epithelial atypia (FEA), ADH, 
and DCIS are accepted as the non-obligate 
precursors to invasive ductal carcinoma. This 
model is supported by morphologic, immu-
nohistochemical, and transcriptional profi ling 
data [ 27 ]. For example, ADH is described as 
a ductal epithelial lesion containing some, but 
not all, of the features of DCIS. A diagnosis 
of ADH on CNB is complicated by its similar 

   Table 5.1    Summary of the upgrade rate (%) to ductal 
carcinoma in situ (DCIS) or invasive ductal cancer (IDC) 
or invasive lobular carcinoma (ILC) when a borderline 
breast lesion is diagnosed on core needle biopsy (CNB) 
and followed by surgical excision   

 Borderline 
breast lesio(ns 
diagnosed on 
core needle 
biopsy 

 Upgrade to 
malignancy 

 Upgrade to 
malignancy 

 Increase 
relative risk 
of breast ca 

 DCIS (%)  IDC (%) 

 ADH [ 4 – 7 ]  30–40  20  4–6 
 Lobular 
neoplasia 
 ALH [ 8 ,  9 ]  20*  4–5 
 LCIS [ 8 ,  9 ]  30*  8–12 
 pLCIS 
[ 8 ,  10 ,  11 ] 

 40–60 
(ILC) 

 Columnar 
cell lesions 
 CCH with 
atypia [ 4 ,  5 ,  12 ] 

 25–33* 

 FEA [ 13 ,  14 ]  9–15* 
 Papillary breast 
lesion 
 Intraductal 
papilloma 
(IDP) [ 15 ] 

 8* 

 Radial scar 
[ 10 ,  16 ,  17 ] 

 5–9*  1.8–3 

 Mucocele-like 
lesions [ 18 – 20 ] 

 18–30** 

   ADH  atypical ductal hyperplasia,  ALH  atypical lobular 
hyperplasia,  LCIS  lobular carcinoma in situ,  pLCIS  pleo-
morphic lobular carcinoma in situ,  CCH  columnar cell 
hyperplasia,  FEA  fl at epithelial atypia 
 The numbers in superscript in the fi rst column indicate the 
bibliographic reference. The asterisk sign * indicates the 
% of upgrade to DCIS and IDC combined. ** includes 
also the % of upgrade to ADH  
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appearance to low-grade DCIS, with only quan-
titative differences. 

 Typically, ADH is detected by screening 
mammography as microcalcifi cations in an 
asymptomatic patient, and ADH represents 
10 % of radiographically detected lesions [ 4 ]. 
Morphologically, a diagnosis of ADH requires 
atypical but uniform epithelial cells which par-
tially or completely fi ll the ductal spaces, with a 
maximal dimension of 2 mm for each focus, dis-
tinguishing it from low-grade DCIS [ 5 ,  10 ,  28 ] 
(Fig.  5.1a, b ). Due to the limited tissue sampling 
with CNB and the varied benign and malignant 
lesions associated with ADH, a diagnosis of 
ADH by CNB has a well-recognized potential for 
coexistent DCIS or invasive cancer that is related 
to sampling size [ 28 ] (Fig.  5.1c, d ). Furthermore, 
FEA, ADH, and DCIS have been shown to dis-

play similar genetic alterations and chromosomal 
aberrations, such as loss of 16q, and progression 
to invasive cancer has been proposed to occur 
along potentially multiple such pathways through 
the acquisition of genetic alterations under selec-
tive pressure [ 27 ]. As a result, ADH is commonly 
found to be coexistent in the setting of other high-
risk breast lesions as well as DCIS and  invasive 
carcinoma [ 5 ,  10 ,  28 ].

   At the same time, ADH also represents a 
marker for elevated risk of future cancer. Even 
in the absence of synchronous associated malig-
nancy, a diagnosis of ADH incurs at least a four to 
fi ve times relative risk of subsequent breast cancer 
diagnosis, perhaps as high as sixfold in premeno-
pausal women [ 6 ]. This increased risk is evident in 
both the ipsilateral and contralateral breast [ 4 ,  7 ]. 
When malignancy is found in a surgical excision 

a b

c d

  Fig. 5.1    ( a ) Single duct with monotonous, atypical, but 
uniform epithelial cells which partially or completely fi ll 
the ductal spaces with maximal dimension of 2 mm con-
sistent with ADH. If more ducts like this present or 
expanded duct measures more than 2 mm, then it qualifi es 
as low-grade cribriform DCIS. ( b ,  c ) DCIS with central 

comedo necrosis and calcifi cation in the middle, in purple. 
( d ) Cribriform DCIS (upper right) and invasive ductal car-
cinoma both strongly positive with nuclear estrogen 
receptor (Courtesy of Marina Mosunjac, MD Emory 
University Atlanta)       
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following a CNB diagnosis of ADH, an “upgrade” 
in diagnosis is said to have occurred. A wide range 
of upgrade percentages have been reported in the 
literature, with rates as low as 4 % and as high 
as 87 % [ 5 ]. One of largest recent retrospective 
studies looking at 422 CNB diagnoses of ADH 
reported an upgrade percentage of 31.3 %, with 
the majority upgrading to DCIS (22.7 %) [ 7 ]. 

 Additionally, the presence of multiple radio-
graphic foci of ADH has been shown to increase 
the rate of associated malignancy identifi ed if 
excisional biopsy is subsequently performed (7 % 
for 1–2 foci vs. 39 % for >2 foci) [ 4 ]. In addi-
tion to discussion of the risk of concurrent malig-
nancy, management of ADH must also include an 
estimation of the implied relative risk for future 
diagnosis of breast cancer. Lifestyle modifi ca-
tions, including avoiding risk factors such as pro-
longed use of hormone replacement therapy and 
increasing protective factors such as low fat diet 
and exercise, are believed to impart a modest risk 
reduction for development of future breast cancer. 
The original report of the breast cancer preven-
tion trial, NSABP P-1, in 1998 [ 23 ] established 
the effi cacy of tamoxifen use in reducing the risk 
of future breast cancer in patients with above-
average risk by almost 50 %. Importantly, ADH 
patients in this trial received the most benefi t, 
reducing risk of cancer by 86 %. Meanwhile, pro-
phylactic surgery for the diagnosis of ADH alone 
is controversial [ 29 ,  30 ]. In summary, when ADH 
is identifi ed by CNB, excision should be strongly 
considered in order to evaluate for coexistent 
malignancy. When malignancy is not identifi ed 
following excision, informed discussion should 
include an estimation of future risk of malignancy 
as well as an acceptable plan for surveillance and 
risk reduction, including lifestyle modifi cations 
and chemoprevention with hormonal therapy.  

   Lobular Neoplasia: Atypical Lobular 
Hyperplasia (ALH) and Lobular 
Carcinoma In Situ (LCIS) 

 Lobular proliferative lesions include atypical 
lobular hyperplasia (ALH) and lobular carci-
noma in situ (LCIS). LCIS was fi rst describe by 

Ewing in 1919, and later the term lobular neo-
plasia (LN) was coined by Haagensen in 1978 to 
encompass both ALH and LCIS [ 31 ]; however, 
the term has not gained universal acceptance. 
Linear progression models for lobular breast 
changes are less well studied than their ductal 
counterpart, although some recent genetic and 
molecular studies have displayed similar genetic 
changes in ALH and LCIS with both IDC and 
invasive lobular carcinoma (ILC) [ 27 ]. LN rep-
resents a continuum from ALH to pleomorphic 
LCIS (pLCIS), the most aggressive subtype of 
LCIS [ 8 ]. LN is characterized by atypical epi-
thelial cells with intraepithelial lobular prolifera-
tion of terminal duct-lobular units with differing 
degrees of fi lling and atypia. ALH and LCIS can 
be distinguished by the amount of acini involve-
ment. LCIS is diagnosed by acini involvement 
of more than half with no central lumina where 
ALH has less than half of the acini affected [ 8 , 
 10 ] (Fig.  5.2a, b ). When unable to differentiate 
ductal versus lobular features, particularly impor-
tant in the pleomorphic variant, the cellular adhe-
sion molecule E-cadherin is utilized. Negativity 
for E-cadherin is a hallmark molecular feature of 
lobular histology (Fig.  5.2c, d ).

   Pleomorphic LCIS, which can be thought of 
as a separate entity due to its aggressive natural 
history, is distinguished by its approximately 
four-times larger nuclei and signifi cant nuclear 
pleomorphism. Although LCIS and pLCIS are 
normally ER/PR positive (pLCIS can be nega-
tive), and E-cadherin negative, pLCIS may show 
HER2 overexpression, p53 positivity, and an ele-
vated Ki67 index compared with LCIS. pLCIS 
also shows similarities to DCIS with occasional 
chromosomal deletions and ontogenesis. These 
features have signifi cant implications when eval-
uating upgrade percentage and breast cancer risk 
with pLCIS, which is universally considered as 
a precursor lesion to breast cancer [ 8 ,  10 ]. LN is 
typically an incidental diagnosis without specifi c 
physical exam or radiographic fi ndings, although 
it may be associated with microcalcifi cations in 
the pLCIS subtype. When LN is diagnosed, up 
to 85 % are multicentric and 50 % are multifo-
cal, with up to one third with LN identifi ed in the 
contralateral breast [ 4 ,  10 ]. 
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 LN has classically been considered a marker 
of future breast cancer risk, and not a precur-
sor lesion, and management is still somewhat 
controversial, particularly in cases without a 
radiographic abnormality. The average age 
for the diagnosis of LN is between 44 and 
47 years. It is 12 times more common in white 
than black patients [ 32 ]. The relative risk for 
the development of breast cancer in a patient 
diagnosed with LN is four- to fi vefold for ALH 
and about eight- to ninefold for LCIS [ 9 ]. With 
LCIS, the cumulative risk of ipsilateral and 
contralateral breast cancer is similar (18 % and 
14 %, respectively) with 40 % being ILC and 
60 % IDC [ 11 ]. When excised, an upgrade in 
diagnosis from LN to malignancy is reported 
to occur at rates ranging from 0 to 50 % [ 8 ]. 

This wide range is likely related to the limited 
radiographic fi ndings, variable indications for 
excision, and inherent differences between the 
subtypes of LN. A recent meta-analysis of over 
1,200 LN patients  displayed upgrade percent-
ages of 19 % of the ALH cases, 32 % of the 
LCIS cases, and 41 % (40–60 % in the litera-
ture) of the pLCIS cases [ 8 ]. 

 Management of LN diagnosed by CNB must 
start with an assessment of clinical and patho-
logic concordance, as the diagnosis of LN often 
is not related to the underlying clinical fi ndings. 
LN typically presents with limited suggestive his-
tory or exam and imaging fi ndings (excluding the 
pLCIS subtype), indicating a need to consider the 
possibility of misdiagnosis following CNB and 
the possibility for alternative diagnoses  following 

a b

c d

  Fig. 5.2    ( a ) Atypical lobular hyperplasia ALH with 
mildly expanded lobules with monotonous smaller cells, 
not enough for LCIS. ( b ) Lobular carcinoma in situ. 
Extended lobules fi lled with small dyscohesive uniform 
cells. There is a feel of “bag of marbles,” and if you were 
to turn the slide upside down, the marbles would fall out, 

different from DCIS where cells usually are more tightly 
packed. ( c ) Lobular carcinoma in situ: at higher power, the 
dyscohesiveness of the LCIS cells. ( d ) E   -cadherin, mem-
branous stain, not staining LCIS but staining adjacent 
ducts (Courtesy of Marina Mosunjac, MD Emory 
University Atlanta)       
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any proposed excision. Management of pLCIS is 
unique from management of LN in general. Due 
to its high associated underlying risk of inva-
sive lobular carcinoma of about 40–60 %, it is 
considered a precursor lesion, and excision with 
negative margins should be recommended in all 
patients when seen on CNB. 

 For the remaining LN lesions, surveillance 
may be appropriate when another concordant 
benign pathologic lesion, such as a fi broade-
noma, is identifi ed in the CNB specimen. Repeat 
biopsy or surgical excision may be considered 
appropriate in the setting of clinical-pathologic 
discordance, identifi cation of another associ-
ated high-risk lesion, or presence of unusual 
histologic features such as mitoses or necrosis. 
In such instances, underlying DCIS and invasive 
carcinoma are more likely to be identifi ed [ 5 ]. 
Compared to the general population, ALH carries 
4- to 5-fold and LCIS 8- to 12-fold greater life-
time risk of developing invasive cancer [ 33 ,  34 ]. 
When ALH or LCIS is diagnosed, an informed 
discussion must also include an established plan 
for surveillance, including possible MRI, lifestyle 
modifi cations, chemoprevention with hormonal 
therapy, and bilateral prophylactic mastectomy.  

   Columnar Cell Lesions: Flat 
Epithelial Atypia and Columnar Cell 
Hyperplasia with Atypia 

 Columnar cell lesions (CCLs) were fi rst 
described in the literature in 1979 [ 35 ,  36 ] as 
“monomorphic clinging carcinoma in situ,” 
and the term fl at epithelial atypia (FEA) was 
more recently recognized by the World Health 
Organization to describe CCLs with atypia. The 
overall incidence of fi nding CCLs by CNB has 
been increasing recently with a current preva-
lence of 3.7–10 % [ 13 ]. CCLs are not normally 
diagnosed on physical exam, but radiographi-
cally they can be associated with pleomorphic 
calcifi cations [ 4 ]. Histologically, CCLs are char-
acterized by enlarged terminal ductal-lobular 
units with dilated acini lined with columnar cells 
and with associated apical snouts. Columnar cells 
are epithelial cells that are columnar in shape, 

giving them their name (Fig.  5.3a, b ). Elongated 
nuclei and intraluminal secretions are also noted. 
Cytologically, CCLs are composed of similar 
progenitor cells to ADH and DCIS and include 
a spectrum of lesions, including columnar cell 
change (CCC), columnar cell hyperplasia (CCH), 
and FEA. As previously discussed, these lesions, 
particularly FEA, are felt to be early in the spec-
trum from normal breast tissue to carcinoma. 
CCC is distinguished by having only two layers 
of cells, without atypia, lining the ductal com-
ponents, while CCH exhibits greater than 2 lay-
ers of cells, and FEA displays associated atypia 
(Fig.  5.4a, b ).

    A grading system (low, medium, high) has 
been proposed to describe the degree of atypia 
noted [ 10 ,  13 ]. ADH is distinguished from 
columnar cell lesions (CCLs) by the degree of 
cytonuclear atypia and abnormal architecture 
[ 13 ]. The majority of CCLs display ER/PR posi-
tivity. While considered benign lesions, CCLs 
have a known association with other high-risk 
benign lesions and malignancy. The diagnosis 
of CCLs may possibly represent a risk factor for 
and/or early precursor to carcinoma, although 
this is yet to be proven [ 5 ,  13 ,  27 ]. When excised, 
CCLs with atypia are found to occur concurrently 
with other high-risk benign lesions 25–33 % of 
the time, with associated ALH and ADH being 
identifi ed at a rate of 5 and 3.5 %, respectively 
[ 4 ,  5 ,  12 ]. 

 Additionally, the reported rate of upgrade in 
diagnosis to in situ or invasive cancer following 
excisional biopsy for CCLs has been reported 
at rates ranging from 0 to 26 %. These rates 
have been shown to be signifi cantly higher for 
CCH (20 %) and FEA (9 %) when compared 
to CCC; however, the true rate of associated 
malignancy is diffi cult to estimate, as many 
lesions are managed without excision [ 13 ,  14 ]. 
In practice, the management of CCH and FEA 
often differs from the management of CCC 
based on the described disparity in associated 
risk. Surgical excision should be presented as 
the preferred management whenever CNB of 
a breast lesion yields a diagnosis of CCH or 
FEA. Occasionally, continued surveillance is 
also discussed with patients in the setting of 
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an informed discussion. Interval clinical and 
imaging follow-up is more often practiced fol-
lowing a CNB diagnosis of CCC.  

   Papillary Lesions 

 Papillary breast lesions (PBLs) span a wide patho-
logic spectrum ranging from benign to malignant 
and include intraductal papilloma (IDP), atypi-
cal papilloma, intracystic papillary carcinoma, 
and invasive papillary carcinoma. PBLs present 
with a diverse clinical behavior and radiographic 
presentation. Radiographically, PBLs can present 

as architectural distortion, asymmetric density, 
and occasionally a palpable breast mass with or 
without associated microcalcifi cations, or micro-
calcifi cations alone. However, mammography 
and ultrasonography cannot reliably distinguish 
benign from malignant PBLs [ 37 ]. The hallmark 
of PBLs is the formation of papillary structures 
composed of two layers of cells, one epithelial 
and one myoepithelial, on a fi brovascular core 
(Fig.  5.5a–c ). Distinguishing among the spec-
trum of papillary lesions, such as an atypical 
papilloma versus DCIS arising within a papil-
loma, can be very challenging for the patholo-
gist. Additionally, other proliferative lesions can 

a b

  Fig. 5.3    ( a ,  b ) Columnar cell lesions are characterized by 
enlarged terminal ductal-lobular units with dilated acini 
lined with columnar cells and with associated apical 

snouts. Columnar cells are epithelial cells that are colum-
nar in shape, giving them their name (Courtesy of Marina 
Mosunjac, MD Emory University Atlanta)       

a b

  Fig. 5.4    ( a ) Columnar cell hyperplasia. Cysts lined by 
orderly columnar cells with minimal atypia. ( b ) Flat epi-
thelial atypia (FEA) cysts lined by pseudostratifi ed 

slightly disordered larger atypical cells (Courtesy of 
Marina Mosunjac, MD Emory University Atlanta)       
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be present at the periphery of the suspicious mass 
or area, further complicating the diagnosis.

   Moreover, the accurate diagnosis on CNB can 
be diffi cult because of fragmentation, limited 
material, sampling error, or presence of other 
nonneoplastic proliferations, such as fl orid papil-
lomatosis, radial sclerosing lesions (RSLs), and 
micropapillary hyperplasia [ 10 ]. Yet, as percuta-
neous stereotactic or ultrasound-guided CNB has 
been used increasingly in the diagnosis of clini-
cally occult and palpable breast lesions, recent 
data have suggested that benign papillary lesions 
(mainly IDPs) can be diagnosed accurately by 
CNB [ 38 ,  39 ]. In spite of the inherent limitations 
of CNB, papillary lesions account for approxi-
mately 5–10 % of all CNBs, and the subsequent 
decision about clinical treatment is now based 
largely on the CNB diagnosis [ 40 ,  41 ]. 

 A number of studies have been published on 
the management of atypical papillary lesions, 

inclusive of IDP with atypia or IDP with asso-
ciated ADH, with most recommending surgical 
excision based upon the increased risk of associ-
ated DCIS and invasive carcinoma [ 37 ,  40 – 42 ]. In 
contrast to atypical papillary lesions, the manage-
ment of benign IDP remains controversial, with 
no clear consensus on the optimal approach to 
management. The reported incidence of fi nding 
a more advanced lesion (ADH, DCIS, and inva-
sive carcinoma) on follow-up excisional biopsy 
after the diagnosis of benign IDP on CNB ranges 
from 0 to 25 % [ 43 ]. In one retrospective review 
[ 44 ] of 276 consecutive cases of IDP undergo-
ing surgical excision, there was a clear higher 
rate of upgrade in diagnosis to DCIS/IDC when 
compared to isolated IDP, 33 %/5 % vs. 8 %/1 %, 
respectively. For isolated IDP, an 18 % upgrade 
in diagnosis to ADH was also noted. Therefore, 
even when CNB demonstrated benign IDP, an 
upgrade in diagnosis to a lesion of greater clini-

a b

c

  Fig. 5.5    ( a ,  b ) Benign intraductal papilloma (IDP) of the 
breast showing fi brovascular cores lined by two distinct 
layers of cells, myoepithelial cells and ductal cells. ( c ) 

Calponin stain (×400) specifi cally delineates myoepithe-
lial cells in a benign IDP (Courtesy of Marina Mosunjac, 
MD Emory University Atlanta)       
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cal signifi cance was demonstrated 27 % of the 
time following excisional biopsy [ 44 ]. While the 
clinical signifi cance of identifying IDC/DCIS is 
appreciated, an upgrade in diagnosis to a benign 
lesion such as ADH can have signifi cant patient 
management implications. Surgical excision is 
the current recommendation considered as opti-
mal management for all breast papillary lesions 
identifi ed on CNB.  

   Radial Sclerosing Lesions: Radial 
Scar and Complex Sclerosing 
Lesions 

 Radial sclerosing lesions (RSLs) of the breast 
are a group of benign, stellate-appearing breast 
lesions, with the incidence of radial scars iden-
tifi ed on CNB ranging from 4 to 26 %. These 
lesions have been referred to by several dif-
ferent names, including scleroelastotic lesion, 
indurative mastopathy, nonencapsulated scle-
rosing lesion, and sclerosing papillary prolifera-
tion [ 45 ]. RSLs are often categorized by size as 
either radial scar (<1 cm) or complex sclerosing 
lesion (>1 cm). These lesions can have a clini-
cal and radiologic presentation as well as gross 
pathologic appearance resembling that of car-
cinoma [ 10 ]. Typically, patients diagnosed with 
RSLs have no particular exam or imaging fi nd-
ings, and RSL is often an incidental fi nding on 
CNB biopsy for another concordant abnormal-
ity. However, patients may also present with a 
palpable breast mass. Mammographic fi ndings, 
when present, usually display a spiculated lesion 
with dense radiolucent cores and thin spicules 
radiating out from the core, which can be nearly 
impossible to distinguish from carcinoma [ 15 , 
 46 ] (Fig.  5.6a, b ). Histologically, RSL are char-
acterized by fi broelastotic cores with ducts and 
lobules radiating centrifugally with typical or 
atypical epithelial proliferative changes or cysts 
[ 10 ,  15 ,  45 ].

   The clinical signifi cance of RSLs lies in both 
the implicit associated increase risk of develop-
ing breast cancer in the future and the associ-
ated risk of concurrent malignancy. The relative 
risk increase imparted by a diagnosis of RSL 

ranges from 1.8 to 3 [ 47 ,  48 ], and a diagnosis of 
 associated malignancy following excision has 
been reported at a rate of 0–40 % [ 10 ]. Due to the 
similarities in clinical appearance to carcinoma 
and the potential risk of associated breast cancer, 
RSLs have traditionally been treated with exci-
sional biopsy. The more recent literature showing 
percutaneous underestimation rates of malig-
nancy in the 5–9 % range makes management 
more complex, with options for surveillance 
seeming more acceptable, particularly in higher 
operative risk or multiply-comorbid patients [ 15 , 
 46 ]. The absence of cytologic atypia, increased 
number of cores taken at the time of CNB, and 
extensive sampling with vacuum-assisted needle 
biopsy have all been described as methods to 
identify patients that may safely be monitored. 
However, no clear clinical radiographic predic-
tors have been identifi ed to determine lesions 
at increased risk for associated malignancy, and 
surgical excision recommendations should be 
made independent of imaging fi ndings [ 45 ]. For 
most patients of acceptable operative risk, opti-
mal management continues to be complete surgi-
cal excision.  

   Fibroepithelial Lesions 
with Cellular Stroma 

 Fibroepithelial tumors of the breast represent a 
varied group of lesions containing both mesen-
chymal and epithelial components. The epithelial 
elements contain Ck5/14-positive progenitor cells 
with their glandular and myoepithelial progeny, 
whereas the stromal component shows vimentin/
CD34 positivity with potential for multi-lineage 
differentiation as seen in spindle cell lesions of 
the breast [ 16 ,  17 ]. The proliferation of fi broepi-
thelial elements along divergent pathways gives 
rise to fi broadenomas, phyllodes tumors, scleros-
ing lobular hyperplasia, and hamartomas. 

  Fibroadenoma  is the most common benign 
breast tumor and clinically presents as a pal-
pable mass or as an abnormal imaging fi nding. 
Lesions may be identifi ed in women at any age, 
typically presenting during early adolescence, 
with a mean age of 30 at presentation. Multiple 
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fi broadenomas can be identifi ed at presentation 
approximately 15 % of the time. When palpa-
ble, fi broadenomas are typically small, smooth, 
mobile, and fi rm or rubbery masses with >90 % 
smaller than 4 cm. Fibroadenomas may develop 
into very large masses particularly in adoles-
cent girls and young women, often called juve-
nile giant fi broadenomas (Fig.  5.7a, b ) [ 49 ]. On 
mammography, fi broadenomas appear as well-
defi ned round, oval, or lobulated masses, which 
may be calcifi ed. On ultrasound, fi broadenomas 
are well- circumscribed, uniform hypoechoic 
or isoechoic ovoid masses, and the lesions are 
typically wider than tall with a well-demarcated 
margin [ 50 ].

   Fibroadenomas arise from the epithelium and 
stroma of the terminal duct-lobular unit, with 
pathologic fi ndings typically revealing well- 
defi ned borders consisting of elongated ducts 
lined with two layers of epithelium and situated 
in a stroma with low cellularity. When the diag-
nosis is made by CNB, a decision must be made 
whether to monitor or excise the lesion. In rare 
cases, fi broadenomas can progress in both epithe-
lial and stromal directions to malignant tumors 
[ 51 ]. However, most fi broadenomas tend to be 
self-limited or even regress, and it is not necessary 
to remove them all, while percutaneous excisional 
or ablative treatment may be appropriate in select 
patients as defi ned recently by the ASBrS. Size 

a b

  Fig. 5.6    Forty-three-year-old asymptomatic female presenting 
with an abnormal screening mammogram showing architec-
tural distortion ( circle ) with radiating spicules ( a ). She under-

went ultrasound-guided core needle biopsy with clip placement. 
Pathology from the core needle biopsy showed a radial scar ( b ) 
(Courtesy Dr Michael Cohen Emory University Atlanta)       
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(greater than 2.0–2.5 cm), growth, symptoms, 
positive family history, discordance, and age 
(greater than 35 years) are reasonable indications 
for surgical excision. It should be discussed that 
there is a potential for upgrade in the fi nal patho-
logic diagnosis to a phyllodes tumor, in situ, or 
even invasive carcinoma in rare instances [ 51 ]. 

 Phyllodes tumor is an exceedingly rare lesion 
with an estimated incidence of 2.1 per million 
women. Presentation typically occurs between 
the ages of 45 and 49, typically about 15 years 
later in age compared to fi broadenomas [ 52 ]. The 
presentation of a phyllodes tumor is clinically 
indistinguishable from that of a fi broadenoma 
[ 53 ]. Phyllodes tumor is felt to arise from the 
perilobular-periductal stroma. Microscopically, 
a circumscribed lesion with mixed epithelial and 
mesenchymal components is seen with a double- 
layered epithelial component and overgrowth of a 

hypercellular stromal component. FNA and CNB 
typically cannot discriminate between fi broad-
enoma and phyllodes tumor; however, the diagno-
sis may be suggested [ 54 ,  55 ]. Several systems for 
grading of phyllodes tumors exist, and while many 
authors use a three-tiered system to distinguish 
between benign, borderline, and malignant cases, 
others omit the intermediate category [ 56 ,  57 ]. 

 A benign phyllodes tumor is characterized as 
having few mitoses in a high-power fi eld (HPF), 
<2 per 10 HPF; no more than mild atypia, and no 
stromal overgrowth. Borderline phyllodes tumor 
has 2–5 mitoses per 10 HPF, more atypia with no 
stromal overgrowth. Malignant phyllodes tumor 
has marked atypia, more than 10 mitoses per HPF 
and stromal overgrowth (Fig.  5.8a, b ). The grad-
ing system refl ects the clinical behavior, with local 
recurrence and rare metastases noted in benign 
cases and distant metastases more common in 

a b

c d

  Fig. 5.7    Juvenile giant fi broadenoma of the breast. ( a ) 
Eighteen-year-old female at presentation. ( b ) One week 
after surgery. ( c ) Surgical specimen 12 × 11 × 8 cm. ( d ) 

Microscopically, the fi broadenoma showed mainly a hya-
linized component (Courtesy of Monica Rizzo, MD and 
Marina Mosunjac, MD Emory University Atlanta)       
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malignant cases. When phyllodes tumor is diag-
nosed by CNB, the ability to differentiate benign, 
intermediate, and malignant lesions is unreliable 
[ 56 ]. Wide local excision with the intent of remov-
ing >1 cm margins is the preferred treatment of a 
phyllodes tumor (Fig.  5.9a, b ). There is a relatively 
high incidence of local recurrence, reported from 8 

to 46 % in cases of positive surgical margins [ 57 ]. 
Often, the diagnosis of phyllodes tumor is not 
made until excisional biopsy has been performed.  
When excising a fi broadenoma, removal of a rim 
of normal breast tissue around the lesion is accept-
able, in case an upgrade in diagnosis to a phyllodes 
tumor does occur.

a b

  Fig. 5.8    ( a ) Phyllodes tumor. Ducts embedded into hypercellular stroma. ( b ) Stroma contains mitoses ( arrows ) 
(Courtesy of Marina Mosunjac, MD Emory University Atlanta)       

a b

  Fig. 5.9    Malignant phyllodes tumor. The patient refused surgical treatment when originally diagnosed ( a ). She devel-
oped a large ulcerated growth over 3 years ( b ) (Courtesy of Monica Rizzo, MD Emory University Atlanta)       
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    Hamartomas and sclerosing lobular hyperpla-
sia are rare benign fi broepithelial lesions with a 
nonspecifi c presentation that may be suspicious 
for fi broadenoma clinically and radiographi-
cally [ 58 ,  59 ]. While hamartomas are typically 
benign, malignant transformation has been rarely 
reported (Fig.  5.10 ). Hamartomas can occur at 
any age but are more common between the ages 
of 30 and 50 [ 60 ]. Diagnosis of hamartoma on 
CNB is problematic, with CNB results usually 
revealing benign breast tissue. Excisional biopsy 
to completely remove the lesion typically results 
in a very low local recurrence rate. However, 
they can be seen in high frequency in Cowden’s 
syndrome and suggest an elevated lifetime 
risk of breast cancer [ 61 ]. Sclerosing lobular 
hyperplasia can be diffi cult to distinguish from 
fi broadenoma by needle biopsy, and excisional 
biopsy may be recommended for reasons identi-
cal to those considered in recommending exci-
sion of fi broadenoma. While the lesion itself is 
benign and does not require excision, the diag-
nosis often is only made upon complete surgical 
removal [ 59 ].

      Mucocele-Like Lesions 

 Mucocele-like tumors of the breast were origi-
nally described by Rosen in 1986 [ 62 ] as an 
uncommon benign cystic lesion containing 

abundant mucin with extravasation into the 
surrounding stroma. Histologically, these 
lesions are diffi cult to distinguish from col-
loid carcinoma on fi ne-needle aspiration. At 
gross inspection, mucocele-like tumors are 
multicystic or multi- loculated, with multiple 
cysts in fi brous stroma seen by microscopy. 
Mucocele-like lesions of the breast may be 
identifi ed on breast self-exam or on clinical 
exam as a palpable mass. Mammographically, 
they are identifi ed in the setting of indetermi-
nate microcalcifi cations, from dystrophic cal-
cifi cation of the mucin pool, or as a nodule. 
Sonographically, they appear to be hypoechoic 
lesions resembling complex cysts, and multiple 
oval or tubular structures with low- level inter-
nal acoustic echoes may be seen along with 
calcifi ed or non-calcifi ed mural nodules [ 63 , 
 64 ] (Fig.  5.11a, b ).

   While originally reported as a benign lesion, 
a high incidence of associated ADH and carci-
noma has subsequently been reported [ 65 – 67 ]. 
Weaver et al. postulated the existence of a patho-
logic continuum of mucinous breast lesions 
spanning the spectrum from benign mucocele-
like tumor to invasive mucinous carcinoma. 
They examined a series of 23 consecutive inva-
sive mucinous carcinomas of the breast for the 
association with intermediate mucinous lesions. 
The associated intermediate lesions included 
mucin-fi lled ducts (MFD) with unremarkable 
epithelium (65 %), MFD with typical ductal 
hyperplasia (39 %), MFD with atypical ductal 
hyperplasia (22 %), and MFD with intraductal 
carcinoma (57 %) [ 67 ]. The potential to reli-
ably differentiate benign mucocele-like lesions 
from those with associated ADH or carcinoma 
based on imaging is unclear and continues to 
be studied [ 64 ,  68 ,  69 ]. When mucocele-like 
lesions are diagnosed on CNB, a high rate of 
upgrade in diagnosis to ADH or carcinoma 
continues to be reported in the literature, rang-
ing from 18 to 30 % [ 69 – 71 ]. Due to concerns 
for sampling error, the high rate of coexistent 
lesions, and the unclear natural history, surgical 
excision following CNB diagnosis of a benign 
mucocele-like lesion of the breast represents 
optimal management.  

  Fig. 5.10    Breast hamartoma. Microscopically, the tumor 
shows fi brous stroma with scattered ductal elements and 
adipose tissue on the left without any lobular units 
(Courtesy of Marina Mosunjac, MD Emory University 
Atlanta)       
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   Spindle Cell Lesions 

 While epithelial and fi broepithelial lesions com-
prise most of the proliferations arising within 
the breast, a diverse group of lesions display-
ing a predominantly monomorphic proliferation 
of spindle cells has been described as well. As 
with fi broepithelial lesions of the breast, such as 
fi broadenomas and phyllodes tumors, the puta-
tive precursor of these lesions is the uncommit-
ted vimentin+/CD34+ fi broblast of the mammary 
stroma. It is capable of divergent mesenchymal 
differentiation, and the clinical behavior of these 
lesions can span a wide spectrum from benign to 
malignant [ 18 ,  19 ,  72 ]. 

 Benign spindle cell tumors (BSCTs) of the 
mammary stroma were fi rst described by Toker 
in 1981, [ 20 ] though consensus on the current 
nomenclature occurred much later. In the ini-
tial report of four cases, Toker et al. described 
the histologic relationship of these tumors to 
benign spindle cell lipomas, as well as the 
benign clinical history following complete exci-
sion [ 20 ]. A cytologically diverse population 
of fi broblasts, myofi broblasts, smooth muscle 
cells, and undifferentiated mesenchymal cells 
was noted, and the possibility of a common 
mesenchymal precursor was suggested [ 20 ]. 
Numerous case reports subsequently emerged in 
the literature, describing different unique benign 
spindle cell lesions of the breast with varied 

histologic and  immunophenotypical permuta-
tions. Furthermore, these variations were noted 
not only among different tumors but also seen 
within the same tumor. Consequently, a multi-
tude of designations, often used interchangeably, 
emerged in the literature to describe these benign 
monomorphic proliferations of bland-looking 
spindle cell lesions of the breast [ 17 ,  18 ,  73 – 76 ] 
including spindle cell lipoma, myofi broblastoma, 
solitary fi brous tumor, myogenic stromal tumor, 
and atypical variant of leiomyoma. A continuous 
morphologic and immunophenotypical spectrum 
resulting in lesions of subtle variable heteroge-
neity has been described, and the term “benign 
spindle cell tumor (BSCT) of the mammary 
stroma” has been advocated to cover the entire 
continuum of such lesions. 

 BSCTs of the mammary stroma have been 
divided into four main categories by light 
microscopy and immunocytochemistry: fi bro-
blastic (benign spindle cell tumor NOS, benign 
spindle cell tumor with adipocyte component, 
solitary fi brous tumor), myofi broblastic (myo-
fi broblastoma, leiomyoma), fi brohistiocytic 
(benign fi brous histiocytoma), and mixed tumors 
(components of the above) [ 18 ]. They clinically 
present as a one-sided, rounded, well-circum-
scribed, and slowly enlarging lesion during the 
course of several months. Mammography usually 
reveals a well-defi ned, ovoid dense mass in the 
absence of microcalcifi cations, although  irregular 

a b

  Fig. 5.11    ( a ) Mucocele-like lesion: large mucin-fi lled 
cysts focally disrupted and adjacent cysts with columnar 
cell change ( arrows ). ( b ) High power of mucocele-like 

lesion (Courtesy of Marina Mosunjac, MD Emory 
University Atlanta)       
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margins can infrequently be seen. Ultrasound 
fi ndings may include a homogeneously solid and 
hypoechoic mass, with or without increased vas-
cularity on Doppler sonogram [ 17 ]. 

 By defi nition, BSCTs of the mammary stroma 
have a benign clinical course following surgical 
excision [ 17 ,  20 ]. However, the natural history of 
BSCTs observed following a diagnosis by CNB 
and rates of upgrade in diagnosis to a lesion of 
greater clinical signifi cance are lacking in the lit-
erature. Toker et al. was the fi rst to emphasize the 
importance of differentiating BSCT of the mam-
mary stroma from other bland-looking mono-
morphic spindle cell lesions of the breast [ 20 ]. 
The differential diagnosis includes other benign 
but low-grade tumors and tumorlike lesions: 
pseudoangiomatous stromal hyperplasia (PASH), 
nodular fasciitis, primary mammary fi bromatosis 

(PMF), and infl ammatory myofi broblastic tumor 
(IMF). 

 PASH was fi rst described by Vuitch et al. in 
1986 [ 77 ] and was subsequently recognized as a 
common occurrence, found in one retrospective 
review in 23 % of biopsy and mastectomy speci-
mens [ 78 ]. The age of diagnosis ranges from 
the late teens to the mid-50s. Microscopically, 
PASH consists of anastomosing slit-like spaces 
lined by myofi broblasts with intervening band-
like segments of eosinophilic hyalinized stroma. 
The spindle cell component is positive for CD34 
and vimentin, with morphology reminiscent of 
myofi broblastoma, and the absence of atypia or 
mitoses in the lobules and ducts helps to differ-
entiate from borderline fi broepithelial lesions 
[ 19 ] (Fig.  5.12a–c ). Infrequently, PASH may 
form a mass (“tumoral PASH”) that is generally 

a b

c

  Fig. 5.12    Pseudoangiomatous stromal hyperplasia 
(PASH) consists of anastomosing slit-like spaces lined by 
myofi broblasts with intervening band-like segments of 
eosinophilic hyalinized stroma. Dense fi brotic ( pink ) tis-

sue with slit- like ( white ) cracks and small vessels. ( a ,  b ) 
The spindle cell component is positive for CD34 ( c ,  arrow ) 
(Courtesy of Marina Mosunjac, MD Emory University 
Atlanta)       
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 non- tender, circumscribed, and nonencapsulated, 
and imaging fi ndings may be concerning for 
malignancy [ 79 ].

   Typically, tumoral PASH presents as a small 
lesion; however, tumors up to 12 cm and occupy-
ing much of the breast have been reported [ 80 ]. 
PASH is not recognized as being associated with 
synchronous malignancy, a premalignant lesion, 
or a pathologic fi nding suggestive of a higher risk 
of future malignancy [ 81 ]. No treatment is gen-
erally recommended for PASH unless it forms 
a mass, and the purpose of excision is generally 
to differentiate from fi broepithelial or spindle 
cell neoplasms. A selective approach to surgical 
excision is felt to be appropriate for enlarging or 
symptomatic lesions. Recurrence in the ipsilat-
eral or contralateral breast is reported but rarely 
occurs [ 82 ]. 

 Nodular fasciitis is a rare spindle cell lesion 
of the breast parenchyma or subcutaneous tis-
sue that presents as an unencapsulated mass 
with expansile growth that typically displaces 
the adjacent ducts and lobules. This growth 
pattern may mimic invasion into the adjacent 
tissue, and the radiographic fi ndings, which 
usually mimic that of a fi broadenoma, may also 
simulate invasive carcinoma. Microscopically, 
the spindle cells are arranged in short fascicles, 
and an infl ammatory component is noted with 
microcystic degeneration and extravasated 
erythrocytes [ 18 ,  19 ]. The natural history of 
nodular fasciitis is not well understood, since 
most lesions are treated with excision; however, 
regression after FNA biopsy has been reported 
[ 83 ]. Nevertheless, excision is typically recom-
mended to rule out lesions of greater clinical 
signifi cance such as fi bromatosis, metaplastic 
spindle cell carcinoma, fi bromatosis-like carci-
noma, and low-grade sarcoma. Rare local recur-
rence has been reported [ 18 ]. 

 Primary mammary fi bromatosis (PMF) is a 
spindle cell tumor identical to desmoid tumors 
occurring at other anatomic sites and is some-
times seen in association with familial adeno-
matous polyposis and Gardner’s syndromes [ 84 , 
 85 ]. The lesions almost always present as a fi rm, 
palpable, painless mass that often causes retrac-
tion of the skin or nipple, and the clinical presen-

tation often mimics invasive carcinoma [ 19 ,  86 ]. 
Infrequently, the lesions may be initially detected 
by mammography, [ 87 ] which normally displays 
a stellate or spiculated tumor indistinguishable 
from carcinoma but devoid of calcifi cations [ 88 ]. 
Like desmoid tumors elsewhere, previous trauma 
has often been described at the site of mammary 
fi bromatosis in some patients, but the incidence 
is infrequent for mammary lesions and the role 
of trauma or previous surgery in the pathogen-
esis is considered controversial [ 19 ,  86 ]. PMF 
may be diagnosed by CNB, and the histologic 
fi ndings consist of spindle cells arranged in long 
and sweeping fascicles with variable amounts of 
fi brous stroma and an infi ltrative pattern. While 
a benign lesion, PMF is locally aggressive and 
wide excision with negative margins is the opti-
mal management [ 19 ,  86 ]. Local recurrence is 
more common in younger women and, in cases 
with positive margins, usually occurs within 
3 years and may be disfi guring, be diffi cult to 
control, and spread to the chest wall. The role 
of sulindac or tamoxifen remains unclear in the 
management of PMF [ 86 ]. 

 Infl ammatory myofi broblastic tumor (IMT), 
also known as infl ammatory pseudotumor of the 
breast, is a very rare low-grade spindle cell lesion 
of the breast that clinically and radiographically 
may mimic cancer. The lesion was fi rst described 
by Pettinato et al. in 1988 as an extrapulmonary 
presentation of plasma cell granuloma of the 
breast [ 89 ]. Like other benign spindle cell lesions 
of the breast, IMT typically presents as a painless 
palpable breast mass. Mammographic fi ndings 
may be suggestive of malignancy and include a 
high-density mass with irregular, spiculated mar-
gins and devoid of calcifi cations. Sonography 
typically shows a hypoechoic and heterogeneous 
solid mass with irregular margins [ 30 ,  90 ]. The 
benign diagnosis may be suggested on CNB and 
confi rmed on excisional biopsy [ 89 ]. Histologic 
evaluation shows spindle to oval cells in a myx-
oid to fi brous keloid-like stroma with a marked 
component of plasma cells, lymphocytes, and 
eosinophils [ 18 ,  89 ,  90 ]. While benign, local 
recurrence and malignant transformation may 
occur, thus wide local excision is the optimal 
management [ 18 ,  30 ,  90 ].  
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   Conclusion 

 The identifi cation of a high-risk or borderline 
breast lesion on CNB may have implications 
regarding future breast cancer risk, screening 
and surveillance, breast cancer prevention, 
and surgery. The current lack of a consensus 
regarding the optimal management of many of 
the high-risk lesions continues to manifest 
itself in the medical literature. The position 
statement published by the American Society 
of Breast Surgeons in 2011 regarding the man-
agement of high-risk breast lesions and NCCN 
guidelines for “breast cancer screening and 
diagnosis” offer valuable advice in the man-
agement of these lesions. Repeat percutaneous 
CNB, surgical excision, and surveillance are 
all acceptable clinical management options in 
the appropriate clinical scenarios, and the rel-
ative merits of each alternative must be con-
sidered on a unique case-by-case basis. A 
multidisciplinary approach is optimal, and 
discussion of lesion associated risk and indi-
vidual estimated risk is appropriate. 
Ultimately, clinical management must account 
for patient preferences, informed discussion, 
and shared decision-making between the 
patient and breast care providers.     
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            Background and Pathophysiology 

    Nipple discharge is a relatively common  complaint, 
with a reported incidence of 2–5 % [ 1 ] and occur-
ring among 10–50 % of patients with benign breast 
disease [ 1 ,  2 ]. Typically, the primary concern and 
initial fear of patients who experience nipple dis-
charge is whether it is due to an underlying breast 
cancer. The risk of carcinoma among those with 
nipple discharge has been reported to be between 
6 and 21 % [ 2 – 10 ], with some reports including 
only those patients undergoing an operation, while 
others do not [ 3 ,  7 – 10 ]. Nipple discharge can be 
separated into categories of normal milk produc-
tion (lactation), galactorrhea (physiologic nipple 
discharge), or pathologic nipple discharge based 
on the characteristics of presentation [ 11 ]. 

 Lactation occurs as early as the second trimes-
ter of pregnancy and can continue for up to 
2 years after delivery or cessation of breastfeed-
ing [ 12 ]. Lactating women may also have occult 
or gross blood within their discharge, due to the 
delicate capillary networks in the developing epi-
thelium [ 13 – 15 ]. Galactorrhea is manifested as 
bilateral milky nipple discharge involving multi-
ple ducts not associated with pregnancy or recent 
breastfeeding. Galactorrhea is frequently caused 

by hyperprolactinemia, which may be secondary 
to medications, endocrine tumors (i.e., pituitary 
adenoma), endocrine abnormalities, or a variety 
of other medical conditions [ 16 ]. 

 Pathologic nipple discharge is characterized 
by a unilateral, spontaneous, persistent dis-
charge from a single duct. Pathologic discharge 
is not necessarily caused by an underlying car-
cinoma, and in fact, most pathologic nipple 
discharge is a result of a periductal mastitis, 
duct ectasia, or benign intraductal papilloma. 
Periductal mastitis typically produces multi-
colored, sticky discharge. Duct ectasia is the 
result of increased glandular secretions by the 
lactiferous ducts and results in multi-duct, col-
ored discharge that can often be bilateral. 
Intraductal papilloma generally produces 
serous or bloody discharge from a single duct. 
Other related nipple abnormalities that the cli-
nician should be aware of that can produce 
symptoms perceived by patients as nipple dis-
charge include Paget’s disease of the nipple 
and subareolar abscess. 

 The diffi culty in managing nipple discharge is 
that the risk of carcinoma, despite being low [ 1 ,  17 ], 
cannot be eliminated without surgical duct exci-
sion and histologic confi rmation. Thus, duct exci-
sion in all patients with pathologic nipple discharge 
has been widely recommended [ 6 ,  8 ,  9 ,  11 ,  18 , 
 19 ]. In addition, although the risk of carcinoma 
has been reported to be as high as 21 %, most stud-
ies examining the risk of underlying carcinoma 
include only those patients referred to departments 
of surgery, specialty breast centers [ 4 – 6 ,  20 ] or 
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those patients who underwent duct excision 
[ 7 – 10 ]. In a broader population of women with 
nipple discharge, the rate of underlying carcinoma 
was found to be only 3 % [ 17 ], with referral pat-
terns and selection bias likely playing a signifi cant 
role in the reported incidence of carcinoma among 
women with nipple discharge. Patients presenting 
with nipple discharge represent only 1 % of 
patients with DCIS and <1 % of those with inva-
sive breast carcinoma [ 17 ].  

    Diagnostic Approach to Nipple 
Discharge 

 Our current approach to the evaluation and man-
agement of patients with nipple discharge is sum-
marized in Fig.  6.1 . History taking and    physical 
examination are the fi rst important steps. Older 
age predicts a higher risk of carcinoma [ 17 ,  8 , 
 20 ] while a personal and family history of breast 
cancer is not predictive of an underlying can-
cer etiology [ 8 ]. Recent onset of amenorrhea or 
other symptoms of hypogonadism (hot fl ashes, 
vaginal dryness) should prompt consideration of 
hyperprolactinemia.

   The characteristics of the discharge should be 
obtained and recorded in detail with an attempt to 
categorize whether it is due to lactation, galactor-
rhea, or pathologic discharge. The clinician should 
be sure to understand if the discharge is spontane-
ous or induced, unilateral or bilateral, the charac-
teristics of the discharged fl uid (including volume), 
the frequency of the discharge, and whether the 
patient is stimulating his or her nipple to examine 
for discharge. This latter factor is important as 
regular self-examination for discharge can pro-
duce ongoing, even spontaneous, discharge. 
Regular self-examination or other forms of breast 
stimulation can repress the secretion of hypotha-
lamic prolactin inhibitory factor, resulting in 
hyperprolactinemia and galactorrhea [ 16 ]. 

 The physical examination should include 
careful inspection of the breast skin, nipple, and 
areola as well as palpation of all the breast paren-
chyma, including the subareolar tissue and the 
regional lymph nodes. Care should be taken to 
examine the nipple for evidence of a central 

 horizontal crease that is associated with duct 
ectasia, an entity which can also produce nipple 
discharge. Careful pressure can be exerted at the 
areolar margin circumferentially to examine for 
discharge. The discharged fl uid can then be 
inspected for origin from a single or multiple 
ducts, color, and texture (thin, thick, sticky, etc.). 

 Hemoccult testing of the discharge is not usu-
ally performed, as both serous and bloody dis-
charge can be associated with an underlying 
breast carcinoma [ 9 ,  20 ]. Cytologic analysis is 
not regularly performed, as the results of such 
studies are neither sensitive nor specifi c for an 
underlying breast cancer [ 9 ,  20 – 23 ]. Among 
patients with biopsy proven carcinoma, 29 % of 
cytology specimens of the discharge have been 
reported to show no evidence of carcinoma or 
atypia [ 24 ]. If the patient is found to have sub-
areolar tenderness and periareolar erythema with 
purulent nipple discharge, this is consistent with 
a subareolar abscess rather than true nipple dis-
charge. These patients are obviously approached 
differently and should be treated with an appro-
priate combination of antibiotics and possible 
incision and drainage and/or an excision of the 
subareolar major ducts [ 25 ].  

    Imaging and Laboratory 
Investigations in Nipple Discharge 

 There are no radiologic studies that are essential, 
except for routine screening mammography, when 
the history and physical examination reveals that 
the discharge has characteristically benign features 
(Fig.  6.1 ). Patients with lactation discharge need no 
further evaluation, including those with occult or 
gross blood in the discharged milk. Patients with 
galactorrhea need no further evaluation for breast 
carcinoma, but should be evaluated for an underly-
ing cause of hyperprolactinemia including a careful 
review of medications, review of the patient’s his-
tory for possible causes of neurogenic stimulation 
of the nipple-areola complex that would represses 
the secretion of hypothalamic prolactin inhibitory 
factor, and review of the history and physical 
examination for signs or symptoms of pituitary 
adenoma [ 16 ]. One may then perform laboratory 
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workup of the galactorrhea with serum prolactin 
levels, though the serum prolactin concentration is 
normal in nearly half of women who present with 

galactorrhea [ 26 ]. Galactorrhea in the absence of 
hyperprolactinemia is usually not the result of any 
ongoing disease process. 

Nipple
discharge

Non-spontaneous;
multiple ducts; or

color is white/milky
or green

Routine
screening

imaging and
examinations

Abnormal
mammography or

subareolar
ultrasound*

Negative
mammography
and subareolar

ultrasound

Counsel patient
as to low (≤3%)

risk of
carcinoma

Image-guided
percutaneous biopsy

or Image-guided
subareolar major duct

excision*

Major subareolar
duct excision with

preoperative
ductogram to guide

excision*

Q 6-month follow-up
imaging and exams
until resolved or for

1–2 years

Spontaneous,
bloody or serous,
and single-duct

discharge

  Fig. 6.1    Algorithm for the management of nipple discharge. *If patient plans future breastfeeding, selective duct exci-
sion is preferred over major duct excision       
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 For those patients with pathologic nipple dis-
charge and without clearly benign features 
(Fig.  6.1 ), we proceed to diagnostic mammogra-
phy (for those 30 years of age and older) and sub-
areolar ultrasound. These imaging modalities 
have been reported to be able to separate patients 
with a high risk of underlying carcinoma from 
those with a low risk (Table  6.1 ) [ 17 ,  6 ,  8 ,  9 ,  11 , 
 20 ,  27 ]. The risk of carcinoma with pathologic 
nipple discharge and an abnormal mammogram, 
while an uncommon scenario, is as high as 60 %, 
and the risk with an abnormal ultrasound but nor-
mal mammogram is 7 % (Fig.  6.2 , Table  6.2 ) [ 17 ].

     Ductography can be helpful in the evaluation 
of pathologic nipple discharge, though the use of 
subareolar ultrasound in skilled hands greatly 
minimizes the additional diagnostic yield of duc-
tography. At our institution, we seldom use duc-
tography as a diagnostic tool but rather to provide 
a “roadmap” as needed for subareolar duct exci-
sion once a decision has been made to perform 
this operation (Fig.  6.1 ). The primary benefi t of 
ductography is to localize the lesion, especially in 
the case of multiple and peripheral lesions [ 4 ,  20 , 
 28 – 32 ]. This allows radiologic guidance, such as 
wire or radioactive seed localization [ 33 ], to be 
used to direct the major duct excision and be cer-
tain that the area/lesion is completely resected. 

 Of note, ductography has been reported to 
miss as many as 20 % of ductal lesions, including 
those of a benign nature [ 4 ]. Although the nega-
tive predictive value is relatively high (82–91 %) 

[ 4 ,  9 ,  20 ,  31 ], it is still not sensitive enough to 
exclude the possibility of malignancy. In one 
series of 163 patients, ductography was associ-
ated with a sensitivity of 76 %, a specifi city of 
11 %, and a positive predictive value of only 
19 % [ 34 ]. Such performance of this test makes it 
diffi cult to justify regularly subjecting patients to 
a sometimes painful procedure if reliable sub-
areolar ultrasound is available. 

 The role of ductoscopy in nipple discharge 
remains to be defi ned. While this procedure holds 
some promise, the presence of cancer has been 
reported to predict unsuccessful ductal cannula-
tion with the ductoscope [ 27 ]. Ductoscopy- 
guided excision, like ductograpy-guided excision, 
has been reported to increase the yield of atypia 
or carcinoma in at least one series [ 35 ]. Among 
114 women in which half the patients were evalu-
ated with ductoscopic guidance and half with sur-
gery alone, the yield of pathologic diagnoses did 
not signifi cantly differ between the groups [ 35 ]. 
In addition, ductoscopy was technically unsuc-
cessful in 13 % of patients [ 35 ]. Currently, we 
believe that ductoscopy adds little diagnostic 
value in nipple discharge, with further refi ne-
ments in instrumentation and technique possibly 
increasing its usefulness in the future. 

 While breast MRI may be better than conven-
tional imaging at detecting occult malignancies 
among patients with nipple discharge [ 36 ], others 

   Table 6.1    Comparative rates of carcinoma risk   

 Characteristic  Carcinoma rates (%)   p  

 Age ≥50 vs. 
<50 years 

 6 % vs. 0 %  0.02 

 Unilateral vs. bilateral 
discharge 

 4 % vs. 2 %  0.49 

 Spontaneous vs. 
non-spontaneous 

 5 % vs. 0 %  0.13 

 Serous/bloody vs. 
other discharge 

 5 % vs. 0 %  0.10 

 Abnormal vs. normal 
mammogram 

 38 % vs. 3 %  <0.01 

 Abnormal vs. normal 
ultrasound 

 12 % vs. 1 %  <0.01 

 Abnormal vs. normal 
ductogram 

 6 % vs. 0 %  0.64   Fig. 6.2    Subareolar ultrasound demonstrating a 0.35 cm 
intraductal lesion ( arrow ) in a patient subsequently found 
to have ductal carcinoma in situ upon subareolar duct 
excision       
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studies show that most papillomas are  MRI- occult 
which may predict limited sensitivity for other-
wise-occult malignancy [ 37 ]. In a series of 52 
patients with suspicious nipple discharge who 
were studied with a breast MRI, the sensitivity 
and specifi city for malignancy were 77 and 62 %, 
respectively [ 34 ]. The positive predictive value of 
MRI in this series was 56 % and the negative pre-
dictive value 87 %. Given the low pretest proba-
bility of underlying carcinoma for women with 
nipple discharge, the relatively limited specifi city 
of breast MRI would be expected to produce a 
signifi cant rate of false positive fi ndings. This 
combined with the cost of breast MRI makes its 
current value in this entity limited.  

    Decision-Making for Biopsy 
and Subareolar Duct Excision 

 Once the history and physical examination has 
eliminated patients with characteristically benign 
discharge and a normal mammogram and sub-
areolar ultrasound have been obtained, the risk of 
carcinoma is low. The rate of carcinoma in a 
57-patient cohort with these characteristics who 
underwent subareolar duct excision was 0 % with 
another 124 patients having no carcinoma with 

2-year median follow-up [ 17 ]. Other studies have 
reported an ~3 % risk of carcinoma with a normal 
physical examination, normal mammogram, and 
normal ultrasound [ 20 ]. When counseled about 
these low risk levels, most patients choose close 
clinical follow-up rather than subareolar duct 
excision. 

 If patients choose close clinical follow-up, it is 
appropriate to perform physical examination and 
subareolar ultrasound every 6 months for 
1–2 years or until the discharge resolves, which-
ever comes fi rst (Fig.  6.1 ). Many women choose 
subareolar duct excision for symptom relief if 
their discharge persists for 1 year or more, regard-
less of the low risk of underlying carcinoma. The 
median duration of benign discharge has been 
reported to be 12 months [ 20 ], but nipple dis-
charge has been present in some patients for up to 
40 years [ 17 ]. 

 For those patients who have an imaging abnor-
mality or who choose to undergo diagnostic sub-
areolar duct excision, a major duct excision is 
preferable if she    does not plan future breastfeed-
ing. Major duct excision has been reported to 
detect a higher percentage of occult carcinoma 
than  microdochotomy [ 10 ], result in fewer patients 
requiring repeat duct excision [ 10 ], and is associ-
ated with a 0 % rate of breast cancer diagnosis 

   Table 6.2    Cancer    risk by clinical scenario   

 Clinical scenario a  – nipple discharge with   N   Risk of carcinoma (%)  Risk in other reports 

 All patients with nipple discharge  204  3  6–21 % [ 1 – 6 ,  13 ] 
 Nipple discharge, underwent biopsy  75  9 
 Non-spontaneous discharge  49  0 
 Bilateral discharge  52  2 
 Unilateral, spontaneous, serous discharge from single duct  49  4 
 Unilateral, spontaneous, bloody discharge from single duct  60  7 
 Unilateral bloody/serous discharge, single duct, and negative 
mammogram 

 106  3  3 % [ 11 ] 

 Unilateral bloody/serous discharge, single duct, negative 
mammogram and negative ultrasound b  

 57  0  3 % [ 1 ] 

 Unilateral bloody/serous discharge, single duct, negative 
mammogram and abnormal ultrasound 

 30  7 

 Unilateral bloody/serous discharge, single duct, and abnormal 
mammogram 

 5  60  13 % [ 11 ] 

   a Some patients’ characteristics overlap categories 
  b One patient with carcinoma had  bilateral  discharge and a negative mammogram and ultrasound, but she had undergone 
wire-localized, bilateral subareolar duct excisions 6 months prior at another institution  
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over the subsequent 5 years [ 18 ]. Unless the tar-
geted lesion is identifi ed by mammogram or ultra-
sound and is within 2 cm of the nipple,  ductography 
should be considered to identify the position of the 
lesion with precision. If the lesion is identifi ed by 
mammography, sonography, or ductography and 
is greater than 2 cm from the nipple, radiologic 
localization is appropriate to precisely and effec-
tively resect the offending lesion. For other 
patients, cannulation of the offending duct with a 
lacrimal probe intraoperatively is frequently used 
to guide the excision. 

 In a series of 192 patients evaluated and 
treated at our institution utilizing a defi ned algo-
rithm (Fig.  6.1 ), 66 % of patients chose to undergo 
close clinical follow-up rather than subareolar 
duct excision, including 88 % who did not have 
an abnormality on mammography or sonography. 
All patients with carcinoma were found to have 
an imaging abnormality. Of the patients followed 
clinically, 20 % eventually chose to have subare-
olar duct excision due to persistent discharge. 
Among patients not undergoing subareolar duct 
excision, 81 % had spontaneous resolution of 
their nipple discharge.  

    Conclusion 

 In conclusion, using a systematic approach to 
nipple discharge allows the clinician to stratify 
patients with pathologic nipple discharge into 
low- and high-risk groups. Low-risk patients can 
be safely offered close clinical follow-up rather 
than subjecting all patients with pathologic dis-
charge to operative intervention and additional 
expensive tests. Patients that are provided with 
risk-stratifi cation data usually choose to avoid 
operative intervention when they are found to be 
at low risk, though 20 % will eventually choose 
surgery for their persistent symptoms.     
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         The essential components of the initial consultation 
with the breast surgeon involves a thorough history 
and physical exam, review of systems, personal 
evaluation of all imaging studies, and a second opin-
ion review of all pathology slides that originate from 
outside of the home institution. A pre-treatment up-
to-date clinical stage should be established utilizing 
current NCCN treatment guidelines [ 1 ]. Based on 
the information gathered above, decisions regarding 
genetic testing, potential further imaging looking for 
further extent of both local and distant disease may 
alter the surgical plan signifi cantly. The determina-
tion of primary tumor characteristics and apparent 
extent of disease may impact the decision of a neo-
adjuvant approach to therapy. Clinical trials are cer-
tainly discussed when available for those patients 
that may meet eligibility criteria. Whenever possi-
ble, patients should be managed utilizing a multidis-
ciplinary approach that involves the major disciplines 
of therapy, mainly, radiation, medical, and surgical 

oncology. This approach has been examined in sev-
eral studies that have validated the utility of the mul-
tidisciplinary approach to the evaluation and 
treatment of breast cancer [ 2 – 4 ]. This chapter 
addresses the initial offi ce evaluation, evaluation of 
locoregional and distant disease, and areas of special 
consideration for the patient with breast cancer.

      Initial Offi ce Visit 

    It is important to note that establishing a rapport and 
a sense of partnership with the patient at the initial 
consultation improves communication, patient- 
physician relationships, and may importantly infl u-
ence health outcomes [ 5 ]. Employing a participatory 
style that clearly involves the patients in the deci-
sion-making process will greatly enhance the overall 
level of trust and confi dence with their surgeon as 
well as the health- related quality of life [ 6 ]. Involving 
other family members and signifi cant partners in this 
process is strongly encouraged, with their participa-
tion central to the development of transparency in 
the discussions of treatment options. It further assists 
to have an extra “set of ears” to hear the discussion, 
as the patient may not be fully able to take in such a 
large amount of information at one sitting   .  

    History and Review of Systems 

 An accurate and complete history of present ill-
ness; review of systems, past medical history, and 
past surgical history; and review of medications 
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including supplements and herbals, allergies, 
menstrual history, parity, use of hormones, and use 
of alcohol, tobacco, and drugs should be obtained 
at the initial encounter. A detailed family history of 
breast, ovarian, and other cancers is necessary and 
should also include the ages at which the relatives 
were diagnosed, if possible. This information is 
central to the decision as to whether the patients 
may meet criteria for subsequent genetic counsel-
ing and testing for possible associated gene muta-
tions that may put such patients at high risk for the 
development of future cancers. An example of the 
intake form utilized within our multidisciplinary 
breast oncology clinic is given in (Fig.  7.1 ). 

 The history of present illness should note the 
means of how the cancer was initially identifi ed, 
such as a palpable mass, an abnormality identifi ed 
on a screening mammogram, nipple discharge, or 
the development of focal pain. Of course, it is 
important to obtain all outside imaging studies, 
with a personal review of such studies by both the 
treating surgeon and institutional breast radiologist. 
Tumor characterization, overall diameter, and clin-
ical stage should be documented, with further eval-
uation of other imaging abnormalities that may not 
have been identifi ed on the initial studies. 

 A thorough physical exam of the breasts and 
regional nodal basins should be performed [ 7 ]. If 
possible, evaluation of the regional nodal basin 
with ultrasound has been found to be helpful in 
the identifi cation of suspicious-appearing lymph 
nodes that may require further evaluation and pos-
sible ultrasound-guided biopsy. Such information 
has clinical implications on the role, or lack 
thereof, for performing a sentinel node biopsy in 
the face of known nodal metastases [ 8 ,  9 ]. 
Accurate past medical and surgical histories are 
also important to obtain beforehand, as part of the 
general well-being of the patient and associated 
comorbidities that may potentially affect (alter) 
surgical, radiation, and medical oncology recom-
mendations. A few such examples may be a previ-
ous history of mantle radiation for lymphoma or 
radiation for lung cancer, history of scleroderma, 
or connective tissue disorder that may prohibit or 
limit the use of radiation therapy. 

 A comprehensive history of current medica-
tions, including supplements and herbal medica-
tions, should be documented. Ideally, patients 

should bring their medication to the initial 
visit to avoid errors in the names of the drug or 
dosage. Allergies should also be identifi ed, not only 
to medications, but also food, topicals, latex, and 
environmental substances. The review of systems is 
particularly important to identify possible coexisting 
conditions, second primary cancers, and fi ndings 
suspicious for distant disease. A thorough men-
strual and reproductive history should be obtained 
along with a history of hormone use such as oral 
contraceptives, impregnated intrauterine devices, 
depot contraception, hormone replacement therapy, 
and fertility drugs. It is also important to remember 
that cast menstrual period (CMP) is not an accurate 
refl ection of menopausal state if a woman has had a 
hysterectomy without oophorectomy or has under-
gone a uterine ablation procedure. Ovarian func-
tion dictates endocrine therapy choices in hormone 
receptor-positive tumors and should be evaluated 
with FSH levels if any question exists [ 10 ]. 

 A thorough family history of cancer is neces-
sary to assess the risk of developing a genetically 
associated breast cancer. All types of cancer 
should be included, along with age at diagnosis, 
bilateral disease (where appropriate), and 
whether the family member experienced a recur-
rence of their cancer. A history of cigarette use, 
alcohol consumption, and recreational drug use 
should also be documented. All imaging studies 
should undergo a second opinion by your own 
department of breast radiology. Changes in inter-
pretation of imaging studies and pathology fi nd-
ings can result in signifi cant changes in the 
overall treatment plan [ 1 ,  4 ,  11 ,  12 ]. All outside 
pathology should also be obtained for second 
opinion by your institute’s breast pathologists in 
order to insure that the pathologic diagnosis is 
accurate and that the receptors, ER/PR and 
HER2-neu, are assessed at a minimum [ 13 ].  

    Evaluation of Local Disease Extent 

 It seems fairly intuitive that all patients who ini-
tially present with a diagnosis of breast cancer 
should undergo diagnostic mammography and 
ultrasound as indicated. As previously mentioned, 
ultrasound evaluation with biopsy of local nodal 
basins can be a valuable adjunct in establishing if 
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  Fig. 7.1    ( a  ,   b  )  The    Advocate Christ Medical Center’s multidisciplinary oncology breast clinic’s intake form         
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Fig. 7.1 (continued)
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there is any possibility of locoregional involve-
ment. The decision to perform further imaging 
prior to the operation interventional is at the sur-
geon’s discretion, determined on need with each 
patient. The use of MRI or PEM technology should 
be critically applied, both in whom it should be 
used for and under what clinical circumstances. 
Mammographically, occult tumors, nodal metasta-
ses with an occult primary lesion, dense breast tis-
sue, and unclear delineation of the primary tumor 
on mammography or ultrasound are all clinically 
reasonable situations where further evaluation of 
the breast with MRI or PEM may be appropriate. 
Breast MRI, in particular, is very useful for the sur-
veillance of high-risk BRCA-positive patients and 
in the setting of neoadjuvant systemic therapy in 
order to evaluate the disease response [ 1 ,  13 – 18 ].  

    Evaluation of Distant Disease 

 The routine screening for distant disease in an 
asymptomatic patient with early-stage breast can-
cer is not indicated nor recommended [ 1 ,  19 – 21 ]. 
Overall, fewer than 6 % of patients will present 
with metastatic disease (stage 4) at their initial 
diagnosis [ 22 ,  23 ]. The NCCN treatment guide-
lines recommend additional studies for clinical 
stage I and IIB disease only if there are signs or 
symptoms that may raise the clinical suspicion of 
metastatic involvement, such as bone pain, or 
recent onset of headaches or vision changes. For 
patients with stage III breast cancer, the incidence 
of distant metastases at the time of diagnosis ranges 
from 8 % to 14 %, with the predominant site of 
metastatic disease found in the bone [ 20 ,  21 ,  23 ]. 

 The presence of distant metastases in patients 
with locally advanced or symptomatic early- stage 
breast cancers may result in a signifi cant change in 
the initial treatment strategy. An initial operative 
strategy may not be the best approach in the face of 
metastatic disease, with an initial systemic therapy 
approach with chemotherapy indicated. Systemic 
therapy considerations may also be altered, as 
endocrine therapy may be preferred over chemo-
therapy in hormone receptor- positive breast cancer. 
The most common, but not exclusive, sites of 
metastases for breast cancer are the bone, liver, 
lung, and brain. Early intervention in cases of 

potentially catastrophic and debilitating sequelae 
of distant metastases may improve quality of life in 
these patients. Table  7.1  outlines potential onco-
logic emergencies associated with metastatic breast 
cancer. There are many signs and symptoms that 
the patient may manifest, with pain the most com-
mon symptom identifi ed (Table  7.2 ). The most 
common laboratory abnormalities are also listed in 
the face of metastatic disease (Table  7.3 ).

         Fertility 

 The incidence of breast cancer in women under 
the age of 40 is estimated to be about 1 in 200 
[ 24 ], or 6–7 % of all breast cancers. For this 
group of young women, premature menopause, 
infertility, and the likely prolonged use of endo-
crine therapy and its affect upon fertility are all 

   Table 7.1    Oncologic emergencies   

 Condition  Symptom  Morbidity 

 Spinal cord 
compression 

 Back pain, 
leg weakness 

 Paralysis 

 Bone metastases  Bone pain  Pathologic 
fracture 

 Superior vena 
cava syndrome 

 Face/neck 
swelling 

 Dyspnea, trochlea 
compression 

   Table 7.2    Potential symptoms of metastatic disease   

 Symptoms  Site 

 Pain  Bone, visceral 
 Leg weakness  Spinal cord 
 Jaundice  Liver 
 Dyspnea, cough  Lung, SVC syndrome, pleural effusion 
 Headache  CNS involvement 
 Seizure 
 Vision changes 
 Weakness 
 Confusion 

   Table 7.3    Serum abnormalities associated with meta-
static disease   

 Serum value  Site of concern 

 Elevated alkaline phosphatase  Bone/liver 
 Elevated liver function tests  Liver 
 Hypercalcemia  Bone/paraneoplastic 

syndrome 
 Anemia thrombocytopenia  Bone marrow 
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major concerns for those who wish to conceive in 
the face of breast cancer [ 25 ]. Fertility preserva-
tion should be addressed and, whenever possible, 
the patient referred to an oncofertility specialist 
[ 24 ]. Retrospective cohort studies have shown 
that there is no signifi cant difference in cancer 
outcomes between cancer survivors who become 
pregnant after diagnosis and those who did not. 
Interestingly, many suggested a protective effect 
post-pregnancy [ 26 ].  

    Male Breast Cancer 

 The initial evaluation of a male with breast cancer 
parallels that of females [ 22 ]. One percent of breast 
cancer cases occur in males, with an incidence in 
the general population of approximately 1 per 
100,000. It is important to note that males with 
breast cancer should be referred for genetic evalua-
tion as several studies have shown an associated risk 
of BRCA2 gene mutation in up to 15 % of males 
[ 22 ,  27 ]. Young males with breast cancer should 
also be referred to reproductive specialists [ 28 ,  29 ].  

    Pregnancy 

 A patient who develops breast cancer during 
pregnancy presents several challenges for the 
proper sequence of treatment related to the gesta-
tional age of the fetus. The incidence of breast 
cancer in pregnancy is 0.2–3.8 % and occurs at a 
median gestational age of 20–22 weeks [ 22 ,  30 ]. 
Initial evaluation of locoregional disease should 
include physical exam, mammography with 
shielding of the abdomen, and ultrasound of the 
breast and nodal basins [ 22 ,  31 ]. Obtaining a 
breast MRI is problematic from the standpoint of 
accuracy and uncertainty concerning the safety 
of intravenous gadolinium during pregnancy [ 22 , 
 32 ]. Distant disease evaluation is often limited 
due to concerns related to the radiation dose asso-
ciated with each study. An initial chest x-ray with 
abdominal shielding may be helpful, with some 
basic blood work appropriate, such as a complete 
blood count and liver and renal function [ 22 ,  32 ]. 
Ultrasound may be both useful and safe in the 

surveillance of the liver if initial studies are found 
to be elevated or abnormal [ 32 ]. Appropriate 
treatment of a pregnant woman with breast can-
cer results in equivalent survival when compared 
to non-pregnant women [ 22 ,  30 ,  31 ]. A multidis-
ciplinary approach involving maternal fetal med-
icine is essential to optimize outcome for both the 
mother and fetus [ 22 ,  31 ,  33 ].  

    Final Comment 

 The initial evaluation of a patient with newly diag-
nosed breast cancer should be conducted using a 
multidisciplinary approach. This collaborative 
effort allows for a comprehensive review of all 
imaging and pathology. The team approach of med-
ical, surgical, and radiation oncology is key to pro-
vide a consensus of treatment options for the patient, 
allowing for the optimal quality and effi ciency of 
the individualized treatment plan [ 2 – 4 ]. The appro-
priate clinical trials should always be offered to 
those willing to participate and meet the specifi c 
eligibility criteria for that trial [ 1 ]. The surgeon is 
central to the initial conversation and discussion 
with the patient, providing a complete overview of 
what lies ahead in their overall treatment.     
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           Introduction 

 Selected high-risk women without breast cancer 
choose to undergo bilateral prophylactic mastec-
tomy (BPM) to reduce their risk of developing 
breast cancer. In addition, an increasing pro-
portion of patients with unilateral breast cancer 
choose contralateral prophylactic mastectomy 
(CPM) to prevent cancer in the contralateral 
breast. The purpose of this chapter is to review 
the indications, outcomes, and trends in the use 
of BPM. We will also review the trends in CPM 
use, the potential reasons for the observed trends, 
and the outcomes after CPM.  

   Bilateral Prophylactic Mastectomy 

   Indications 

 The Society of Surgical Oncology issued a 
position statement in 2007 regarding indica-
tions for prophylactic mastectomy among 
healthy women without breast cancer [ 1 ]. In 
this statement, potential indications for BPM 
include the presence of BRCA gene mutations 
or other susceptibility genes, strong family 
history without genetic mutation, and histo-

logic risk factors (atypical ductal hyperplasia 
(ADH), atypical lobular hyperplasia, or lobu-
lar carcinoma in situ (LCIS)). Although ADH 
and LCIS are associated with an increased 
risk of breast cancer, surgical risk reduction 
is not frequently performed for these indica-
tions alone. Current National Comprehensive 
Cancer Network (NCCN) guidelines state 
that risk-reduction mastectomy is not recom-
mended for most women with LCIS without 
additional risk factors [ 2 ]. Bilateral prophy-
lactic mastectomy should also be discussed for 
other high-risk groups including women treated 
with mantle radiation (particularly at a young 
age) for Hodgkin’s lymphomas and those with 
non-BRCA hereditary breast cancer syndromes 
(Cowden, Li-Fraumeni). 

 Importantly, many women without breast 
cancer substantially overestimate their risk of 
developing breast cancer in the future. In one 
study of 200 women without breast cancer, 
respondents overestimated their probability of 
dying from breast cancer within 10 years by 
more than 20-fold as compared to the prob-
abilities derived from utilizing the Gail model 
[ 3 ]. In a survey study of patients participating in 
chemoprevention trials, the mean lifetime calcu-
lated risk using the Gail model was 15 %; how-
ever, the median risk perceived by patients was 
50 % [ 4 ]. After an educational intervention, the 
median perceived risk declined to 25 %. Thus, 
physicians should provide patients with accu-
rate estimates of breast cancer risk in discussing 
management strategies.  
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   Results After BPM 

 Several studies have demonstrated that BPM 
reduces the risk of breast cancer in moderate- to 
high-risk women, including those with BRCA 
mutations [ 5 – 8 ]. Hartmann et al. conducted a ret-
rospective review of all women with a family his-
tory of breast cancer that underwent BPM at the 
Mayo Clinic between 1963 and 1990 [ 5 ]. Using 
the Gail model and sisters of patients as controls, 
the authors determined the expected number of 
breast cancers in both moderate- and high-risk 
groups. In the moderate-risk group, 37.4 cancers 
were expected but only four occurred, a risk reduc-
tion of 89.5 %. In the high-risk group, a risk reduc-
tion of 90 % was observed. Other studies have 
demonstrated that the risk reduction is about 90 % 
after BPM for patients with BRCA mutations [ 6 ]. 
A Cochrane review published in 2010 reported 
that BPM studies have demonstrated reductions in 
breast cancer incidence and mortality after BPM, 
particularly for those with BRCA 1/2 gene muta-
tions [ 7 ]. Using Markov modeling, Schrag et al. 
estimated that an average 30-year- old woman who 
carries a BRCA 1/2 mutation would gain an addi-
tional 2.9–5.3 years of life expectancy from under-
going prophylactic mastectomy [ 9 ].  

   Surgical Options 

 The three main options for surgical risk reduc-
tion are bilateral simple mastectomy without 
immediate reconstruction, bilateral skin-sparing 
mastectomy with immediate reconstruction, and 
bilateral nipple-sparing mastectomy with imme-
diate reconstruction. Surgical complications 
from bilateral skin-sparing mastectomy occur in 
about 20 % of patients, with the most common 
complications reported are wound infection, fl ap 
necrosis, and partial or complete loss of recon-
struction. In addition, Zion et al. reported that 
unanticipated operations occur in about half of 
patients within 14 years after BPM plus immedi-
ate reconstruction; the most common complica-
tions were implant related [ 10 ]. 

 An increasing number of patients are  choosing 
to undergo surgical risk reduction with bilateral 

nipple-sparing mastectomies (NSM). Ideal can-
didates for NSM are younger patients, nonsmok-
ers, and nonobese patients. Generally, NSMs 
are performed with either a radial or inframam-
mary incision. Ductal tissue beneath the nipple is 
excised and submitted to pathology separately. If 
DCIS or invasive cancer is identifi ed in this tis-
sue, then the nipple-areolar complex is excised. 
The cosmetic outcomes after nipple-sparing mas-
tectomy and reconstruction are excellent, with 
very high patient satisfaction with this proce-
dure. Nipple necrosis can occur in about 5 % of 
patients. The occurrence of cancer in the nipple-
areolar complex after NSM is extremely rare.  

   Patient Satisfaction 

 Despite the potential complications and require-
ments for unanticipated surgery, most patients 
are satisfi ed with their decision to undergo 
BPM. In a survey study of high-risk patients who 
underwent BPM, Geiger et al. reported that 84 % 
were satisfi ed with their decision [ 11 ]. In another 
study, Altschuler et al. evaluated the psychoso-
cial response and satisfaction in women follow-
ing prophylactic mastectomy [ 12 ]. The authors 
concluded that although most patients were satis-
fi ed with their decision to undergo risk-reducing 
surgery, some patients expressed more negative 
impressions of their procedures [ 12 ]. 

 A recent study examined the impact of 
body image and sexual and partner relation-
ship satisfaction in 48 healthy BRCA 1/2 muta-
tion carriers after undergoing BPM with breast 
reconstruction [ 13 ]. The authors reported that 
sexual relationship satisfaction and body image 
tended to be lower compared to baseline. After a 
median follow- up of 21 months, 37 % of women 
reported that their breasts felt unpleasant, 29 % 
were unsatisfi ed with breast appearance, and 
21 % felt embarrassed of their naked body. The 
authors concluded that the psychosocial impact 
of BPM with reconstruction should not be under-
estimated [ 13 ]. Thus, it is vitally important to a 
very thorough and detailed discussion with all 
patients considering BPM, as to the irreversibil-
ity of their decision and the subsequent possibly 
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negative impact upon both psychosocial aspects 
and well-being.  

   Trends 

 Since most state and national cancer databases 
do not collect information on healthy women 
without breast cancer, precise determination of 
the national trends of BPM use is diffi cult. A 
recently published study from McLaughlin et al. 
utilized New York state cancer registry to study 
trends of prophylactic mastectomy from 1995 
to 2005 [ 14 ]. This study included 1,196 women 
who underwent BPM and had no history of breast 
cancer. McLaughlin et al. found that BPM was 
uncommonly performed, and the BPM rates 
increased only slightly during the study period. 
The authors are not aware of any other published 
studies using either state or national databases 
reporting BPM use and trends. Nevertheless, we 
conjecture that BPM rates have likely increased 
in the United States secondary to increased 
awareness of genetic breast cancer, increased 
genetic testing, and improvements in mastectomy 
and reconstruction techniques.  

   Conclusions 

 Bilateral prophylactic mastectomy reduces the 
incidence of breast cancer in moderate- and 
high- risk women and may reduce breast cancer 
mortality among carriers of BRCA gene muta-
tions. Nevertheless, BPM is a major operation, 
is irreversible, and is not without risk. Patients 
must clearly understand all of the potential 
risks associated with BPM before proceeding 
with this operation. Many patients substantially 
overestimate their risk of developing breast can-
cer, with patient education again key in having 
them understand the true actual risks involved. 
Overall, patients are satisfi ed with their decision 
to undergo risk-reduction surgery, but physicians 
must provide accurate education and counsel-
ing to ensure that risk-reducing surgery is per-
formed in the most appropriate setting, for the 
right reasons and with realistic expectations of 

the cosmetic outcomes. Alternative strategies 
for managing high-risk patients include rigorous 
surveillance (clinical breast examinations, mam-
mography, and potentially breast MRI), endo-
crine prevention, and lifestyle changes.   

   Contralateral Prophylactic 
Mastectomy 

   Trends 

 Contralateral prophylactic mastectomy is the 
removal of the normal intact breast among women 
with unilateral breast cancer. The Surveillance 
Epidemiology and End Results (SEER) registry 
began coding CPM in 1998. At that time, the pro-
portion of patients who underwent CPM in the 
United States was less than 2 %. However, the 
CPM rate among all surgically treated patients 
with invasive breast cancer increased by 150 % 
from 1998 to 2003 in the United States [ 15 ]. 
Among mastectomy patients, the CPM rate 
increased 162 % from 1998 to 2003. These trends 
were observed for all cancer stages and continued 
to increase at the end of the study period with no 
plateau. Although signifi cant geographic varia-
tions were observed between different SEER 
registries, no general geographic trends were 
identifi ed. Similar fi ndings were observed in the 
SEER database among patients with ductal carci-
noma in situ (DCIS) [ 16 ]. 

 Other studies using different databases have 
confi rmed these fi ndings. Using the American 
College of Surgeons’ National Cancer Data 
Base (NCDB), Yao et al. reported similar 
increases in CPM rates from 1998 to 2007, 
with the rates still increasing at the end of the 
study period in 2007 [ 17 ]. In a similar study 
using the New York State Cancer Registry, 
McLaughlin et al. reported that CPM use more 
than doubled from 1995 to 2005 [ 14 ]. Single-
institutional studies have also demonstrated 
marked increases in CPM rates [ 18 – 20 ]. 

 In contrast, similar trends have not been 
observed in Europe. In a single-center study 
from Switzerland, Güth et al. reported that the 
CPM rates at an academic surgery center did not 
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increase from 1995 to 2009 [ 21 ]. The authors 
concluded that the increased use of CPM was 
a “trend made in the USA.” A similar study by 
Metcalfe et al. also supports this viewpoint, 
examining an international registry of women 
with unilateral breast cancer and BRCA muta-
tion. They report that 49 % of women in the 
United States underwent CPM, compared to a 
much lower rate among women from Europe and 
Israel of only 10 % or less [ 22 ]. 

 The factors associated with the decision for 
CPM appear to be multifactorial (Table  8.1 ). 
Younger women are much more likely to receive 
CPM [ 15 ,  17 ]; other factors such as white race, 
higher education level, private health insurance, 
and family history of breast cancer are also asso-
ciated with higher CPM rates [ 15 ,  17 ,  18 ,  20 ]. 
In the SEER study, the presence of infi ltrating 
lobular histology was one of the strongest predic-
tors of CPM [ 15 ]. Yet, population-based studies 
indicate that the risk of contralateral breast can-
cer is not signifi cantly increased for infi ltrating 
lobular histology as compared with infi ltrating 
ductal histology [ 23 ]. Multicentric breast cancer 
has also been associated with higher CPM rates 
[ 24 ]. BRCA testing is signifi cantly associated 
with CPM, even among patients who do not have 
BRCA mutations. In one single-center study, the 
CPM rate was 40 % among those patients who 
tested negative for mutations [ 25 ]. Several stud-
ies have reported that preoperative MRI is asso-

ciated with CPM [ 18 ,  20 ,  24 ]. Patients treated 
at comprehensive cancer programs or teaching 
facilities are more likely to receive CPM [ 17 ].

      Reasons for Increased CPM Rates 

 This trend towards more aggressive breast can-
cer surgery is curious and appears somewhat 
counterintuitive in the modern era of minimally 
invasive surgery. The following section of this 
chapter is largely speculative because the exact 
reasons for increased CPM rates in the United 
States are really unknown. However, many fac-
tors are likely to contribute to the increased use 
of CPM. Public awareness of genetic breast 
cancer and increased BRCA testing may par-
tially explain these observations. Improvements 
in mastectomy (including skin-sparing and 
nipple- sparing mastectomy) and reconstruction 
techniques and access to plastic surgeons who 
specialize in breast reconstruction probably con-
tribute to increased CPM rates. Moreover, sym-
metric reconstruction is often easier to achieve 
after bilateral mastectomy as compared to uni-
lateral mastectomy. Additionally, the native and 
reconstructed breast age differently, so symmet-
ric outcomes may diminish over time. 

 Several studies have reported that preopera-
tive breast MRI is associated with higher CPM 
rates [ 18 ,  20 ]. The proposed explanation is 
that MRI fi ndings introduce concern about the 
opposite breast. For example, a patient is diag-
nosed with a unilateral breast cancer, and clini-
cal breast examination and mammography of 
the contralateral breast are normal. The patient 
is an ideal candidate for breast-conserving treat-
ment. However, an MRI is obtained which dem-
onstrates an occult indeterminate lesion in the 
contralateral breast. Next, the patient undergoes 
a second-look (targeted) ultrasound to character-
ize this MRI fi nding. The ultrasound imaging 
is normal, so she gets called back again for an 
MRI-guided biopsy, which is negative for can-
cer. However, the patient decides to have bilat-
eral mastectomy to avoid this stressful scenario 
again. Preoperative breast MRI probably con-
tributes to increased CPM rates, but the initial 

   Table 8.1    Factors associated with contralateral prophy-
lactic mastectomy use   

 Patient 
  Young age 
  White race 
  Private insurance 
  Family history of breast cancer 
 Tumor 
  Infi ltrating lobular histology 
  Multicentric disease 
  Tumor size 
 Treatment 
  BRCA testing 
  MRI 
  Breast reconstruction 
  Facility type 
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observed CPM trends in the United States pre-
ceded the widespread use of breast MRI [ 15 ,  17 ]. 

 Obesity rates in the United States have mark-
edly increased over the past two decades. An 
obese woman with large breasts may encoun-
ter symmetry and balance problems after uni-
lateral mastectomy without reconstruction. 
Additionally, the plastic surgeon may have tech-
nical challenges in achieving a symmetric recon-
struction after unilateral mastectomy for an obese 
woman with large, pendulous breasts. For some 
women, bilateral mastectomy with or without 
reconstruction may provide effective local breast 
cancer treatment, avoid future radiographic sur-
veillance, and may relieve the chronic symptoms 
often associated with macromastia. Nevertheless, 
it is not known with certainty whether increasing 
obesity rates in the United States are contributing 
to current CPM trends. 

 Another possible explanation for the increased 
CPM rates is that some patients may consider-
ably overestimate their risk of contralateral 
breast cancer. Previous studies have reported that 
women with early breast cancer markedly over-
estimate their risk of recurrence [ 26 ]. In a recent 
survey of 350 mastectomy patients, Han et al. 
reported that the most common reason for CPM 
was worry about contralateral breast cancer [ 27 ]. 
However, the rates of metachronous contralateral 
breast cancer have declined in the United States 
in recent decades [ 28 ]. The increased use of adju-
vant therapies likely explains these fi ndings. 

 The Early Breast Cancer Trialists’ 
Collaborative Group recently updated their 
meta- analyses and reported that the annual rate 
of contralateral breast cancer was about 0.4 % 
for patients with estrogen receptor-positive 
breast cancer treated with tamoxifen [ 29 ]. The 
annual rate of contralateral breast cancer was 
about 0.5 % for patients with estrogen receptor- 
negative breast cancer. Thus, the 10-year cumu-
lative risk of contralateral breast cancer is about 
4–5 %. Abbott et al. recently published the results 
of a prospective single-center study designed to 
determine a patients perceived risk of contra-
lateral breast cancer [ 30 ]. Patients completed a 
standardized survey prior to surgical consulta-
tion and were asked to estimate their risk of 

contralateral breast cancer. Patients substantially 
overestimated their 10-year cumulative risk of 
contralateral breast cancer, with a mean per-
ceived risk of 31.4 %. 

 Moreover, some patients may overestimate 
the oncologic benefi ts of CPM. In a review of 
open-ended comments from women who under-
went CPM, Altschuler et al. recorded comments 
such as “I do not worry about recurrence” and 
I am “free of worries about breast cancer” [ 12 ]. 
Such comments suggest a true lack of under-
standing as to the benefi ts of CPM, since removal 
of the normal contralateral breast does not treat 
systemic metastases from the known ipsilateral 
breast cancer.  

   Outcomes After CPM 

 Several studies have demonstrated that CPM 
is effective in reducing the risk of contralateral 
breast cancer. In a study of 745 breast cancer 
patients with a family history of breast cancer, 
McDonnell et al. reported that CPM reduced the 
incidence of contralateral breast cancer by more 
than 90 % [ 31 ]. In a retrospective study of 239 
patients, Goldfl am et al. reported that only one 
contralateral breast cancer (0.4 %) developed 
after CPM [ 8 ]. Depending upon the statistical 
methods used, CPM reduces the risk of contralat-
eral breast cancer by about 90 %. 

 However, the effectiveness of CPM in reducing 
breast cancer mortality is not as clear. The only 
plausible way that CPM improves breast cancer 
survival is by reducing the risk of a potentially 
fatal contralateral breast cancer. A recent survival 
analysis of the SEER database included patients 
with unilateral breast cancer diagnosed between 
1998 and 2003 [ 32 ]. The authors concluded that 
CPM is associated with a small improvement 
(4.8 %) in 5-year breast-cancer- specifi c survival 
rates for young women with early-stage estrogen 
receptor-negative breast cancer. 

 Of note, the cumulative incidence of contra-
lateral breast cancer was less than 1 % in this 
study; therefore, the apparent survival benefi t is 
most likely due to selection bias. In a retrospec-
tive single-center study, Boughey et al. reported 
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that CPM was associated with improved over-
all survival and disease free survival rates [ 33 ]. 
However, a recent Cochrane review of published 
CPM studies concluded that there is insuffi cient 
evidence at the present time that CPM improves 
overall survival [ 7 ]. 

 Despite the results of retrospective or cancer 
registry studies, CPM is not likely to improve 
breast cancer survival rates for patients who do 
not have BRCA mutations. For these patients, the 
10-year cumulative risk of contralateral breast 
cancer is about 4–5 %; most metachronous con-
tralateral breast cancers are stage I or IIA with a 
10-year mortality rate of about 10–20 %. Thus, 
the 20-year mortality rate from a contralateral 
breast cancer is about 1 % or less. In addition, 
many patients die from systemic metastases from 
their known ipsilateral breast cancer or from other 
causes during 20-year follow-up. Finally, CPM 
does not prevent all contralateral breast cancers. 
Thus, CPM will likely not decrease breast can-
cer mortality rates for most breast cancer patients 
without BRCA mutations. 

 On the other hand, for patients with BRCA- 
associated unilateral breast cancer, the annual 
risk of contralateral breast cancer is about 4 % 
per year with a cumulative 10-year risk of con-
tralateral breast cancer of about 40 % [ 34 ]. Thus, 
the possibility of developing a potentially fatal 
contralateral breast cancer is substantially higher 
among breast cancer patients with a BRCA muta-
tion. The relative risk reduction of CPM is similar 
for patients with and without BRCA mutations. 
Using Markov modeling, Schrag et al. estimated 
that CPM would increase life expectancy by 0.6–
2.1 years for a 30-year-old patient with a BRCA 
mutation [ 35 ]. Clearly, randomized trials com-
paring CPM versus no CPM for either selected 
(BRCA mutations) or heterogenous patients are 
not feasible. 

 Contralateral prophylactic mastectomy is an 
irreversible procedure and is not without risks. 
Some of the more severe potential complica-
tions after CPM may signifi cantly delay recom-
mended adjuvant therapy, such as chemotherapy. 
Complications that require additional surgical 
procedures and subsequent loss of reconstruction 
must be considered and thoroughly discussed 

with all patients. The overall complication rate 
after bilateral mastectomy and reconstruction is 
about 20 % [ 8 ]. About half of the complications 
are secondary to the prophylactic mastectomy. 
Even without complications, these operations 
are relatively lengthy (often 5–6 h) and require 
2–3 days of inpatient hospital care, drainage cath-
eters, and about 3–4 weeks of overall recovery. 

 Despite potential risks and complications, 
most patients are satisfi ed with their decision 
to undergo CPM. The greatest reported benefi t 
contributing to patient satisfaction is a reduc-
tion in breast cancer-related concerns. Frost 
et al. reported that 83 % of patients were either 
satisfi ed or very satisfi ed with their decision to 
undergo CPM at a mean of 10 years after surgery 
[ 36 ]. Some women have negative psychosocial 
outcomes following CPM, most often related to 
high levels of psychological distress, sexual func-
tion, and body image or poor cosmetic outcome 
[ 12 ]. Montgomery et al. reported that the most 
common reasons for regret after CPM were a 
poor cosmetic outcome and diminished sense of 
sexuality [ 37 ].  

   Alternatives to CPM 

 Patients with unilateral breast cancer have several 
nonoperative options that are less invasive than 
CPM. Surveillance with clinical breast examina-
tion, mammography, and potentially breast MRI 
may detect cancers at earlier stages. Several pro-
spective randomized trials have demonstrated 
that tamoxifen, given as an adjuvant therapy for 
estrogen receptor-positive breast cancer, sig-
nifi cantly reduces the rate of contralateral breast 
cancer. In the National Surgical Adjuvant Breast 
and Bowel Project (NSABP) B-14 study, 2,892 
women with node-negative, estrogen receptor- 
positive breast tumors were randomly assigned 
to either tamoxifen (20 mg/d) or placebo for at 
least 5 years [ 38 ]. After an average follow-up of 
53 months, 55 contralateral breast cancers devel-
oped in placebo-treated women and 28 devel-
oped in the tamoxifen-treated women ( p  = 0.001). 
Aromatase inhibitors also reduce the risk of con-
tralateral breast cancer as much as, or even more 
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than, tamoxifen [ 39 ]. The ATAC (Arimidex, 
Tamoxifen Alone or in Combination) Trial dem-
onstrated that anastrozole was superior to tamox-
ifen in preventing contralateral breast cancer in 
postmenopausal women. Ovarian ablation and 
cytotoxic chemotherapy also reduce the risk of 
contralateral breast cancer [ 40 ].   

   Conclusions 

 Increasingly, more patients in the United States 
with invasive breast cancer and DCIS undergo 
CPM to prevent contralateral breast cancer. 
Patient, tumor, and treatment factors are associ-
ated with increased use of CPM. It appears that 
CPM does reduce the risk of contralateral breast 
cancer, but does not impact upon breast cancer 
survival rates. Controversy exists about whether 
the physician or patient should initiate the discus-
sion of CPM. If a patient appropriately chooses 
breast-conserving surgery, then CPM is not a 
relevant treatment. For patients who undergo 
mastectomy, CPM may be a reasonable option, 
particularly if a patient has a BRCA mutation, 
strong family history, is obese, or if imaging of 
the contralateral breast is diffi cult. Recent studies 
have demonstrated that many patients are not well 
informed about the risk of contralateral breast 
cancer or the benefi ts of CPM. Physicians need 
to provide breast cancer patients with accurate 
information on the true risk of contralateral breast 
cancer based upon current data, as well as the 
risks and benefi ts of CPM. In addition, physicians 
should encourage appropriate patients to consider 
less drastic options (e.g. endocrine therapy) to 
reduce the risk of contralateral breast cancer. 

 Presently, there has been no study that has pro-
spectively evaluated the complex  decision- making 
processes that lead to CPM. Future research 
should include development of models and instru-
ments to elucidate these processes. It is clear that 
the surgeon’s role and infl uence in choice of 
breast cancer surgery plays a central and critical 
role in the resulting decision for CPM. Finally, 
decision aids and improved educational material 
should be developed for breast cancer patients 
and physicians.     
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       Abbreviations 

  ACS    American Cancer Society   
  AJ    Ashkenazi Jews   
  ASCO    American Society of Clinical 

Oncology   
  ER+    Estrogen receptor positive   
  FDA    Food and Drug Administration   
  FLB    First live birth   
  HBOC    Hereditary breast-ovarian cancer   
  HDGC    Hereditary diffuse gastric cancer   
  HRT    Hormone replacement therapy   
  LCIS    Lobular carcinoma in situ   
  LFS    Li-Fraumeni syndrome   
  NCCN    National Comprehensive Cancer 

Network   
  NSGC    National Society of Genetic 

Counselors   
  OC    Oral contraceptives   
  PGD    Preimplantation genetic diagnosis   
  PJS    Peutz-Jeghers syndrome   
  RRM    Risk-reducing mastectomy   
  RRSO    Risk-reducing 

salpingo-oophorectomy   
  SCTATs    Sex cord tumors with annular tubules   
  SEER    Surveillance, Epidemiology, and End 

Results   
  US    United States   

  USPSTF    United States Preventive Services 
Task Force   

  VUS    Variants of uncertain signifi cance   

         Introduction 

    The focus of this chapter is to provide the evi-
dence for a genetic basis of breast cancer and the 
expanding availability of genetic risk assessment 
services in the clinical setting. First, we present 
an overview of the traditional risk factors that are 
associated with an increased risk for the develop-
ment of breast cancer. We will then focus on the 
growing body of data describing the genetic pat-
terns of breast cancer. Lastly, we will discuss the 
role of genetic risk evaluation, counseling, and 
testing for inherited breast cancer risk, including 
the provision of appropriate risk management 
options.  

   Epidemiology of Breast Cancer 

 Breast cancer remains the most common cause of 
cancer among women both in the United States 
(US) and globally. It is the leading cause of can-
cer deaths among females worldwide accounting 
for 458,400 deaths and the second leading cause 
of death due to cancer among women in the US, 
with approximately 40,030 deaths expected per 
year [ 1 ,  2 ]. After decades of increasing incidence 
rates among women in the USA, data from the 
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(SEER) program indicate an overall plateau in 
rates of new cases between 2000 and 2009 [ 3 ] and 
a shift in stage from regional and distant stages to 
more localized disease. Over the same period of 
time, breast cancer death rates have declined on 
average 2.2 % per year [ 4 ] (see Fig.  9.1 ).

   Despite these recent promising trends, 
breast cancer represents a significant personal 
and societal burden that affects many women 
in the prime of their lives, accounting for a 
large portion of the oncology health-care bud-
get. A long history of classical epidemiologic 
studies, now coupled with new information 
emerging from the field of molecular genetics, 
is beginning to elucidate the basic mechanisms 
of breast carcinogenesis and enable the devel-
opment of novel prevention, detection, and 
treatment strategies. 

   Age 

 The risk of developing breast cancer increases 
throughout a woman’s lifetime, with it being 
relatively rare in younger women. Rates increase 
 rapidly until age 50 and then continue to rise 
at a slower pace [ 6 ]. Despite the lower rates 

for young, premenopausal women that are less 
than 35 years old, they are more likely to be 
carriers of a breast cancer susceptibility gene. 
They also present with higher-grade tumors, a 
more advanced stage, and have a more biologi-
cally aggressive form of the disease, resulting in 
decreased disease-free and overall survival rates 
[ 7 ,  8 ]. The overall association of breast cancer 
incidence with increasing age is consistent with a 
stochastic model of breast cancer, wherein a pro-
gressive series of genetic changes within the cell 
lead to cancer initiation. It is becoming increas-
ingly clear that these genetic changes are the 
result of a multitude of risk-related factors.  

   Race/Ethnicity 

 There are striking racial/ethnic differences in 
both the incidence and mortality rates for breast 
cancer. The incidence rates are highest for 
Caucasian women; lowest for Hispanic, Native 
American, and Asian American/Pacifi c Islanders; 
and intermediate for African-American women 
(see Fig.  9.2 ). However, despite having lower 
incidence rates than Caucasian women, African- 
American women have the highest death rates 
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(see Fig.  9.3 ). Potential explanations for the dis-
crepancies in rates among ethnic groups include 
environmental, societal, hormonal, and biologi-
cal factors. Epidemiologic studies have con-
sistently noted increased rates of breast cancer 
among Jewish women, an observation which is 
most likely explained by the recent identifi cation 
of mutations in the  BRCA1/2  genes which are 
more prevalent among individuals of Ashkenazi 
Jewish descent [ 9 ].

       Country of Origin 

 The international patterns of breast cancer 
incidence reveal higher rates for Western, 
industrialized nations and lower rates for less 
industrialized and Asian countries (see Fig.  9.4 ). 
Furthermore, breast cancer incidence rates 

increase in migrants as they move from low-
risk to high-risk countries [ 11 ]. These signifi -
cant differences are thought to be attributable to 
variations in risk factors that are important in 
the etiology of the disease, such as reproductive 
practices, diet, differences in the availability of 
screening services [ 1 ], and perhaps genetic het-
erogeneity. While the long-term trend in increas-
ing mortality rates for breast cancer has begun 
to be reversed in some countries, the trend is not 
universal, with mortality rates continuing to rise 
in India, South Korea, and Uganda [ 1 ]. Even 
within the US, there is signifi cant geographic 
diversity in breast cancer rates, with mortal-
ity rates declining in the majority of states but 
stable in the South and the Western states [ 4 ]. 
Most of this variation is thought to be due to 
regional differences in breast cancer risk factors 
and variations in screening prevalence.
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      Benign Breast Disease 

 Fibrocystic breast disease has often been cited as a 
risk factor for subsequent breast cancer. However, 
careful evaluation of histologic patterns of 
benign breast disease has identifi ed those groups 
in whom the risk is truly elevated. In the larg-
est retrospective cohort study published, Dupont 
and Page [ 12 ] reevaluated over 10,000 consecu-
tive biopsies performed over a two- decade time 
period, correlating histologic patterns with the 
subsequent incidence of breast cancer. Women 
undergoing breast biopsies, whose tissue showed 
no evidence of proliferation, had no increase in 
the relative risk of breast cancer. Risk increased 
from 1.4 to 4.4 with the degree of proliferation 
and atypia seen in the biopsy specimen. 

 There also appeared to be an interaction 
between the presence of proliferative breast 

 disease and family and reproductive history, with 
 relative risk increasing to as high as eightfold in the 
setting of a positive family history, nulliparity, or 
late age at fi rst birth. This further suggests that the 
proliferative process itself is affected by other risk 
factors [ 12 ]. They also identifi ed sclerosing adeno-
sis and fi broadenomas as an independent risk fac-
tor for invasive disease, with relative risks in the 
1.5–2.0 range [ 13 ,  14 ]. Confi rmatory evidence of 
these fi ndings comes from the prospective Nurses’ 
Health Study in which a prior diagnosis of atypical 
ductal hyperplasia or atypical lobular hyperplasia 
conferred an odds ratio of subsequent breast can-
cer of 2.4 and 5.3, respectively [ 15 ]. 

 Lobular carcinoma in situ (LCIS) is the most 
common benign lesion to present as a multicen-
tric and/or bilateral process and is often associ-
ated with sclerosing adenosis, stromal fi brosis, 
fat necrosis, duct ectasia, and fi broadenoma [ 16 ]. 
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A diagnosis of LCIS increases the risk of subse-
quent breast cancer in either breast by a factor of 
4–9 times the general population and is thought 
to be a marker of proliferation rather than a pre-
malignant lesion itself [ 17 ]. The excess risk is 
highest for women who develop LCIS before the 
age of 40 years old [ 18 ].  

   Mammographic Density 

 The current data suggests an independent asso-
ciation between the degree of breast density 
seen on mammography and the risk for breast 
cancer. The increased relative risk for breast can-
cer ranges from 1.5 to sixfold among women in 
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whom 75 % of the breast appears dense. Breast 
density is greatest in younger women; decreases 
with age, menopause, and pregnancies; and is 
thought to be a marker of proliferative activity 
[ 19 ,  20 ]. There also appears to be an additive 
effect of breast density and hormone exposure, 
with breast cancer risk higher among premeno-
pausal women who have taken oral contracep-
tives (OC) and among postmenopausal women 
who took combined estrogen and progesterone 
hormone replacement therapy (HRT) [ 21 ,  22 ]. 
Breast density appears to be a heritable trait, 
with inherited factors accounting for 63 % of the 
variance [ 19 ].  

   Reproductive Risk Factors 

 One of the most consistent epidemiologic obser-
vations is the association of reproductive fac-
tors with the subsequent risk of breast cancer. 
One of the fi rst observations noted an increased 
risk of developing breast cancer among nullipa-
rous women. Not only was it noted that parous 
women had a decreased risk for breast cancer, 
but it was also observed that the degree of pro-
tection afforded by pregnancy depends on the 
age at the time of the fi rst live birth (FLB), 
with the greatest protection seen among women 
whose FLB occurred before age 20 years [ 23 ]. In 
fact, when the FLB is delayed to age 35 or older, 
the risk for breast cancer equals, or exceeds, that 
of a nulliparous woman. The addition of subse-
quent pregnancies and/or lactation among young 
women adds additional protection. By causing 
breast epithelial cells to become fully differ-
entiated and mature and less likely to undergo 
further mitoses, an early full-term pregnancy 
is thought to protect the cells from subsequent 
genotoxic events which may initiate the carcino-
genic process. 

 An alternative hypothesis may be that preg-
nancy modifi es age-related changes in plasma 
hormone levels [ 24 ,  25 ]. The total length of men-
struation during a woman’s lifetime contributes 
to their overall risk. Both early age at menarche 
and late age at menopause are associated with an 
increased risk [ 26 ]. On the other hand, the risk for 

breast cancer is signifi cantly decreased among 
women undergoing surgical oophorectomy, par-
ticularly if the surgery is performed before age 
40 years [ 27 ]. The relevance of these fi ndings 
appears to be related to the overall length of ovar-
ian activity and the duration of exposure to ovar-
ian hormones in the promotion of breast cancer. 

 An increased risk of breast cancer among 
postmenopausal women has been associated with 
the use of HRT. The Women’s Health Initiative 
examined postmenopausal women and random-
ized them to receive conjugated equine estrogen 
and medroxyprogesterone acetate versus pla-
cebo. The HRT group experienced signifi cantly 
more cases of invasive breast cancer compared 
to the control group, HR 1.25 (CI 1.07–1.46), 
and were signifi cantly more likely to present 
with lymph node-positive disease, HR 1.78 (CI 
1.23–2.58). There were also signifi cantly more 
deaths from breast cancer in the HRT group, HR 
1.96 (CI 1.00–4.04) [ 28 ]. The resultant decline 
in use of HRT is thought to, in part, account for 
the decrease in breast cancer incidence seen in 
subsequent years. 

 Although the complex set of interactions 
which determine breast cancer risk are not fully 
known, there is a signifi cant body of data linking 
factors associated with reproductive hormones to 
breast cancer incidence. This has led to the pro-
posal that endogenous sex hormones are major 
determinants of breast cancer risk and that the 
role of other factors, including genetic polymor-
phisms, environmental exposures, and lifestyle 
events, may be in the modulation or metabolism 
of estrogen, progesterone, and/or androgenic 
hormones. Furthermore, this suggests that there 
is differential susceptibility of breast tissue to 
the adverse effects of hormone exposure, with 
the highest vulnerability found among less dif-
ferentiated cells during periods of rapid growth. 
The lowest vulnerability is seen in cells which 
have undergone complete maturation during a 
full- term pregnancy. In this model, the initia-
tion of cancer is seen as a multifactorial event, 
depending on the stage of development of the 
breast, the hormonal environment, the genetic 
susceptibility, and the presence or absence of 
modifying factors [ 29 ,  30 ].  
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   Radiation Exposure 

 Epidemiologic studies have linked diagnostic 
and therapeutic ionizing radiation to subsequent 
breast cancer risk. Repeated diagnostic radiol-
ogy procedures among adolescents and young 
women, for example, monitored for scoliosis 
or tuberculosis, have been associated with an 
increased risk for breast cancer that persists for 
decades after exposure [ 31 ]. Rates of breast can-
cer risk are also increased among women exposed 
to thymic radiation during infancy [ 32 ]. Perhaps 
the strongest radiation-associated risk for breast 
cancer is seen in women treated with chest radia-
tion (mantle) for Hodgkin’s lymphoma. Among 
women treated before age 30 years, the risk for 
breast cancer is six times greater than that of the 
general population. Survivors of Hodgkin’s lym-
phoma are also more likely to experience contra-
lateral breast cancers [ 33 ]. The degree of risk has 
been demonstrated to vary by age at treatment, 
time since diagnosis, and radiation dose [ 34 ].  

   Physical Activity 

 Both case-control and prospective studies have 
identifi ed an inverse relationship between physi-
cal activity and breast cancer incidence. Reports 
of the risk reduction associated with moderate 
physical activity range from 15 to 40 %, and the 
effect is seen for both invasive and in situ breast 
cancer and among several ethnic groups [ 35 ,  36 ]. 
Several biological mechanisms have been pro-
posed, including decreased body fat, decreased 
exposure to ovarian hormones, and decreased 
fasting insulin levels [ 37 ,  38 ].  

   Obesity 

 Obesity has been linked to an increased risk for 
breast cancer in both retrospective and prospective 
studies. The association of obesity with breast can-
cer risk is seen in Caucasian, African- American, 
and Asian women       [ 39 ,  40 ]. The increased risk is 
best established among postmenopausal women, 
likely related to the interactions among cytokines, 

growth factors, infl ammatory pathways, and ste-
roid hormones [ 41 ].  

   Alcohol 

 Several studies have revealed an association 
between alcohol consumption and breast cancer 
risk [ 42 ,  43 ]. The relative risk increases with 
increasing intake of alcohol [ 44 ] (see Fig.  9.5 ). 
The risk appears to be greater among women tak-
ing hormone therapy and is confi ned to breast 
cancers that express estrogen receptors, suggest-
ing an interaction between alcohol and hormone 
pathways [ 45 – 47 ]. Alternative hypotheses are 
that alcohol is acting as a cumulative carcinogen 
and/or a tumor promoter [ 48 ].

       Genetic Risk Factors 

 The basis of most, if not all, cancers involve one 
or more mutations in genes that are involved 
in the regulation of cell growth and/or DNA 
repair. Most cancer-related mutations are spo-
radic, i.e., they are acquired during the life of 
the individual and occur only in the tumor cells. 
However, the observation of familial clustering 
of certain cancers has led to the identifi cation of 
a number of heritable forms of cancer in which 
the mutated gene is passed on from parent to 
child. We have now found several such genes 
that help to explain the clustering of breast 
cancer with other malignancies within family 
members. These hereditary breast cancer syn-
dromes account for 5–10% of all breast cancer 
(see Table  9.1 ). They all share several features, 
including a Mendelian inheritance pattern, ver-
tical transmission from both maternal and pater-
nal lines, early age at onset, multiple primaries, 
and a high penetrance.

   Mutations in the  BRCA1  and  BRCA2  genes 
account for the majority of hereditary breast 
cancer. In addition to breast cancer, individu-
als with  BRCA1/2  mutations are at an increased 
risk for cancer of the ovary and fallopian tubes, 
high- grade prostate cancer, male breast cancer, 
melanoma, and pancreatic cancer. Of the several 
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hundred mutations described for the  BRCA1/2  
genes, most lead to a frameshift resulting in a 
missing or nonfunctional protein. These genes 
are known to be associated with a role as a “gate-
keeper,” characterized by interactions with other 

genes in the regulation of the cell cycle and DNA 
repair [ 49 ]. 

 The frequency of mutations in the  BRCA1/2  
genes in the general population has been esti-
mated to range from 1 in 400 to 1 in 800. Carrier 
rates are not distributed evenly, however, and 
tend to concentrate in families with multiple 
cases of breast and/or ovarian cancer.  BRCA1  and 
 BRCA2  also share differential prevalence rates in 
certain ethnic groups. Most notably, three spe-
cifi c mutations, the 185delAG mutation and the 
5382insC mutation on  BRCA1  and the 6174delT 
mutation on  BRCA2 , have been found to be com-
mon among Ashkenazi Jews (AJ). The frequency 
of these three mutations approximates 1 in 40 in 
this population and accounts for up to 25 % of 
all AJ families with early-onset breast cancer and 
up to 90 % with both breast and ovarian cancer 
[ 9 ,  50 ]. Additional “founder effects” have been 
described in other populations. 

 The actual expression of disease in gene 
mutation carriers is known as the penetrance. 
Breast and ovarian cancer are the predominant 

0 (0) 

Self-reported alcohol consumption, g per day (– number drink daily)

R
el

at
iv

e 
ri

sk
 (

95
 %

 F
C

I)

10 (1) 20 (2) 30 (3) 40 (4) 50 (5) 60 (6)

1.7

1.6

1.5

1.4

1.3

1.2

1.1

1.0

0.9
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   Table 9.1    Inherited breast cancer syndromes for which 
clinical testing is available   

 Syndrome 
 Involved 
gene(s)  Associated cancers 

 Hereditary 
breast-ovarian 
cancer (HBOC) 
syndrome 

  BRCA1  
at 17q21, 
 BRCA2  
at 13q12 

 Breast, ovary, prostate, 
pancreas, melanoma 

 Cowden 
syndrome 

  PTEN  at 
10q23 

 Breast, uterus, thyroid, 
kidney, melanoma, 
glioblastoma 

 Li-Fraumeni 
syndrome 

  TP53  at 
17p13.1 

 Sarcoma, breast cancer, 
leukemia, adrenocortical 
cancer, brain cancer 

 Diffuse gastric 
cancer syndrome 

  CDH1  at 
16q22.1 

 Diffuse gastric cancer, 
lobular breast cancer 

 Peutz-Jeghers 
syndrome 

  STK11  at 
19p13.3 

 Colon, breast, pancreas, 
uterus, lung, testis, and 
ovarian cancer 
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cancers seen with  BRCA1/2  mutations. The esti-
mated risk for breast cancer by age 70 years is 
47–66% for  BRCA1  carriers and 40–57% for 
 BRCA2  carriers. Ovarian cancer risk is estimated 
to be 35–46% for  BRCA1  carriers and from 13 
to 23 % among  BRCA2  carriers [ 51 ,  52 ]. Among 
female  BRCA1  and  BRCA2  carriers who have 
already developed a primary breast cancer, esti-
mates for a second contralateral breast cancer 
range from 39 to 56 %. Risks are higher among 
women whose fi rst diagnosis was before age 40 
and for women with  BRCA1  mutations [ 53 ]. It 
is not known whether specifi c mutations within 
each gene confer differential rates of penetrance 
or what other genetic, environmental, or life-
style factors may interact with the presence of 
a mutation to determine expressivity, thus mak-
ing precise penetrance estimates in individuals 
somewhat diffi cult. 

 The phenotypic expression of  BRCA1/2  breast 
cancer includes distinctive pathologic features. 
Breast cancers associated with the  BRCA1  gene 
are typically estrogen receptor, progesterone 
receptor, and Her2/neu negative (triple negative), 
conferring an overall more aggressive disease 
course [ 54 – 56 ]. Sixty-nine percent of breast can-
cers arising in  BRCA1  carriers are triple negative 
[ 54 ]. The prevalence of  BRCA1  mutations among 
women with triple-negative disease has been 
reported to range from 11 to 35 % [ 57 ]. The phe-
notype for  BRCA2 -related tumors appears to be 
more heterogeneous and may include an excess 
of lobular histology [ 56 ]. 

   Li-Fraumeni Syndrome 

 Breast cancer is also a component of the rare 
Li-Fraumeni syndrome (LFS) in which germ-
line mutations of the  TP53  gene on chromosome 
17p have been documented. This syndrome is 
characterized by premenopausal breast cancer 
in combination with childhood sarcoma, brain 
tumors, leukemia and lymphoma, lung cancer, 
colon cancer, and adrenocortical carcinoma [ 58 ]. 
Individuals with LFS often develop multiple pri-
mary cancers [ 59 ]. A germline mutation in the 
 TP53  gene has been identifi ed in over 50 % of 

families exhibiting this syndrome, and inheri-
tance is autosomal dominant with a penetrance of 
at least 50 % by age 50 [ 60 ].  

   Cowden Syndrome 

 One of the more than 50 cancer-related geno-
dermatoses, Cowden syndrome is characterized 
by an excess of breast cancer, gastrointestinal 
malignancies, genitourinary malignancies, and 
thyroid disease (both benign and malignant). 
Skin manifestations include multiple trichil-
emmomas, oral fi bromas and papillomas, and 
acral, palmar, and plantar keratoses. Germline 
mutations in  PTEN , a protein tyrosine phos-
phatase with homology to tensin, located on 
chromosome 10q23, are responsible for this 
syndrome. Loss of heterozygosity observed in a 
high proportion of related cancers suggests that 
 PTEN  functions as a tumor suppressor gene. Its 
defi ned enzymatic function indicates a role in 
maintenance of the control of cell proliferation. 
Disruption of  PTEN  appears to occur late in 
tumorigenesis and may act as a regulatory mol-
ecule of cytoskeletal function. The lifetime risk 
of breast cancer in women with  PTEN  mutations 
is estimated at 25–50%, with a characteristic 
early age of onset [ 61 ].  

   Peutz-Jeghers Syndrome 

 Peutz-Jeghers syndrome (PJS) is characterized 
by gastrointestinal polyposis, particularly ham-
artomatous polyps, and melanocytic macules on 
the lips and perioral and buccal tissues [ 62 ,  63 ]. 
Although the most common cancers in PJS are 
gastrointestinal, the cumulative risk of breast 
cancer is 35–54% [ 63 ,  64 ]. Additional cancer 
risks include pancreatic and ovarian cancers 
as well as ovarian sex cord tumors with annu-
lar tubules (SCTATs) and mucinous tumors of 
the ovaries and fallopian tubes and Sertoli cell 
tumors of the testes [ 65 ,  66 ]. Germline muta-
tions in the  STK11  gene on chromosome 10p 
have been  identifi ed in the majority of PJS fami-
lies [ 63 ,  67 ].  

9 Genetically Based Breast Cancer: Risk Assessment, Counseling, and Testing



146

   Hereditary Diffuse Gastric Syndrome 

 Hereditary diffuse gastric cancer (HDGC), 
which arises from mutations in the  CDH1  gene, 
is associated with an increased risk of lobu-
lar breast cancer, with lifetime risks as high as 
52 % and an average age of onset of 53 years 
old [ 68 ]. HDGC is unique in the predominant 
lobular pathology of the breast cancer occur-
rences as well as the diffuse nature of the gastric 
cancer cases. The risk for diffuse gastric cancer 
is >80 % in  CDH1  gene carriers [ 69 ]. Loss of 
the E-cadherin protein causes the tumor cells 
to infi ltrate the mucosa of the stomach, causing 
thickening and rigidity of the gastric wall, called 
 linitis plastica , and malignant cells often have a 
signet ring appearance [ 70 ].  

   Lower-Penetrance Genes 

 In addition to the rare but highly penetrant genes 
described above, there is growing evidence that 
more common, but less penetrant, genes may 
account for a signifi cant proportion of heredi-
tary breast cancer. Both candidate gene and 
genome- wide searches have been used to iden-
tify low- penetrance polymorphisms that alone 
or in combination are associated with breast 
cancer. The identifi cation and location of these 
breast cancer genes will ultimately permit further 
investigation of the precise role they play in can-
cer progression and will allow us to determine 
the percentage of total breast cancer caused by 
the inheritance of mutant genes. This, in turn, 
will ultimately enrich our understanding of all 
breast cancer, sporadic as well as hereditary, 
and will improve the identifi cation of high-risk 
individuals.   

   Genetic Counseling for Breast/
Ovarian Cancer 

 The technologic developments that have facili-
tated the location and isolation of cancer sus-
ceptibility genes have integrated the fi elds of 
oncology, cancer prevention, genetics, and coun-

seling. This, in turn, has helped to create a new 
subspecialty of cancer risk counseling with an 
emphasis on the communication of risk informa-
tion based on personal and family histories. The 
National Society of Genetic Counselors (NSGC) 
defi nes genetic counseling as the process of help-
ing people understand and adapt to the medi-
cal, psychological, and familial implications of 
genetic contributions to disease    [ 71 ]. Genetic 
counseling for cancer, also known as cancer risk 
assessment, is the important process of differ-
entiating patients at low, moderate, or high risk 
for cancer and identifying appropriate patients 
for genetic testing of known hereditary cancer 
syndromes. 

 The specifi c goals of the counseling pro-
cess are to (1) provide accurate information 
on the genetic, biologic, and environmental 
factors related to the individual’s risk of can-
cer; (2) provide a suffi cient understanding of 
the genetic basis of breast and ovarian cancer 
to assist in decisions regarding genetic testing; 
(3) provide a realistic assessment of personal 
risk both for the genetic syndrome and for 
the disease(s) itself; (4) formulate appropriate 
options and recommendations for prevention 
and screening; and (5) offer psychosocial sup-
port, appropriate to a family’s culture, to facili-
tate adjustment to an altered-risk perception 
and promote adherence to the recommended 
actions. Using personal and family histories, 
risk models, and molecular and tumor testing, 
a counselor can help to identify patients at the 
highest risks for cancer [ 72 ]. As only 5–10% 
of cancer cases have a hereditary component, 
risk assessment can serve as a “gatekeeper” 
that identifi es those patients most appropriate 
for high-cost genetic tests, ensuring tests and 
services are being utilized in a suitable manner. 
The session can also educate patients who are 
not appropriate for genetic testing but who still 
may have increased risks for cancer [ 73 ]. 

   Target Population 

 With the growing awareness of the familial nature 
of breast cancer, increasing numbers of family 

M.B. Daly and A. Forman



147

members of women diagnosed with breast can-
cer are seeking information and advice about the 
disease, their potential risk, and available risk- 
reducing options. Women who seek counseling 
are often highly motivated by a personal experi-
ence with cancer in their family and by concern 
for the risks faced by themselves and their close 
relatives. As physicians become more aware of 
the importance of family history in determin-
ing a woman’s risk for breast cancer, they are 
increasingly referring their patients for cancer 
risk counseling. Even those individuals who are 
not candidates for genetic testing will benefi t 
from having a realistic estimate of their cancer 
risk. In addition to providing risk information 
and risk counseling to the individual concerned 
about her risk for cancer, the process often has 
wide- reaching implications for the family and 
may ultimately extend to include additional fam-
ily members.  

   The Counseling Team 

 Historically, the medical genetic counseling team 
has consisted of a medical geneticist, a genetic 
counselor, and, to a lesser extent, the referring 
primary care physician. As the fi eld of genetic 
counseling has expanded to include adult dis-
eases such as cancer, other disciplines, includ-
ing oncology, gynecology, molecular genetics, 
social work, and psychology, have joined the 
team in order to provide the multidisciplinary 
approach needed. 

 There is also a growing interest in genetics on 
the part of nurses, many of whom are beginning 
to seek specialized training in the fi eld. Genetic 
counselors and nurses trained in genetics are now 
increasingly delivering medical and genetic risk 
information about familial forms of cancer and 
counseling individuals and families about dis-
ease risk and management. Originally, cancer 
risk counseling programs were mainly situated 
in cancer centers and academic institutions, but 
these services are expanding to community hos-
pitals, worksites, and health centers where they 
are often one component of a more broad-based 
health promotion program.  

   Risk Assessment 

 The genetic counseling process begins with the 
collection of several components of information. 
The fi rst step in evaluating a woman’s risk for 
breast cancer is to evaluate her worries, ques-
tions, concerns, beliefs, and reasons for seeking 
counseling to guarantee that personal needs and 
priorities will be met in the counseling process. 
It is important at this early stage of counseling to 
establish a mutual trust and to negotiate a mutu-
ally agreeable agenda between the counselor and 
the individual seeking counseling. The counselor 
attempts to assess whether the individual’s expec-
tations of cancer risk counseling are realistic. An 
exploration of the patient’s current knowledge 
of genetics, beliefs about the causes of cancer, 
and experiences with cancer can help to guide 
and personalize the session and ensure the cli-
nician tailors their information for the patient. 
Throughout the course of the counseling process, 
the potential for psychological impact should be 
assessed and addressed. This includes evaluating 
for depression or anxiety, patient coping mecha-
nisms and resilience, and available support sys-
tems (see Table  9.2 ). If necessary, referrals to 
mental health-care professionals should be pro-
vided [ 63 ].

      Family and Personal Health History 

 An expanded family pedigree that includes 
fi rst-, second-, and third-degree relatives (par-
ents, siblings, children, half-siblings, aunts, 
uncles, grandparents, cousins, etc.) using stan-
dard human pedigree nomenclature [ 74 ] begins 
the process of estimating cancer hereditary risks. 
Both maternal and paternal history should be 
evaluated for types of cancer, bilaterality, pathol-

   Table 9.2    Components of information gathering   

 Establishment of needs, concerns, questions, priorities 
 Assessment of psychosocial dimensions 
 Personal medical history 
 Detailed family history 
 Personal risk factor profi le 
 Personal screening and health behavior history 
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ogy, ages at diagnosis and/or death, and history 
of risk-reducing steps, such as chemoprevention 
or surgeries [ 75 ]. Ancestry/ethnicity and con-
sanguinity information are also important when 
calculating likelihood of a genetic risk, because 
specifi c mutations (i.e., founder mutations) occur 
with increased frequency in certain populations. 

 It is important to include all relatives, both 
affected and unaffected, in the family history in 
order to judge the degree of penetrance of the 
disease. In the case of hereditary breast cancer, 
it is also important to document cases of ovar-
ian and other cancers in the family. Limitations 
to family history, such as small family size, 
unknown history and adoption, early deaths pre-
cluding the possibility of developing adult-onset 
diseases, prophylactic surgeries which remove 
an organ from subsequent risk of cancer, or few 
family members of the gender most affected by 
the cancer syndrome risks, e.g., few women in a 
family at risk for hereditary breast ovarian cancer 
(HBOC) syndrome, can challenge the clinician’s 
ability to estimate hereditary risk [ 76 ]. Reported 
family histories may be inaccurate, and confi rm-

ing documentation, such as pathology reports, 
should be obtained when possible [ 77 ,  78 ]. 

 Family history data is then graphically rep-
resented on a pedigree, which follows standard 
nomenclature to illustrate family relationships 
and disease information in graphical format 
(Fig.  9.6 ). The hallmarks of features of a fam-
ily history which suggest a hereditary pattern 
include multiple cancers in close relatives, mul-
tiple cancers in a single individual, multiple 
cancers across generations, early age of onset 
of cancer, bilateral cancer in paired organs (e.g., 
breast), the presence of precursor lesions known 
to be associated with the cancer phenotype, and 
ancestry [ 72 ] (see Table  9.3 ).

    The patient’s personal medical history should 
also be ascertained at this time, including prior 
medical conditions, cancer diagnoses, and treat-
ments. Additional information about carcinogen 
exposure, reproductive history, hormone use, 
lifestyle factors, and previous breast biopsy his-
tory will infl uence estimates of cancer risk. A 
record of past cancer screening practices estab-
lishes a history of health promotion behavior and 
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  Fig. 9.6     BRCA  mutation pedigree with standard nomenclature       
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will help guide the counselor in making reason-
able and appropriate health recommendations. 
Physical fi ndings associated with a hereditary 
breast cancer syndrome can also be evaluated 
during the risk assessment session [ 75 ]. In the 
absence of a clinician qualifi ed to evaluate physi-
cal features, appropriate referrals to specialists 
should be made, e.g., dermatologic assessment of 
features of Cowden syndrome [ 61 ]. Beyond the 
data obtained during the creation of the family 
tree, this process allows the clinician to assess the 
client’s emotional state, become aware of family 
dynamics and level of support, and set the tone for 
the session [ 79 ]. This part of the session can also 
provide information about a patient’s perception 
of risk, which may be infl uenced by cultural and 
ethnic identity, family interaction, personal expe-
rience with the condition, and spirituality [ 79 ].  

   Risk Communication 

 The objective of risk communication is to pro-
vide patients with accurate information to help 
them understand and interpret their risk in order 
to make informed decisions about genetic test-
ing and/or medical management [ 63 ]. Risk com-
munication is particularly challenging in cancer 
genetic counseling due to the sheer number of 
different risks being shared with the patient (see 
Table  9.4 ).

   Care should be taken in presenting risk infor-
mation so that patients are not confused about 
risk estimates. Presenting risk in a genetic 
 counseling session is complicated not only by the 
diversity of risks discussed but by the frequent 
lack of straightforward values. There are various 
ways to present risk, such as numerical, verbal, or 

visual, as well as many types of values, such as 
percentages, proportions, or ranges. Often, more 
than one approach is necessary to fully inform 
the patient [ 80 ]. The counselor starts with what 
the patient knows, provides both qualitative and 
quantitative data, presents both sides of the risk 
fi gures, and stresses that these numbers do not 
guarantee outcome. Focusing on the most rel-
evant facts and fi gures, keeping language simple, 
and using visual aids will increase patient com-
prehension [ 63 ,  79 ]. 

 Using the combination of family and personal 
medical history as a guide, the counselor then 
considers whether genetic testing is appropri-
ate for the patient and which hereditary breast 
cancer syndrome is most likely. The majority 
of families will represent the effect of a combi-
nation of multiple genetic and environmental 
factors that  interact to increase cancer risk to a 
moderate degree. Counselors often use empirical 
approaches based on epidemiologic data that pro-
vide age-specifi c risks of cancer that can incor-
porate several pertinent risk factors. For some 
cancers, these empirical data have been inte-
grated into mathematical models that can predict 
cumulative risk estimates of developing a cancer 
over a defi ned time period. 

 The Gail model, for example, predicts breast 
cancer risk from age 35 to 80 years, using a model 
that includes current age, age at menarche, age 
at fi rst live birth, number of fi rst-degree relatives 
with breast cancer, and number of breast biop-
sies [ 81 ]. It has been validated with data from 
the Breast Cancer Prevention Trial [ 82 ] and is 
most accurate in predicting breast cancer among 

   Table 9.3    Features of hereditary cancers   

 Multiple cancers in close relatives 
 Multiple cancers in a single individual 
 Multiple cancers across generations 
 Early age of onset of cancer 
 Bilateral cancer in paired organs (e.g., breast) 
 The presence of precursor lesions known to be 
associated with the cancer phenotype (e.g., multiple 
polyps in hereditary colon cancer) 

   Table 9.4    Risk communication   

 Cancer risks based on family history alone 
 Cancer risks associated with carrying a gene mutation 
 Risk the patient or family will test positive for a 
hereditary cancer syndrome 
 Risk that other family members could carry the same 
genetic mutation if the patient tests positive 
 Risks, benefi ts, and limitations of genetic testing 
 Risks, benefi ts, and limitations of cancer surveillance 
and risk-reduction options 
 Risk of a de novo mutation in the absence of family 
history 
 Risk of receiving an unclear or inconclusive test result 
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women who are being screened with regular 
mammograms [ 83 ]. This model is now available 
online from the National Cancer Institute [ 84 ].  

   Genetic Testing 

 For those families exhibiting the features of 
hereditary breast cancer, quantitative risk of car-
rying a  BRCA1  or  BRCA2  gene mutation can be 
found by utilizing BRCAPRO, Tyrer-Cuzick, 
or BOADICEA models. Penn II, a web-based 
model, and the Myriad prevalence tables also 
provide numerical probabilities of carrying a 
 BRCA1  or  BRCA2  mutation, while the Couch 
model only provides risk of carrying a mutation 
in the  BRCA1  gene [ 85 – 90 ]. Each has its own 
limitations, which have been reviewed in detail 
elsewhere [ 91 ,  92 ]. All of these models are used 
mainly as an adjunct to the information obtained 
from the family history. 

 Guidelines for testing have been established by 
several groups including the NCCN, ASCO, and 
the US Preventive Services Task Force (USPSTF) 
to identify families who are candidates for genetic 
testing. With these guidelines as a reference, the 
counselor presents the benefi ts of testing and 
confi rms that the testing is voluntary and that the 
patient or her proxy can provide informed con-
sent [ 72 ]. Once genetic testing has been deemed 
appropriate, the next step is identifying which test 
to order and for which family member. The most 
appropriate person to test is a family member 
affected by a syndrome-related cancer, preferably 
the one with the strongest suggestion of risk, such 
as early age of onset or bilaterality. 

 If affected family members are unavailable 
for testing, due to death or unwillingness, then 
unaffected family members can pursue test-
ing [ 75 ]. Individuals under the age of 18 are 
generally not appropriate for genetic testing of 
hereditary breast cancer syndromes as medi-
cal management will not be infl uenced at these 
younger ages. Exceptions include families sug-
gestive of cancer syndromes with known risks 
for cancers occurring in childhood, such as the 
Li-Fraumeni syndrome. Delaying genetic testing 
also allows the testing decision to be made by 

the individual at legal adulthood and with full 
autonomy [ 63 ,  93 ,  94 ]. 

 Members of ethnic groups with known 
founder mutations, such as AJ individuals, should 
be offered testing for these founder mutations 
with the possibility of further testing of more rare 
mutations in the same or other genes if they meet 
additional guidelines [ 94 ]. It is important to note 
that, in the case of individuals of maternal and 
paternal AJ ancestry, testing for all three founder 
mutations is recommended even when one of 
these mutations have already been identifi ed in 
the family [ 94 ]. This is due to the higher than 
average rate of these founder mutations occurring 
in this population [ 9 ]. 

 Patients in families where a cancer syndrome 
gene mutation has already been identifi ed should 
typically fi rst be offered single-site analysis for 
the known gene mutation, with the possibility of 
additional mutation analysis only if the family 
history suggests the additional hereditary risk, 
e.g., a history on the opposite side of the fam-
ily. For appropriate individuals with no previ-
ous testing in the family and no specifi c founder 
mutation testing indicated, genetic testing should 
include comprehensive DNA sequencing as well 
as genomic rearrangement, also called deletion/
duplication analysis [ 79 ,  94 ]. 

 Before making an informed decision about 
testing, patients must be aware of the possible 
outcomes associated with genetic testing. The 
NCCN divides genetic test results into four 
categories: true positive, true negative, indeter-
minate (uninformative negative), and inconclu-
sive (variants of uncertain signifi cance or VUS) 
(see Table  9.5 ). A positive test result indicates 
the presence of a pathogenic mutation known 
to increase the risk for cancer associated with 
the hereditary syndrome. Patients positive for a 
pathogenic mutation are generally given recom-
mendations based on professional guidelines, 
such as NCCN and USPSTF [ 75 ,  95 ], which 
often include high- risk screening and risk-reduc-
tion options. First- degree relatives, i.e., children 
and siblings, are at 50 % risk of carrying the 
same mutation and are recommended to undergo 
genetic risk assessment and consider the option 
of testing for the known mutation. Additional rel-
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atives may also be candidates for risk assessment 
and testing and should be informed of the muta-
tion identifi ed in the family. Family members are 
likely to have insurance coverage for single-site 
testing for the familial mutation, whether or not 
they are affected by cancer [ 72 ,  79 ].

   Genetic test results can infl uence reproductive 
choices. A discussion of options regarding pre-
implantation genetic diagnosis (PGD), assisted 
reproduction, and prenatal testing is appropriate 
for patients who are concerned about the trans-
mission of a mutation to their offspring [ 94 ]. 
Studies suggest that the majority of women at 
high risk of HBOC feel that PGD is an accept-
able option to offer patients (75 %) even though 
fewer reported that they would consider PGD 
themselves (37.5 %) [ 96 – 97 ]. 

 True-negative patients do not carry the pre-
viously identifi ed familial mutation, and their 
risk for cancer is generally comparable with 
that of the general population. Medical manage-
ment recommendations are similar to the gen-
eral population or based on personal risk factors 
such as prior biopsy history [ 94 ,  98 ]. Patients 
should understand that an individual with a true-
negative result can still develop cancer, and it 
does not rule out the possibility of the familial 
mutation being present in a sibling or other at-
risk family members. However, the true-negative 
patient cannot pass the familial mutation on to 
his/her children [ 79 ]. 

 An indeterminate result, also called uninfor-
mative negative, is one in which no mutation is 
identifi ed within the genes tested. While an inde-
terminate result decreases the likelihood that a 
patient has an inherited risk for cancer, it does not 
remove this risk entirely due to the possibility of 
other genes not detectable by the current technol-
ogy. Ideally, genetic testing should be performed 
on the family member deemed “most likely” to 
carry a gene mutation due to her personal his-
tory of early-onset, bilateral, or otherwise sug-
gested cancer diagnosis. However, additional 
affected family members or fi rst-degree relatives 
of an affected family member may produce infor-
mative test results [ 94 ]. Of note, patients with 
no mutation detected are not at risk for pass-
ing on a detectable mutation to their children. 
Indeterminate patients are often challenging to 
provide recommendations for, as their care should 
be individualized based on personal and family 
history [ 94 ]. In families strongly suggestive of 
a hereditary cancer syndrome, it is particularly 
important that a patient not be falsely reassured if 
no mutations are detected and informed that she 
may still be a candidate for additional high-risk 
screening or risk-reducing options [ 72 ,  79 ]. 

 Variants of uncertain signifi cance (VUS) are 
a particularly important limitation to genetic 
testing for which patients must be aware [ 79 , 
 93 ]. A VUS is unable to be characterized 
as either a pathogenic mutation or a benign 

   Table 9.5    Types of genetic test results and their Implications   

 Result  Interpretation  Medical management  Family implications 

 True positive  Found to carry an alteration 
in a known cancer-
predisposing gene 

 Follow hereditary risk 
guidelines outlined by 
professional groups such as 
NCCN and USPSTF 

 Recommend genetic risk 
assessment and testing of known 
alteration for at-risk family 
members 

 True negative  Not a carrier of a known 
alteration previously found 
in a family member 

 Follow general population 
recommendations and tailor 
based on personal risk factors 

 Recommend genetic risk 
assessment and testing of known 
alteration for at-risk family 
members 

 Indeterminate 
(uninformative 
negative) 

 No alteration is identifi ed 
and none is known in 
another family member 

 Tailor based on personal and 
family history of cancer and 
known risk factors 

 Additional testing only for 
appropriate family members, 
particularly those affected by 
cancer 

 Inconclusive 
(variants of uncertain 
signifi cance [VUS]) 

 An alteration has been 
found but the clinical 
signifi cance is currently 
unknown 

 Tailor based on personal and 
family history of cancer and 
known risk factors 

 Consider additional testing for 
appropriate family members on a 
research basis 
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 polymorphism that does not infl uence cancer 
risk, i.e., a VUS is neither positive nor nega-
tive. The ambiguous nature of these results can 
be confusing to patients, who may fi nd it dif-
fi cult to accept that a change within the gene 
might not increase the risk for cancer [ 99 – 100 ]. 
Patients who are making time-sensitive deci-
sions regarding treatment and medical man-
agement may fi nd these results particularly 
distressing and may even pursue unnecessary 
surgeries [ 93 ,  100 ,  101 ]. 

 Given the challenge in interpreting a VUS 
result, medical management should be tailored 
based upon personal and medical history [ 73 , 
 75 ,  79 ,  94 ,  100 ]. VUS results should not lead 
to clinical testing of other family members, 
unless the family member already meets cri-
teria for genetic testing based on personal and 
family history. Testing of such family members 
may provide additional information includ-
ing the possibility of discovering a previously 
unidentifi ed deleterious mutation. Appropriate 
family members may be asked to contribute 
samples for research purposes that may or may 
not lead to clarifi cation of the results [ 72 ,  79 ]. 
Studies have suggested that consultations with 
knowledgeable cancer risk providers can reduce 
adverse outcomes [ 99 ]. 

 Prior to genetic testing, a patient should 
provide voluntary informed consent. Several 
states require informed consent be obtained 
before genetic tests can be ordered, with this 
responsibility falling upon the ordering clini-
cian [ 72 ,  102 ]. Many molecular laboratories 
have informed consent documents and require a 
signature from the ordering clinician acknowl-
edging that patients have been provided the 
necessary information and resources to give 
consent. Elements of informed consent have 
been reviewed in detail by ASCO [ 93 ]. The 
consent process should include a review of the 
specifi c test being performed; possible out-
comes; the risks, benefi ts, and limitations of 
testing; implications for the patient and family 
members; alternatives to testing; and the plan 
for disclosure of results and follow-up [ 72 ]. 
Any remaining questions or concerns should be 
elicited and answered at this time.  

   Posttest Counseling 

 Disclosure of results can be complex whether 
they are positive, uninformative, or inconclusive 
as risks and recommendations need to be tailored 
for each individual and family. The plan for test 
result disclosure should be made in advance so 
the patient will know how results will be dis-
closed (face to face or by telephone), when to 
expect the results, and who will be present at the 
disclosure. Once the patient has confi rmed that 
she is ready to hear the results, results disclosure 
should take place early in the conversation and 
with direct and clear language. The consultation 
should include explanation of the test results, 
modifi ed risk assessment based on the results 
and family history, and a discussion of other 
family members who could consider further test-
ing [ 72 ,  79 ]. 

 Psychological assessment remains crucial 
throughout the disclosure session. Patients 
can have a variety of emotional responses, 
from relief, sadness, anger, or worry, and they 
should be given time to react and process the 
 information [ 79 ]. While test results can illicit 
strong emotional reactions, studies have shown 
that patients who test positive tend to adjust well 
to the news and that additional interventions are 
often not necessary [ 63 ,  103 ]. Signifi cant base-
line depression, other life stressors, and results 
that are unexpected may contribute to greater dis-
tress [ 79 ] as can personal and family histories of 
cancer [ 104 ,  105 ]. 

 It may be recommended that other family 
members undergo testing, either to help clar-
ify the interpretation of the patient’s results or 
because a mutation has been identifi ed and other 
family members are at risk to carry the same 
alteration. In the case of a known mutation, it is 
particularly important to educate the patient on 
the importance of sharing these results with at- 
risk family members. The clinician can help to 
facilitate family communications with educa-
tional materials and referrals that the patient can 
then pass on to relatives. In addition to an expla-
nation of the results and implications for family 
members, patients will need to receive tailored 
medical management recommendations. 
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 Patients with an indeterminate or inconclu-
sive test result may still have elevated risks for 
cancer and should receive screening and preven-
tion recommendations based on their personal 
and family history of cancer and other risk fac-
tors [ 94 ]. Additional genetic testing may be rec-
ommended, as needed. Patients who are found 
to carry a pathogenic mutation can be provided 
medical management guidelines from consen-
sus statements such as NCCN, American Cancer 
Society (ACS), and USPSTF [ 79 ]. Once tailored 
medical management is reviewed for the patient 
and at-risk family members, the patient should be 
provided with referrals to specialists, copies of 
genetic test results, and a summary document of 
results and recommendations [ 79 ].  

   Effectiveness of Cancer Risk 
Counseling 

 Several studies have attempted to assess the 
effectiveness and effi cacy of genetic counsel-
ing. Utilization of genetic counseling services 
is associated with higher socioeconomic status 
and educational level and, in the setting of pre-
natal genetic conditions, with intention to have 
children [ 106 ]. Understanding and retention of 
the information received have been found to be 
higher among individuals who are self-referred, 
those with higher educational levels, and those 
families at higher-risk levels. Multiple counseling 
sessions have been shown to boost understanding 
and information retention [ 107 ]. Another consis-
tent observation has been that while important, 
the information obtained at a genetic counseling 
session is not the only factor contributing to risk-
related decisions. Rather, perception of risk is a 
concept formed over a person’s lifetime and is a 
result of internalizing personal experiences and 
beliefs. Decisions made in the genetic counseling 
setting therefore refl ect a complicated interplay 
of expectations, emotions, and value judgments. 
As a result, the genetic counselor is likely to be 
most successful when the information shared 
during genetic counseling is provided in the 
context of the patient’s personal orientation and 
belief system.  

   Risk Management Strategies 

 A primary motivation for seeking cancer risk 
counseling is to identify ways to reduce or delay 
the risk of developing breast/ovarian cancer or to 
improve the possibility of detecting it at an early 
curable stage. Individuals who seek these services 
clearly want recommendations for the medical 
management of their risk from their providers. 
By achieving a reliable estimate of cancer risk, 
either by considering personal and family history 
or by performing genetic testing, the cancer risk 
counselor, working with the medical team, can 
provide primary and secondary prevention strat-
egies to the individual. Recommendations fall 
into four general categories: increased screening, 
pharmacologic interventions (chemoprevention), 
surgical prophylaxis, and lifestyle changes. 

 Screening recommendations for women with 
a hereditary breast cancer syndrome are based on 
the high risk of breast cancer and the potential 
for early age of onset. For these women, screen-
ing is recommended to start at age 25 years. The 
sensitivity of mammography is reduced in young 
women who tend to have denser breasts. Several 
studies of women with  BRCA1/2  mutations have 
shown an improved detection rate when both 
MRI and mammograms are performed annu-
ally [ 108 ]. On the basis of this data, the ACS 
has recommended the addition of breast MRI to 
annual mammogram for women who are carri-
ers of breast cancer susceptibility genes and/or 
those with a risk of breast cancer of 20–25% or 
greater, as determined by an empiric risk model 
that is based on family history [ 109 ]. Men with a 
 BRCA1/2  mutation are recommended to perform 
breast self-exam and to have a clinical breast 
exam twice yearly. To date, there is no effective 
screening modality to detect early stage ovarian 
cancer. 

 Based on randomized control clinical trials 
showing a 50 % reduction in ER+ breast cancer 
with a 5-year course of either tamoxifen or ralox-
ifene [ 110 ,  111 ], both drugs have been approved 
by the Food and Drug Administration (FDA) for 
the prevention of breast cancer among women 
at increased risk of breast cancer as determined 
by the Gail model. However, there have not been 
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any such trials that have looked at the effi cacy 
of these drugs specifi cally among women with 
 BRCA1/2  mutations. A thorough discussion with 
the patient is crucial for them to understand their 
risks and potential benefi ts of such therapy in 
light of a clear lack of convincing data. Long- 
term use of oral contraceptives has been shown 
in retrospective case-control studies to reduce the 
risk of ovarian cancer by 40–50%. This protec-
tion has been demonstrated in both average-risk 
women and women with a  BRCA1/2  mutation 
and increases with longer duration of use [ 112 ]. 

 Risk-reducing mastectomy (RRM) has been 
shown to reduce the risk of breast cancer in 
 BRCA1/2 -positive women by up to 90 % [ 113 ]. 
Patient agreeance of this option depends upon 
many factors, such as ethnicity and culture, 
geography, health-care availability, and most 
importantly the recommendations of the provid-
ing physician. Mutation carriers newly diagnosed 
with breast cancer are the most likely group to 
choose this option given the high rate of subse-
quent contralateral cancer. A variety of options 
for breast reconstruction are available in this set-
ting for women choosing RRM. 

 Due to the lack of effective screening tools 
for identifying ovarian cancer, women with 
a  BRCA1/2  mutation are recommended to 
undergo risk-reducing salpingo-oophorectomy 
(RRSO) after childbearing is complete or at age 
35–40 years old [ 75 ]. A meta-analysis of ten 
studies showed that RRSO among mutation car-
riers resulted in an 80 % reduction in the risk of 
ovarian cancer [ 114 ]. Occult cancers, primarily in 
the fallopian tubes, have been found at the time of 
prophylactic oophorectomy in 2–3% of women 
undergoing the procedure. In addition, there is 
a 1–4.3 % risk of subsequent primary peritoneal 
carcinoma [ 114 ,  115 ]. 

 The introduction of RRSO for prophylaxis 
among mutation carriers has led to a new under-
standing of the origin of ovarian cancer. Careful 
histopathologic examination of the fallopian 
tubes removed at the time of RRSO has identifi ed 
a high percentage of dysplastic and hyperplastic 
lesions that are thought to represent premalignant 
changes in the fi mbriated end of the fallopian 
tube. As a result, there is a growing consensus 

that the origin of most, if not all, serous ovarian 
tumors among  BRCA1/2  mutation carriers is the 
distal segment of the fallopian tube, not the sur-
face epithelium of the ovary [ 116 ,  117 ]. Serious 
consideration is being given to performing bilat-
eral salpingectomy as an interim measure to pre-
serve ovarian function until the time of natural 
menopause [ 118 ]. 

 RRSO also reduces the risk of breast cancer 
by approximately 50 % [ 27 ,  117 ]. In addition to 
reducing the risk of breast/ovarian cancer, there 
is evidence that both prophylactic mastectomy 
and prophylactic oophorectomy confer an overall 
survival advantage [ 119 ]. 

 There is intense interest on the part of high- 
risk individuals to learn about opportunities 
to reduce their cancer risk by changes in diet, 
exercise, or other lifestyle modifi cations that 
may minimize their exposure to carcinogens. 
Preliminary data suggests, for instance, that the 
use of exogenous estrogens, including oral con-
traceptives and estrogen replacement, may confer 
an increased risk for breast cancer among women 
with a hereditary predisposition [ 120 ] and that 
limiting exposure to these agents may be benefi -
cial. The exact role of diet and exercise remains 
elusive for most cancers although recommenda-
tions can be made on the basis of general health 
and ideal weight maintenance.   

   Conclusion 

 A great deal of progress has been made in our 
understanding of the underlying etiology of 
breast cancer. Scientifi c advances, particularly 
in the fi eld of genetics, have made it possible 
to better defi ne risk for ovarian cancer and to 
target cancer prevention and control strate-
gies. Long- term follow-up of mutation carri-
ers will help to explore the spectrum of cancer 
risk, the clinical course of hereditary ovarian 
cancer, and response to treatment. Women are 
becoming increasingly aware of the role of 
family history in defi ning their own personal 
risk and are seeking information and recom-
mendations for risk reduction. The creation of 
multidisciplinary teams of health profession-
als to provide risk education, assessment, and 
counseling will complement the care of the 
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ovarian cancer patient and may ultimately 
result in reductions in breast cancer morbidity 
and mortality.     
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            Lobular Neoplasia 

       Introduction 

 Lobular neoplasia (LN) refers to the spectrum of 
benign epithelial proliferation including atypical 
lobular hyperplasia (ALH) and lobular carcinoma 
in situ (LCIS) [ 1 ]. It is usually an incidental fi nd-
ing noted at the time of needle or excisional 
biopsy and lacks distinctive features on imaging 
or physical exam. 

 Lobular neoplasia confers an increased rate of 
development of invasive carcinoma of about 
1–2 % absolute risk per year, which is cumulative 
over the lifetime of the patient [ 1 – 3 ]. Page et al. 
determined the risk incurred by women with 
ALH was lower than that of LCIS, approximately 
a four- to fi ve-fold relative risk. In comparison, 
patients with LCIS have an eight- to ten-fold rel-
ative risk for the development of breast cancer 
compared to the general population [ 4 ,  5 ]. Over 
50 % of patients diagnosed with LCIS show mul-
tiple foci in the ipsilateral breast and approxi-
mately 30 % in the contralateral breast [ 6 – 8 ]. 

 Although some studies have demonstrated an 
increased risk of developing an ipsilateral cancer 
in patients with LN [ 4 ,  9 – 11 ], the majority of 
studies, including data from the Surveillance, 
Epidemiology, End Results (SEER) Registry, 
demonstrate a comparable risk in both breasts [ 2 , 
 12 – 15 ] (Table  10.1 ). Though the majority of can-
cers that develop are ductal in origin, the SEER 
data also demonstrated that in patients with LN, 
23.1 % of invasive cancers that developed were 
of lobular histology, as compared to 6.5 % of all 
invasive breast cancers encountered in the gen-
eral population [ 13 ].

        Epidemiology 

 Since there are no specifi c physical or imaging 
fi ndings for LN, it is most commonly noted as an 
occult lesion in surgical specimens or breast 
biopsies performed for other indications. This 
makes clarifying the actual overall incidence 
somewhat problematic. The prevalence of LN, in 
an otherwise benign breast biopsy, is approxi-
mately 0.02–3.8 % [ 1 ,  20 – 23 ]. Due to the fact 
that LN is an incidental fi nding, the actual preva-
lence of the disease may be much higher. 

 LCIS is most commonly diagnosed in women 
in the fi fth decade of life, a decade earlier than 
those diagnosed with DCIS [ 1 ,  18 ]. The major-
ity of women are premenopausal. Based on 
SEER data, the age-adjusted incidence of LN 
increased fourfold from 1978 to 1998 (from 0.9 
to 3.2/100,000 person-yrs) [ 24 ]. Women between 
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the ages of 50 and 59 experienced the greatest 
absolute increase in incidence over the study 
period. This increase is likely due to the higher 
use of screening mammography and increased 
frequency of breast biopsies for mammographic 
abnormalities [ 5 ,  24 ].  

    Histology 

 Lobular neoplasia is used to describe a spectrum 
of benign proliferation which encompasses LCIS 
and ALH. Histologically, LCIS is typically char-
acterized by the proliferation of monotonous, dis-
cohesive cells, which fi ll the acini and cause 
signifi cant distension [ 25 ,  26 ]. Pagetoid spread, 
in which the neoplastic cells extend along adja-
cent ducts and in between intact overlying epithe-
lium and underlying basement membrane, may 
also be present [ 8 ,  27 ]. In ALH, the cells are 
cytologically similar to LCIS but with minimal 
distention of the acini (Fig.  10.1 ).

   The above is a description of classic LCIS 
and is also referred to as type A cells. Type B 
cells are a well-recognized subtype of LCIS, 
with mild to moderately larger nuclei show-
ing some increase in pleomorphism [ 27 ]. The 
entity described as pleomorphic LCIS (PLCIS) 
has cells with more marked pleomorphism and 
distinctly larger, eccentrically placed nuclei with 
nucleoli and eosinophilic cytoplasm. The cells of 
PLCIS often have central necrosis and calcifi ca-
tion within granules [ 27 ,  29 ]. These lesions are 

often  diffi cult to differentiate from DCIS, with 
staining for E-cadherin often helpful in differen-
tiating PLCIS from DCIS. 

 E-cadherin is a transmembrane glycoprotein 
responsible for calcium-dependent cell-to-cell 
adhesion [ 30 ]. This protein is usually absent in 
lobular neoplasms such as LCIS but present in 
disease of ductal origin, such as DCIS. Lack 
of E-cadherin staining supports a diagnosis of 
LN. Lobular neoplasia consistently demonstrates 
estrogen and progesterone receptor positivity. 
However, Her2/neu receptor expression is vari-
able and may be overexpressed in the PLCIS 
variant [ 8 ]. 

 Although criteria exist for differentiating ALH 
from LCIS, the distinction can be fairly subjec-
tive, with signifi cant intraobserver variability 
among pathologists when distinguishing between 
these entities. Rosai et al. [ 31 ] reported on a series 
of 17 cases that were evaluated by 5 expert breast 
pathologists. These lesions included ten ductal 
and seven lobular lesions, and the pathologists 
were asked to diagnose these lesions as typical 
hyperplasia, atypical hyperplasia, or carcinoma in 
situ. The 5 pathologists were not in unanimous 
agreement on a diagnosis for any of the 17 lesions. 
There were only three lesions in which four of the 
fi ve pathologists agreed upon the diagnosis. 

 It has been suggested that lobular neoplasia 
should possibly be renamed “lobular intraepithe-
lial neoplasia (LIN)” and further subdivided into 
three grades based upon morphology and an 
increased risk for the development of invasive 

   Table 10.1    Development of malignancy in patients with lobular neoplasia   

 Study, year (Ref.)   N   No. cancers (%) 
 Mean follow-up 
(years) 

 Ipsilateral 
cancer (%) 

 Contralateral 
cancer (%) 

 Lobular 
histology (%) 

 Hutter, 1969 [ 12 ]  40  15 (33)  4–27  59  41  NR 
 Haagensen, 1971 [ 16 ]  22  9 (40)  9.5  55  44  NR 
 Wheeler, 1974 [ 17 ]  25  4 (16)  17.5  25  75  25 
 Andersen, 1977 [ 2 ]  44  13 (27.7)  15.9  50  50  NR 
 Haagensen, 1978 [ 1 ]  211  35 (16.5)  14  49  51  54 
 Rosen, 1978 [ 14 ]  84  29 (34)  24  60  50  33 
 Page, 1985 [ 4 ]  126  16 (12.7)  17.5  69  31  19 
 Page, 2003 [ 18 ]  161  25 (16)  16  68  20  NR 
 Chuba, 2005 [ 13 ]  4,853  350 (7.2)  10  46  54  23 
 Li, 2006 [ 15 ]  4,490  282 (6.2)  5.5  58  42  49 
 Hwang, 2008 [ 19 ]  148  4 (2.7)  4.1  75  25  0 
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cancer (LIN 1, 2, and 3). PLCIS would be 
described as LIN3 [ 32 ]. This modifi ed and new 
classifi cation system has yet to gain traction, pos-
sibly due to the risk of further confusing both cli-
nicians and patients with LN. Also labelling 
LCIS a “cancer” may have unintended conse-
quences, such as overtreatment. Moving forward, 
we should consider reserving the word  cancer  for 
“lesions with a reasonable likelihood of lethal 
progression if left untreated” as spelled out in a 
recent JAMA editorial [ 33 ].  

    Lobular Neoplasia Found 
at Core- Needle Biopsy 

 The current version of the NCCN treatment 
guidelines clearly outlines a treatment algorithm 
for the management of LCIS [ 34 ]. The recom-
mendations state that when LCIS is found within 
the surgical specimen, no additional surgical 
intervention is necessary. However, when LCIS 
is encountered on needle biopsy, surgical exci-
sion should be performed to rule out a coexisting 

a

b

  Fig. 10.1    Histopathologic 
appearance of lobular 
neoplasia (Reprinted with 
permission [ 28 ]). ( a )  Lobular 
carcinoma in situ . Note that 
the acini within the lobular 
unit are fi lled and show 
signifi cant distension by the 
neoplastic proliferation. 
( b )  Atypical lobular 
hyperplasia . Cytologically 
similar to LCIS, with 
dyshesive and uniform cells, 
but minimal distension of the 
acini       
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DCIS or possibly an invasive cancer. Many 
reports have been published to determine the 
actual rate of lesion upstaging with both LCIS 
and ALH, varying widely from 0 to 60 % [ 19 ,  28 , 
 35 – 43 ] (Table  10.2 ).

   There are several possible reasons for such a 
wide variation in the percentage, such as the 
majority of the studies being retrospective in 
nature, often with a small number of patients. 
One limitation of many of these institutional 
reviews is the basic methodology, specifi cally 
focusing only upon the group that underwent sur-
gical excision. By conducting a retrospective 
review of all cases that had LN on a preoperative 
needle biopsy that underwent surgical excision, 
the entire group of LN at the same institution that 
did  not  undergo an operation is not included in 
the analysis. This, of course, will affect the over-
all incidence of lesion upstaging. This will trans-
late into an inherent selection bias toward the 
lesions that are excised versus those observed, 
with subsequent upstaging rates that are falsely 
elevated. 

 The other major design fl aw of many reviews 
is that they do not account for radiographic and 
pathologic concordance, without eliminating 
those core biopsies that contain other high-risk 
lesions. Many core-needle biopsy specimens 
contain heterogenous samples, including other 
high-risk lesions such as atypical ductal hyper-
plasia, which is known to have a much higher 
upstage rate. 

 In the series by Londero et al. [ 41 ], complete 
excision of LN found on core-needle biopsy was 
advised, yet only one case of ALH was upstaged 
at surgical excision. This single mass lesion con-
tained calcifi cations and the core-needle biopsy 
revealed ALH. Of the 12 upstaged cases of LCIS, 
2 were pleomorphic calcifi cations extending over 
a 2-cm area and 6 were hypoechoic nodules [ 41 ]. 
In a recent prospective study of 85 consecutive 
core-needle biopsies for LN, 80 underwent exci-
sional biopsy and carcinoma was identifi ed in 
3 % of concordant cases versus 38 % of discor-
dant cases [ 43 ]. The importance of radiographic 
and pathologic concordance in allowing for an 
individualized approach to care of this disease 
cannot be overstated. 

 When considering whether to excise LN that 
is encountered on the original core-needle biopsy, 
it is reasonable to evaluate these situations on a 
case-by-case basis. The following situations are 
commonly encountered: 

    Scenario #1: ALH with No Other 
High-Risk Lesion, with Radiologic 
and Pathologic Concordance 

  Case 1  
 Forty-fi ve-year-old female with a screening mam-
mogram showing an area of suspicious microcalcifi -
cations measuring 5 mm in diameter reported as 
BIRADS category 4 – a suspicious abnormality. 

   Table 10.2    Upstage rate of lobular neoplasia on core-needle biopsy   

 ALH  LCIS 

 Malignancies found 
on surgical excision  % Upgrade 

 Malignancies found 
on surgical excision  % Upgrade 

 Yeh, 2003 [ 35 ]  1/12  8  0/3  0 
 Foster, 2004 [ 36 ]  2/14  14  4/12  33 
 Elsheikh, 2005 [ 37 ]  5/20  25  4/13  31 
 Margenthaler, 2006 [ 38 ]  3/19  16  4/16  20 
 Brem, 2008 [ 39 ]  21/97  22  17/67  25 
 Cangiarella, 2008 [ 40 ]  1/18  6  2/20  10 
 Londero, 2008 [ 41 ]  1/8  12  12/20  60 
 Hwang, 2008 [ 19 ]  1/48  2  9/39  23 
 Rendi, 2012 [ 42 ]  2/48  4.1  1/20  5 
 Shah-Khan, 2012 [ 28 ]  1/81  1.5  1/20  5 
 Murray, 2013 [ 43 ]  2/29  6.8  0/42  0 
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Stereotactic core-needle biopsy with an 11-gauge 
needle and a total of ten core samples reveal 
ALH. On further analysis of the fi nal pathology, 
there are fi brocystic changes only, with some associ-
ated calcium in the benign fi brocystic ducts. There is 
a single focus of ALH. A clip is in good position and 
it appears on post-biopsy mammogram that all of 
the microcalcifi cations were removed. 

  Our recommendation for this patient would be 
for continued observation and a discussion of 
chemopreventive strategies ,  such as tamoxifen . 

 Concordance is achieved when the pathologic 
fi ndings provide a suffi cient explanation for the 
radiologic appearance. These lesions can gener-
ally be observed. It is recommended that the issue 
of concordance be carefully reviewed and that 
the surgeon, radiologist, and pathologist are in 
agreement with these fi ndings. When evaluating 
the literature carefully, lesions of pure ALH that 
have demonstrated documented radiologic–
pathologic concordance consistently have a low 
rate of upstaging to a malignancy (Table  10.3 ).

   The data we have collected from the Mayo 
Clinic addresses the upstage rate of pure LN [ 28 ]. 
We performed a retrospective review evaluating 
all patients that underwent core-needle biopsy 
between 1993 and 2010. We excluded any core 
biopsy that contained an associated high-risk 
lesion such as PLCIS, ADH, radial scar, papil-
loma, fl at epithelial atypia (FEA), ipsilateral 
invasive carcinoma, or DCIS. The fi nal analysis 
included 184 cases, with 74 % of the core biop-
sies performed for suspicious microcalcifi ca-
tions, 21 % for a solid mass or nodule, and 5 % 
for an area deemed suspicious by breast MRI. We 
identifi ed 147 (80 %) patients with ALH and 37 

(20 %) with LCIS. Of these, 81 (55 %) of the 
ALH cases and 20 (54 %) of LCIS cases under-
went defi nitive operative removal of the lesions. 

 The rate of upstage upon surgical excision 
for ALH was 1.5 % (1/81) and 5 % (1/20) for 
LCIS. The single ALH case that was upstaged 
had a  discordant  biopsy result and was upgraded 
to DCIS. Of the ALH lesions that had no other 
associated high-risk features and pathologic–
radiographic concordance on needle biopsy, none 
were upstaged at the time of excisional biopsy 
(Table  10.4 ). These upstage rates are very low 
and consistent with other studies evaluating the 
upstage rates of pure LN that have undergone 
meticulous review of the pathologic– radiographic 
concordance [ 19 ,  42 – 44 ]. Similar fi ndings were 
recently published from a prospective series by 
Murray et al. [ 43 ].

   Our series is somewhat unique in that it 
included the entire cohort of LN lesions, includ-
ing those that were observed and did not undergo 
excisional biopsy. Follow-up data was available 
for 65 cases that were merely observed without 
surgical excision, with a mean follow-up period 
of 53 months. In patients with ALH, 1/51 (2 %) 
developed an ipsilateral cancer and for those with 
LCIS, 3/14 (21.4 %) developed an ipsilateral 

   Table 10.3    Pure ALH with concordance and no other high-risk lesions   

 Study 
 Number of 
cases ALH 

 Total 
upstage 

 Upstage concordant 
only  Comments 

 Hwang [ 19 ]  48  1/48 (2 %)  1 mass lesion upstaged to DCIS 
 Shah-Khan [ 28 ]  81  1/81 (1.5 %)  0/73 (0 %)  1  discordant  case upstaged to DCIS 
 Rendi [ 42 ]  48  2/48 (4.1 %)  1/48 (2.1 %)  1 of 2 lesions upstaged was a mass lesion noted 

to be  discordant  
 Murray [ 43 ]  72  5/80 (6 %)  2/72 (3 %)  1 upgrade was a 2-mm DCIS, 1 was a 2-mm IDC 

 3/8  discordant  lesions (38 %) upstaged 
 Nagi [ 44 ]  35  0/35 (0 %)  0 % 

   Table 10.4    Mayo Clinic data   

 ALH (%)  LCIS (%)   p -value 

 Upstaged at excision  1/81 (1.5)  1/20 (0)  0.36 
 Concordant cases 
only 

 0/73 (0)  1/18 (5.6)  0.2 

 Developed ipsilateral 
cancer 

 2/112 (1.8)  3/26 (11.5)  0.04 

 Developed 
contralateral cancer 

 3/112 (2.7)  1/26 (3.8)  0.57 
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 cancer. This ipsilateral breast event rate is high; 
however, it is worth noting that all patients with 
LCIS that developed a subsequent ipsilateral 
malignancy did so in a different quadrant than the 
initial biopsy, suggesting excisional surgical 
biopsy would not have infl uenced the future 
events. This is also a relatively small cohort, as 
the majority of patients with LCIS in our series 
did go onto excisional biopsy, thus caution is 
advised in making conclusions based on this sub-
set of 14 patients. With regard to the contralateral 
breast, 2.7 % of patients with ALH and 3.8 % 
with LCIS developed a contralateral malignancy 
during the follow- up period. 

 All of the subsequent cancers that developed 
were invasive ductal carcinoma in origin. 
Although these rates appear to be much lower 
than the expected rate of development of malig-
nancy in such patients with LN, the lifetime inci-
dence for the development of ipsilateral or 
contralateral or malignancy was 21 % (31/145) 
for those with ALH and 29 % (10/35) for those 
with LCIS. These lesions are associated with an 
increased risk of future breast cancer and these 
patients should be under surveillance and strongly 
consider chemoprevention. This is discussed in 
more detail below. 

 Hwang et al. reported on a series of 48 patients 
with pure ALH, of which the upstage rate was 
2 % [ 19 ]. Of note, the upgraded lesion was a 
biopsy performed for a mass lesion. This report 
also provided follow-up data for patients that did 
not undergo excision following a diagnosis of 
LN. The mean follow-up period was 49 months 
for 148 cases of LN without subsequent excision 
and demonstrated a 2 % incidence of subsequent 
ipsilateral carcinomas, including one case within 
a different site than the original biopsy identify-
ing LN. 

 Brem et al. reported on a multi-institution 
series of LN [ 39 ], analyzing 67 LCIS and 97 
ALH cases that underwent complete excision. 
The upgrade rate reported was substantial, 25 % 
for those with LCIS and 22 % (21/97) for those 
with ALH. However, of the 164 lesions excised, 
74 (45 %) were noted to have radiologic–patho-
logic discordance. A major limitation of this 
study lies in the fact that there were several insti-

tutions included and no retrospective pathology 
overview, resulting in potential variability in the 
interpretation of LN. Rendi et al. reported on 68 
patients with pure LN [ 42 ]. Two cases (4.1 %) of 
ALH were upstaged, with one being a mass 
lesion that was noted to be discordant. Thus, the 
true upstage rate of pure, concordant ALH in this 
series is likely closer to 2 %. 

 Extent of disease is also an important factor to 
be evaluated. Esserman et al. demonstrated that 
the extent of lobular neoplasia in a core biopsy 
specimen may predict whether or not excision is 
required [ 45 ]. They distinguished diffuse lobular 
neoplasia (>1 lobule per core affected) from focal 
lobular neoplasia (less than or equal to 1 lobule 
per core) and found that upgrades to malignancy 
were more likely to be associated with diffuse 
LN. Although the number of patients included 
was small (35 patients), these fi ndings would 
support that in patients with simply a focus of 
LN, observation can be considered.  

    Scenario #2: ALH on Core-Needle 
Biopsy in the Presence of a Higher-
Risk Lesion 

  Case 2  
 A 52-year-old female undergoes a screening 
mammogram that reveals a 1.5-cm diameter area 
of suspicious microcalcifi cations (BIRADS 4). 
A stereotactic biopsy with a 14-gauge core nee-
dle and four core samples reveals ALH and ADH 
with the microcalcifi cations associated with the 
atypical ducts. Post-biopsy mammogram reveals 
the clip in good position with many microcalcifi -
cations remaining. 

  Our recommendation would be for an exci-
sional biopsy to obtain an adequate sample for 
fi nal pathologic analysis to rule out an underly-
ing occult malignancy. This is a conservative sur-
gical excision. In general ,  this is a diagnostic 
procedure ,  and we are attempting to obtain an 
adequate representative sample to assure there is 
no upstaging. The rationale for excision in this 
case is twofold ;  the calcifi cations in question 
have not been adequately sampled ,  and a defi ni-
tive diagnosis must be obtained due to the 
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 presence of a higher-risk lesion. As covered in 
another chapter ,  excisional biopsy is standard 
for ADH and results in approximately a 10 – 20  % 
 upstage  [ 46 ].  At the time of this publication, core- 
needle biopsy alone for ADH has not been able to 
stratify a low enough risk group that an occult 
cancer can be excluded. The management of such 
cases should be directed toward removal of the 
highest - risk lesion. The higher-risk lesion would 
trump the ALH and standard of care for the ADH 
would be followed . 

  The disadvantage of a more aggressive wire 
localized lumpectomy stems from the fact that 
lobular neoplasia is a risk factor for the develop-
ment of breast cancer .     This risk occurs in all 
quadrants and is bilateral; thus a more aggres-
sive surgery ,  short of a bilateral mastectomy, 
does not prevent the potential development of a 
future malignancy. We are not prepared at the 
time of excisional biopsy to proceed to defi nitive 
mastectomy ,  reconstruction, or axillary staging if 
the lesion is upstaged. In the rare case where 
there is extensive calcifi cations throughout a 
large area or scattered throughout the breast and 
follow - up imaging may be inadequate ,  deciding 
what is an adequate sampling and observing can 
be unsettling and mastectomy may be an option. 
This should be the exception ,  not the rule . 

    The Role for Chemoprevention 
 Excisional biopsy reveals post-biopsy changes 
with a residual focus of ADH. The specimen 
radiograph revealed the clip and the residual 
calcifi cations. 

  In addition to future surveillance ,  it is recom-
mended that patients with fi ndings of atypia be 
counseled regarding their appropriateness for 
chemoprevention . 

 Prospective, randomized trials have been con-
ducted to evaluate the effect of chemoprevention 
in reducing the development of breast cancer in 
patients at high-risk, including those with 
LCIS. The NSABP-01, known as the breast can-
cer prevention trial (BCPT), randomized 13,388 
high-risk women to the selective estrogen recep-
tor modulator (SERM), tamoxifen, versus pla-
cebo [ 47 ,  48 ].    Patients were determined to be at 
high risk if they were older than 60, had LCIS or 

atypical hyperplasia, or had a 5-year risk of 
developing breast cancer calculated as >1.66 % 
utilizing the Gail risk model. 

 The study was unblinded after a median 
54.6 months of follow-up due to a signifi cant dif-
ference noted in the development of breast cancer 
in the treatment arm. Tamoxifen treatment 
reduced the incidence of breast cancer by 49 %, 
with the subgroup analysis revealing that women 
with a history of LCIS experienced a similar rela-
tive reduction in overall risk. There were 829 
women included in the study who had a history 
of LCIS, with an overall 56 % relative risk reduc-
tion in these women. The average annual hazard 
rate for invasive cancer fell from 12.99 to 5.69 
per 1,000 women. 

 Concerns over the untoward side effects of 
tamoxifen in postmenopausal women prompted 
the evaluation of alternatives for chemopreven-
tion. The NSABP P-2 trial, the Study of 
Tamoxifen and Raloxifene (STAR), compared 
the two drugs in the prevention of breast cancer 
in high-risk, postmenopausal women [ 49 ,  50 ]. At 
a median follow-up of 3.9 years, similar rates of 
reduction for invasive cancer were reported in 
both groups, concluding that raloxifene is as 
effective as tamoxifen in decreasing the risk of 
invasive breast cancer. Of the 19,747 women 
included in the study, there were 1,998 with an 
identifi ed history of LCIS. When comparing sub-
groups, it is notable that women with LCIS had 
the highest risk of developing cancer, with 9.6–
9.8 cases per 1,000 women. An equal number of 
invasive cancers occurred in each treatment 
group in patients with LCIS. 

 The recent MAP.3 trial was conducted to 
determine the effectiveness of the aromatase 
inhibitor, exemestane, for chemoprevention in 
postmenopausal women at high risk for the 
development of breast cancer [ 51 ]. Patients who 
took exemestane experienced a 65 % reduction in 
the relative incidence of invasive breast cancers, 
from 0.55 to 0.19 %. Subgroup analysis  evaluated 
women with a history of LCIS, ALH, or ADH as 
a group, showing that although exemestane was 
found to be superior to placebo, its specifi c che-
mopreventive benefi t specifi cally in patients with 
LN could not be fully determined. 
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 In the data obtained from the Mayo Clinic 
cohort, of the patients diagnosed with LN that 
were eligible for chemoprevention, 25 % (30/120) 
accepted initiation of therapy [ 28 ]. There were no 
patients that started chemoprevention that subse-
quently developed a malignancy (0/30) during 
follow-up. However, 10 % of those who did not 
initiate chemoprevention developed a future 
breast cancer during a mean follow-up period of 
50.3 months. Although no conclusions can be 
drawn from this due to the small number of 
patients and limited follow-up, there is substan-
tial evidence that the risk-reducing benefi ts of 
this approach is superior to observation alone. 

 Tchou et al. reported on their data demon-
strating a similarly low acceptance rate of che-
moprevention [ 52 ]. They identifi ed 219 patients 
treated between 1998 and 2002, with 60 % 
offered chemoprevention with tamoxifen and 
41 % accepting therapy. A total of 30 women 
were at risk due to LCIS, with 53 % accepting 
chemoprevention. Lastly, Port et al. reported that 
among 43 high- risk women offered tamoxifen at 
MSKCC, 41 declined due to their perception that 
the personal risks outweighed the benefi t of 
tamoxifen therapy [ 53 ]. 

 In an LCIS high-risk surveillance program, 
163 women on chemoprevention versus 835 
women who did not choose chemoprevention 
were evaluated. After a median follow-up of 
84 months, 6/163 (3.6 %) of those taking chemo-
prevention developed breast cancer versus 
121/835 (14.4 %) patients not on chemopreven-
tion [ 54 ]. Although the signifi cance of these fi nd-
ings are limited by the retrospective nature of this 
study, it does support the benefi t of chemopre-
vention in patients with LN that has been estab-
lished by the prospective, randomized trials 
described above.  

    Prophylactic Mastectomy 
 In general, we offer close surveillance with or 
without chemoprevention as the primary strategy 
for patients diagnosed with LN. Bilateral risk- 
reducing mastectomy has been shown to offer a 
90 % relative risk reduction [ 55 ] and is an option 
for prevention. Although bilateral mastectomy 
was readily recommended for women with LN in 

the distant past, we believe this approach is overly 
aggressive for the majority of patients. A minority 
of women with LN currently elect risk-reducing 
surgery. In the Mayo Clinic series, bilateral pro-
phylactic mastectomy was performed in 10 of our 
172 patients with LN, which is similar to the 
5.6 % of patients undergoing the same operation 
reported by Memorial Sloan Kettering [ 56 ]. 

 In general, women diagnosed with unilateral 
cancer are choosing bilateral mastectomies with 
increased frequency [ 57 ]. A study evaluating 
data from the National Cancer Data Base dem-
onstrated the use of contralateral prophylactic 
mastectomy (CPM) increased from 0.4 to 4.7 % 
between 1998 and 2007. The increased use was 
observed to be more associated with patient- 
related factors rather than stage or biologic char-
acteristics of the tumor [ 58 ]. This shift in the 
operative decision-making is multifactorial, not 
least of which includes improved reconstructive 
options. One single institution study compared 
patients undergoing unilateral mastectomy and 
CPM [ 59 ]. Patients undergoing CPM were more 
likely to undergo immediate breast reconstruction 
than those undergoing unilateral mastectomy. 
Numerous institutional reviews have evaluated 
this trend of increased CPM, and little consis-
tency exists among studies with respect to factors 
associated with use of CPM that have statistical 
signifi cance [ 58 – 60 ]. There is agreement, how-
ever, that the use of CPM in patients with unilat-
eral cancer does not improve overall, disease- free, 
or distant disease-free survival [ 58 – 61 ]. Patients 
that do consider prophylactic mastectomy should 
be counseled regarding risks of surgery, limita-
tions of risk reduction, as well as consideration 
of a possible alteration in body image or sexual 
health. In general we remain supportive of breast-
conserving surgery or a unilateral mastectomy for 
a cancer diagnosis synchronous with an ipsilat-
eral or contralateral LCIS diagnosis, but certainly 
some women choose a contralateral risk-reduc-
ing mastectomy. LCIS found at the time of defi n-
itive breast surgery, including lumpectomy, for 
DCIS or  invasive cancer, should not change the 
treatment recommendations from lumpectomy to 
mastectomy, or from a unilateral procedure to a 
bilateral procedure.   
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    Scenario #3: LCIS on Core-Needle 
Biopsy 

  Case 3  
 A 65-year-old female is found to have a 1-cm 
well-circumscribed, solid mass on routine 
screening mammography. An ultrasound-guided 
core biopsy reveals a fi broadenoma and a focus 
of LCIS in the surrounding breast tissue. 
Surgical removal reveals a 1-cm benign fi broad-
enoma with LCIS in the neighboring back-
ground breast parenchyma that extends to a 
single margin. The patient asks about a  unilateral 
mastectomy. 

  We would not recommend re - excision or fur-
ther surgical intervention. A conservative exci-
sion to assure the area is adequately sampled is 
the goal. In general this is considered a marker of 
high risk surveillance for early detection and a 
systemic ,  rather than local, approach to risk 
reduction should be the mindset. Discussion 
regarding the risks and benefi ts of chemopreven-
tion would be held. We would treat both breasts 
similarly and in general would advise observa-
tion. We do perform bilateral ,  risk - reducing mas-
tectomies with reconstruction for patients with 
LCIS ,  but this indication comprises ,  by far ,  the 
minority of cases performed at our institution. We 
would discuss the woman ’ s future risk for the 
development of breast cancer. The probability is 
approximately 1.5  %/ year ,  based on series with 
long-term follow- up   [ 62 ,  63 ].  Factors such as 
family history ,  age at diagnosis of LN ,  parity, and 
other factors leading to increased unopposed 
estrogen exposure certainly affect a woman ’ s 
overall risk. Risk calculators such as the Gail , 
 IBIS ,  or the extended Claus model are often used 
to quantify a woman ’ s risk for the development of 
breast cancer. It is important to note that these 
risk models are very reliable for population stud-
ies ,  but less reliable for individual risk assess-
ment ;  each has limitations and may over  ( or 
under )  estimate a woman ’ s risk ,  thus used in 
combination may offer a more valid estimation  
[ 64 ].  Future risk predictions will likely become 
tissue based. These will allow more individual 
risk estimates ,  as opposed to population-based 
modeling that currently exists . 

 The NCCN guidelines recommend that if 
LCIS is encountered on core biopsy, surgical 
excision should be performed to rule out the pres-
ence of an associated malignancy [ 34 ]. The wide 
range of upstage rates in the literature refl ects the 
lack of consistency among factors that may pre-
dict upstaging of these lesions. 

 The relative risk for the development of a 
future malignancy in patients with LCIS is about 
eight- to ten-fold relative risk compared to the 
general female population [ 5 ]. This translates 
into an approximately a 1.5 %/per year absolute 
risk [ 62 ]. Haagensen and colleagues reviewed 
210 breast biopsies containing LCIS, and after a 
mean follow-up of 14 years, 16.7 % developed 
carcinoma with an equivalent risk for either 
breast [ 1 ]. Andersen et al. evaluated 52 patients 
with LCIS with a mean follow-up period of 
15 years, with 20 % developing an ipsilateral car-
cinoma and 17.3 % developing a contralateral 
carcinoma [ 2 ]. 

 Although the equivalent risk with respect to 
laterality has been well established, some series 
have demonstrated an increased risk in the ipsi-
lateral breast. The Nashville Breast Cancer Study 
retrospectively evaluated 252 women with LN 
(both LCIS and ALH) [ 9 ]. Fifty patients devel-
oped invasive breast cancer, with 68 % found in 
the ipsilateral breast and 24 % in the contralateral 
breast. The Danish Breast Cancer Cooperative 
Group collected follow-up data for 100 women 
who underwent excision for LCIS [ 10 ,  65 ]. This 
study had a follow-up of 19 years, with 18 malig-
nancies developing, of which 16 were in the ipsi-
lateral breast. 

 Studies looking at the molecular profi ling of 
LN in specimens coexisting with invasive lobular 
carcinoma have demonstrated shared genetic 
alterations, including the loss or downregulation 
of E-cadherin expression; loss of chromosomal 
material from 16p, 17p, and 22q; and gain of 
material on 1q and 6q [ 30 ,  66 – 68 ]. Due to these 
shared genetic alterations as well as the greater 
proportion of invasive lobular cancer than in the 
general population, it has been suggested that LN 
may serve as a precursor lesion, rather than sim-
ply a risk factor. Work is underway with respect 
to identifying the alterations in genetic content 
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that may make some LCIS lesions act as precur-
sors to invasive lobular cancer [ 66 ]. Patients 
should be referred for a discussion of chemopre-
vention, as discussed above. 

    Pleomorphic LCIS on Core Biopsy 
 The entity described as pleomorphic LCIS 
(PLCIS) is a variant of LCIS. Histologically, 
PLCIS has cells with greater pleomorphism, 
larger nuclei with distinct nucleoli, and often 
with central necrosis and calcifi cation within 
granules, complicating the distinction from DCIS 
[ 27 ,  30 ]. Staining for E-cadherin can help differ-
entiate PLCIS from DCIS. A higher Ki-67 prolif-
eration index and higher percentage of p53 
protein positivity has been demonstrated more so 
in PLCIS compared to classic LCIS lesions, sug-
gesting a more aggressive behavior of this entity 
[ 29 ]. PLCIS has also been described in associa-
tion with the fairly aggressive pattern of pleo-
morphic invasive lobular carcinoma [ 69 ,  70 ]. It is 
recommended that when PLCIS is encountered 
on core-needle biopsy, excision with negative 
margins should be undertaken.    

    Surgical Considerations 

    Managing LN Found on 
Core-Needle Biopsy 

 When evaluating a patient with LN, the main 
clinical question faced by the surgeon is typically 
whether an excisional biopsy is warranted. 
Pleomorphic LCIS should always undergo exci-
sional biopsy and we are more aggressive with 
this specifi c entity in regard to obtaining clear 
histologic margins. Until more data is available, 
in general LCIS that is identifi ed on a core biopsy 
should trigger a conservative surgical excisional 
biopsy to assure a representative pathologic sam-
ple. We do not mandate clear histologic margins. 

 In regard to ALH, we have adopted a more 
individualized approach. When we face this deci-
sion in the clinic, there are a number of factors to 
consider:
    1.    Is there  radiographic – pathologic concor-

dance ? This can sometimes appear confusing 

because it is generally accepted that LN is 
radiographically occult and merely an inciden-
tal fi nding on core-needle biopsy. Some have 
argued that by defi nition, the biopsy results 
showing LN are  always  considered to be dis-
cordant. From our perspective, a few examples 
may help highlight our thought process.
•    A biopsy is performed for microcalcifi -

cations and pathology reveals fi brocystic 
disease or sclerosing adenosis with asso-
ciated calcifi cations. An incidental focus 
of ALH is identifi ed in the neighboring 
breast parenchyma. We would consider 
this concordant.  

•   A solid mass that appears consistent with a 
fi broadenoma on ultrasound undergoes a 
core biopsy revealing a fi broadenoma with 
an incidental focus of ALH. We would 
consider this concordant.    
    In these examples the ALH is truly inci-

dental. It is essentially a bystander in the path 
to the targeted lesion. The radiographic fi nd-
ings are completely explained and consistent 
with the histologic fi ndings and thus consid-
ered concordant.   

   2.    The next question that we ask is, “Was a rep-
resentative sample obtained by core-needle 
biopsy?” This takes into account concor-
dance and  extent of disease . When the extent 
of radiographic fi ndings is small and an ade-
quate sample was obtained, we are generally 
more comfortable with observation. Similarly, 
when there is a minimal amount of ALH on 
pathological fi ndings, we are less concerned. 
Descriptions of a “single focus” or “minute 
focus” in the pathology report are often help-
ful when appropriate. A few examples may 
best highlight the point.
•    A single mammographic focus of 4 mm of 

microcalcifi cations is completely removed 
with a core biopsy. Pathology reveals calci-
fi cations in benign acini with a small focus 
of ALH. In this case, we are comfortable 
that the lesion has been adequately sam-
pled and an excisional biopsy is not needed.  

•   If there is a much larger area, such as a 
3-cm area of suspicious calcifi cations with 
core biopsy revealing extensive ALH, or a 
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spiculated mass with core biopsy revealing 
benign breast parenchyma with a small 
focus of ALH, clearly the lesion of concern 
has not been adequately sampled. In these 
cases, ALH is an unrelated fi nding and the 
radiographic suspicious fi nding has not 
been adequately explained; further tissue is 
needed, either by repeat core or most com-
monly excisional biopsy, to determine the 
etiology.      

   3.    The  size of the biopsy . This is also related to 
the above points. A large gauge needle, such 
as a 9- or 11-gauge biopsy needle with several 
passes, such as 8–12, with the lesion com-
pletely excised is reassuring.   

   4.    No other  high - risk lesions . If the biopsy 
reveals ADH or obvious DCIS on the fi nal 
pathology, appropriate surgery should be dis-
cussed with the patient. The highest-risk 
lesion will always have the priority in terms of 
adequate removal with excision.      

    Surgical Pathology 

     1.    When an excisional biopsy is advised fol-
lowing the diagnosis ALH or LCIS by core- 
needle biopsy, it must be kept in mind that 
the surgical procedure is diagnostic and not a 
therapeutic procedure. The goal is to obtain 
a representative sample in order to obtain a 
pathologic diagnosis and further rule out a 
malignancy. As a result, a conservative surgi-
cal biopsy is appropriate.   

   2.     Negative margins  for all atypias are not always 
a necessity. If a lumpectomy is performed for 
DCIS or invasive ductal cancer, with the 
pathology revealing ALH or LCIS at a mar-
gin, re-excision is not required [ 71 ]. However, 
this does not apply to the pleomorphic variant 
of LCIS. Furthermore, in the setting of infi l-
trating lobular carcinoma arising in a back-
ground of extensive LCIS, one may be more 
concerned about LCIS at the margins. It is 
institution and individual pathologist depen-
dent whether LN at a margin is even reported. 
The current standard is not to re-excise 
 margins for ALH or LCIS. There is some data 

that local recurrence may be higher [ 72 ,  73 ], 
but this is neither the current consensus nor 
standard practice and confl icting data exist 
[ 74 ]. There is also some emerging data regard-
ing some classic LCIS lesions serving as a 
precursor lesion, but this is not well defi ned. 
As a rule we do not chase margins for atypia 
or classic LCIS. It also needs to be kept in 
mind that clinically the event rate for develop-
ing a breast cancer following a diagnosis of 
LCIS is about 1–1.5 % per year with observa-
tion alone [ 62 ]. Even if LN at a margin adds a 
slight increased risk of local recurrence, fol-
lowing a lumpectomy patients with malig-
nancy are treated with radiation and systemic 
therapy (hormone therapy and/or chemother-
apy). Thus, the benefi t of trying to clear all LN 
is likely minimal at best and could compro-
mise cosmesis and increase the mastectomy 
rate with no established clinical benefi t to 
date.   

   3.    LCIS is a risk marker for cancer, but is con-
sidered less important in a patient who is 
diagnosed with breast cancer. LCIS found at 
the time of defi nitive breast surgery, includ-
ing lumpectomy, for DCIS or invasive cancer, 
should not change the treatment recommen-
dations from lumpectomy to mastectomy, 
or from a unilateral procedure to a bilateral 
procedure.       

    Summary 

•     Lobular neoplasia comprises both ALH and 
LCIS and imparts an increased risk for the 
development of breast cancer. This risk is 
 conferred bilaterally and the majority of breast 
cancers that develop are ductal in origin.  

•   The risk of developing invasive cancer remains 
steady over time and translates to about a 
1–1.5 % per annum risk.  

•   There is little relationship between the site of 
breast biopsy demonstrating lobular neoplasia 
and the future site of breast cancer (if one is to 
develop).  

•   As a result of the above, the only logical oper-
ation would be a bilateral risk-reducing 
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 mastectomy. At our institution, we consider 
this to be overly aggressive for the vast major-
ity of patients with this disease, and observa-
tion (close surveillance, chemoprevention) is 
the standard.  

•   When LN is found on surgical excision, no 
further operative intervention is required; 
however, a discussion must be held regarding 
further follow-up and chemoprevention.  

•   When ALH is identifi ed on core-needle 
biopsy, excision is advised if:
 –    The LN coexists with another high-risk 

lesion such as ADH.  
 –   Discordance exists between clinical, radio-

logic, and pathologic fi ndings.  
 –   Biopsy is performed for a mass lesion or 

architectural distortion and a benign expla-
nation is not obtained.  

 –   Biopsy performed for microcalcifi cations 
and    no calcifi cations are obtained.  

 –   The LN shows mixed histologic features or 
a mixed E-cadherin staining pattern.  

 –   Pleomorphic LCIS is present.            
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            Introduction 

    Ductal carcinoma in situ (DCIS) is the earliest 
described form of breast cancer, and despite tre-
mendous research into this enigmatic disease 
process, that continues to puzzle researchers and 
clinicians around the world. Some clinicians 
clearly think that we are overtreating DCIS, from 
the initial screening stages through the surgical 
management. Although we all recognize the 
seemingly innocuous natural history of DCIS, we 
all know of patients that have initially presented 
with DCIS whom have ultimately died from their 
disease. Given this, until we are capable of devel-
oping better prognostic features that can defi ni-
tively determine those that will (and will not) go 

on to develop progressive invasive disease, we 
are obligated to treat all patients with DCIS (all 
grades) who present with this noninvasive form 
of breast cancer.  

    Epidemiology and Statistics 

 Ductal carcinoma in situ (DCIS, intraductal car-
cinoma) is a noninvasive form of breast cancer, 
represented by a spectrum of various grades 
ranging from low-grade through high-grade 
DCIS with comedo necrosis and those with 
microinvasion (DCISM). Histologically, DCIS is 
characterized by proliferating malignant epithe-
lial cells that are bounded by the basement mem-
brane of the breast ducts (Fig.  11.1 ). It is still 
unclear whether DCIS is considered to be a direct 
precursor to invasive breast cancer (IBC), with 
evidence suggesting that it is rather an intermedi-
ary between normal breast tissue and IBC.

   However, the natural course or history of 
untreated DCIS is really unknown, partially due 
to current surgical therapy that often removes the 
majority of the disease [ 1 – 3 ]. Additionally, the 
overall percentage of “nonprogressing” DCIS is 
unclear. There are some model estimates of the 
incidence of DCIS that will progress into IBC if 
left untreated as high as 100–270 per 100,000 [ 3 , 
 4 ]. This model further estimates that women can 
survive >30 years with nonprogressing DCIS, 
while the average time interval for progressive 
DCIS to become IBC is 3 months, with the IBC 
remaining subclinical for about 2.5–3 years. 
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 The incidence of DCIS has been increasing at 
a rapid rate since the 1970s, coinciding with the 
adoption of screening and diagnostic mammog-
raphy as the key driver for this increase. Over 
80 % of all DCIS is diagnosed initially by mam-
mography, accounting for 17–34 % of all mam-
mographically detected breast neoplasms [ 5 ,  6 ]. 
According to the Surveillance, Epidemiology, 
and End Results (SEER) program from 1975 to 
2008, in situ disease (DCIS and LCIS) accounted 
for ~15 % of all new breast cancer diagnoses in 
the United States [ 7 ]. Thus, DCIS will account 
for about 22 % of all newly diagnosed breast can-
cers or 63,300 cases of DCIS for 2012 [ 8 ]. 

 Although it is recognized that DCIS is likely 
an intermediary to the development of IBC, the 
risk of death from DCIS remains quite low. 
Utilizing the SEER database, the 10-year risk of 
death for DCIS that was diagnosed between the 
years 1984 and 1989 is 1.9 % [ 9 ]. This low rate 
is consistent with other studies examining the 
long- term outcomes of DCIS, consistently 
reported as <2 % at 10 years from diagnosis 
[ 10 – 12 ]. Although the risk of death from DCIS 
remains low, the risk of a local recurrence is 
estimated to be between 2.4 and 15 % at 5 years 
and 10–24 % at 10 years [ 13 ]. Achieving local 
control is clearly the preferred method of 

a

c d

b

  Fig. 11.1    ( a ) Low-grade ductal carcinoma in situ (grade 
1): low-grade monomorphic nuclei, inconspicuous nucle-
oli, diffuse chromatin, cells maintain polarity around gland-
like spaces, no comedo necrosis. ( b ) Intermediate-grade 
ductal carcinoma in situ (grade 2): low- to intermediate-
grade nuclei with mild size variation, occasional nucleoli, 
diffuse to coarse chromatin, polarity loss around gland-like 

spaces, may have comedo necrosis. ( c ) High-grade ductal 
carcinoma in situ (grade 3): high-grade pleomorphic nuclei, 
prominent nucleoli, coarse to clumped chromatin, usually 
solid with no nuclear polarity, comedo necrosis common. 
( d ) Ductal carcinoma in situ with microinvasion: this is an 
example of ductal carcinoma in situ, grade 2, with microin-
vasion (pT1mi:  < 1 mm invasion) into the adjacent stroma       
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achieving both long-term survival and prevent-
ing a local recurrence. 

 There is also a correlation between tumor 
grade and patient outcomes, consistently show-
ing that a higher tumor grade (grade 3) is associ-
ated with a higher risk of local recurrence with 
DCIS and IBC compared to intermediate-grade 
(grade 2) or low-grade (grade 1) DCIS [ 13 ,  14 ]. 
Other factors associated with a higher risk of 
local recurrence are cellular architecture (com-
edo necrosis), the presence of microinvasion, 
multifocality, and possibly the lack of calcifi ca-
tion. One possible tool available is the Van Nuys 
Index, developed to predict the chances of a local 
recurrence based upon four different predictors 
[ 15 ]. This predictive model is scored from 4 to 
12, based upon tumor size, width of the negative 
margin, pathologic classifi cation, and patient 
age, with each predictor scored from 1 to 3. 
Several studies have revealed a consistent corre-
lation between the Van Nuys risk category and 
patient outcomes, showing that women within 
the highest risk category (Van Nuys score of 
10–12) have a 224 % greater odds of mortality 
than women in the 4–6 risk category [ 16 ]. 

    There are several demographic risk factors for 
the development of DCIS, and with few excep-
tions, with the same factors associated with the 
development of IBC. The incidence of DCIS is 
strongly related to age, with DCIS extremely 
uncommon in women younger than 40 years old. 
In fact, the incidence is only 2.5 per 100,000 for 
women ages 30–34, with a steady increase in 
incidence as the age increases, peaking at 96.7 
per 100,000 women aged 65–69 [ 17 ,  18 ]. 
However, it should be noted that no matter what 
the age group, IBC is more common than 
DCIS. Other demographic risk factors associated 
with an increased likelihood of developing DCIS 
are race, urban versus rural living, lower educa-
tional level, and higher socioeconomic status. In 
terms of race, the incidence is highest for 
Caucasian women, followed second by African- 
American and Asian-Pacifi c Islanders. 

 Of note, caution should be taken when the 
younger patient, <40 years old, who present with 
DCIS, as they often present with some unique 
characteristics, such as a palpable mass, nipple 

discharge, or even breast pain. A recent study by 
Alvarado et al. shows that younger (<40 years 
old) patients with DCIS more often have multi-
centric disease, present with one or more clinical 
fi ndings, and opt for, or require, mastectomy with 
immediate reconstruction [ 19 ]. Furthermore, the 
point is made that such patients should only be 
offered conservative surgery with an understand-
ing that adjuvant radiotherapy will be delivered 
to the remaining breast. 

 Several reproductive factors have been 
shown to have a fairly weak association with 
an increased development of DCIS, such as late 
menopause (after 55 years of age), oral contra-
ceptive use, and parity (age of fi rst live birth 
<30 years of age) [ 20 ]. 

 There does not appear to be any defi nitive evi-
dence that the use of HRT is associated with an 
increased risk of DCIS. Biologic factors, such 
as density of the breast tissue, have also been 
examined. One study showed that premenopausal 
women with heterogeneous or extreme breast 
density had the highest risk of developing DCIS 
than women with scattered density [ 21 ]. Other 
studies have associated a strong family history of 
IBC or those with obesity, BRCA 1/2 mutational 
carriers, or a strong family history (high familial 
risk) with an increased odds for developing DCIS 
[ 22 ,  23 ]. Lastly, there is ample evidence that point 
to a protective effect from both tamoxifen and ral-
oxifene for breast cancer prevention, with tamoxi-
fen being more effective for preventing DCIS.  

    Initial Assessment 

 The initial assessment of the patient with DCIS 
begins with a thorough evaluation of all radio-
graphic studies. This usually begins with a 
screening mammogram, with the vast majority 
of identifi ed DCIS associated with a new area 
of microcalcifi cations when compared to previ-
ous fi lms. The usual characteristics of suspicious 
or malignant-appearing calcifi cations are typi-
cally present, such as pleomorphic, grouped, lin-
ear, branching, irregular-shaped, and dystrophic 
calcifi cations. Comparative calcifi cations of a 
benign nature are generally larger, more rounded, 
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and uniform in density, such as the “popcorn 
calcifi cations” associated with a fi broadenoma. 
Occasionally, DCIS may present initially as a 
palpable mass in about 10–15 % of all cases, also 
associated with a signifi cantly higher potential 
for occult invasion, multicentricity, and locore-
gional recurrence [ 24 ,  25 ]. Several studies sug-
gest that if left untreated, DCIS has the capacity 
to progress to invasive breast cancer in 30–50 % 
of all cases of DCIS [ 26 ,  27 ]. 

 For DCIS, what is identifi ed on the mammo-
gram is often an underestimation of the entire 
extent of disease, as the DCIS is commonly found 
to extend along the ducts and may involve a large 
portion of the breast with multiple foci. 
Furthermore, even with the latest diagnostic 
imaging techniques, such as breast MRI, it is still 
diffi cult to accurately ascertain the true extent of 
DCIS. The Agency for Healthcare Research and 
Quality (AHRQ) as part of the US Department of 
Health and Human Services has thoroughly 
examined the utility of the increasing use of 
breast MRI and its impact upon treatment and 
outcomes for patients with DCIS [ 28 ]. The 
authors concluded that breast MRI consistently 
results in changes in treatment, primarily due to a 
differential ability for it to detect multicentric and 
contralateral disease, as well as accurately esti-
mate the size of the tumor. 

 In our practice, we have incorporated breast 
MRI as an additional tool that often provides 
supplemental information, in addition to other 
studies, that is important to discuss with patients 
in determining the most appropriate operative 
intervention. It is not uncommon to obtain a 
breast MRI for patients with a 1.5 cm diameter 
area of grade 2/3 microcalcifi cations identifi ed 
on mammography to ultimately have a much 
wider diameter area found on breast 
MRI. Additionally, contralateral abnormalities 
are often identifi ed, with many found to be 
biopsy-proven high-risk lesions or even invasive 
cancer. Of course, this will greatly change the 
subsequent discussion with our patients, outlin-
ing the fi ndings in detail and how this will impact 
the ultimate operative approach. 

 We should also point out the signifi cance of 
additional areas identifi ed on MRI that are 

deemed suspicious and requiring further inter-
vention. Such areas may further require a biopsy 
or even a 6-month follow-up study with ultra-
sound or repeat MRI. Many patients at this point 
simply “throw in the towel,” not wanting to delay 
their treatment any further with possible further 
diagnostic testing and biopsy. Most will opt for 
defi nitive and expeditious treatment of their can-
cer with mastectomy. Lastly, once the latter deci-
sion is made, many patients will further wish to 
discuss the risks, advantages, and disadvantages 
of contralateral prophylactic mastectomy for 
maximal risk reduction and, secondly, for 
improved symmetry and cosmetic outcome asso-
ciated with bilateral breast reconstruction. Of 
importance, many patients will often strongly 
express their desire to obtain some semblance of 
“peace of mind,” not wanting to have to worry 
about developing breast cancer in the contralat-
eral breast in the future. Although it is well estab-
lished that patients will overestimate their risk, 
many will still opt for contralateral mastectomy 
for this reason.  

    Surgical Management 

 The surgical management of DCIS is dependent 
upon a number of factors. One important factor 
that will ultimately determine the most appropri-
ate surgical approach is the overall size (diame-
ter) of the DCIS. Both mammogram and 
ultrasound can be very useful in determining the 
overall size of the area and whether it is multifo-
cal or multicentric. If either is still indeterminate, 
breast MRI may be benefi cial as an adjunct to 
further assessing the area in question. Once the 
area has been determined to be unifocal, a discus-
sion about breast conservation can be pursued 
with the patient. 

 Once the fi nal pathology has been reviewed, it 
is important to discuss whether the DCIS is pure 
low grade, intermediate grade, or high grade, 
with or without microinvasion (DCISM). We 
generally divide our operative approach based 
upon the overall grade of the DCIS, with low- 
grade DCIS having the smallest chance of spread-
ing to the adjacent draining nodal basin (usually 
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<2 %). Thus, for patients with pure low-grade 
DCIS, we do not recommend sentinel lymph 
node mapping as part of breast conservation. 
However, we spend some time discussing the 
importance of adjuvant hormonal and radiation 
therapy. 

 Achieving local control is the key to good 
overall patient outcome and preventing local 
recurrence. Positive surgical margins (tumor at 
ink) are consistently shown to be associated with 
increased DCIS and invasive breast cancer recur-
rence [ 29 – 31 ]. In our practice, we plan our opera-
tive approach with attempting to remove the 
specimen with 10-mm margins of normal- 
appearing surrounding breast tissue. Upon 
removal of the lumpectomy specimen, we orient 
the specimen (short superior stitch at 12 o’clock 
and a long lateral stitch at 3 or 9 o’clock) fol-
lowed by an intraoperative specimen radiograph 
in order to confi rm that the previously placed 
core biopsy clip has been removed and is within 
the central portion of the lumpectomy specimen. 

 Additionally, we then send over the lumpec-
tomy specimen for margin analysis, which 
involves the pathologist. The pathologist will fi rst 
gross the specimen followed by inking of all of 
the surgical margins and subsequent serial gross 
sectional analysis of the tumor itself and biopsy 
cavity. A gross measurement is then made in 
order to assess the closest margin to the tumor, 
and if less than 2 mm by gross measurement, we 
will re-excise this margin intraoperatively. 

 We then await the fi nal pathology based upon 
any re-excision margins that have been removed. 
It is uncommon that a return to the operating 
room is required due to a positive margin, occur-
ring in <5 % of all cases of lumpectomy for 
DCIS. If the fi nal margins are found to be <2 mm 
and assuming there is further tissue to be removed 
with re-excision, we will offer the patient a re- 
excision of margins in order to achieve negative 
margins. If there are multiple margins involved 
with DCIS, we will recommend a completion 
mastectomy in order to clear extensive, multifo-
cal DCIS. If the deep margin is <2 mm or focally 
involved and the pectoralis fascia has been previ-
ously removed, then we do not recommend a 
return to the operating room. We will send this 

patient for radiation therapy with a likely boost to 
this area. 

 For patients identifi ed with having either 
intermediate-grade DCIS, high-grade DCIS, or 
DCISM, we recommend concomitant sentinel 
lymph node mapping of the draining ipsilateral 
nodal basin. The likelihood of identifying SLN 
positivity in the intermediate- to high-grade 
group (without microinvasion) is between 5 and 
10 % and those with microinvasion between 10 
and 16 % [ 32 ,  33 ]. Even so, such positive fi nd-
ings in the SLN in any of these groups are likely 
to be either micrometastatic disease or isolated 
tumor cells (ITC’s), with little, if any, overall 
impact on ultimate survival or outcome [ 32 ,  33 ]. 
However, there remains uncertainty in the preop-
erative setting as to the accurate identifi cation of 
pure low-grade DCIS, often found to be upstaged 
to either intermediate- or high-grade DCIS, 
DCISM, or even invasive breast cancer. Thus, we 
discuss the nuances of performing SLNB in all of 
our patients with DCIS, clearly outlining the 
above fi ndings and coming to a consensus with 
the patient about performing SLNB in the setting 
of DCIS. 

 There are other situations where SLNB may 
be justifi ed in patients with DCIS, such as those 
with high-risk factors for harboring occult inva-
sion. Preoperative factors for harboring occult 
invasion are older patient age, diagnosis by core 
needle biopsy, large-diameter DCIS, comedo- 
type necrosis, high-grade (grade 3) DCIS, a pal-
pable mass, and tumor visible by ultrasound [ 32 , 
 33 ]. For those patients that present with a palpa-
ble mass, which can be seen in 10–20 % of all 
cases of DCIS, it is very likely that there will be 
adjacent areas of invasive cancer found in about 
25–35 % of all cases. 

 Therefore, we would strongly recommend 
SLNB as part of BCT. The last reason to perform 
SLN mapping are for those patients with DCIS 
who are undergoing a mastectomy. Recently, 
Shah et al. examined the SEER database to iden-
tify those patients with DCIS (all grades) between 
the years 2000 and 2008 (total of 20,177) who 
also underwent a SLNB as part of the operation 
[ 34 ]. They found that 51 % of all patients did 
not undergo a SLNB as part of the mastectomy 
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 procedure, with various reasons for this low per-
centage of patients being offered SLNB. 

 There is ongoing debate as to the benefi t of 
performing a SLNB in patients with DCIS when 
compared to those with invasive breast cancer. 
Recent results from the ACOSOG Z10011 trial 
have examined the role of SLNB in patients with 
IBC (not DCIS). They conclude that there is no 
difference in either disease-free or overall sur-
vival in those patients with invasive breast cancer 
who have limited disease within the SLN and 
subsequently undergo a completion axillary 
lymph node dissection [ 35 ]. Clearly, the role of 
performing a SLNB in patients with DCIS can be 
questioned in many cases, with much of the deci-
sion based upon the grade of the DCIS, the pres-
ence of microinvasion, and the level of suspicion 
for concomitant areas of unrecognized invasive 
disease.  

    Adjuvant Therapy for DCIS 

 Based upon the current literature, it is clear that 
patients who have undergone operative removal 
with BCS (lumpectomy) for their DCIS should 
follow with adjuvant radiation therapy. Whole 
breast radiation therapy following BCS is associ-
ated with a signifi cant reduction of local DCIS 
recurrence, with little, if any, impact upon 
improving overall survival. Both prospective and 
retrospective studies have demonstrated excellent 
long-term outcomes at 10 and 15 years after BCT 
with radiation. There have been four prospective, 
randomized trials that have extensively exam-
ined the utility of adding radiation therapy after 
lumpectomy, with all showing that the addition 
of radiation therapy after lumpectomy reduces 
the risk of local recurrence by about 50 % and 
for a subset of invasive local recurrence [ 10 ,  31 , 
 36 – 40 ]. Thus, it is clear that radiation therapy 
after lumpectomy is an important adjuvant treat-
ment option for patients undergoing BCT with 
lumpectomy. 

 However, it is much less certain as to a defi ned 
subset of patients that may not benefi t from adju-
vant radiation therapy. It is likely that not all 
patients with DCIS require radiation therapy 

after BCT, but there is a lack of evidence support-
ing its omission in suspected low-risk patients. 
To date, there has yet to be a defi nitive trial that 
has been able to identify such a group of patients 
who do not benefi t from adjuvant radiation ther-
apy as part of BCT for patients with DCIS. Some 
studies suggest that if one is able to obtain a 
>10 mm or greater surgical margin on the 
lumpectomy specimen, then it may be possible to 
eliminate the need for adjuvant radiation therapy 
[ 41 – 43 ]. 

 Current areas of controversy:
    1.      Do we overdiagnose and potentially overtreat 

DCIS ? It is quite likely that we are overdiag-
nosing and overtreating a fair proportion of 
patients who present with early fi ndings based 
upon screening mammography. Recently, the 
independent UK Panel on Breast Cancer 
Screening addressed this very question, on 
whether breast cancer screening does more 
harm than good [ 44 ]. They provide the best 
available data for the UK setting, based upon 
a meta-analysis of 11 randomized trials exam-
ining the role of breast cancer screening and 
observational studies of the relative risk of 
breast cancer mortality for women invited to 
screening compared to controls. The panel 
concludes that there is about a 20 % relative 
risk reduction for those who undergo regular 
screening mammography, with a best estimate 
of overdiagnosis in the range of 11–19 %. 
This translates into about 1 % being overdiag-
nosed in the next 20 years for >300,000 
women aged 50–52 who are invited in the 
United Kingdom to be screened every year. 

 To the contrary, Wallis et al. report that 
incidence of DCIS rose rapidly since the 
inception of the National Health Service 
Breast Screening Programme (NHSBSP) in 
1988 [ 45 ]. Many consider this rapid increase a 
representation of both overdiagnosis and 
overtreatment, with Wallis et al. reporting on 
the long-term follow-up of 700 noninvasive 
breast cancers (DCIS) over the fi rst 10-year 
screening period (1988–1999). After a median 
follow-up of 183 months (range of 133–
259 months), 102/700 (14.6 %) patients were 
identifi ed with a fi rst local recurrence, with 
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49/102 (48 %) being invasive breast cancer. 
The median time to the fi rst noninvasive recur-
rence was 15 months and 60 months for inva-
sive cancer. Additionally, they show that 
high-grade DCIS initially is associated with a 
much shorter interval to local recurrence with 
invasive recurrence (76 months) compared to 
those with low-/intermediate-grade DCIS 
(131 months). Thus, even with short-term fol-
low- up, there will be a signifi cant number of 
missed events, especially with invasive breast 
cancer as the fi rst local recurrence. 

 Bleyer et al. utilized the SEER data to 
examine the trends from 1976 to 2008 for the 
incidence of early-stage breast cancer (DCIS 
and localized disease) and late-stage breast 
cancer (regional and distant disease) among 
women >40 years old [ 46 ]. They report that as 
a direct result of screening mammography, the 
number of cases of early-stage breast cancer 
that are detected each year has doubled, from 
112 to 234 cases per 100,000 women in the 
United States. They further estimate that 
breast cancer was overdiagnosed (i.e., tumors 
are found by mammography that would  not  
have led to clinically apparent disease) in 1.3 
million women in the past 30 years. In 2008, 
they estimate that breast cancer was overdiag-
nosed in >70,000 women, accounting for 
31 % of all breast cancers diagnosed that year. 
This study is supported by several other stud-
ies that examine this issue of overdiagnosis of 
not just DCIS but of invasive breast cancer 
[ 47 ]. Although these studies raise serious 
questions about the value of screening mam-
mography to our respective societies, it is a 
much more complicated task to distill down 
the ever-increasing data in order to discuss the 
treatment decisions to be made with our 
patients.   

   2.      Is there a sequential progression of cellular 
and molecular events that occurs with high- 
risk lesions and DCIS becoming invasive 
breast cancer ?  Is it possible to differentiate 
and / or distinguish between DCIS that will 
progress on to become invasive breast cancer 
versus DCIS that will remain indolent and 
unlikely to harm the patient over an extended 

period of time ? DCIS is a neoplastic prolifera-
tion of cells within the ductal/lobular units of 
the breast that have not penetrated the myo-
epithelial basement membrane interface. The 
assumption is that all DCIS will eventually 
and inevitably progress to invasive breast can-
cer, with data to the contrary showing that up 
to 50 % of all cases of DCIS will in fact NOT    
progress on to invasive breast cancer in a 
woman’s lifetime [ 39 ,  48 ]. The future chal-
lenge is to be able to identify those patients 
with DCIS that will go on to develop invasive 
breast cancer from those that will not. This 
will allow for the proper selection of patients 
who should undergo further therapy for their 
DCIS from those that can be safely followed 
without further intervention with surgery. 

 Bijker et al. examined 775 cases of DCIS 
as part of a randomized trial of BCT, with or 
without adjuvant radiotherapy, showing that 
there was a recurrence in 125 patients (16.1 %) 
at a median follow-up of 5.4 years [ 49 ]. Of the 
125 cases of recurrence, 65 were DCIS and 60 
were IBC, with the risk of developing a recur-
rence with IBC independent of whether the 
initial DCIS was low or high grade. To the 
contrary, intermediate- and high-grade DCIS 
was associated with a signifi cantly higher risk 
of recurrent DCIS compared to low-grade 
DCIS, with the outcome for recurrent invasive 
disease differing signifi cantly between the ini-
tial grade of the DCIS. The risk of distant 
metastasis and death was found to be signifi -
cantly higher in recurrences secondary to 
high-grade DCIS. 

 Although DCIS as a whole is associated 
with an overall excellent outcome, even low- 
grade DCIS has the potential to progress into 
IBC. Betsill et al. followed ten patients with a 
mean follow-up of 21.6 years who were diag-
nosed with pure low-grade DCIS and treated 
with biopsy only, fi nding that 7/10 (70 %) 
developed IBC at an average interval of 
9.7 years (range of 7–30 years) [ 50 ]. Saunders 
et al. provide further evidence for true disease 
progression of DCIS, as opposed to de novo 
development of disease, by following 28 
women with small, low-grade DCIS treated 
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again with biopsy only [ 48 ]. Of the 28 women 
followed for over 30 years time, 11/28 
(39.3 %) developed IBC, with 7/11 (64 %) 
developing IBC within 10 years of their origi-
nal biopsy. 

 In all cases, the IBC developed in the same 
quadrant of the breast where the original 
biopsy had been taken from previously, with 
5/11 patients ultimately dying of metastatic 
breast cancer. Further support of this concept 
comes from recent data from King et al., who 
demonstrate that low-grade DCIS has a sig-
nifi cant likelihood of recurring as high-grade 
IBC, indicating that grade alone is insuffi cient 
to predict the risk of breast cancer mortality 
[ 51 ]. Thus, it is clear that the highest risk for 
the development of recurrent IBC rests with 
high-grade DCIS; one should not underesti-
mate the potential risk of recurrence for lower 
grades of DCIS as well.   

   3.      How does the increasing use of breast MRI 
impact patients with DCIS ? 

 MRI of the breast has been shown to have a 
high sensitivity for the detection of invasive 
breast cancer, with a range of about 89–99 % 
[ 52 ,  53 ]. However, recent studies on the utility 
of preoperative breast MRI for the detection of 
DCIS are variable, with a sensitivity of 
73–100 % [ 54 – 58 ]. A study by Kropcho et al. 
examined the role of preoperative breast MRI 
in the surgical treatment of DCIS, further eval-
uating the accuracy of MRI as compared to the 
fi nal pathologic assessment and overall size of 
the DCIS [ 5 ]. They found that despite a high 
correlation between the size of the DCIS as 
assessed by MRI and histopathologic size, 
MRI appears to overestimate or underestimate 
the tumor size in over 70 % of the cases. They 
further conclude that there is a very low level 
of overall true accuracy in assessing the size of 
the DCIS, additionally fi nding that MRI did 
not favorably impact the surgeon’s ability to 
achieve margins and may therefore not be of 
value to this end in patients with DCIS [ 5 ]. 

 Recently, Pilewskie et al. examined the 
effect of MRI on the management of DCIS of 
the breast in terms of preoperative surgical 
planning [ 59 ]. They divided a group of 352 

patients with DCIS into two groups, those that 
underwent a preoperative MRI and those that 
did not, comparing the rates of additional 
biopsies, alterations in surgical management, 
reoperation rates, and the size of the DCIS as 
assessed by mammography, MRI, and fi nal 
pathology. They found a remarkably higher 
rate of additional biopsies in the preoperative 
MRI group (38 % versus 7 % in the no-MRI 
group), with 18 % undergoing >2 additional 
biopsies compared to just 2 % in the no-MRI 
group. 

 There did not seem to be a signifi cant dif-
ference in assessing the size of the DCIS 
between MRI and mammography. Importantly, 
in women who underwent preoperative MRI, 
a higher fraction underwent a mastectomy as 
the fi rst operation compared to those undergo-
ing conventional imaging (34.6 % versus 
27 %), but this was not found to be  statistically 
signifi cant. This must be weighed against the 
potential benefi ts of fi nding a contralateral 
breast cancer in about 3.2 % of cases, along 
with the downside of multiple additional biop-
sies that may yield a false positive on fi nal 
pathologic analysis.   

   4.      What is the proper defi nition of positive surgi-
cal margins in the face of randomized con-
trolled trials that clearly show that RT after 
BCS does not remove the negative prognostic 
impact of positive margins ?  Should patients 
with  “ close ”  margins undergo re - excision ? As 
stated above, it is our practice to take a patient 
back to the operating room if a fi nal pathology 
margin on the lumpectomy specimen is posi-
tive (tumor at/on ink) or less than 2 mm. We 
may deviate from this practice for select situ-
ations, such as an older patient with a close 
(<1 mm), but not positive margin. Other situa-
tions may include a positive deep margin 
along the pectoralis muscle where there is 
clearly nothing further to re-excise. There is 
currently much controversy as whether “big-
ger is better,” meaning a wider margin for 
DCIS translating into improved outcomes. 

 Wang et al. recently performed a meta- 
analysis of 21 studies involving >7,500 
patients with DCIS treated over a 25-year 
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period [ 60 ]. They suggest that a wider margin 
of >10 mm should be considered a “priority” 
for all patients with DCIS, regardless of the 
patient receiving a full course of adjuvant 
radiation therapy. Furthermore, they show that 
a margin width of >10 mm was associated 
with a decreased risk of local recurrence com-
pared to 2 mm or greater margins. However, 
this observational study has several faults 
associated with the interpretation of the data, 
as pointed out in an editorial by Morrow et al. 
[ 61 ]. As of 2012, it is still unclear what a neg-
ative surgical margin is, with many different 
margins accepted by surgeons worldwide, 
from no tumor cells identifi ed at the inked 
margin, 1-mm, 2-mm, 4-mm to 10 mm mar-
gins. As such, there is currently no compelling 
evidence that a wider margin is any better than 
a smaller margin, with a 1–2 mm accepted as 
a safe, negative margin in most cases.         
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            Introduction 

    A large proportion of primary breast cancers will 
fi rst metastasize to the regional lymphatic nodal 
basin prior to the patient developing distant 
metastases. The majority of lymph node metasta-
ses from the breast are to the ipsilateral axillary 
nodal basin, including both central and medial 
breast cancers, which may also metastasize to the 
internal mammary lymph nodes. It is surmised 
that approximately 75 % of the breast lymphatic 
fl ow drains directly into the axillary lymph nodes, 
with about 20 % draining into both axillary and 
internal mammary lymph nodes. Only 5 % of 
breast lymphatic drainage is predominantly to the 
internal mammary nodes [ 1 ]. Hence management 
of the axilla is important for both accurate stag-
ing and locoregional control of breast cancer. It is 
important to note, however, that 30 % of node- 
negative patients will eventually relapse with dis-
tant metastatic disease [ 2 ].  

    Historical Perspective 

 Prior to the 1990s, all women with invasive breast 
cancer underwent an axillary dissection, otherwise 
known as complete axillary lymph node dissection 
(CALND), as a standard part of their surgical 

treatment. The landmark NSABP-04 study, which 
compared patients with mastectomy alone to mas-
tectomy and axillary dissection, revealed no differ-
ence in the overall survival in the two groups and a 
less than expected axillary recurrence rate in the 
non-axillary dissection arm [ 3 ]. This paved the 
way for sentinel lymph node biopsy (SLNB) in 
breast cancer. The 1990s saw the advent of axillary 
sentinel lymph node biopsy in the staging of breast 
cancer patients that was subsequently substanti-
ated and validated in the NSABP-32 [ 4 ]. This fur-
ther led to questioning whether patients with 
positive sentinel nodes need to subsequently 
undergo a completion axillary dissection addresses 
with the ACOSOG    Z00011 clinical trial (macro-
metastases) [ 5 ] and the ISBCG 23-01 trials (micro-
metastases) [ 6 ]. As expected, both of these studies 
have resulted in a true paradigm shift in our cur-
rent surgical management of the axilla.  

    Anatomy 

 Lymphatics in the breast exist in a perilobular 
and periductal plexus. These and the subareolar 
plexus of dermal lymphatics drain into the axil-
lary lymph nodes. They fi rst drain into the level 1 
axillary lymph nodes, which lie lateral to the pec-
toralis minor muscle insertion. Thereafter, they 
drain into the level 2 (deep to pectoralis minor) 
and level 3 (medial to pectoralis minor) lymph 
nodes. As the lymphatics arborize extensively, 
there may be drainage to more than one sentinel 
lymph node [ 2 ] (Figs.  12.1  and  12.2 ).
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        Signifi cance of Axillary Evaluation 

 Evaluation of the axilla is vital for the proper 
management of invasive breast cancer. It is nec-
essary to adequately stage the breast cancer and 
for local control of disease metastasis to the axil-
lary lymph nodes. The extent of lymph node 
involvement guides the need for and type of che-
motherapy used. It also guides the extent of the 
radiation fi elds that may be necessary to control 
disease in the axilla [ 2 ] (Fig.  12.3 ).

       Preoperative Evaluation of Axilla 

    Clinical Examination 

 A critical component of staging is the clinical 
examination. The axilla is best evaluated clini-
cally in an upright position, with the patient’s 
arm resting by her side. The axilla is then evalu-
ated for any palpable, hard nodes. If identifi ed, it 
is important to assess if these nodes are matted 
together, a critical aspect of nodal staging, based 
solely upon the clinical examination alone.  

    Ultrasound of the Axilla 

 Ultrasound of the axilla is an important adjunct 
in patients with breast cancer, especially in 
patients with palpable axillary lymphadenopathy. 
Ultrasound appearance of a normal lymph node 
refl ects its normal anatomy, being transversely 
oval and hypoechoic, with a central hyperechoic 
hilum. A pathologic lymph node on ultrasound 
has an abnormal shape and architecture. It is more 
rounded with the ratio of the longitudinal to trans-
verse axis being less than two. The cortex is thicker 
than the hilum, and in some nodes, the hilum may 
not be visualized at all. This may be preopera-
tively evaluated further by fi ne-needle aspiration 
(FNA) cytology [ 7 ] or ultrasound- guided core 
needle biopsy [ 8 ]. Specifi city of both modalities 
approaches 100 %, with sensitivities of FNA and 
core needle biopsy noted to be 36–42 %, respec-
tively, in the abovementioned studies in cohorts of 
patients with invasive breast cancer and nonpalpa-
ble axillary lymph nodes. Once proven to contain 
metastatic cancer, it obviates the need for sentinel 
lymph node biopsy in those patients (Fig.  12.4 ).

        Surgery of the Axilla 

    Sentinel Lymph Node Biopsy (SLNB) 

    Indications 
 The indications for SLNB in breast cancer 
patients are well established [ 9 ] (Table  12.1 ).

       Technique 
 The technique involves the use of technetium- 99m 
sulfur colloid (99m-Tc). This is injected intrader-
mally in the upper outer quadrant of the areola, 
about 1–4 h prior to surgery. Intraoperatively, 
1–3 cc of 1 %    isosulfan blue may additionally 
be injected subcutaneously, if necessary. A trans-
verse axillary skin crease incision is marked over 
the site of the maximum frequency of radioactive 
dye uptake. After incising the skin, subcutaneous 
tissue, and axillary fascia, afferent blue lymphat-
ics are indentifi ed and  followed to the draining 
lymph node. Alternately, any radioactive lymph 

  Fig. 12.1    Anatomy of lymphatic fl ow of the breast 
(Reproduced with permission from: Benson et al. [ 2 ])       
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node identifi ed is also considered an SLN and 
removed. This dual technique for sentinel lymph 
node identifi cation is considered more sensitive 
than the use of a single agent. Any suspicious 
palpable lymph node may also be considered to 
be a sentinel lymph node and thus removed. 

    Intraoperative Evaluation SLNs: Sentinel 
lymph nodes are often sent for intraoperative 
evaluation. This is done by frozen section anal-
ysis of a few sections of the lymph node or by 
touch preparation of the bivalved lymph node. 
Of note, the sensitivity is fairly good, although 
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  Fig. 12.2    ( a ) Patterns    of lymphatic drainage from a primary tumor. ( b ) Note the arborization of lymphatics may result 
in more than one sentinel lymph node (Reproduced with permission from: Benson et al. [ 2 ])       
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micrometastases and metastases from invasive 
lobular carcinomas may sometimes be missed. 

 Other methods less commonly used are rapid 
cytokeratin immunostain of frozen section of the 
sentinel lymph node [ 10 ] and reverse transcrip-
tase polymerase chain reaction (RT-PCR) on a 
portion of the sentinel lymph node [ 11 ]. These 
methods are of increasing sensitivity, but the 
more complex methods have time constraints and 
utilize more tissue, which may be unavailable for 
fi nal pathology. 

 There is about a 10 % incidence of non- 
sentinel lymph node metastases [ 12 ]; however, 
the Z0011 trial would question the clinical sig-
nifi cance of the same [ 5 ].   

    Completion Axillary Lymph Node 
Dissection (CALND) 

 This involves removal of levels 1 and 2 axillary 
lymph nodes. It is indicated for those patients with 
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grossly enlarged axillary lymph nodes proven 
to contain metastatic disease preoperatively. 
Also patients with sentinel lymph nodes, with 
intraoperative confi rmation of metastatic lymph 
node involvement, will warrant CALND. Lastly, 
CALND is recommended for those patients who 
have confi rmed nodal disease prior to undergoing 
neoadjuvant chemotherapy. 

 A transverse axillary skin crease incision is 
made over the low axilla. The skin, subcutaneous 
tissue, and axillary fascia are incised. The lateral 
border of the pectoralis minor muscle is identi-
fi ed and followed superiorly up to the axillary 
vein. The inferior border of the axillary vein is 
freed by ligating the tributaries to the vein. The 
level 2 lymph nodes that lie between the axil-
lary vein and the undersurface of the pectoralis 
minor muscle are dissected free and brought into 

the low axilla, to be removed along with level 1 
lymph nodes. Thereafter, the long thoracic nerve 
to the serratus anterior muscle is identifi ed and 
preserved along the chest wall. The subscapular 
vessels along with the thoracodorsal nerve to the 
latissimus anterior muscle are identifi ed and pre-
served. The tissue between the two nerves and the 
inferior border of the axillary vein is then deliv-
ered out as axillary content, with everything sent 
to pathology for fi nal diagnosis. Lastly, palpation 
of the level 3 area is necessary in order to confi rm 
that there are no hard, palpable, suspicious lymph 
nodes. If present, they must be removed as there 
is a high likelihood of metastatic disease. 

 Complications of axillary dissection may range 
from numbness of the upper, inner aspect of the arm 
from injury to the intercostobrachial nerve, chronic 
lymphedema, and nerve or major vessel injury. 

 Lymphedema: Lymphedema following the 
operative treatment of breast cancer can be 
defi ned as the persistent swelling of the ipsilat-
eral upper extremity. 

 The overall incidence of lymphedema is about 
26 % [ 13 ]. It varies based upon treatment modali-
ties—with a <1 % incidence of chronic lymph-
edema with sentinel lymph node biopsy (SLNB) 
alone, 9.1 % with axillary sampling combined 
with radiation therapy, 7.4 % with CALND alone, 
8.3 % with axillary radiation alone, and 38.3 % in 
patients who undergo CALND followed by adju-
vant axillary radiation [ 14 ]. As the number of 
lymph nodes removed increases as well as the 
overall extent of the axillary fi elds of radiation 
increases, so does the risk increase for the devel-
opment of chronic lymphedema [ 15 ]. 

 Lymphedema may be measured either subjec-
tively or objectively. Objectively it is defi ned as 
an increase in arm volume by 200 ml or an 
increase in forearm circumference by 2 cm (mea-
sured 10 cm inferior to lateral epicondyle) [ 13 ]. 

 The treatment of lymphedema includes 
both prevention and treatment, with prevention 
focused upon meticulous skin care, skin safety, 
and prompt attention and treatment of skin 
 infections. Various treatment options include 
manual lymphatic drainage, compression gar-
ments, and pneumatic compression (Fig.  12.5 ).   

   Table 12.1    Indications for sentinel lymph node biopsy   

 Clinical scenarios 
 Indication of sentinel node 
biopsy 

 T1 or T2 tumors  Established 
 Older age  Established 
 Obesity  Established 
 Before preoperative 
systemic therapy 

 Established 

 Male breast cancer  Established 
 DCIS with mastectomy  Established 
 Internal mammary chain  Established but controversial 
 DCIS without 
mastectomy 

 Controversial, except for 
DCIS with suspected or 
proven microinvasion 

 Pregnancy  Controversial 
 Suspicious, palpable 
axillary nodes 

 Controversial 

 T3 or T4 tumors  Controversial 
 Multicentric or 
multifocal tumors 

 Controversial 

 Prior diagnostic or 
excisional breast biopsy 

 Controversial 

 Prior axillary surgery  Controversial 
 Prior non-oncologic 
breast surgery 

 Controversial 

 After preoperative 
systemic therapy 

 Controversial 

 Infl ammatory breast 
cancer 

 Not recommended 

  Courtesy of Vidal-Siccart S, Olmos R [ 9 ]  

12 Management of Axilla in Invasive Breast Cancer



192

    AJCC 7 Node Staging for Breast Cancer 

Pathologic classification (pN)* 

•pNX: Regional lymph nodes cannot be assessed (e.g., notremoved for pathologic study or
Previously removed) 

•pN0: No regional lymph node metastasis histologically.
(Note: Isolated Tumor Cells (ITC) are defined as single tumor cells or small cell clusters not larger than
0.2 mmor a cluster of fewer than 200 cells on a single histologic cross-section. ITCs may be detected by
routine histology orby immunohistochemical (IHC) methods. Nodescontaining ITCs are excluded from
total positive nodes counted for purposes of N classification, but should be included in total number of 
nodes evaluated.)
•pN0(i-): No regional lymph node metastasis histologically, negative IHC
•pN0(i+): Malignant cells in regional lymph node(s), no greater than 0.2 mm (detected by H&E or by 
IHC)
•pN0(mol-): No regional lymph node metastasis histologically, and negative molecular findings (RT-
PCR)**
•pN0(mol+): Positive molecular findings (RT-PCR)**, but no regional lymph node metastases detected 
by histology or IHC.     

•pN1: Micrometastases or Metastasis in one to three axillary lymph nodes, and/or in internal mammary
nodes with metastaticdisease detected by SLN biopsy but not clinically detected*** 
•pN1mi: Micrometastasis (larger than 0.2 mmand more than 200 cells, but none larger than 2.0 mm) 
•pN1a: Metastasis in one to three axillary lymph no des, at least 1 metastasis larger than 2.0 mm.
•pN1b: Metastasis in internal mammary nodes with micrometastasis or macrometastasis detected by SLN
biopsy, but not clinically detected*** 
•pN1c: Metastasis in one to three axillary lymph nodes and in internal mammary lymph nodes with
micrometastasis or macrometastasisdetectedby SLN biopsy but not clinically detected***  

•pN2: Metastasis in four to nine axillary lymph nodes, or in clinically detected**** internal mammary
lymph nodes in the absenceof axillary lymph node metastasis. 
•pN2a: Metastasis in four to nine axillary lymph nodes (at least one tumor deposit larger than 2.0 mm) 
•pN2b: Metastasis in clinically detected**** internal mammary lymph nodes in the absenceof axillary
lymph node metastasis  

•pN3: Metastasis in ten or more axillary lymph nodes, or in infraclavicular (Level III axillary) lymph
nodes, or inclinically detected**** ipsilateral internal mammary lymph node(s) in the presence of one or
more positivelevel I and II axillary lymph node(s); or, in more than three axillary lymph nodes and in the
internal mammary lymph node(s) with micrometastasis or macrometastasis detected by sentinel lymph
node biopsy, but not clinically detected ***, or in ipsilateral supraclavicular lymph nodes.
•pN3a: Metastasis in ten or more axillary lymph nodes (at least one tumor deposit larger than 2.0 mm); or,
metastasis to the infraclavicular(level III axillary) lymph nodes
•pN3b: Metastasis in clinically detected**** ipsilateral internal mammary lymph nodes in the presence of
one or more positive axillary lymph node(s); or, in more than three axillary lymph nodes and in internal
mammary lymphnodes with micrometastasis or macrometastasis detected by sentinel lymph node biopsy 
but not clinically detected*** 
•pN3c: Metastasis in ipsilateral supraclavicular lymph nodes        

* Note: Classification is based on axillary lymph node dissection with or without sentinel lymph node
(SLN) dissection. Classification based solely on SLN dissection without subsequent axillary lymph node
dissection is designated (sn) for sentinel node, e.g., pN0(I+) (sn).
**Note: RT-PCR: reverse transcriptase-polymerase chain reaction.
***Note: “Not clinically detected” is defined as not detected by imaging studies (excluding
lymphoscintigraphy) or by clinical examination and having characteristics highly suspicious for
malignancy or a presumed pathologic macrometastsis based on fine needle aspiration biopsy with
cytologic examination. 
****Note: “Clinically detected” is defined as detected byimaging studies (excluding
lymphoscintigraphy) or by clinical examination.       

Regional lymph nodes (N)

Clinical Classification

•NX: Regional lymph nodes cannot be assessed (e.g., previously removed) 

•N0: No regional lymph node metastasis 

•N1: Metastasis to movable ipsilateral axillary lymph node(s) 

•N2: Metastasis to ipsilateral axillary lymph node(s) fixed or matted, or in clinically detected* ipsilateral
internal mammary nodes in the absence of clinically evident lymph node metastasis
•N2a: Metastasis in ipsilateral axillary lymph nodes fixed to one another (matted) or to other structures 
•N2b: Metastasis only in clinically detected* ipsilateral internal mammary nodes and in the absence of
clinically evident axillary lymph node metastasis    

•N3: Metastasis in ipsilateral infraclavicular lymph node(s) with or withoutaxillary lymph node
Involvement, or in clinically detected* ipsilateral internal mammary lymph node(s) and in the presence of
clinically evident axillary lymph node metastasis; or, metastasis in ipsilateral supraclavicular lymph
node(s) with or without axillary or internal mammary lymph node involvement
•N3a: Metastasis in ipsilateral infraclavicular lymph node(s)
•N3b: Metastasis in ipsilateral internal mammary lymph node(s) and axillary lymph node(s)
•N3c: Metastasis in ipsilateral supraclavicular lymph node(s)      

* Note: “Clinically detected”is defined as detected by imaging studies (excluding lymphoscintigraphy) or
by clinical examination and having characteristics highly suspicious for malignancy or a presumed
pathologic macrometastasisbased on fine needle aspiration biopsy with cytologic examination. 
Confirmation of clinically detected metastatic disease by fine needle aspiration without excision is
designated with an (f) suffix, for example, cN3a (f). Excisionbiopsy of a lymph node or biopsy of a
sentinel lymph node, in the absence of anassignment of a pT, is classified as a clinical N, for example
cN1. Information regarding the confirmation of nodal stats will be designated in site-specific factors as
clinical, fine needle aspiration, core biopsy or sentinel lymph node biopsy. Pathologic classification(pN)
is used for excisionor sentinel lymph node biopsy only in conjunction with a pathologic T assignment.        

  Fig. 12.5    AJCC 7 breast cancer staging (Reprinted with permission, Springer, 2013 [ 16 ])       

        Recent Trends in Axillary Surgery 
for Invasive Breast Cancer 

 As the understanding of the biology of breast 
cancer has shifted from a Halstedian model with 
an orderly anatomical progression of cancer to a 
systemic Fischerian model, so has the manage-
ment of the axilla. Prior to the advent of sentinel 
lymph node biopsy, all breast cancer patients 
underwent a CALND as part of their treatment. 
However, the adoption of sentinel lymph node 
biopsy, and its subsequent validation, by studies 
such as the NSABP-32 [ 4 ], led to a paradigm 
shift to lesser axillary surgery. The results of the 

American College of Surgeons Oncology Group 
(ACOSOG) Z0011 trial [ 6 ] went a step further. 
This multicenter study randomized T1 and T2 
lumpectomy patients with one to two positive 
sentinel lymph nodes to completion axillary dis-
section versus no completion axillary dissection, 
followed by standard whole breast radiation and 
adjuvant systemic therapy. There was noted to be 
no signifi cant difference in overall survival, as 
might be expected. However, there was also no 
difference in the rates of axillary recurrence. This 
has led to an appropriate decreased utilization of 
axillary dissection in selected patients [ 17 ]. The 
American Society of Breast Surgeons (ASBS) 
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has posted a position statement on management 
of the axilla in patients with invasive breast can-
cer which references the potentially practice- 
changing results of the Z0011 trial [ 18 ]. 

 The After Mapping of the Axilla: Radiotherapy 
or Surgery? (AMAROS) phase III study per-
formed by the European Organization for 
Research and Treatment of Cancer (EORTC) 
published its preliminary data [ 19 ]. This trial ran-
domizes patients with 5–30 mm invasive breast 
cancers (clinically negative nodes), with a posi-
tive sentinel lymph node, to axillary dissection 
versus axillary radiotherapy. The absence of 
knowledge of extent of axillary involvement in 
the non-axillary dissection group did not appear 
to have any major impact on the determination of 
adjuvant therapy, per the early results of the trial. 
Further results of the trial are awaited. 

 The International Breast Cancer Study 
Group (IBCSG) trial 23-01 randomizes clinically 
 node- negative T1 and T2 invasive breast cancer 
patients with micrometastases in sentinel lymph 
nodes to axillary dissection versus no axillary 
dissection. While the fi nal results are awaited, the 
4-year data reveals very low rates of recurrence 
in both groups [ 6 ]. 

 There is much more work ahead to be done, 
such as identifying the ideal patient that may not 
need an axillary dissection after a positive sentinel 
node and the extent of radiation needed to the 
axilla for comparable outcomes. The present trend 
to avoid axillary dissection in appropriately 
selected patients is admirable. It is essential, how-
ever, that we recognize that it may be unwise to 
trade one set of complications for another and that 
the advantages of doing less surgery on the axilla 
are not offset by excessive radiation damage to the 
axilla. Further studies in this regard are warranted. 

 Another intriguing study is the American 
College of Surgeons Surgical Oncology Group 
(ACOSOG) Z1071 trial. This multicenter study 
enrolled women with clinical T 0–4, N1–2, M0 in 
receiving neoadjuvant chemotherapy and there-
after undergoing SLNB and CALND. The over-
all sensitivity of the SLNB was 84 %, with a 
false-negative rate of 12.8 %. This puts forth the 
possibility that some patients with clinical N1–2 
disease may avoid an axillary dissection after 

neoadjuvant chemotherapy, but further work is 
needed to identify appropriate patient selection 
for the same [ 20 ].  

    Axillary Management in Special 
Situations 

    Sentinel Lymph Node Biopsy (SLNB) 
and Neoadjuvant Chemotherapy 

 This remains a controversial topic, with options 
of performing an SLNB in clinically node- 
negative patients prior to commencing neoadju-
vant  chemotherapy versus after the completion of 
chemotherapy. The proponents of SLNB biopsy 
prior to chemotherapy maintain that axillary stag-
ing is needed to direct the use of anthracyclines 
in neoadjuvant chemotherapy and radiation. 
Those in favor of SLNB after neoadjuvant che-
motherapy maintain that clinically node- negative 
patients can safely undergo a single- stage proce-
dure with axillary staging at the time of defi nitive 
breast surgery following the completion of neo-
adjuvant chemotherapy. This may avoid the need 
for axillary dissection in low- volume axillary dis-
ease that may have been cleared by neoadjuvant 
chemotherapy [ 21 ]. 

 The incidence of non-sentinel lymph node 
metastases, for those completing neoadjuvant 
chemotherapy in the NSABP 27 trial, was 11 %, 
not signifi cantly different from the results of the 
NSABP-32 trial. This would support the validity 
of performing SLNB after the completion of neo-
adjuvant chemotherapy [ 22 ]. 

 The authors usually perform sentinel lymph 
node biopsy after neoadjuvant chemotherapy 
except when the multidisciplinary opinion is that 
preneoadjuvant sentinel lymph nodes status will 
signifi cantly change the nature of chemotherapy 
or adjuvant radiation therapy, or there is a dis-
crepancy in the clinical examination and imaging.  

    Ductal Carcinoma In Situ (DCIS) 

 As a routine, patients undergoing surgery for 
DCIS do not need axillary staging. However, if 
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the patient is undergoing a mastectomy for DCIS, 
a sentinel lymph node biopsy is warranted. There 
is a 20 % chance of upgrade of diagnosis to inva-
sive carcinoma, on fi nal pathology [ 1 ]. After 
a mastectomy, the ability to identify a sentinel 
lymph node is greatly diminished, were there to 
be an upgrade of diagnosis. 

 A biopsy suggesting high-grade DCIS, micro-
invasion, or a mass on mammography predicts a 
higher risk of invasive carcinoma being found on 
fi nal pathology. Hence sentinel lymph node biopsy 
may be selectively utilized in these situations [ 23 ].  

    Micrometastases 

 These are defi ned as lymph node metastases that 
are 0.2–2.0 mm in diameter. These are often not 
identifi ed intraoperatively. They are classifi ed as 
N1 (mic) in the TNM classifi cation [ 16 ]. 
Presently, the trend is not to perform a comple-
tion axillary dissection in this situation. This is 
supported by the aforementioned 4-year results 
of the International Breast Cancer Study Group 
(IBCSG) trial 23-01, but fi nal results are awaited.  

    Isolated Tumor Cells (ITC) 

 These are sentinel lymph node metastases that 
are <0.2 mm in diameter. They are most often 
identifi ed only on immunohistochemistry. This is 
sometimes performed on sentinel lymph nodes, 
especially for patients with invasive lobular car-
cinoma. The TNM classifi cation of these is N0 
(ihc+), and the ITC metastases have been shown 
to not be considered clinically signifi cant [ 24 ].  

    Other Breast Malignancies: 
Lymphoma, Sarcoma, and Malignant 
Phyllodes 

 Although uncommon, lymphoma, especially 
B-cell lymphoma, may present either as a breast 

lesion or with axillary lymphadenopathy. The 
role of surgery is limited to diagnosis, either in 
the form of a core needle biopsy or an excisional 
biopsy. Fine-needle aspiration cytology is inade-
quate to defi nitively diagnose lymphoma. Further 
management of the lymphoma is with chemo-
therapy and/or radiation. 

 In patients diagnosed with sarcoma of the 
breast or malignant phyllodes tumors, there is no 
role for performing SLNB of the axilla, as the 
natural course of spread is not lymphatic, rather 
hematogenous. However, were there to be clini-
cally enlarged lymph nodes in this situation, there 
may be a role for surgical removal of the same.  

    Patients with Previous Ipsilateral 
Axillary Surgery 

 Axillary staging is possible in patients with previ-
ous axillary surgery. A thorough preoperative eval-
uation of the patient is essential. A preoperative 
axillary ultrasound may visualize an abnormal 
lymph node and an ultrasound-guided fi ne-needle 
aspiration of the same may be performed. Clinically 
node-negative patients, with previous axillary sur-
gery, should have an axillary sentinel lymph node 
biopsy attempted. Cox et al. had a successful iden-
tifi cation rate of the SLN in 89 % of the cases. A 
CALND may be considered in patients in whom an 
SLN is not identifi ed, provided there is enough 
residual axillary tissue in the levels 1 and 2 loca-
tions and that the operation can be performed safely. 
Alternately close observation of the axilla alone 
may be suffi cient, provided there are no enlarged, 
clinically suspicious lymph nodes palpable [ 25 ].  

    Elderly Patients with Invasive Breast 
Cancer 

 Older patients with invasive breast cancer com-
prise of a heterogeneous group, with varying lev-
els of comorbidity and life expectancy. The 
surgical management of the axilla in these patients 
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with invasive breast cancer is to be tailored to the 
individual. Clinically node-positive patients are to 
be treated with a standard axillary operation, such 
as a CALND. Controversy remains as to the man-
agement of the axilla in the elderly patient with a 
clinically node-negative axilla. 

 The recommendation of the International 
Society of Geriatric Oncology (SIOG) and the 
European Society of Breast Cancer Specialists 
(EUSOMA) remains to perform SLNB and 
CALND in patients with positive lymph nodes 
[ 26 ]. However, there is data to suggest that these 
patients may not warrant a CALND if they had 
less than 3 involved lymph nodes with no extra-
nodal extension based upon the results of the 
ACOSOG Z0011 trial. 

 The International Breast Cancer study group 
(IBCSG) trial 10-93 randomized patients older 
than 60 years, with clinically negative nodes, in 
whom postoperative tamoxifen was indicated, to 
axillary clearance versus no axillary surgery. The 
preliminary results have suggested no signifi cant 
change in disease-free or overall survival between 
the two groups, with improved early quality of 
life in the non-axillary surgery group [ 27 ].  

    SLN Biopsy After Previous 
Mastectomy 

 Although less successful, sentinel lymph node 
biopsy is certainly feasible after mastectomy. It is 
helpful to inject the Tc99m sulfur colloid into the 

upper portion of the chest wall. The success rate 
reported by Karam et al. for SLN biopsy follow-
ing a mastectomy was 65 % [ 28 ].  

    Male Breast Cancer 

 Sentinel lymph node biopsy is indicated in men 
with breast cancer and clinically negative lymph 
nodes. Men are more likely to have positive senti-
nel lymph nodes, and in those with positive senti-
nel lymph nodes, the probability of having 
non-sentinel lymph node metastases is higher [ 29 ].  

    Pregnant Women with Breast Cancer 

 Blue dye is thought to be unsafe for the fetus in 
pregnant women with breast cancer. Studies have 
found the radiation dose to the uterus from the 
Tc99m sulfur colloid to be safe. In the second and 
third trimesters, when organogenesis is consid-
ered to be complete, there is still considerable 
controversy in the use of the radiolabeled dye for 
sentinel lymph node biopsy.    It may be used on an 
individualized basis, but if it were to be performed, 
it should be injected on the same day as surgery to 
reduce the exposure time to the fetus [ 29 ]. 

 As evidenced above, there are multiple dif-
ferent approaches to the axillary management 
of invasive breast cancer. Hence, we created a 
 somewhat oversimplifi ed fl ow chart for the same 
(Table  12.2 ):

12 Management of Axilla in Invasive Breast Cancer
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            History of Lumpectomy 

    Essential to the surgical treatment of breast cancer 
is an understanding of the two critical objectives 
that have not varied in the last 50 years: (1) local 
control and (2) accurate staging. While survival 
may be improved with early detection, its accom-
plishment is only secured by providing excellent 
local control of the disease. Every surgeon under-
stands that some cases, though detected early and 
treated effectively, will go on to metastasize in 
spite of excellent local control. This substantiates 
the claim that the disease is systemic in some 
cases at its earliest development. Therefore, a 

surgeon’s skill and function in the treatment of the 
disease should be measured by the outcomes of 
local control and accuracy of staging. 

 William S. Halsted’s description of the radical 
mastectomy was the great advance at the turn of 
the last century and remains the mainstay of surgi-
cal management for those uncommon cases today 
of locally advanced breast cancer. The advent of 
mammography and improved technology has 
increased the detection rates of very early breast 
cancer in many instances. Patient advocacy, 
through the committed efforts of patient advo-
cates such as Rose Kushner, has also greatly 
helped with advancing breast cancer research 
funding and the development of a national screen-
ing program. Dr. Bernard Fisher, a surgeon, and 
his brother Dr. Edwin Fisher, a pathologist at the 
University of Pittsburgh, postulated that breast 
cancer at these earlier stages could be treated with 
the combination of local excision to negative mar-
gins and the addition of radiation therapy. 

 To prove this hypothesis, the National Surgical 
Adjuvant Breast and Bowel Project (NSABP) 
B-04 trial began in 1971. The trial compared 
women undergoing radical mastectomies to those 
obtaining total mastectomies, with and without 
radiation therapy. In 1977, the fi rst results were 
published, which showed no difference in treat-
ment failure or survival and, after 25 years, no 
difference in long-term outcomes [ 1 ,  2 ]. In 1976, 
the NSABP B-06 trial, which compared mastec-
tomy to lumpectomy, showed that removing a 
small portion of the breast along with axillary 
lymph nodes and radiation therapy was just as 
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effective as mastectomy. After 20 years of fol-
low- up of the B-06 trial, no signifi cant difference 
has been found in overall or disease-free survival 
between those that underwent total mastectomy 
and lumpectomy [ 1 – 3 ]. Based on the NSABP 
B-06 trial, breast conservation therapy decreases 
local recurrences from 39 to 14 % [ 4 ]. 

 Lumpectomy, also known as wide local exci-
sion or partial mastectomy, combined with senti-
nel node biopsy and radiation therapy, comprises 
the package described as “breast conservation 
therapy” (BCT). Up until 2003, BCT has been 
the primary treatment option for breast cancer 
treatment for nearly 60–70 % of all cases treated 
at major breast cancer treatment centers. A recent 
decline has been noted in several major programs 
and a trend back toward mastectomy has occurred 
(Fig.  13.1 ). These have been shown to be due pri-
marily to patient-driven decision making and are 
not physician-driven outcomes [ 5 – 7 ].

       Keystone Trials 

 Over the past 50 years, patient education, screen-
ing, and early detection with advancements in 
mammography, ultrasound, magnetic resonance 

imaging (MRI), breast-specifi c gamma imaging 
(BSGI), and positron emission mammography 
(PEM) have continued to shape the management 
of breast cancer. It is the summation of several 
early studies that have culminated in identifying 
the equivalency of mastectomy and BCT. For 
instance, rates of survival of those undergoing a 
mastectomy in comparison to lumpectomy with 
radiation achieved no signifi cant differences in 
outcome. Defi ned predictors of local recurrence 
after BCT have led to modifi cations in surgical and 
radiation techniques to reduce local recurrence. 

    NSABP B-06 

 The National Surgical Adjuvant Breast and 
Bowel Project (NSABP) Protocol B-06, a feder-
ally sponsored clinical trial, raised several aspects 
of comparisons between surgical options, use of 
radiation, and systemic therapy. In a step fur-
ther, it compared the effi cacy of chemotherapy in 
patients with positive axillary nodes after surgi-
cal treatment, as well as determining the clinical 
signifi cance of microscopic multicentricity. The 
study took place between 1976 and 1984, with 
a total of 1,851 patients with tumors up to 4 cm 
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  Fig. 13.1    Lumpectomy 
versus mastectomy (From 
McGuire et al .  [ 5 ])       
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in diameter and clinically negative lymph nodes, 
T1 or T2, N0 or N1, M0. Patients were randomly 
assigned to a total mastectomy, lumpectomy 
alone, or lumpectomy with postoperative radia-
tion of the breast. All patients with histologically 
positive axillary nodes received chemotherapy. 

 Based on this study, rates of ipsilateral breast 
cancer recurrence after lumpectomy, with or 
without breast radiation, were compared. At 
20 years follow-up, local recurrence rate in 
women treated with lumpectomy and radiation 
was 14.3 % versus those treated with lumpec-
tomy alone with a recurrence rate of 39.2 %. For 
patients with positive nodes who received che-
motherapy, the local recurrence rate was 44.2 % 
for lumpectomy alone, as opposed to 8.8 % for 
lumpectomy and radiation therapy. The study 
concluded that lumpectomy, paired with radia-
tion therapy, and adjuvant chemotherapy in 
women with positive nodes, was appropriate in 
patients with tumors equal to or less than 4 cm, 
placing them at stage I or II disease, provided that 
the resected margins are free of tumor [ 2 ].  

    EORTC 

 At about the same time, a similar study com-
pared the overall survival between those 
patients that underwent a modifi ed radical mas-
tectomy (MRM) and breast conservation ther-
apy (BCT) with radiation. The results would 
similarly echo those found in the NSABP B-06 
trial. The European Organization for Research 
and Treatment of Cancer Trial 10801 took 
place between 1980 and 1986, in eight centers 
in the UK, Netherlands, Belgium, and South 
Africa. It randomized 868 women to MRM and 
BCT with radiation. The size of tumors was up 
to 5 cm, though 80 % of women had tumors 
larger than 2 cm, and patients with axillary 
node-negative or axillary node-positive disease 
were included. 

 At 20 year follow-up, there was no difference 
in survival between MRM and BCT with radia-
tion [ 8 ]. The overall survival was 44.5 % in MRM 
group and 39.1 % in the BCT group. There was 
no difference in time to distant metastases or 

overall survival by age. The study concluded that 
as a standard of care, patients with early-stage 
breast cancer can be offered BCT with radiation 
as an alternative to MRM.  

    Danish Breast Center 
Cooperative Group  

 From 1983 to March 1989, the Danish Breast 
Cancer Cooperative Group (DBCG) conducted a 
randomized trial comparing breast conservation 
to mastectomy in patients with invasive breast 
cancer. From a total of 1,153 women, 905 were 
placed on either mastectomy or breast conserva-
tion. The remaining 248 were not randomized. 
Those placed in the breast conservation arm 
obtained radiotherapy afterward. Tumor diameter 
was more than 2 cm in over 50 % of cases. Patients 
were excluded based on the following criteria: 
sarcoma of the breast or carcinoma in situ, fi xa-
tion of the tumor to the muscles, evidence of met-
astatic disease, history of other malignancies, 
signs of multicentricity by palpation or mammog-
raphy, and concerns in cosmesis, such as a large 
tumor in a small breast. In this trial, patients had 
the choice of changing arms in terms of the pro-
posed operation. Hence, 33 patients randomly 
assigned to a mastectomy chose breast conserva-
tion, while 55 chose a mastectomy over breast 
conservation. Regardless of tumor size and pal-
pable nodes, all patients underwent an axillary 
dissection. The dissection consisted of removal of 
at least all level I lymph nodes. 

 The median follow-up was 40 months for all 
patients. For the purpose of consistency, both patient 
and tumor characteristics were similar in both breast 
conservation and mastectomy group. Overall sur-
vival in the breast conservation group was 79 %, 
compared to that of the mastectomy group of 82 %. 
The recurrence-free survival at 6 years was similar 
in both groups, 70 % versus 66 % [ 9 ].  

    Milan National Tumor Institute Trial 

 Under the guidance of the National Cancer 
Institute in Milan, between the years of 1973 
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and 1980, this trial enrolled 701 women with 
breast cancer up to 2 cm in size for the primary 
tumor and clinically negative nodes. These 
patients would undergo either a radical mastec-
tomy or quadrantectomy with axillary dissection 
and postoperative radiation to the ipsilateral 
residual breast tissue. Chemotherapy was 
reserved for patients with pathologically positive 
nodes. Of the 701 patients, 349 had a mastectomy 
and 352 a quadrantectomy. Factors such as age, 
size and site of primary tumor, and axillary 
metastases were similar in both groups. 

 At a 20 year follow-up, no differences between 
the two groups were found in overall or disease- 
free survival [ 10 ]. Interestingly, the contralateral 
breast cancer rates were similar. These fi ndings 
contraindicated the previous thought that radia-
tion increased the incidence of contralateral 
breast cancer. Based on this trial, patients with a 
breast cancer lesion less than 2 cm in size have 
the option of either a mastectomy or quadrantec-
tomy, without concern for decrease in survival.  

    The Institute Gustave-Roussy Trial 

 The trial randomized 179 women with breast cancer 
into modifi ed radical mastectomy versus lumpec-
tomy. Eighty eight patients had lumpectomy and 
radiotherapy, while 91 patients underwent mastec-
tomy. Axillary dissection was performed in all 
patients regardless of the lack of palpable axillary 
lymph node. At a 15-year follow- up, no differences 
were observed between the two surgical groups in 
risk for death, metastases, contralateral breast can-
cer, or locoregional recurrence [ 9 ].   

    Patient Selection for Lumpectomy 

 As the advent of mammography and early detec-
tion improved, the average tumor sizes of the 
1970s and 1980s fell to 2.5 cm, allowing the 
majority of women to undergo BCT. BCT is indi-
cated in women with a T1 (<2 cm) tumor, T2 that 
is ≤5 cm, N0, N1 (ipsilateral moveable axillary 
nodes), and M0 (no metastasis) tumors, which 
correlates to clinically stages I and II breast 

cancer. An important consideration as to which 
patients are candidates for BCT is practicality 
and cosmesis. The tumor to breast volume as well 
as location of the tumor, such as central or lower 
inner quadrant, may require nipple-areola com-
plex removal or result in signifi cant deformity of 
the breast and preclude standard approaches to 
BCT. Newer techniques of oncoplastic surgery 
described by Clough and Silverstein may allow 
for the accommodation of BCT in otherwise 
compromising locations. Nearly all BCT has 
been done on unifocal lesions with multicentric 
lesions being a contraindication for BCT [ 4 ]. 
Certain cases of closely approximated or “kissing 
lesions” have been successfully treated with 
BCT. More extensive areas when completely 
excised with oncoplastic techniques can result in 
excellent outcomes with BCT. 

 To be eligible for breast-conserving therapy, 
three conditions must be met. One must be able 
to obtain negative surgical margins, patient is 
able to undergo adjuvant radiation therapy, and 
the result must be cosmetically acceptable. 
Positive margins, due to lobular invasive or  ductal 
in situ disease, require excision to negativity and 
are amenable to BCT, as long as they meet the 
aforementioned criteria [ 4 ]. 

 Contraindications of lumpectomy are multi-
centric disease, persistently positive margins, 
early pregnancy, diffuse microcalcifi cations on 
preoperative mammogram, or prior history of 
breast radiation. Early pregnancy is a contraindi-
cation since whole breast radiation is contraindi-
cated during pregnancy. However, breast cancer 
detected during pregnancy in the second or third 
trimester may be able to be treated with lumpec-
tomy and sentinel node biopsy after which che-
motherapy can be administered followed by 
radiation following delivery. 

 With the advent of accelerated partial breast 
irradiation (APBI) and intraoperative radiation 
therapy (IORT), some patients may be offered 
shielded breast irradiation during the second or 
third trimester of pregnancy. Multicentric disease is 
defi ned as two or more primary tumors in separate 
quadrants of the same breast and is a contraindica-
tion to BCT. However, some patients with out-of-
fi eld recurrences are now being offered APBI or 
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IORT to those new areas of disease. Relative con-
traindications include whole breast radiation to a 
very large breast, lobular carcinoma in situ (LCIS), 
active connective tissue disease (such as systemic 
lupus erythematosus, scleroderma or radiosensitiv-
ity due to inherited ataxia telangiectasia), and a 
tumor larger than 5 cm in a patient with small 
breasts (due to a poor cosmetic result) [ 4 ].  

    Surgical Principles: Techniques 
in Breast Lumpectomy 

 BCT is routinely performed for malignant breast 
diseases. Particularly for malignant processes, 
there are myriad of surgical techniques and com-
plementary therapies being performed. All of 
these techniques have similar effi cacy rates, and 
selection should be a patient-centered decision. 

    Needle-Localized Lumpectomy 

 Preoperative image-guided needle localization of 
breast masses has been performed since the 1960s 
[ 11 – 13 ]. After being refi ned to include a hook 
wire to prevent needle migration, the technique 
quickly became the standard of care in excising 
breast masses [ 12 ]. Mammography, ultrasonog-
raphy, and magnetic resonance imaging are all 
used to guide needle placement. After placement, 
standard lumpectomy incisions are used to gain a 
rectangular or cylindrical block of tissue around 
the wire. Needle localization is a time-tested 
method, but effective excision depends both on 
the precision of radiological placement and surgi-
cal technique. Unfortunately, it does add another 
step in the procedure, which could lead to patient 
discomfort and inconvenience [ 13 ]. Nonetheless, 
it is arguably the most popular technique among 
surgeons.  

    Palpable Mass Excision 

 Excision of a palpable mass is indicated for those 
masses that are not visualized on mammography 
or for those with features that portend malignancy. 

Incisions should be made to facilitate excision 
while maintaining a good cosmetic result.  

    Hematoma Ultrasound-Guided 
Lumpectomy 

 Ultrasonography can be utilized to directly visu-
alize lesions and post-biopsy hematomas. The 
hematoma ultrasound-guided lumpectomy was 
described in 2001 and has become widely per-
formed [ 14 ]. After routine biopsy of breast 
lesions, a hematoma forms that is sometimes pal-
pable and most of the time is easily visualized 
under ultrasound guidance. Intraoperative ultra-
sound is used to localize the lesion, which guides 
incision placement. The ultrasound can then be 
used to ensure proper margin-free excision, and 
ex vivo ultrasonography ensures that the lesion is 
removed. Hematomas do resorb with time, so 
operative scheduling should be close to the biopsy 
date (within 6 weeks). This technique obviates 
the need for needle localization in many patients, 
but if lesions are not visualized with sonography, 
needle localization should be performed [ 14 ,  15 ].  

    Radioisotope (Seed) Localization 
Lumpectomy 

 Tc 99m  radioisotope sulfur colloid is used to iden-
tify draining lymph nodes of the primary tumor. 
It follows that if a different radioisotope could be 
inserted into target lesions, excision could be 
similarly guided by gamma counts. This has been 
performed and widely published since the early 
2000s [ 16 ]. Radiological or ultrasound placement 
of radioactive I 125  seeds can be used to localize 
the malignant lesion, and any of the gamma 
detection probes set on the I 125  setting can detect 
the seed even in the presence of the Tc 99m  which 
has been injected for lymphatic mapping of senti-
nel nodes. A gamma counter is used to guide both 
the incision and the extent of excision. This tech-
nique does require a preoperative radiological 
implantation, but improvements in margin nega-
tivity have cemented the use of this procedure in 
the breast surgeon’s armamentarium [ 17 ].  
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    Cryoablation-Assisted Lumpectomy 

 Cryoablation can be used in conjunction with 
intraoperative ultrasound to guide lumpectomy. 
Essentially, the lesion is visualized under ultra-
sound guidance and a cryoablation of the area is 
performed, followed by an ultrasound-guided 
lumpectomy of the area that was ablated. Margin 
negativity is acceptable using this technique for 
lesions less than 18 mm [ 18 ]. Larger lesions are 
more diffi cult to adequately ablate, and the abla-
tion process makes postoperative pathological 
analysis more diffi cult [ 19 ]. To further analyze 
the ability of cryoablation to eradicate intraductal 
carcinoma, the Cryoablation Trial Z0172 is in 
clinical Phase II trials at present.  

    Lumpectomy with Radiofrequency 
Ablation 

 Intraoperative radiofrequency ablation of the 
lumpectomy bed was examined in the early part 
of year 2000. Performance of this technique 
requires some specialized equipment and  surgical 
precision, but the consistent 1 cm margin of abla-
tion confi rmed on post-ablation cavity wall 
biopsy could prevent re-excision rates for speci-
men margin positivity. After lumpectomy, RFA 
probe is secured in the lumpectomy bed with a 
purse-string suture. Care is taken to keep the 
probe from causing skin burns, and Doppler 
ultrasonography can be used to manipulate the 
probe to prevent this [ 20 ]. It is possible that this 
could be defi nitive breast conservation therapy 
for some patients with favorable lesions, but this 
requires more evaluation [ 21 ].  

    Lumpectomy with Brachytherapy 

 Some patients with favorable tumors can avoid 
whole breast radiation therapy and undergo 
accelerated partial breast irradiation (APBI) [ 22 ] 
(see Table  13.1 ). This entails 1 week of radiation 
therapy that is often delivered through exterior-
ized catheters placed into or through the lumpec-
tomy cavity. Surgeons can assist with partial 

breast irradiation by placing brachytherapy cath-
eters through externalized catheters placed into 
or through the lumpectomy cavity devices into 
the lumpectomy cavity either intraoperatively or 
in the offi ce after lumpectomy. The catheter can 
be cumbersome for some patients, but given that 
the total radiation time is 1 week, it is widely 
tolerated [ 23 ]. Techniques of multiple polyeth-
ylene catheters placed in an array through and 
through the breast tissue traversing the lumpec-
tomy cavity were fi rst implemented over 30 years 
ago. Subsequent balloon catheter devices 
(MammoSite, ClearPath) were developed as well 
as bundled and strutted device with multiple poly-
ethylene catheters (SAVI) device. Treatment pro-
grams of 34 Gy delivered in 10 × 3.4 Gy fractions 
twice daily have been employed (see Table  13.2 ).

        Lumpectomy with Intraoperative 
Radiation Therapy 

 Intraoperative radiation therapy is a development 
in the spectrum of breast conservation therapy. 
This collaboration between breast surgeons and 
radiation oncologists begins by localizing and 
removing the tumor. Next, the radiation device 
(Intrabeam, Xoft) is placed within the lumpec-
tomy cavity and secured the radiation is deliv-
ered to the tumor and peritumoral tissues in a 
single fraction of 20 Gy. Proper therapy can be 
completed even in noncompliant patients given 
the one stage lumpectomy and radiation [ 25 ]. 
While intraoperative cost is higher, this elimi-
nates the long-term radiation therapy costs and 
ensures patient compliance with therapy [ 26 ]. 
The recent results of the TARGIT trial demon-
strate excellent short-term results with single 
20 Gy doses of IORT.   

    Margin Assessment 

 Obtaining adequate margins is of the utmost 
importance in breast-conserving surgery. 
Excision of the lesion in its entirety with ade-
quate margins is vital to minimizing the risk of 
a local tumor recurrence. However, overzealous 
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   Table 13.1    Professional medical society consensus guidelines for patient selection for APBI   

 ABS a   ASBS b   ACRO c   ASTRO d  

 Suitable  Cautionary  Unsuitable 

 Age  ≥50  ≥45  ≥45  ≥60  50–59  <50 
 Diagnosis  Unifocal, 

invasive ductal 
carcinoma 

 Invasive ductal 
carcinoma or 
DCIS 

 Invasive ductal 
carcinoma or 
DCIS 

 Invasive ductal or other 
favorable subtypes 
(i.e., mucinous, 
tubular, colloid) 

 Pure DCIS 
≤3 cm EIC 
≤3 cm 

 – 

 Tumor size (cm)  ≤3  ≤3  ≤3  ≤2  2.1–3.0  >3 
 Surgical 
margins 

 Negative 
microscopic 
margins of 
excision 

 Negative 
microscopic 
margins of 
excision 

 Negative 
microscopic 
margins of 
excision 

 Negative by at least 
2 mm 

 Close 
(<2 mm) 

 Positive 

 Nodal status  NØ  NØ  NØ  NØ (i−, i+)  –  Positive 

  There continues to be growing interest in the use of accelerated partial breast irradiation. To provide additional direction 
for patients and physicians regarding the use of APBI, consensus guidelines have been issued by the major physician 
professional societies 
  a Breast Brachytherapy Task Group, American Brachytherapy Society (ABS), February 2007 
  b Consensus statement for accelerated partial breast irradiation. American Society of Breast Surgeons (ASBS), October 
7, 2008 
  c American College of Radiation Oncology (ACRO) Statement on Partial Breast Irradiation, September 2008 
  d American Society for Radiation Oncology (ASTRO) Consensus Statement on Partial Breast Irradiation, July 2009  

   Table 13.2    APBI data review   

 Institution  # of cases 
 Median F/U
(months) 

 Local
recurrence (%) 

 Cosmesis good/
excellent (%) 

 ASBS MammoSite Registry  1,440  60.5  1.8  90 
 Virginia Commonwealth University  483  24  1.2  91 
 National Institute of Oncology,
Hungary Phase III Trial a  

 APBI 127  66  APBI 4.7  APBI 81 
 WBI 131  WBI 3.4  WBI 62 

 William Beaumont Hospital  199  71  1.6  92 
 Ochsner Clinic  164  65  3  75 
 RTOG 95–17  99  51  4  Not reported 
 Mass General Hospital  48  84  2  68 
 National Institute of Oncology,
Hungary Phase I/II Trial 

 45  80  6.7  84 

 MammoSite FDA Trial  43  66  0  83 
 Tufts/Brown  33  84  6.1  88 
 Total  2,681  65  APBI 3.1  84 

 WBI 2.8 

  Adapted from Polgar et al .  [ 24 ] 
 Not only does brachytherapy allow for a dramatic change in the treatment schedule from several weeks to just 5 days, 
it also is associated with fewer radiation-related toxicities and an improved cosmetic outcome. This chart summarizes a 
multitude of clinical trials evaluating the effi cacy of brachytherapy 
  a Conclusion: Partial breast irradiation using interstitial HDR implants or EB to deliver radiation to the tumor bed alone 
for a selected group of early-stage breast cancer patients produces 5-year results similar to those achieved with conven-
tional WBI. Signifi cantly better cosmetic outcome can be achieved with carefully designed HDR multi-catheter implants 
compared with the outcome after WBI  

resection may lead to a less than desirable cos-
metic outcome. Although there is no clear con-
sensus as to what constitutes a negative margin, 
many authors defi ne a positive margin as tumor at 

the inked margin and a close margin as tumor less 
than 2 mm from the inked margin. Defi nition for 
an adequate margin in the breast literature ranges 
from no tumor at ink to 10 mm. 
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 It is important to ensure a negative margin at 
the time of the initial resection. Although re- 
excision is possible and often performed for 
positive margins, this adds patient discomfort, 
cost and further anesthesia, and surgical risk. 
Currently re-excision rates for positive margin 
status vary greatly in the literature. A recent 
multi-institutional study of 2,206 women under-
going partial mastectomy found an overall 
re- excision rate of 22.9 %, with 9.4 % of patients 
requiring re-excision of two or more re-
excisions with 8.5 % of patients ultimately 
requiring a total mastectomy. The study found 
that younger women (age <35), thinner women 
(BMI <18.5), and those with initial margins of 
less than 1 mm are more likely to require a 
re-excision. 

 A study by Morrow et al. analyzing the SEER 
data from several institutions nationwide demon-
strated a stunning 40 % re-excision rate. DCIS, 
lobular carcinoma, and lymphovascular invasion 
also had higher re-excision rates. Obtaining a 
negative margin is important because margin sta-
tus affects the rate of local and overall recurrence. 
Local recurrence rates with negative margins 
found in the literature vary between 2 and 13 % 
and increase to 6–31 % if the margins are posi-
tive. However, it is important to remember that 
negative margins do not guarantee total eradica-
tion of disease but that the residual tumor burden 
is low enough to be treated with chemoradiation. 
Thus, factors such as intrinsic tumor biology and 
clinical stage play an important role in the risk of 
overall recurrence. 

 Margin assessment is especially diffi cult in 
clinically non-palpable lesions or lesions with 
poorly defi ned borders. Various techniques have 
been used to assess specimen margins to ensure 
adequate resection including optical assessment, 
intraoperative frozen section, and imprint cytol-
ogy. Ensuring an adequate margin begins with 
preoperative imaging. Standard imaging such as 
mammography, ultrasound, and MRI should be 
used to determine the size, location, and charac-
ter of the tumor. Ultrasound- or mammography- 
guided needle localization or clip placement near 
non-palpable tumors is helpful in identifying sus-
picious regions. However, this technique does not 

defi ne the borders of the lesion in a three- 
dimensional setting and thus does not ensure a 
negative margin. After careful surgical dissec-
tion, the specimen should be orientated and 
marked carefully as to ensure facile re-excision if 
necessary. A gross visual inspection of the speci-
men is always necessary to assess macroscopic 
disease. In addition, a number of surgeons use a 
variety of techniques to ensure adequate margins 
intraoperatively. Portable radiography systems, 
such as the Faxitron® and Kubtec® (XPERT 40) 
systems, allow for immediate radiographic analy-
sis of specimen margins following needle- 
localized excisions. The images can be sent 
immediately to radiology for further evaluation. 

 Although wire-guided localization has tradi-
tionally been viewed as the standard of care for 
localizing non-palpable breast lesions in breast- 
conserving therapy. Various new technologies 
have been introduced to augment and even sub-
stitute its role in localization and margin assess-
ment. Intraoperative specimen mammography 
provides an immediate image of the entire 
excised specimen. This allows radiographic 
visualization of suspicious areas and allows the 
 surgeon to excise additional margins at the time 
of lumpectomy, thus decreasing the rate of re- 
operative surgery. In Bathla et al.’s study of the 
utility of Faxitron mammographically guided 
intraoperative re-excision, 84.3 % of patients 
who underwent primary lumpectomy using this 
method had histologically clear margins at ini-
tial excision versus national rates of 55–68 % 
[ 27 ]. A total of 17.6 % of excisions had positive 
margins despite the use of 2D Faxitron imag-
ing. The sensitivity and specifi city of intraop-
erative margin assessment via 2D Faxitron 
imaging for patient with primary breast cancer 
quoted in this study were 58.5 and 91.8 %, 
respectively, with a positive predictive value of 
82.7 % and negative predictive value of 76.7 %. 
Thus, although intraoperative specimen mam-
mography improves the rate of negative mar-
gins at initial excision, it does not always 
predict negative histological margin. It should 
be used carefully in conjunction with the 
already established assessment tools available 
to ensure a negative margin. 
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 Intraoperative ultrasonography can also be 
used to aid margin assessment. Ultrasound local-
ization can be used alone for non-palpable lesions 
or used as an adjunct to the standard needle local-
ization procedure. Although some studies have 
shown a superior negative margin rate for 
ultrasound- guided excision versus needle local-
ization, this technique is only useful for lesions 
clearly visualized by the ultrasound and is often 
not useful in DCIS where lesions are diagnosed 
as calcifi cations on mammography. 

 Various other techniques have been used in an 
attempt to optimize margin negativity. Cryoprobe- 
assisted location (CAL) is one such method 
which uses liquid nitrogen or argon to freeze the 
lesion using an ultrasound-guided cryoprobe, 
transforming the non-palpable lesion to a solid 
palpable mass easily viewed by ultrasound. This 
technique was shown to have similar positive 
margin rates compared to needle-wire localiza-
tion lumpectomy while excising a smaller speci-
men. CAL also showed a benefi t in ease of 
lumpectomy, surgical cosmesis, and procedure 
time. However, the freezing process associated 
with this procedure alters the tumor morphology 
and interferes with pathological analysis of the 
specimen including tumor grade, distinguishing 
between in situ and invasive components, assess-
ment of mitoses and lymphovascular invasion, 
and expression of hormone receptors. 

 Radio-guided localization (RGL) has emerged 
as a novel method for localization of non- palpable 
breast lesions with the promise of improved mar-
gin clearance. This technology uses a radioactive 
tracer placement into the occult breast mass in 
order to aid with excision. Radio-guided occult 
lesion localization (ROLL) and radio-guided seed 
localization (RSL) are two approaches to this 
technology that has become increasingly popu-
lar. ROLL involves injecting (99m)Tc-labeled 
particles of human serum albumin (7–10 MBq) 
into the lesion under stereotactic mammographic 
or ultrasonic guidance then carrying out breast-
conserving surgery with the aid of a handheld 
gamma-detecting probe. After excision, the spec-
imen may be examined by either ultrasonography 
or mammography to verify complete lesion prior 
to histological evaluation. 

 RSL is utilized in a similar fashion but uses an 
implantable  125 I encapsulated titanium seed as the 
radioactive guide. The seed used in RSL has the 
added advantage of being easily visible on both 
mammography and ultrasound. The radioactive 
seed used in RSL has a relatively long half-life 
(60 days) compared to that of the Tc-labeled 
albumin used in ROLL (6 h), so it does not need 
to be performed on the day of surgery. 
Furthermore, RSL does not use the same radio-
tracer ( 99m Tc) as SLN mapping and causes less 
confusion when performing both procedures than 
ROLL. Recent data has shown at least equivalent 
outcomes between radio-guided localization and 
wire localization in terms of margin status. It 
shows promise as a useful tool in the future of 
breast conservation surgery. 

 Although the various technologies mentioned 
above have facilitated complete excision of breast 
lesions, defi nitive margin assessment is through 
pathological analysis. Some surgeons utilize frozen 
section in an attempt to confi rm negative margins at 
the time of the operation. Frozen section is fairly 
accurate, with sensitivity and specifi city quoted in 
the literature at approximately 90 and 100 %, 
respectively [ 28 ,  29 ]. However, this technique can 
be costly, time consuming, and labor intensive, and 
its use is often limited by these factors. 

 Intraoperative touch prep or imprint cytology 
offers a quicker and easier alternative to intraop-
erative frozen section. Using this method, each 
surface of the specimen is touched to a glass slide 
then stained and air dried. The slides are then 
screened to look for malignant epithelial cells, 
with the premise that malignant cells stick to the 
slide while benign cells do not. Therefore, a neg-
ative margin will show no epithelial cells or rare 
benign epithelial or non-epithelial cells, while a 
positive margin will show atypical or malignant 
epithelial cells. This method is useful in deter-
mining positive margins but does not indicate 
when margins are close. Current data shows that 
imprint cytology demonstrates sensitivities of 
80–100 %, specifi cities of 83–100 %, and diag-
nostic accuracies of 73–100 %. In addition, the 
effi cacy of intraoperative imprint cytology has 
been well established in a large series of 1,713 
patients published by Weinberg et al. [ 30 ]. 
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The study showed that imprint cytology provided 
an accurate evaluation of lumpectomy margins 
and was associated with an overall decrease in 
overall 5-year local recurrence from 8.8 to 2.8 % 
compared to frozen section.  

    Recurrence After Lumpectomy 

 Recurrence after breast-conserving therapy must 
be broken down into local (occurring in the con-
served ipsilateral breast), regional (occurring in 
the ipsilateral axillary, supraclavicular, infracla-
vicular, or internal mammary lymph nodes), and 
distant (outside of the ipsilateral breast and lymph 
nodes). BCT has been shown to be equivalent 
compared to MRM in terms of disease-free and 
overall survival. The overall recurrence rates have 
been found to be 0.5–2 % per year. Two large ran-
domized studies, the Milan trial and NSABP trial, 
demonstrated these fi ndings with short- and long-
term follow-up for patients with stages 0, I, and II 
disease. The NSABP B-06 trial evaluated the 
effectiveness of lumpectomy with and without 
radiation versus modifi ed radical mastectomy in 
patients with tumors ≤ 4 cm. The recurrence rate 
at 5 years for lumpectomy with radiation was 
7.7 % [ 31 ]. By 8 years after treatment, this was up 
to 10 % [ 32 ]. However, the patients treated with 
lumpectomy alone (no radiation) had a recur-
rence rate of nearly 40 %. Patients who had posi-
tive nodes and were treated with chemotherapy, 
radiation, and lumpectomy had a local recurrence 
rate of only 6 %. Twenty- year follow-up data of 
this trial has found a hazard ratio for death of 1.05 
(lumpectomy without radiation compared to mas-
tectomy) and 0.97 (lumpectomy with radiation 
compared to mastectomy) [ 3 ]. 

 Despite the risk of death being nearly equal, 
the risk of local recurrence was signifi cantly 
higher in the lumpectomy without radiation group 
(39.2 %) compared to the lumpectomy with radia-
tion (14.3 %) and the mastectomy (10.2 %). Over 
73 % of the recurrences in the lumpectomy with-
out radiation group occurred within the fi rst 
5 years, while 40 % of those undergoing lumpec-
tomy plus radiation had a recurrence within the 
same time span. The 20-year follow-up data for 

the Milan trial [ 10 ] differs from the NSABP trial 
suggesting a higher incidence of local recurrence 
in the breast conservation group (8.8 % ± 3.2) 
compared to the mastectomy group (2.3 % ± 0.8). 
Despite the difference in recurrence rates, both 
treatment options showed comparable overall sur-
vival as well as risk of death from breast cancer 
(26.1 % vs. 24.3 %, respectively). These results 
were later confi rmed in a large meta-analysis of 
nearly 42,000 patients [ 33 ]. 

 Imprint cytology has shown to decrease the risk 
of recurrence in patients undergoing breast conser-
vation therapy. In a study published in 2004 [ 30 ], 
recurrences after BCT performed at an outside 
institution using frozen and permanent sections to 
determine margins were compared to those per-
formed at the Moffi tt Cancer Center where imprint 
cytology was used to determine margins. The 
results were dramatic, with imprint cytology 
reducing the recurrence rate from 8.8 to 2.8 % for 
all types of breast cancer. The breakdown for each 
type of cancer can be seen in Table  13.3 .

   While BCT certainly has advantages to the 
patient compared to a traditional MRM, there are 
a number of risk factors that have to be consid-
ered prior to surgery that can increase the risk of 
recurrence in patients undergoing BCT. The most 
common risk factors debated among the litera-
ture are large tumor size, multiple tumors, axil-
lary lymph node involvement, young age, high 
nuclear grade, hormone receptor status, lack of 
radiation, and margin status. Of these risk fac-
tors, achieving a clear surgical margin is the only 
factor that can be controlled by the surgeon. 
Some studies suggest that it is not the width of 
the negative margin, but the mere status of having 
a negative margin. It is common practice of many 
surgeons to perform a re-excision if the cancer is 
within 2 mm of the margin when examined by the 
pathologist. Age less than 40 years has been 
shown to increase the risk of recurrence by 1.8 % 
while being ER negative increases it by 1.5 % 
[ 34 ]. Their study also confi rms what has been 
shown in many other studies that adjuvant radia-
tion therapy after lumpectomy signifi cantly 
decreases the chance of recurrence (HR 0.39). Of 
note, other groups feel the age that worsens prog-
nosis is less than 35 years old [ 35 ]. 
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 Treatment of recurrence after BCT depends 
on the initial operation and location of recur-
rence. For local recurrence, patients who undergo 
BCT with radiation should return to the OR for a 
total mastectomy with repeat sentinel node 
biopsy. If follow- up has demonstrated regional or 
local and regional recurrence in the axilla, the 
patient should be evaluated for possible resection 
and then be evaluated for chest wall, supracla-
vicular, infraclavicular, and axillary radiation. If 
the regional recurrence is in the supraclavicular 
or internal mammary nodes, surgical resection 
may be indicated and the patient should receive 
localized radiation therapy. When recurrent dis-
ease is systemic, then no surgical intervention is 
warranted and the patient should be evaluated for 
chemotherapy.  

    Oncoplastic Reductions 

 As BCT became an acceptable option for many 
women instead of a mastectomy, the concept of 
oncoplastic breast surgery evolved from its early 
attempts to preserve breast tissue. Over time, 
BCT has been regarded as a minimalist approach, 
with the assurance that the cancerous lesion is 
excised in its entirety. Oncoplastic surgery pro-
vides a range of possibilities to allow a more 
“cosmetic” result. A range of applications stem 
from breast reduction, skin and nipple sparing, 
and autologous reconstruction. It combines onco-
logic principles with plastic surgery techniques, 
requiring vision of symmetry and aesthetics and 
understanding of breast anatomy and contour. 

 For those women with large breasts and breast 
tumor, the volume of breast tissue allows for 
tumor resection and reduction mammoplasty. 
After the tumor has been excised with suffi cient 
tissue to ensure negative margins, large breasts 
allow for a better aesthetic result. Papp et al. [ 36 ] 
observed an overall improved aesthetic outcome 
with patients in the immediate mammoplasty 
group compared to those with delayed reconstruc-
tion. Indications for bilateral reduction mammo-
plasty are large, pendulous breasts, tumor location 
to allow for negative margins, tumor located in 
lower quadrants, signifi cant area of redundant 
skin remaining after tumor resection, and tumor 
location in area where a poor aesthetic result is 
likely (for instance, underneath the nipple) [ 37 ]. 

 The option to provide a bilateral reduction 
mammoplasty at the same time of the oncologic 
resection does increase the overall surgical time. 
In certain patients with multiple comorbidities, a 
lengthened anesthetic state may not be suitable. 
Radiation therapy for certain patients after their 
reconstruction causes some degree of fi brosis and 
retraction of tissue [ 38 ]. Furthermore, postopera-
tive complications in terms of wound healing can 
pose a delay in adjuvant therapy. Poor healing 
can lead to wound dehiscence, fat necrosis, fl ap 
necrosis, nipple-areola complex necrosis, wound 
infection, hematoma, and seroma [ 39 ]. A conser-
vative approach to wound dehiscence consists of 
local debridement and revision if necessary. 
However, fl ap necrosis and nipple-areola com-
plex necrosis are due to poor vascularity to area 
and tension in fl ap. These complications can be 
prevented by preservation of perforator vessels 
and beveling of the fl ap. 

 The key concepts to a reduction mammoplasty 
are to preserve adequate vascular supply to the 
nipple-areola complex as well as to the remaining 
breast parenchyma. The Wise pattern, also 
referred to as the “keyhole” approach, creates the 
classic inverted T- or anchor-shaped incision. The 
fi rst line marker is from the suprasternal notch 
advancing inferiorly as it intersects with a mid-
clavicular line at a point where the current nipple 
exists. The distance between the midline and new 
nipple should be approximately 9–10 cm, and the 
lines from the suprasternal notch and the new 

   Table 13.3    BCT recurrence rates without and with 
imprint cytology (IC)   

 Recurrence 
 OSH
without IC 

 Moffi tt
with IC   P  value 

 Overall  8.8 %  2.8 %  <0.0001 
 DCIS  8.8 %  4.0 %  0.105 
 IDC  9.5 %  2.7 %  <0.0001 
 ILC  5.1 %  1.5 %  0.166 
 Mixed  0  2.9 %  0.558 

  Adapted from Weinberg et al. [ 30 ] 
  DCIS  ductal carcinoma in situ,  IDC  invasive ductal carci-
noma,  ILC  invasive lobular carcinoma,  Mixed  mixed duc-
tal and lobular carcinoma  
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nipples on both sides should form a right triangle 
[ 40 ]. The tumor location is marked and a keyhole 
marks the excision area to include the area of 
breast to be removed. A pedicle width is chosen, 
approximately 8–10 cm, based on the tumor loca-
tion. The inferior- or superior-based pedicle 
should be within 1.5 cm from the areola. After 
the tumor is resected, an incision is created along 
the markings and de-epithelization is performed 
to create the pedicle. Thickness of the pedicle is 
between 4 and 8 cm at the base and 3–5 cm at the 
nipple-areola complex. Flaps are created and the 
parenchymal tissue is excised, followed by trans-
position of the pedicle and the fl aps aligned and 
approximated to these new margins of skin [ 41 ]. 

 Similarly to the Wise pattern for reduction 
mammoplasty, a vertical pattern offers similar 
results. Once the tumor is excised, the breast is 
pushed medially and laterally against a vertical 
line. The medial and lateral incision lines delin-
eate the areas of resection. The inferior margin of 
the excision is 4 cm superior to the inframam-
mary fold. A pedicle 8–10 cm in width with a 
1.5 cm margin around the areola is designed. The 
dermal pedicle is de-epithelialized, parenchymal 
tissue is excised, and the dermal pedicle is trans-
posed, advancing and closing the skin fl aps as 
performed with the Wise pattern [ 42 ]. 

 As to oncologic and adjuvant treatment bene-
fi ts, for instance, radiation, immediate mammo-
plasty reduction allows for an overall better tissue 
composition. In patients with large, pendulous 
breasts, clinical series note increased complica-
tions after radiation, in comparison to smaller 
breasts [ 43 ]. The increased fat content in large 
breasts, the fatty tissue, results in more fi brosis 
after radiation therapy. Increased skin retraction 
and asymmetry is noted in this group of patients, 
preventing a better cosmetic result. 

 From an oncologic perspective, the ability to 
resect and remove further tissue allows for a 
greater possibility of negative margins. In patients 
with oncologic mammoplasty reduction, the core 
of the tumor and substantial excision of sur-
rounding tissue permits a negative resection mar-
gin [ 44 ]. The reduction allows a larger mean 
volume of breast tissue, potentially reducing the 
incidence of margin involvement. One drawback 
of these oncoplastic approaches is the fact that 

once the excision has occurred and the breast tis-
sues are rearranged,    the margins that remain pos-
itive can be nearly impossible to accurately locate 
and re-excise. The solution to this dilemma has 
been solved in the authors’ experience by placing 
a Cavity Evaluation Device (CED) into the 
lumpectomy cavity at the time of primary exci-
sion. It is then embedded into the breast, bringing 
the fi ll valve just under the skin at a position that 
would make subsequent catheter-based APBI an 
appropriate treatment in this population of 
patients. If indeed the margins remain positive on 
fi nal pathology, it is relatively easy to go back 
through the prior incisions to the balloon cavity 
and re-resect the appropriate margin(s). Again, 
you must await fi nal pathology, fi nally exchang-
ing the CED for an APBI treatment catheter. 

 This method provides a number of advan-
tages: accurate excision of the tumor-bearing 
area with wide margins, accurate identifi cation of 
the lumpectomy site for subsequent radiation 
therapy, accurate identifi cation of margins in the 
event of a pathologically positive margin, the 
ability to accurately fi nd and re-excise the mar-
gin, and ultimately the ability to apply APBI 
treatment options. The latter is associated with 
less breast deformity and shrinkage to a group of 
patients that have undergone plastic reductive 
procedures for improved cosmesis that can be 
greatly altered by the long-term consequences of 
whole breast irradiation. For those patients with 
the criteria necessary for whole breast irradiation, 
the placement of the CED and subsequent APBI 
for tumor bed boost dosing enhances the accu-
racy and effectiveness of that treatment. In 
women with large, pendulous breasts, oncoplas-
tic reduction provides the ability to fully excise 
the existing tumor without leaving a signifi cant 
defect from its resection, while remodeling the 
surrounding breast tissue to provide an aesthetic 
as well as functional outcome.  

    Controversial Topics in Breast 
Conservation Therapy 

 Breast conservation therapy has an equivalent 
effi cacy when compared with mastectomy for 
early-stage breast cancers. As surgical techniques 
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and medical treatments advance, more patients 
are becoming candidates for BCT which is 
obscuring the boundaries between lumpectomy 
and mastectomy. 

    Breast Conservation for Large Tumors 

 Lumpectomy and radiation had traditionally been 
offered for tumors less than 20 mm in size. 
NSABP B-06 included patients with up to 40 mm 
tumors, and subsequent series of patients with 
larger tumors have been published. Dongen et al. 
published a series in 2000 with inclusion criteria 
up to 50 mm in size [ 8 ]. Their series had nearly 
900 patients and a 13.4-year median follow-up. 
With regard to overall survival and distant dis-
ease, there was no difference between the BCT 
and mastectomy groups. However, local recur-
rence in this series was higher in the BCT group 
(20 %) than in the group who had mastectomy 
(12 %). Even for T3/T4 cancers, BCT outcomes 
were found to be acceptable when compared with 
mastectomy. In one series with 196 patients, 
overall survival, breast cancer-related survival, 
and local recurrence-free survival were equiva-
lent between BCT and mastectomy [ 45 ]. 

 Much like large tumors, centrally located 
tumors have traditionally been treated with mas-
tectomy because the oncoplastic result has previ-
ously been in question. A head to head comparison 
of BCT for central tumors with BCT for tumors 
on the breast periphery involving 1,485 patients 
showed no difference in 5-year overall, local, or 
distant recurrence-free survival between the 
groups [ 46 ]. Furthermore, oncoplastic techniques 
have improved the cosmesis after these opera-
tions. One subset of patients where lumpectomy 
has shown to be feasible for large tumors includes 
those women with breast hypertrophy/macro-
mastia. One series used partial mastectomy with 
immediate reduction mammoplasty to treat 
tumors 0.05–8.9 cm large. There was no differ-
ence in recurrence or complication rate attribut-
able to tumor size [ 37 ]. Advances in neoadjuvant 
therapy and oncoplastic techniques are being 
explored, and these will continue to allow for 
broadened indications for BCT, even in the set-
ting of locally advanced disease.  

    Lumpectomy After Neoadjuvant 
Therapy 

 As with other malignancies, neoadjuvant therapy 
is being utilized to downstage tumors in breast 
cancer with a couple of goals in mind. The fi rst 
goal is to offer more patients breast conservation 
therapy as neoadjuvant therapy pushes tumor size 
into nationally acceptable parameters. The other is 
to use response to predict patient outcomes. Large 
series have been completed, and these have shown 
that BCT with neoadjuvant therapy has resulted in 
acceptable rates of recurrence. In a series of 340 
patients at MD Anderson Cancer Center, neoadju-
vant therapy was used prior to BCT, with 96 % of 
these patients with initial stage II or stage III dis-
ease. BCT after neoadjuvant therapy in their study 
produced acceptable rates of local recurrence and 
ipsilateral breast recurrence, but they did notice a 
subset of patients for whom BCT was less effec-
tive in controlling disease. These were patients 
with nodal involvement at diagnosis, multifocal 
disease pattern, lymphovascular invasion, and 
large residual tumor. Consequently, they devel-
oped a  prognostic index to predict successful BCT 
after neoadjuvant therapy [ 47 ]. 

 A 325-patient study out of Vienna analyzed use 
of neoadjuvant therapy and BCT in patients with 
lobular carcinoma [ 48 ]. There was no difference 
in local recurrence in those patients with ductal 
versus lobular carcinoma. Fifty-three month fol-
low-up showed no difference in local recurrence 
between those lobular carcinoma patients who 
had mastectomy and BCT. Furthermore, neoad-
juvant therapy made BCT an option in 45 % of 
patients originally scheduled for mastectomy. 
Likewise, others have seen neoadjuvant therapy 
enable BCT in nearly 50 % of patients, while 
also delineating how response to therapy does 
impact overall survival [ 49 ]. Five-year survival 
was 100 % for those who achieved a complete 
response, while partial and nonresponders had 
74 and 48 % 5-year survival, respectively. The 
general trend has been for more widespread use 
of neoadjuvant therapy. This has been predicated 
upon the fact that it has allowed more patients to 
undergo BCT, in addition to enabling assessment 
of tumor response to therapy as an important 
prognostic tool for survival.      
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      Abbreviations 

   DCIS    Ductal carcinoma in situ   
  NAC    Nipple-areola complex   

          Introduction 

    The mastectomy procedure has evolved consider-
ably since the era of the radical mastectomy. In 
the late 1800s, Halsted and Mayer described the 
radical mastectomy in individual reports on the 
treatment of breast cancer. The radical mastec-
tomy involved removal of the breast and pectoral 
muscles in conjunction with an axillary and 
infraclavicular lymph node dissection [ 1 ,  2 ]. At a 
time when no effective adjuvant treatment 
existed, this en bloc resection provided the best 
rates of local control. The obvious drawbacks to 
such a radical procedure included chronic lymph-
edema, as well as neurologic defi cits related to 

transection of the long thoracic and thoracodor-
sal nerves, which was routinely performed at 
the time. 

 By the mid-1900s, the modifi ed radical 
 mastectomy, which spared the pectoral muscles, 
began to gain widespread support as a less 
 morbid procedure that could achieve results 
equivalent to the radical mastectomy [ 3 – 6 ]. The 
modifi ed radical mastectomy would in subse-
quent decades be replaced by the total or simple 
mastectomy, which eliminated the axillary 
lymph node dissection. However, around the 
same time, other groups advocated for a more 
extensive resection as a means of achieving 
greater local control, the extended radical mas-
tectomy [ 7 ,  8 ]. The extended radical mastec-
tomy was a more morbid procedure removing 
not only the infraclavicular and axillary lymph 
nodes but also the supraclavicular and paraster-
nal lymph nodes. 

 To address this growing dichotomy in surgical 
treatment options, the fi rst randomized trials in 
breast cancer treatment were conceived. These tri-
als examined the debated approaches to local con-
trol. As early as 1951, the Danish trial began to 
enroll patients diagnosed with breast cancer to 
either simple mastectomy followed by radiation or 
extended radical mastectomy [ 9 ]. In multiple 
reports from this, as well as other randomized con-
trolled trials, it became evident that there was no 
difference in survival between the two groups. In 
the United States, the modifi ed radical  mastectomy 
had replaced the radical mastectomy as the stan-
dard therapy for breast cancer by the 1980s [ 10 ]. 
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 In the decades that followed, debate centered 
on the treatment of breast cancer with breast con-
servation (lumpectomy and radiation) vs. mastec-
tomy. Subsequent randomized controlled trials 
demonstrated equivalence of the two approaches 
and have resulted in more women now being 
treated with breast-conserving surgery [ 11 – 14 ]. 
However, there are still instances in which mas-
tectomy remains the procedure of choice. The 
choice of mastectomy technique largely depends 
on the indication, tumor characteristics, and plans 
for reconstruction. Currently, several mastec-
tomy techniques can be used including the simple 
mastectomy, skin-sparing mastectomy, and the 
nipple-areola-sparing mastectomy.  

    Indications for Mastectomy 

•     Presence of contraindications to breast- 
conserving surgery

 –    Multicentric disease  
 –   Previous chest radiation     

•   Inability to achieve cosmetically acceptable 
result with lumpectomy  

•   Patient preference  
•   Risk reduction of second ipsilateral or contra-

lateral breast cancer  
•   Infl ammatory breast cancer    

 Although most women will be candidates for 
breast-conserving surgery, mastectomy is at times 
the more appropriate procedure. These situations 
vary from the presence of an absolute contraindica-
tion to breast conservation to patient preference. 

    Scenario 1 

      A patient presents following a workup demonstrat-
ing a 1 cm mass within the upper outer quadrant of 
the right breast, with an additional area of micro-
calcifi cations within the right lower inner quad-
rant. Core needle biopsy of both suspicious areas 
demonstrates invasive ductal carcinoma in the 
upper outer quadrant and ductal carcinoma in situ 
(DCIS) in the lower inner quadrant. 

   This patient has multicentric disease, for which 
the current recommended treatment is mas-

tectomy. There is some retrospective evidence 
demonstrating equivalent outcomes with breast-
conserving surgery in select cases of multicentric 
disease [ 15 – 17 ]. However, there are no pro-
spective, randomized trials that have addressed 
this issue and so for now the standard remains 
mastectomy.  

    Scenario 2 

   A 36-year-old female with a past medical history 
of mantle radiation as a teenager for Hodgkin’s 
lymphoma presents with a new diagnosis of left 
breast cancer… 

   Prior chest wall radiation may be a contraindica-
tion to breast-conserving surgery depending on 
the dose and radiation fi eld. In these cases, details 
on prior radiation exposure are very important in 
determining the optimal surgical options of either 
breast conservation or mastectomy.  

    Scenario 3 

   A 54-year-old woman with scleroderma presents 
with a diagnosis of breast cancer… 

   Patients with active collagen vascular disease 
such as systemic lupus erythematosus or sclero-
derma may not be candidates for radiation therapy 
(therefore not candidates for breast conservation 
therapy) secondary to poor wound healing and 
subsequent complications.  

    Scenario 4 

   A 29-year-old woman at 14 weeks gestation pres-
ents with right breast invasive ductal carcinoma… 

   As radiation therapy cannot be given to patients 
during pregnancy, breast conservation may not 
be a feasible option during early pregnancy. This 
depends on the stage of gestation and whether 
or not radiation therapy can be timely adminis-
tered after delivery in relation to  chemotherapy, 
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if indicated. Some women will simply prefer to 
have a mastectomy as defi nitive treatment during 
pregnancy.  

    Scenario 5 

   A 39-year-old female with a BRCA gene mutation 
is recently diagnosed with a right invasive ductal 
carcinoma and presents to your offi ce desiring 
bilateral mastectomies… 

   Mastectomy may be a better option for the patient 
who is found to have a BRCA gene mutation, as 
they are certainly at a very high risk of a new pri-
mary and contralateral breast cancer. Increasingly 
common is the election of bilateral mastectomies 
in this population.  

    Scenario 6 

   A 65-year-old woman presents with infl ammatory 
breast cancer… 

   The treatment of infl ammatory breast cancer 
mandates a mastectomy. This occurs after the 
completion of neoadjuvant chemotherapy, with a 
modifi ed radical mastectomy being the procedure 
of choice in this scenario.   

    Mastectomy Techniques 

 There are several techniques by which a mastec-
tomy can be performed. The procedure involves 
the removal of the entire breast parenchyma with 
varying degrees of skin, with or without removal 
of the nipple-areola complex. The choice of tech-
nique depends largely on the size of the breast 
and whether or not immediate reconstruction is 
planned. Incision choice is often dictated by the 
technique as well as the size and shape of the 
breast and to some extent surgeon and patient 
preference. The choice of incision also depends 
on the existence of previous biopsy or lumpec-
tomy incisions and whether or not the tumor is 
adherent to the skin. In all techniques, the limits 

of resection are the clavicle superiorly, the lateral 
border of the sternum medially, the inframam-
mary crease inferiorly, and the anterior border of 
the latissimus dorsi laterally.  

    Simple Mastectomy 
(Non-Skin-Sparing) 

 The simple mastectomy is well suited for those 
patients who will not have immediate reconstruc-
tion. In this type of mastectomy, most of the skin 
is removed. On completion, the incision is 
expected to lie fl at against the chest wall without 
leaving excess amounts of tissue at the medial 
and lateral limits of the incision. This allows 
proper positioning of prosthesis and limits poten-
tial discomfort resulting from redundant skin. 

 The simple mastectomy removes all the breast 
parenchyma with the nipple-areola complex and 
the skin, leaving just enough skin to close the 
wound without undo tension. The most com-
monly used incision is the Stewart elliptical inci-
sion, which extends medially from the sternum to 
the latissimus laterally and will encompass most 
tumors located central and laterally. Depending 
on the position of the tumor, the Stewart incision 
can also be placed obliquely as in the modifi ed 
Stewart or Orr incision (Fig.  14.1 ). These oblique 
incisions can be placed with the medial aspect 

  Fig. 14.1    Oblique elliptical incision for simple mastectomy       
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directed cephalad to encompass tumors in the 
upper inner quadrant and lower outer quadrant of 
the breast. They can also be positioned so that the 
medial aspect is pointing caudad to encompass 
tumors located in the lower inner quadrant or 
upper outer quadrant. The incision should encom-
pass any previous lumpectomy scars and any area 
of the skin that is adherent to the tumor.

   An incision is made through the dermis and 
the skin is elevated using penetrating skin hooks. 
A dissection plane is developed in the avascular 
plane between the breast parenchyma and the 
subcutaneous tissue ensuring preservation of the 
subcutaneous vasculature. The dissection pro-
ceeds utilizing electrocautery as necessary or 
with a scissors or knife depending on surgeon 
preference. The mastectomy skin fl aps are then 
created, allowing removal of all breast 
 parenchyma while leaving a layer of subcutane-
ous fat. Acceptable fl ap thickness varies by 
patient and amount of subcutaneous fat present. 
Skin fl aps should not be so thin as to compromise 
blood supply and lead to skin necrosis. However, 
creating fl aps that are too thick will leave behind 
breast tissue that may lead to an increased risk of 
tumor recurrence. 

 Once the skin fl aps have been dissected supe-
riorly to the clavicle, inferiorly to the inframam-
mary fold, medially to the sternal border, and 
laterally to the latissimus dorsi, the breast is 
removed from the pectoralis major muscle. 
Elevation of the breast from the pectoralis major 
is usually performed with electrocautery. The 
superior margin of the breast is grasped and 
retracted caudad, while the pectoralis fascia is 
removed with the breast leaving the underlying 
pectoralis major muscle intact. At times when the 
tumor is abutting or invading the pectoralis mus-
cle, this area of muscle can be removed with the 
specimen. Perforating vessels should be con-
trolled with electrocautery, clips, or ties. As the 
dissection progresses inferolaterally, care is taken 
to preserve the fascia of the serratus muscle. 
Toward the axillary tail, the lateral mammary 
branches entering the breast are ligated and 
divided. The breast is divided at the axilla, which 
is recognized by visualization of the clavipec-
toral fascia.  

    Skin-Sparing Mastectomy 

 The skin-sparing mastectomy as described by 
Toth and Lappert [ 18 ] achieves removal of all 
breast parenchyma with the nipple-areola 
 complex and minimal skin excision (fi gure  14.2 ). 
This technique is well suited for patients who 
are having immediate tissue or implant 
reconstruction.

       Nipple-Areola-Complex-Sparing 
Mastectomy 

 First described in the 1960s by Freeman [ 19 ] 
as the subcutaneous mastectomy, the nipple-
areola- complex (NAC)-sparing mastectomy 
was intended to achieve an improved cosmetic 
result by preserving the NAC. This procedure 
was initially performed selectively at very few 
institutions, as there were concerns for oncologic 
outcomes as well as appropriate selection crite-
ria. In women undergoing prophylactic mastec-
tomy, nipple-areola-sparing mastectomy is well 
accepted as a safe procedure. There remains con-
troversy regarding its use in women with invasive 
cancer. However, an increasing body of evidence 
supports nipple-areola-sparing mastectomy in 
select patients. This includes women who have 
small (<3.5 cm), peripherally located tumors that 
are >2 cm from the nipple, a negative axilla and 
have not been treated with neoadjuvant chemo-
therapy [ 20 – 23 ]. Frozen sections are routinely 
sent in patients with invasive cancer or DCIS to 
confi rm a negative nipple margin before proceed-
ing with nipple-areola-sparing mastectomy. In 
our experience, the overall rate of nipple involve-
ment was 10.6 % [ 24 ]. 

 There are several incisions that can be used for 
the NAC-sparing mastectomy, including the 
inframammary fold, various lateral incisions, 
vertical incision, and an incision that incorpo-
rates a reduction mastectomy (Fig.  14.3 ). The 
choice of incision is largely predetermined by the 
size of the breast as well as the extent of ptosis. A 
well-placed incision facilitates removal of all 
breast parenchyma within the boundaries of a tra-
ditional mastectomy. In women who present with 

T.-A. Moo and R.M. Simmons



219

small, non-ptotic breasts, this can be done 
through an inframammary incision. However, in 
the larger ptotic breast, a variation of the lateral 
or vertical incision is better suited for performing 
an oncologically safe procedure with survival of 
the breast skin.

   Once the skin incision has been made, fl aps 
are raised in the usual fashion. The creation of 
skin fl aps for the nipple-areola-sparing mastec-
tomy is often more challenging than with the 

simple mastectomy or skin-sparing mastectomy. 
The use of a knife, scissors, or electrocautery 
depends on surgeon preference. As progress is 
made along the fl ap, a lighted retractor may be 
useful to ensure adequate retraction and fl ap 
thickness. The nipple is dissected from the under-
lying duct tissue sharply; this may be done with 
or without nipple tumescence. We have found 
that insertion of a 2-0 silk stitch through the nip-
ple allows the assistant to elevate the nipple, 

a b

c d

  Fig. 14.2    Skin-sparing mastectomy incisions: ( a ) peri-areolar, ( b ) reduction, ( c ) tennis racquet, ( d ) modifi ed ellipse       
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which facilitates dissection of the underlying 
ductal tissue. 

 Once the ductal tissue is removed, the nipple 
is inverted and an additional nipple margin is 
taken and sent for frozen section. After the skin 
fl aps have been created, removal of the breast 
from the chest wall including the pectoral fas-
cia with the specimen must be accomplished. 
Often this dissection is most easily done by 
beginning at the lateral aspect of the breast and 
proceeding medially and inferiorly until the 
breast is completely removed up to the sternum. 
The breast can then be delivered through the 
incision and refl ected cranially to facilitate 

 dissection of the superior aspect away from the 
chest wall. If the mastectomy has been per-
formed through an inframammary incision, 
then separation of the breast parenchyma begin-
ning at the inframammary crease and progress-
ing superiorly toward the clavicle is more 
feasible.  

    Management of the Axilla 

 The mastectomy procedure (non-skin-sparing, 
skin-sparing, or nipple-areola-sparing) can be 
combined with either a sentinel lymph node 

a b

cd

  Fig. 14.3    Nipple-areola-complex-sparing incisions: ( a ) inframammary, ( b ) lateral, ( c ) vertical, ( d ) reduction       
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biopsy for staging of the axilla or a formal axil-
lary lymph node dissection. 

 The mastectomy incision may also provide 
access to the axilla for dissection or sentinel 
lymph node biopsy. In those instances where the 
incision does not allow axillary access, a small 
counterincision in the axilla can be made or a lat-
eral extension can be added to the primary inci-
sion. In cases where there is a preexisting incision 
on the breast, the mastectomy incision is designed 
to incorporate the previous incision. If it is not 
possible to include the previous incision, the area 
can be excised separately as long as this can be 
done without compromising the blood supply to 
the intervening skin bridge. 

 In the case of a patient with a positive axilla, a 
modifi ed radical mastectomy is performed which 
combines a simple mastectomy, skin-sparing 
mastectomy, or nipple-areola-sparing mastec-
tomy in an en bloc resection with the axillary 
lymph node dissection.  

    Complications 

 Complications of mastectomy include early and 
late events. In the early postoperative period, one 
must be vigilant for ongoing bleeding and hema-
toma formation, a complication reported in less 
than 5 % of patients [ 25 ]. The use of closed suc-
tion drainage will often allow early detection of 
ongoing bleeding, and a fi rm swelling on the chest 
wall usually indicates subsequent hematoma for-
mation. This is often accompanied by complaints 
of increased pain from the patient. In these situa-
tions, the patient should be evaluated by the sur-
geon and a decision made whether to attempt 
compression or immediate evacuation. Flap isch-
emia or necrosis may also be seen in the early 
postoperative period and are often managed with 
watchful waiting and delayed debridement of 
nonviable tissue. Large areas of skin loss requir-
ing debridement may necessitate split- thickness 
skin grafts or rotational fl aps for coverage. 

 Late complications include infection and 
seroma formation. Manifestations of infections 
include superfi cial cellulitis, wound drainage, and 
skin breakdown. This may be treated with a 

 combination of antibiotics, aspiration, or debride-
ment. Particularly in the presence of a foreign body 
(tissue expander or implant), careful attention must 
be paid to the expedient administration of intrave-
nous antibiotics. Infectious complications are gen-
erally handed in conjunction with the plastic 
surgeon when an expander or implant is present. 
Seroma formation is the most common complica-
tion after mastectomy, reported in 10–30 % of 
patients [ 26 ,  27 ]. While small fl uid collections 
without evidence of infection may be observed, 
larger symptomatic seromas require aspiration and 
sometimes placement of a drainage catheter. 

 Nipple-sparing mastectomy has particular 
considerations. The presence of occult metastasis 
detected on permanent pathology should be 
treated with resection of the nipple. Partial or 
complete nipple necrosis may also occur, requir-
ing debridement of the nipple.  

    Considerations for the Plastic 
Surgeon 

 Currently, the treatment of breast cancer with 
mastectomy includes the proper screening and 
selection of patients for breast reconstructive sur-
gery. While some patients will decline recon-
struction for various reasons, most will meet a 
plastic surgeon in advance of their operation in 
order to better understand their options for recon-
struction. Once the decision to proceed with mas-
tectomy has been made, the patient should be 
referred to plastic and reconstructive surgery for 
consultation. Communication between the breast 
surgeon and plastic surgeon is important for opti-
mal surgical planning. Decisions on mastectomy 
technique as well as incision are often made with 
the input of the patient, breast surgeon, and plas-
tic surgeon.     
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            Introduction 

    Infl ammatory breast cancer (IBC) is the most 
aggressive form of primary breast cancer, with 
the optimal treatment methods remaining a chal-
lenge, primarily due to the early onset of metas-
tasis and rapid tumor progression. In the United 
States, the incidence is low, reported as 1–6 % of 
all breast cancers [ 1 ]. Data from the Surveillance, 
Epidemiology, and End Results Program (SEER) 
revealed that IBC incidence rates between 
1988–1990 and 1997–1999 increased from 2 
to 2.5 (per 100,000 women-years) ( p  < 0.001), 
whereas those with locally advanced breast 
cancer (LABC) declined (2.5–2.0;  p  = 0.0025) 
[ 2 ]. Improvement in systemic treatment and 
 locoregional managements with surgery and radi-

ation are a crucial part of the curative  treatment 
program of IBC, and several studies have shown 
the improvement in locoregional control and 
overall survival when patients are treated with 
chemotherapy [ 3 ,  4 ]. However, despite the use 
of multidisciplinary treatment for the IBC, 
the 5-year survival remains at approximately 
30–40 % [ 5 ,  6 ], with no signifi cant change in the 
overall prognosis over the past 30 years [ 7 ]. 

 IBC is a unique entity, characterized by more 
aggressive clinical features and worse prognosis 
compared with non-IBC LABC. IBC must be 
considered a distinct epidemiologic entity within 
LABC and should be a prolifi c fi eld for the 
 exploration of innovative systemic treatment. 
Here, we will review the most current informa-
tion regarding clinical aspect, molecular targets, 
and multimodality treatment for IBC.  

    Defi nition 

 Sir Charles Bell is credited with publishing the 
fi rst description of IBC in 1814 [ 8 ]. Subsequently   , 
Klotz [ 9 ] in 1869 and Volkmann in 1875 
described “mastitis carcinomatosa,” a variant of 
carcinoma of the breast characterized by its clini-
cal virulence, leading to a rapid progression of 
the disease. A modern description of the clinical 
features of IBC was introduced by Lee and 
Tannenbaum in 1924 [ 10 ]. This disease has been 
known by many different names over the last two 
centuries, including mastitis carcinomatosa, 
acute mammary carcinoma, acute brawny cancer, 
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acute scirrhous carcinoma, lymphocytoma of the 
breast, acute encephaloid cancer, acute cancer of 
the breast, acute mammary carcinomatosis, and 
lactation cancer [ 11 ]. 

 A key clinical difference compared to non- 
IBC is that the initial diagnosis of non-IBC is 
suspected by the presence of mass on imaging 
studies, whereas the diagnosis of IBC is based 
upon clinical features of the overlying skin of 
the breast and rapid evolution. By defi nition, the 
clinical features of IBC result in skin changes that 
arise in a period of less than 6 months, further 
characterized by discoloration of the skin (rang-
ing from red to purple), extension of the involved 
area of at least one third of the breast, thickening 
or fi ne dimpling (peau d’ orange) of the skin, and 
edema or warmth to touch with palpable ridge at 
the margin of the induration [ 12 ]. The American 
Joint Committee defi ned IBC as a clinicopatho-
logic entity characterized by diffuse erythema 
and edema (peau d’orange) of the breast with or 
without an underlying palpable mass. However, 
the term IBC has been used to clinically describe 
a neglected non-IBC LABC. Both entities have 
a poor overall prognosis, with several factors 
blurring the lines of distinction between IBC and 
LABC.  

    Pathology Characteristics 

 The original histopathologic description of IBC 
was published fi rst by Bryant in 1887 [ 13 ]. 
Initially, this author hypothesized that the clinical 
fi ndings (erythema, warmth, diffuse enlargement 

and swelling, pain and tenderness, and edema) 
were caused by the tumor invasion to the dermal 
lymph channels. Subsequently, the recognition of 
the importance of dermal lymphatic invasion 
(DLI) was considered a “pathologic proof” of 
IBC. The presence of DLI might be responsible 
for the lymphatic obstruction causing the marked 
swelling of the breast with infl ammatory signs. 

 However, DLI is not pathognomonic of IBC, 
and the presence of tumor embolization of the 
dermal lymphatic vessels may arise from any 
breast cancer histopathology. IBC is often misdi-
agnosed, and the differentiation between primary 
and secondary IBC is not often made. Taylor and 
Meltzer categorized patient with IBC as having 
primary or secondary IBC. Primary IBC is used 
to describe the “de novo” development of IBC in 
a previously normal breast. Secondary IBC 
describes the development of infl ammatory skin 
changes that mimic IBC in either a breast that 
already has cancer or on the chest wall following 
mastectomy for a non-IBC. Although the pres-
ence of DLI frequently correlates with the clini-
cal fi ndings typical of IBC, the diagnosis of IBC 
is made on clinical grounds and does not require 
the pathologic fi nding of dermal lymphatic inva-
sion [ 14 ] (Fig.  15.1a, b ).

       Epidemiology and Risk Factors 

 A large population-based study describing the 
demographic and tumor characteristics of 3,626 
women with IBC diagnosis during 1994–1998 
demonstrated that the majority of the cases were 

a b

  Fig. 15.1    ( a ) Punch biopsy of the skin demonstrates small-, 
medium-, and large-sized lymphovascular tumor emboli 
and the superfi cial dermis from a patient with clinical mani-

festation of IBC. ( b ) The tumor cells forming the emboli 
demonstrate high nuclear grade. Note the presence of a mild 
lymphoplamacytic infi ltration in between the emboli       
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between 40 and 59 years old [ 15 ]. This study also 
revealed that the incidence of IBC was 1.3 per 
100,000 for all races combined. African American 
women had the highest relative risk (1.6) and 
Asian and Pacifi c Islanders women had the low-
est (0.7). A large analysis from SEER population- 
based cancer registry described a marked 
epidemiologic difference between IBC and 
LABC [ 2 ]. The presence of young age at diagno-
sis, high nuclear grade, and absence of estrogen 
receptor (ER)-positive    are suggestive of IBC 
rather than LABC. In a multivariate analysis after 
adjusting for race, age, tumor size, axillary lymph 
node status, histologic grade, and ER expression, 
the risk of death from IBC was nearly twice that 
compared to LABC [ 2 ]. A recent study analyzing 
the California Cancer Registry of 2,014 IBC 
patients found that despite an association with 
stage, HER2-positive status was not an indepen-
dent adverse prognostic factor for survival among 
IBC patient cases [ 16 ]. These differences in 
prognostic factor profi les and age-specifi c inci-
dence patterns support the hypothesis that IBC 
and LABC are distinct biologic entities. 

 The number of cases of IBC in Western coun-
tries is low; however, they are increasing in over-
all incidence. There appears to be a striking 
geographic pattern, with a higher incidence in 
North African countries (Maghreb) especially 
Morocco, Algeria, Tunisia, and Egypt, with the 
incidence of IBC reported to be 10–15 % [ 17 ]. 
However, in these countries, there is some uncer-
tainty about the completeness of case registration 
and strict defi nitions used for IBC detection. 
There are very limited published data on the risk 
factors for developing IBC. A report from SEER 
that contains the largest population-based sample 
of IBC in the United States was published in 
1999 [ 18 ]. During the period 1975–1981, IBC 
patients were younger at diagnosis than non-IBC 
patients. African American women tended to be 
younger than white women, and the 3-year sur-
vival rate for patients with IBC was far lower 
(34 %) than that for patients with other types of 
carcinoma (90 %). A second report from SEER 
demonstrated that between 1975–1977 and 
1990–1992, the overall age-adjusted incidence of 
IBC doubled, increasing among white women 
from 0.3 to 0.7 cases per 100,000 person-years 

and among African Americans from 0.6 to 1.1 
[ 1 ]. Patients with IBC are affected at an early age. 
Among white women, the mean age at diagnosis 
for IBC patients (mean = 57 years) was 
 signifi cantly younger than that for other breast 
carcinoma (62 years,  p  = 0.0001). Among African 
Americans, IBC were signifi cantly younger 
(mean = 52 years) than other breast carcinoma 
patients (mean = 57 years,  p  = 0.0003) [ 1 ]. 

 High body mass index (BMI) has been associ-
ated with a lower risk of premenopausal breast 
cancer [ 19 ,  20 ], however, a higher risk of post-
menopausal breast cancer [ 21 ]. This observation 
suggests that reproductive hormones and factors 
related to the body size may partially contribute 
to the overall risk of developing breast cancer. A 
single institution report evaluated the BMI as a 
risk factor for IBC. In this study, a comparison of 
68 IBC patients, 143 non-IBC cases, and 134 
non-breast cancer cases suggested that IBC 
patients have an earlier age at menarche and a 
greater BMI [ 1 ]. IBC patients were younger at 
menarche and at the time of their fi rst live birth 
than non-IBC and non-breast cancer patients. 

 The proportion of premenopausal IBC patients 
was higher than the proportion of premenopausal 
women in the comparison groups, although differ-
ences were not statistically signifi cant. There were 
no differences in height, but IBC patients were 
heavier (77.6 kg) than non-IBC (70.0 kg) and non-
breast cancer patients (68.0 kg). After adjusting 
for other factors, women in the highest BMI per-
centile (BMI >26.65 kg/m 2 ) relative to the lowest 
percentile (BMI <22.27) had signifi cantly 
increased IBC risk (IBC vs. non-IBC, odds ratio 
[OR] = 2.45, 95 % CI, 1.05–5.73; IBC vs. non-
breast cancer, OR = 4.52, 95 % CI = 1.85–11.04). 
This association was not signifi cantly modifi ed by 
menopausal status and was independent of age at 
menarche, family history of breast cancer, gravid-
ity, smoking status, and alcohol use. 

 In 1936, Bittner and collaborators [ 22 ] 
described the involvement of the mouse mam-
mary tumor virus (MMTV) in mouse mammary 
carcinogenesis. Subsequently, the sequences of 
MMTV-like were described in breast cancer sam-
ples but absent in normal tissues in multiple 
reports. More recently, Pogo and collaborators 
[ 23 ] found that retroviral sequences of the 
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MMTV were present in 40 % of the sporadic 
breast cancer contrasting with 71 % of IBC in 
American women. Similar incidence has been 
found in IBC cancers from Tunisia. Because 
these conditions represent highly invasive malig-
nancies, it is concluded that HMTV is sometimes 
associated with a particularly malignant 
phenotype.  

    Molecular Insights of IBC 

 The classical description of IBC attributes to the 
obstruction of lymphatic vessels the clinical 
aspect of infl ammation. However, the mechanism 
of “infl ammatory” symptoms may be related to a 
local release of multiple tumor-derived infl amma-
tory cytokines. Besides established and key 
angiogenic factors like VEGF, chemokines, a 
superfamily of cytokine-like proteins that bind to 
seven transmembrane-spanning G protein- 
coupled receptors, have been associated with 
angiogenesis under homeostatic conditions. 
Chemokine receptors, CXCR4 and CCR7, are 
highly expressed in human breast cancer cells, 
and metastases. Their respective ligands CXCL12/
SDF-1α and CCL21/6Ckine exhibit peak levels of 
expression in organs representing the fi rst destina-
tion of breast cancer metastasis [ 24 ]. 

 IBC is characterized by the expression of mul-
tiple chemokine receptors, with Cabliogu et al. 
[ 24 ] reporting on IBC patients found to exhibit 
high levels of expression of CXCR4, EFGR, and 
HER2-neu amplifi cation. Increased expression of 
cytoplasmic CXCR4 in almost 50 % of the IBC 
samples compared with only 5 % expression of 
T1-tumors lymph node negative, and 11 % of 
T1-tumors lymph node positive, appears to be at 
least partially responsible for the metastatic pro-
cess [ 25 ]. EGFR overexpression was detected in 
30 % of IBC patients by immunohistochemical 
staining [ 24 ], and it was associated with a higher 
increase of recurrence and signifi cantly worse 
5-year overall survival rate compared to EGFR- 
negative IBC. Interestingly, co-expression of 
CXCR4 and growth factor receptors, particularly 
HER2-neu and EGFR in breast cancer, has been 
associated with poor outcome. Increased 

 expression of HER2-neu and EGFR in IBC 
 compared with non-IBC appears to be more 
 specifi c to the IBC phenotype [ 25 ]. 

 Experimental models have recently led to the 
identifi cation of genes involved in IBC, such as 
 ARH C, coding for the RhoC GTPase, and  WISP3 , 
coding for S-glutathione-related protein [ 26 ]. In 
human studies, comparing patients with IBC 
with stage-matched, non-IBC tumor samples 
identifi es two important genetic characteristics of 
IBC: loss of WISP3 and overexpression of 
RhoGTPase [ 27 ].  WISP3  is a tumor suppressor 
gene that produces proteins that are biologically 
important, such as with cell proliferation, migra-
tion, wound healing, angiogenesis, and carcino-
genesis [ 28 ]. Expression of  WISP3  was lost in 
80 % of the IBC samples versus only 20 % of the 
stage-matched, non-IBC tumors [ 29 ]. In preclini-
cal models, using the IBC cell line SUM149, 
restoring WISP3 gene expression decreased 
tumor cell growth, invasiveness, and angiogenic 
potential [ 30 ]. RhoC GTPase is a member of the 
 Ras  superfamily of small GTP-binding proteins 
and contributes to the metastatic characteristics 
of IBC by upregulation of angiogenic factors 
(VEGF and bFGF) promoting cell motility and 
invasion [ 31 ,  32 ]. In a comparative study of 
human tumor samples with stage-matched, non- 
IBC samples, RhoC was overexpressed in 90 % 
of the IBC tumors versus 38 % of the non-IBC 
tumors [ 27 ]. 

 Cadherins are integral membrane glycopro-
teins that mediate calcium-dependent cell-cell 
adhesion and being responsible of the intercellu-
lar signaling traffi cking. Loss of E-cadherin 
expression has been related to a wide spectrum of 
human cancers, especially prostate and breast. 
Alterations in the cadherin complexes are directly 
implicated in tumorigenesis and cancer progres-
sion [ 33 ]. E-cadherin was found overexpressed in 
IBC, and strong expression was observed in lym-
phovascular tumor emboli from IBC [ 34 ]. 
Preclinical data using antibodies against 
E-cadherin caused dissolution of pulmonary lym-
phovascular emboli in an IBC xenograft model 
[ 35 ]. The biological role of E-cadherin is not 
completely known. On the basis of these results, 
we could hypothesize that the loss of E-cadherin 
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occurs in the early phase of IBC as a transient 
effect to induce epithelial-to-mesenchymal tran-
sition and allow metastasis and that, by the time 
of diagnosis of IBC, tumor cells have reinstated 
expression of E-cadherin [ 29 ]. 

 It has been validated through many studies 
that in vitro and in vivo tumor models of IBC 
have a high expression of proangiogenic and pro- 
lymphangiogenic molecules. One of the pioneer-
ing studies showed an increased mRNA 
expression of VEGF-C, VEGF-D, KDR, Flt-4, 
Ang-1, Tie-1, Tie-2, cyclooxygenease-2, fi bro-
blast growth factor-2 (FGF-2), Prox-2, and 
LYVE-1 in 16 IBC compared with 20 non-IBC 
specimens. These factors support the rapid 
growth of tumor cells under hypoxic conditions 
and also promote a venue for dissemination. In 
addition to the classic angiogenic pathways asso-
ciated with endothelial migration, proliferation, 
and organization to form new vessels, driven pri-
marily by VEGF and its receptors, IBC tumors 
exhibit vasculogenesis, which is the de novo for-
mation of vessel-like structures that allow the 
fl ow of oxygen and nutrients in the absence of 
endothelial cells. 

 The ability of tumor cells to form tubelike 
structures is defi ned as vasculogenic mimicry. 
Evaluation of molecules and pathways that are 
known to regulate vasculogenesis and lymphan-
giogenesis represents a very exciting area of drug 
development and the clinical studies with these 
new molecules providing new opportunities for 
understanding the spectrum of angiogenesis that 
is crucial to the distinct molecular signature of 
IBC. The anaplastic lymphoma kinase ( ALK ) 
gene belongs to the insulin receptor superfamily 
and encodes a receptor tyrosine kinase that is 
normally expressed only in select neuronal cell 
types [ 36 ]. Aberrant ALK activity results from 
point mutations, amplifi cations, chromosomal 
translocations, or other types of gene rearrange-
ments involving the ALK gene. 

 Mutations in the ALK gene have been associ-
ated with several cancers and chromosomal 
translocations linking ALK to their fusion part-
ners in anaplastic large cell lymphoma (ALCL), 
infl ammatory myofi broblastic tumors, and neuro-
blastoma [ 37 ]. Recently, a novel gene fusion 

involving ALK and echinoderm microtubule- 
associated protein-like 4 (EML4) was discovered 
in non-small cell lung cancer (NSCLC), and 
treatment with ALK inhibitors in vitro has been 
reported to lead to cell cycle arrest and apoptosis. 
A recent preliminary report revealed evidence for 
amplifi cation (three- to sevenfold) of the ALK 
receptor in 13/15 IBC patients and 66 % amplifi -
cation by FISH in IBC cell lines [ 38 ]. A phase I, 
multicenter study of LDK378 in patients with 
genetic abnormalities in ALK is currently ongo-
ing (NCT01283516). 

 Histone deacetylase (HDACs) cooperate with 
histone acetyltransferases (HATs) to regulate the 
acetylation status of nuclear histones, transcription 
factors, and other cellular proteins to regulate a 
variety of cellular processes including cell division 
and gene expression and cell death [ 39 ]. HDAC 
inhibitors are also currently being evaluated for 
their therapeutic potential in breast cancer.  

    Clinical Characteristics 

 Patients with IBC typically present with a sudden 
onset of increase in size of the breast, fi rmness, 
tenderness, and redness of the skin overlying the 
breast. In a seminal publication by Haagensen 
et al. [ 13 ], they described the clinical presenta-
tion and associated symptoms of IBC including a 
breast mass (57 %), redness of the skin (57 %), 
breast enlargement (48 %), pain in the breast or 
nipple (29 %), breast tenderness (16 %), general-
ized breast hardness (16 %), nipple retraction 
(13 %), edema of the skin (13 %), axillary mass 
(9 %), and warmness of the skin (8 %). In this 
analysis, the median duration of these symptoms 
before the diagnosis of IBC was 2.5 months, 
compared with 5 months for non-IBCs 
(Fig.  15.2a, b ). Several breast diseases may 
mimic IBC and this might result in a delay of 
diagnosis. The two most common are infectious 
mastitis and breast abscess, both of which can be 
associated with lactation, skin erythema and red-
ness, fever, and leukocytosis. Ductal ectasia can 
also mimic IBC, characterized by localized 
infl ammation and enlarged breast that responds 
quickly to supportive measures.
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       Imaging Studies 

 Evaluation of the patient with IBC involves a 
diagnostic mammogram, which is almost always 
abnormal [ 40 ]. The most common mammo-
graphic characteristics of IBC consist in skin 
thickening and diffusely increased density in 92 
and 81 % of patients, respectively [ 41 ]. The 
authors defi ned a focal asymmetric density as 
asymmetry of tissue density, but completely lack-
ing borders and the conspicuity of a true mass. In 
the same series, axillary lymphadenopathy was 
seen in 58 % of patients. A series including 22 
patients with IBC from Memorial Sloan- Kettering 
Cancer Center found that 95 % of patients had a 
breast mass or malignant- appearing calcifi cations 
identifi ed on mammography [ 42 ]. In a compara-
tive study of PET/CT, magnetic  resonance imag-
ing (MRI), mammography, and sonography of 80 
patients with IBC, mammography resulted in the 
least sensitive imaging method for diagnosing 
multifocal and multicentric disease [ 43 ]. 

 Ultrasonography can be very helpful in the 
evaluation of regional nodal status. The most 
common fi ndings with sonography are skin thick-
ening, increased vascularity in the axillary 
lymphadenopathies, and architectural distortion. 
In a recent study from MD Anderson Cancer 
Center, regional axillary nodal disease was diag-
nosed in 93 % of IBC patients with this modality 
[ 43 ]. This percentage of axillary nodal involve-
ment is highest compared with previous reported 
series where axillary adenopathy was found in 
22–56 % (mean 28 %) [ 2 ,  11 ,  18 ]. 

 The role of MRI in IBC is currently being 
investigated, with Chow et al. [ 44 ] reporting that 
the affected breast with IBC was most frequently 
found to have an infi ltrative mass represented by 
a “reticular/dendritic pattern” of enhancement. 
Yang et al. [ 43 ] also reported that MRI revealed a 
primary breast lesion in 100 % of the cases, com-
pared with 96 % with combined positron emis-
sion tomography and computed tomography 
(PET/CT), 95 % with ultrasonography, and 80 % 
with mammography. In this study, the most fre-
quent MRI fi ndings were multiple masses with 
irregular margins and heterogeneous internal 
enhancement associated with a washout or pla-
teau kinetic curve in 97 % of patients. 

 PET/CT is an emerging imaging method that is 
widely gaining clinical acceptance because of its 
ability to co-register both anatomic and functional 
information on one image [ 45 ]. PET/CT has the 
advantage of identifying the local extent of meta-
bolically active carcinomas, as well as lymph 
node and distant metastases, all in one procedure. 
A single PET study of seven patients with IBC 
demonstrated diffusely increased or intense foci 
of increased uptake in enlarged breast with 
increased skin uptake [ 46 ]. A recent retrospective 
review from MD Anderson Cancer Center in 
patients with IBC suggest that MRI would be the 
preferred initial imaging modality for IBC, and 
PET/CT would be an excellent companion for the 
detection of distant metastasis [ 43 ].  

    Multimodality Treatment 

 More than 70 % of patients with IBC have clini-
cally localized disease without distant metastasis 
at their initial presentation [ 15 ]. A potentially 

a

b

  Fig. 15.2    There are variations in clinical presentation of 
IBC. Patient ( a ) presented with synchronous bilateral ery-
thema. Patient ( b ) is an IBC patient with increased breast 
size, peau d’orange, and minimal erythema on back-
ground of darker skin       
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curative, combined modality treatment approach 
should be offered to this group of patients, dem-
onstrating a very good rate of locoregional con-
trol (84 %), with a lower distant metastasis-free 
survival rate of 47 % and an overall 5-year sur-
vival rate of 51 % [ 47 ]. In this study of 192 
patients treated for IBC at the University of Texas 
MD Anderson Cancer Center with trimodality 
therapy including neoadjuvant chemotherapy, 
mastectomy, and postmastectomy radiation, most 
often delivered in a dose-dense twice-daily frac-
tion to 66 Gy, revealed a 5-year actuarial locore-
gional control, distant metastasis-free survival, 
and overall survival of 84, 47, and 51 %, 
respectively. 

 The variable with the strongest relationship 
with locoregional control was the response to 
neoadjuvant chemotherapy. The 5-year locore-
gional control rate was 95 % for the 42 patients 
with a complete response, 86 % in the 111 
patients experiencing a partial response, and 
51 % in the 30 patients with less than a partial 
response ( p  = 0.0001). Univariate factors signifi -
cantly associated with locoregional control were 
response to neoadjuvant chemotherapy, surgical 
margin status, number of involved lymph nodes, 
and the use of taxanes. Increasing the total chest 
wall dose of postmastectomy radiation from 60 to 
66 Gy signifi cantly improved locoregional con-
trol for patients who experienced less than a par-
tial response to chemotherapy; patients with 
positive, close, or unknown margins; and patients 
less than 45 years of age. 

    Surgical Management 

 The poor outcome of surgery as the only thera-
peutic modality was recognized in the 1920s, and 
observed again in 1950s, resulting in radiother-
apy becoming the primary therapeutic treatment 
modality for the management of IBC until the 
1970s [ 10 ,  48 ]. In the 1950s, Hagensen and col-
laborators [ 49 ] reported on 29 patients with IBC 
treated with radical mastectomy. The mean sur-
vival was only 19 months, and no patients were 
alive at 5 years. Subsequent studies demonstrated 
that local recurrence, in spite of the combination 
of chemotherapy, surgery, and radiation, occurred 
in 25–40 % of the cases. 

 Modifi ed radical mastectomy has replaced the 
radical mastectomy as the operative treatment of 
choice for patients with IBC. However, breast 
conservation therapy has been used in highly 
selected patients who achieve a favorable 
response to neoadjuvant chemotherapy. If resid-
ual disease is present within the breast, high radi-
ation dosage (>70 Gy) is required to achieve 
disease control which may cause substantial tis-
sue damage. Chevalier and collaborators [ 50 ] 
reported a 61 % local failure rate in patients who 
achieved a complete response to PST and were 
treated with conservative treatment. Arthur et al. 
[ 51 ] reported slightly higher local control rates 
among 15 patients who achieved a clinical com-
plete response who were not treated with surgery 
(87 % at 3 years). However, the follow-up was 
only 24 months.   

    Systemic Treatment 

    Primary Systemic Chemotherapy 

 The last four decades has seen an evolution 
in the prognostic outcome of IBC, transform-
ing it from a disease that was once considered 
uniformly fatal with fewer than 5 % of women 
surviving past 5 years to rates approaching 40 % 
[ 52 ]. The key component to this transformation 
was the recognition of the vital importance of 
a combined modality approach to management, 
involving from the onset all disciplines of breast 
cancer management including medical, surgi-
cal, and radiation oncology. The recognition of 
the importance of starting systemic treatment 
upfront stemmed from the important clinical 
observation that IBC was, for the most part, not 
optimally resectable at initial presentation [ 10 ]. 
Furthermore, the disease was often poorly con-
trolled with locoregional modalities alone [ 53 ]. 
The introduction of primary systemic chemother-
apy incorporated several advantages: downstag-
ing of the tumor, operability after chemotherapy, 
in vivo assessment of response to chemotherapy, 
earlier treatment of subclinical distant microme-
tastases, and the possibility of obtaining a patho-
logic complete response. The latter has been 
shown to be associated with a superior prognostic 
outcome [ 54 ]. 
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 Due to the fact that IBC is a rare disease 
 coupled with the fact that it is actively excluded 
from large clinical trials due to its known associ-
ated poor prognostic outcome, most of the avail-
able data on systemic management are derived 
from retrospective studies and small clinical tri-
als. One of the largest series comes from the 
University of Texas MD Anderson Cancer Center 
[ 52 ] reported on the 20-year experience of a 
cohort of 178 women with IBC treated on four 
prospective clinical trials receiving a doxorubicin- 
based preoperative chemotherapy-based regimen 
followed by radiation therapy with or without 
mastectomy. The authors reported 5- and 10-year 
survival rates of 40 and 33 %, respectively, with 
28 % of patients reported to be alive beyond 
15 years. 

 Furthermore, the authors reported 15-year sur-
vival rates of 44, 31, and 7 % among patients 
achieving a clinical complete response, partial 
response, and less than partial response, respec-
tively, demonstrating the prognostic importance 
of response to primary systemic therapy. In a 
more recent review, Baldini et al. [ 55 ] reported 
on a smaller cohort of 68 women with IBC treated 
with an anthracycline-based regimen (CAF or 
FEC) followed by surgery, adjuvant chemother-
apy, and radiotherapy. Similar to the series from 
the MD Anderson Cancer Center, the authors 
reported 5- and 10-year survival rates of 44 and 
32 %, respectively. Based on these results and 
others, an anthracycline-based preoperative 
chemotherapeutic- based regimen should be con-
sidered the current standard of care, as the 

 survival results reported are indeed far superior to 
those reported historically. 

 The effi cacy of taxanes incorporated into the 
preoperative anthracycline regimen of patients 
with IBC has also been explored. In a retrospec-
tive study, Cristofanilli and colleagues [ 56 ] 
reported on the results of a comparison of women 
with IBC who had either been treated with preop-
erative FAC to those who were treated with pre-
operative FAC followed by paclitaxel, receiving 
it either every 3 weeks or weekly. The authors 
reported a pathological complete response rate of 
25 % among the cohort who had received pacli-
taxel, compared to 10 % among those who did 
not, with the difference being statistically signifi -
cant ( p  = 0.012). Additionally, the authors 
reported higher median overall and progression- 
free survival rates among the group of women 
who received FAC followed by paclitaxel. 
Table  15.1  summarizes selected studies of pri-
mary systemic chemotherapy for IBC.

       Targeted Therapy 

 The introduction of the humanized monoclonal 
antibody, trastuzumab, has revolutionized the 
management of women with breast tumors that 
overexpress HER2 positively, impacting survival 
in both early- and advanced-stage breast cancers 
[ 56 ,  60 ,  61 ]. Furthermore, the incorporation of 
trastuzumab into preoperative regimens has been 
shown to increase pathological complete response 
rates [ 62 ]. With a high incidence of HER2 

   Table 15.1    Selected studies of primary systemic chemotherapy for infl ammatory breast cancer patients   

 Author/year of publication  No. of patients  Regimen of chemotherapy 
 Clinical response 
rate 

 5-year overall 
survival 

 Ueno et al. 1997 [ 52 ]  178  Anthracycline based  71 %  40 % 
 Cristofanilli et al. 2001 
[ 56 ] 

 240  FAC vs. FAC + Pac  74 % vs. 82 %  NA 

 Harris et al. 2003 [ 57 ]  54  CMF or CAF  52 %  56 % 
 Low et al. 2004 [ 58 ]  46  CAF-M  57 %  26.7 % (10 years) 
 Baldini et al. 2004 [ 55 ]  68  CEF or CAF  73.6 %  44 % 
 Veyret et al. 2006 [ 59 ]  120  FEC-HD  91.1 %  41.2 % (10 years) 

   Abbreviations :  OS  overall survival,  CMF  cyclophosphamide, methotrexate, 5-fl uoruracil,  CAF  cyclophosphamide, 
doxorubicin, f   -fl uorouracil,  Pac  paclitaxel,  CEF  cyclophosphamide, epirubicin, 5-fl uorouracil,  CAF-M  cyclophospha-
mide, adriamycin, 5-fl uorouracil, methotrexate,  HD  high dose,  N/A  not available  
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 overexpression in IBC [ 63 ], the effi cacy of 
 trastuzumab among these women has been 
explored. Several small prospective studies have 
explored the incorporation of trastuzumab into 
the preoperative systemic chemotherapy regimen 
among women with IBC [ 64 – 66 ]. These studies 
have reported pathological complete response 
rates ranging from 17 to 40 %. More recently, 
Gianni et al. [ 67 ] reported on a phase III, ran-
domized clinical trial that included 327 women 
with HER2-positive locally advanced breast can-
cer, 27 % of whom had IBC. The objective of the 
study was to evaluate the effi cacy of the addition 
of trastuzumab to an anthracycline- and taxane- 
based preoperative regimen. The authors reported 
that the addition of trastuzumab increased the 
3-year event-free survival from 53.3 to 70.1 % 
( p  = 0.0007). 

 Lapatinib, a reversible inhibitor of ErbB1 and 
HER2 [ 68 ], has also been investigated in the 
treatment of women with HER2-positive 
IBC. Kaufman et al. [ 69 ] recently reported on a 
cohort of 126 women with relapsed or refractory 
HER2-positive IBC who were treated with 
single- agent lapatinib (1,500 mg once daily) in a 
nonrandomized, prospective phase II study. The 
authors reported 39 % of patients achieving a 
partial response with a median progression-free 
survival of 14.6 weeks overall. Cristofanilli et al. 
[ 70 ] recently reported on a cohort of 21 women 
with newly diagnosed IBC who were treated pro-
spectively with single-agent lapatinib for 14 days 
followed by a combination of lapatinib and pacli-
taxel for 12 weeks. Preliminary results of the 
study showed a good tolerance to the regimen 
and a clinical response rate of approximately 
80 %. The regimen is currently being  investigated 
in larger cohort prospectively (Table  15.2 ).

   A combination of lapatinib with pazo-
panib, an inhibitor of VEGFR1, VEGFR2, and 
VEGFR3 and PDGF α/β molecule, was also 
investigated in a phase II study in patients with 
trastuzumab- refractory IBC patients (GW-
786034; GlaxoSmithKline, London, UK) [ 73 ]. 
A multicenter, phase II study evaluated lapatinib, 
pazopanib, and its combination in patients with 
HER2-positive IBC. In cohort 1, 76 patients were 
randomized 1:1 to receive either lapatinib plus 

placebo or lapatinib plus pazopanib. This cohort 
was closed due to an adverse side effect of high- 
grade diarrhea. In cohort 2, additional 88 patients 
were randomized in a 5:5:2 ratio to receive daily 
monotherapy with lapatinib 1,500 mg, lapatinib 
1,000 mg plus pazopanib 400 mg, or monother-
apy pazopanib 800 mg, respectively. The primary 
endpoint was ORR, and the secondary endpoint 
was the duration of response and progression- 
free survival and safety. The lapatinib-pazopanib 
combination was associated with numerically 
higher ORR, but no increase in PFS compared 
with lapatinib alone. The combination also had 
increased toxicity resulting in more dose reduc-
tions, modifi cations, and treatment delays. 

 A preliminary report by Alvarez and collabo-
rators [ 74 ] from a prospective phase II study of 
lapatinib in combination with paclitaxel followed 
by FEC (5-fl uorouracyl, epirubicin, and cyclo-
phosphamide) was discontinued prematurely 

   Table 15.2    Selected studies of anti-HER2-based  primary 
systemic chemotherapy for infl ammatory breast cancer   

 Author/year of 
publication 

 No. of 
patients 

 Chemotherapy 
regimen  pCR 

 Van Pelt et al. 
2003 [ 71 ] 

 22 LABC 
(9 IBC) 

 Doc + Tz  40 % 

 Burstein et al. 
2003 [ 66 ] 

 40 (6 IBC)  Pac + Tz  18 % 

 Hurley et al. 
2006 [ 64 ] 

 48 (4 IBC)  Doc + cDDP + 
Tz 

 17 % 

 Cristofanilli 
et al. 2006 [ 70 ] 

 21 IBC  Pac + Lap  95 % 
had 
cRR 

 Dawood et al. 
2007 [ 72 ] 

 40 (4 IBC)  FEC + Pac + Tz  55 % 

 Limentani et al. 
2007 [ 65 ] 

 31 LABC 
(9 IBC) 

 Doc + VNR + 
Tz 

 39 % 

 Gianni et al. 
2008 [ 67 ] 

 327 
LABC (88 
IBC) 

 A/Doc + Pac + 
CMF + Tz 

 39 % 

 Kaufman et al. 
2009 [ 69 ] 

 126 IBC 
relapsed 
to Tz 

 Lap  39 % 
had 
PR 

   Abbreviations :  LABC  locally advanced breast cancer,  IBC  
infl ammatory breast cancer,  pCR  pathologic complete 
response,  Doc  docetaxel,  Tz  trastuzumab,  Pac  paclitaxel, 
 cDDP  cisplatin,  FEC  5-fl uorouracil, epirubicin, cyclo-
phosphamide,  VNR  vinorelbine,  A  adriamycin,  CMF  
cyclophosphamide, methotrexate, 5-fl uorouracil,  Lap  
lapatinib,  PR  partial response,  cRR  clinical response rate  
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because of a lack of effi cacy and associated high 
toxicity. Fifteen patients were included in this 
study in chemo-naïve HER2-positive IBC 
patients, and the primary endpoint was a com-
plete pathologic response (pCR). Ten out of 15 
patients had a modifi ed radical mastectomy and 1 
out of 10 (10 %) achieved a pCR. In terms of tox-
icity, more than half of the patients developed 
grade 3 diarrhea. The study was closed per proto-
col boundaries.  

    Novel Therapies for the Treatment 
of IBC 

 Several novel agents, including antiangiogenic 
agents and Ras pathway inhibitors, are currently 
being investigated for the treatment of IBC 
(Table  15.3 ). Angiogenesis plays an essential 
role in breast cancer development, invasion, and 
metastasis [ 78 ,  79 ]. VEGF plays a multifactorial 
role where it has autocrine pro-survival effects on 
tumor cells protecting them from stresses such as 
hypoxia, chemotherapy, and radiotherapy. 
Bevacizumab, a recombinant humanized mono-
clonal antibody of VEGF, was evaluated in a pilot 
study in 21 patients with LABC, 19 of them with 
IBC [ 75 ]. One cycle of bevacizumab was 
 administered, followed by 6 cycles of bevaci-
zumab plus doxorubicin and docetaxel, every 
3 weeks. Fourteen out of 21 patients had a clini-
cal partial response, but there were no complete 
responses observed. The overall response rate 
was 67 %. The median decrease of pVEGF-R2 

was observed in 66.7 % of the samples analyzed, 
and the median apoptosis was increased 128.9 % 
in patients. The Ras superfamily of GTPases acts 
as crucial regulatory switches coordinating a 
variety of biologic functions. Based on promising 
preclinical and phase I studies of farnesyl trans-
ferase inhibitors, several are being examined in 
combination with chemotherapy for patients with 
IBC [ 80 ,  81 ]. Sparano et al. [ 77 ] published results 
from a phase II trial in a group of 44 patients with 
LABC, including 12 patients with IBC. Eleven 
out 44 patients obtained a pCR (25 %) after pri-
mary systemic therapy with dose-dense AC and 
tipifarnib, a farnesyl transferase inhibitor. Two 
out of 12 patients with IBC achieved pCR, with 
the most common toxicity being grade 3 neutro-
penia (50 % of patients).

       High-Dose Chemotherapy 

 In an attempt to further improve upon the  survival 
outcomes, several investigators have explored the 
use of high-dose chemotherapy supported by 
autologous stem support with promising results. 
In the PEGASE 02 trial, 90 patients with IBC 
received high-dose chemotherapy, followed by 
preoperative anthracycline-based chemotherapy. 
The authors reported an encouraging 3-year 
 survival rate of 70 % [ 19 ]. Cheng and colleagues 
[ 82 ] reported on a cohort of 177 women with 
breast cancer, 10 % of whom had IBC and 
received high-dose chemotherapy. The authors 
reported a 5-year overall survival rate of 36 %. 

   Table 15.3    Selected studies of targeted therapy as primary systemic chemotherapy for infl ammatory breast cancer   

 Author/year of publication  No. of patients  Chemotherapy regimen  pCR  Comments 

 Wedam et al. 2006 [ 75 ]  21 LABC (19 
IBC) 

 Bev + A/Doc + Bev  NA  ↑ pVEGF 66 %, ↑median 
apoptosis 128.9 %, no 
changes in MVD or VEGF 
A expression 

 Overmoyer et al. 2007 [ 76 ]  18 IBC  SU5416 + Dox  NA  4/18 (22 %) patients 
developed reversible CHF 
signs 

 Sparano et al. 2009 [ 77 ]  44 LABC (12 
IBC) 

 DD AC + Tipifarnib  25 %  2/12 IBC patients achieved 
pCR. Neutropenia G3 50 % 

   Abbreviations :  LABC  locally advanced breast cancer,  IBC  infl ammatory breast cancer,  pCR  pathologic complete 
response,  Bev  bevacizumab,  Doc  docetaxel,  A  adriamycin,  Pac  paclitaxel,  CBDA  carboplatin,  CHF  congestive heart 
failure,  Dox  doxorubicin  
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The results of these studies are certainly 
 encouraging; however, they remain investiga-
tional and should only be offered to patients 
within the context of a clinical trial.   

    Conclusions 

 A multidisciplinary approach targeting both 
local and systemic disease and the incorpora-
tion of anthracyclines and taxanes has resulted 
in survival outcomes far superior to those 
reported historically for this aggressive dis-
ease. However, despite the signifi cant prog-
ress made, survival outcomes still remain poor 
for patients with IBC, with most patients 
eventually dying from this aggressive disease. 
IBC is an important model for clinical investi-
gation of targeted therapies, and currently the 
receptor tyrosine kinase and angiogenesis 
pathways have been validated in clinical trials 
as important targets. Further extensive work is 
still required to determine if the novel molecu-
lar targeted therapies in combination with 
standard chemotherapy can improve the out-
comes of patients with IBC.     
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            Introduction 

    Worldwide, breast cancer is the second most 
common malignancy in women. The World 
Health Organization estimates 1.67 million new 
cases of breast cancer and 521,818 deaths from 
the disease in 2012 [ 1 ]. The worldwide incidence 
of breast cancer is increasing as life expectancy 
lengthens and as non- western societies adopt the 
lifestyle practices of western society [ 2 ]. In the 
United States, the American Cancer Society esti-
mates 234,580 new breast cancers will be diag-
nosed and 40,030 deaths will occur in 2013. For 
women, a new diagnosis of breast cancer in 2013 
will represent 29 % of all malignancies diagnosed 
[ 3 ]. Despite the increase in incidence, breast can-
cer-related mortality has shown a steady decline 
over the last decade [ 4 ]. The decline in mortal-
ity can primarily be attributed to two factors: 
the fi rst is a better understanding of and adher-
ence to screening guidelines, and the second is 
the advances made in the systemic treatment of 
breast cancer patients. 

 The most important predictor of survival is the 
stage of disease at the time of diagnosis. The 
American Joint Commission on Cancer (AJCC) 

staging of breast cancer includes the size of the 
tumor at diagnosis (in centimeters), how many 
lymph nodes are involved, and if there is 
 metastatic spread. Staging for breast cancer 
ranges from Stage 0 when the diagnosis is ductal 
carcinoma in situ to Stage 4 when there is disease 
distant from the breast or regional lymph nodes. 
Survival estimates from the National Cancer 
Institute (NCI) illustrate the need to diagnose the 
disease in the earlier stages, if possible, as the 
5-year overall survival for localized breast cancer 
is 98.4 %. Patients diagnosed with early-stage 
disease comprise approximately 60 % of the 
entire patient population. As the tumor spreads to 
the locoregional lymph nodes, the relative 5-year 
survival drops to 83.9 %. While the metastatic 
population represents only 5 % of newly diag-
nosed cancers, the 5-year overall survival drops 
dramatically to only 23.8 % [ 5 ]. By diagnosing 
women at an earlier stage, the disease can be 
treated with a curative intent. Once the patient is 
diagnosed with metastatic disease, treatment is 
designed to contain the disease and can no longer 
be considered as having a curative intent. 

 Metastatic spread of breast cancer is generally 
classifi ed by the end organ affected. Solid organ 
metastases to the liver and lung have a better out-
come when compared to those with brain metas-
tasis, while those with bony metastasis seem to 
have the longest survival. The standard treatment 
of metastatic (Stage 4) breast cancer is palliative, 
with systemic treatment as the mainstay of ther-
apy. In this situation, the primary breast cancer is 
most often left intact as the patient undergoes 

        H.  W.   Hazard ,  MD, FACS     
  Department of Surgery ,  Health Sciences Center – South, 
West Virginia University School of Medicine , 
  1 Medical Center Drive ,  9238 ,  Morgantown , 
 WV   26506 ,  USA   
 e-mail: hhazard@hsc.wvu.edu  

  16      Operative Management 
of Metastatic Breast Cancer 

           Hannah     W.     Hazard     

mailto: hhazard@hsc.wvu.edu


238

their systemic therapy. This principle is derived 
from the traditional belief that metastatic disease 
burden is the greatest predictor of survival, while 
the complete operative removal of the primary 
breast cancer seemingly has no impact upon 
overall survival. 

 The development of treatment algorithms for 
patients with metastatic disease has always 
focused upon the systemic treatment of breast 
cancer, reserving an operative approach with 
removal of the primary lesion only for palliation 
of uncontrolled or rapidly growing disease. 
Recently, several investigators have questioned 
the dogma of this approach, instead asking 
whether resection of the primary lesion (breast 
cancer and other tumor histologies) in the pres-
ence of known metastatic disease may be benefi -
cial to the patient, possibly improving their 
overall survival. For example, the resection of a 
primary renal cell carcinoma improves the over-
all survival when compared to leaving the pri-
mary cancer intact and treating solely with 
chemotherapy [ 6 ]. Additionally, it is well known 
that maximal tumor debulking of ovarian cancer 
improves, though marginally, survival for women 
with metastatic ovarian cancer. The stem cell 
theory is well established in malignancies such as 
leukemia and has been postulated to have impli-
cations in metastatic breast cancer. In the normal 
setting, this is a line of cells that are self- renewing 
and are best exemplifi ed by the hematopoietic 
system. Hematopoietic stem cells must continue 
to renew and differentiate to maintain hemosta-
sis. There is now a rapidly growing body of work 
indicating the presence of cancer stem cells (csc) 
with the fi rst clear delineation of their existence 
in leukemia cells [ 7 ]. Further work in solid tumor 
cells has been able to reproduce similar results. 
Of greatest interest is the potential for metastatic 
cancer stem cells. These cells seem to have 
unique properties allowing for honing on meta-
static sites as well as resistance to chemotherapy 
and radiation therapy [ 8 ]. More specifi c to the 
metastatic spread of breast cancer, Al-Hajj et al. 
demonstrated the presence of a unique cell line in 
heterogeneous breast cancer in nonobese dia-
betic/severe combined immunodefi ciency mice 
with a higher propensity to be tumorigenic. CD44    

and CD24 are adhesion molecules, and in the 
work by Al-Hajj, CD44+/CD24− cell lines were 
tumorigenic; a similar pattern found in normal 
stem cells [ 9 ]. The source of such cancer stem 
cells is still not well understood. The following 
questions remain: Are the csc derived from the 
primary tumor or from the metastatic deposit? Is 
it the primary lesion or the metastasis seeding 
and reseeding metastatic lesions? Can removing 
the primary tumor not only reduce the disease 
burden but also the source of the cancer stem 
cells and thereby improve overall survival? 

 On these principles, Khan et al. have chal-
lenged the traditional secondary role of surgery 
in the newly diagnosed metastatic breast cancer 
patient. Analysis of the National Cancer Data 
Base (NCDB) from 1990 to 1993 indicated 
approximately 57 % of metastatic breast cancer 
patients received either a partial mastectomy or a 
total mastectomy. Despite their diagnosis of met-
astatic disease, those who did have negative sur-
gical margins had an improvement in their 3-year 
survival [ 10 ]. In this chapter, we will analyze the 
role of resecting the primary breast cancer and 
the distant metastatic sites, by reviewing the 
recent literature for trends in the overall outcome 
of Stage 4 patients.  

    Resection of the Primary 
Breast Tumor  

 The inclusion of surgical intervention in the 
treatment plan of patients with metastatic breast 
cancer remains somewhat controversial, with 
several investigators questioning the utility of 
an operative approach in a traditionally pal-
liative treatment plan. The 2002 paper by Khan 
et al. examined the NCDB database from 1990 
to 1993, fi nding a total of 16,023 Stage 4 breast 
cancer patients with 9,162 undergoing either 
a partial or a total mastectomy as part of their 
treatment. This represented 57.2 % of the patient 
population. The median age was 62.5 years, and 
of the 9,162 undergoing operative intervention, 
3,513 (38 %) had a partial mastectomy and 5,649 
had a total mastectomy. The 3-year observed sur-
vival rate for the entire group of Stage 4 patients 
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was 24.9 % with a mean survival duration of 
19 months. Once restricted to patients hav-
ing either a partial mastectomy or a total mas-
tectomy, the mean survival duration increased 
to 26.9 months and 31.9 months, respectively. 
Similar increases in the 3-year observed sur-
vival were also noted with 17.3 % (no surgical 
intervention), 27.7 % (partial mastectomy), and 
31.8 % (total mastectomy). Using the nonsurgi-
cal group as a reference, the hazard ratio (HR) of 
death was 0.88 in the partial mastectomy cohort 
and 0.74 in those undergoing a total mastectomy. 
One of the criticisms of this study, and others 
to follow, is the retrospective nature of the data. 
The authors admit there is no way to control for 
the biases that lead to the resection of the pri-
mary tumor [ 6 ]. 

 In 2006, Rapiti et al. published a similar study 
using the Geneva Cancer Registry, examining a 
total of 300 metastatic breast cancer patients from 
1977 to 1996. In this cohort, 127 of the 300 (42 %) 
women had surgical intervention, 40 patients had 
a partial mastectomy, and 87 patients had a total 
mastectomy. Negative margins were accom-
plished in 61 (48 %) patients, and margin status 
was unknown in 26 % of the population. They 
found that excision of the intact primary breast 
cancer in the face of known metastatic disease 
imparted an impressive 40 % risk reduction in 
death due to breast cancer. The 5-year breast can-
cer-specifi c survival was 27 % when negative 
margins were achieved and 16 % and 12 % when 
the margins were either positive or unknown, 
respectively. Those women who underwent a sur-
gical resection, but had positive margins on the 
fi nal pathology, did not have a signifi cant differ-
ence in survival when compared to those without 
surgical intervention. The adjusted HR for the 
four groups of patients were 1.0 for the noninter-
vention group, 0.6 for the group with negative 
margins, 1.3 for positive margins, and 1.1 for the 
margin- unknown cohort of patients. In comparing 
the characteristics of the two patient cohorts, the 
surgical intervention group tended to be younger, 
treated in the private (vs. public) sector of their 
healthcare system, and had lower T- and N-stages 
(as defi ned by the AJCC standard staging prac-
tices for breast cancer) at initial diagnosis. 

 Additionally, in the Rapiti et al. analysis, 61 % 
of the patients who had resection had only one 
site of metastasis, while 41 % of the patients who 
did not have an operation had one metastatic site 
of disease. A smaller proportion of the operative 
group had visceral metastasis (43 %) as com-
pared to the inoperative group (58 %). Thus, the 
authors conclude that the complete resection of 
the primary tumor improves the long-term sur-
vival in women with metastatic breast cancer 
[ 11 ]. When interpreting these results, it is impor-
tant to recognize the role of selection bias in the 
sample. The younger age and less distant disease 
burden at the time of surgical intervention may 
have contributed to the differences in the 
improved overall survival in those undergoing 
operative intervention compared to those who 
did not. 

 Finally, in 2007, Gnerlich et al. looked at the 
data from the Surveillance, Epidemiology, and 
End Results (SEER) program. The SEER pro-
gram began collecting data in 1973, initially col-
lecting just a series of small datasets. It has now 
become the largest inclusive dataset in the United 
States, comprised of over 22 population-based 
cancer registries and encompassing approxi-
mately 28 % of the entire US population [ 12 ]. 
Gnerlich and colleagues analyzed data from 
SEER datasets between 1988 and 2003, identify-
ing 9,734 patients with Stage 4 breast cancer. 
Defi nitive operative intervention to remove the 
primary breast cancer in the face of known meta-
static disease occurred in 47 % (4,578) of the 
women. Simple mastectomy was performed on 
2,485 (54.3 %) patients, and 7,844 (40.3 %) had 
a partial mastectomy. 

 As in the study by Rapiti and colleagues, the 
women who had surgery were younger (age 62 
vs. 66  p  < 0.001) with smaller tumors that were 
grade 3 and estrogen receptor (ER) and proges-
terone receptor (PR) positive. The authors also 
noted that if the patients were Caucasian, mar-
ried, or diagnosed earlier in the study period, they 
were more likely to have surgery compared to 
others. To control for such confounders, they 
developed six multivariate Cox regression mod-
els that were applied to the dataset. Utilizing the 
most conservative estimates of the relationship 
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between surgery and survival, the data indicates 
that women who underwent an operation had a 
37 % reduced risk of dying during the study 
period [ 13 ]. 

 In addition to the large population-based 
studies, several smaller single-institutional, ret-
rospective studies have indicated a survival ben-
efi t with extirpation of the primary breast tumor 
in the setting of metastatic disease. A study by 
Babiera et al. looked at 224 patients treated at 
the University of Texas M.D. Anderson Cancer 
Center. They found that 82 (37 %) of the women 
with Stage 4 breast cancer underwent an opera-
tion (48 % had a partial mastectomy, 52 % had 
a total mastectomy). Twenty-nine of the 82 had 
an excisional biopsy, 41 had defi nitive treat-
ment, and only seven had an operation for pallia-
tion of their symptoms. Again, it was found that 
women who were treated operatively tended to 
be younger in age, have a lower N-stage, have 
only a single site of metastatic disease, have liver 
metastases, have amplifi cation of the Her-2/neu 
receptor, and have neoadjuvant chemotherapy. 
Only 14 (17 %) of the patients who underwent 
operative intervention had multiple metastatic 
sites, whereas 40 of the 142 (28 %) of the non-
operative group had multiple metastatic sites. 
With a median follow-up time of 32 months, the 
study demonstrated a trend toward an overall sur-
vival benefi t to surgical resection of the primary 
tumor. The authors were able to demonstrate a 
statistically signifi cant difference in metastatic 
progression- free survival for those in the surgi-
cal group with an HR of 0.54 ( p  = 0.0007). There 
was a trend toward an overall survival benefi t on 
univariant analysis that did not reach statistical 
signifi cance [ 14 ]. 

 With the growing amount of data demonstrat-
ing a possible overall and progression-free sur-
vival benefi t with resection of the primary tumor 
in the face of metastatic disease, Rao et al. ana-
lyzed patients treated at the University of Texas 
Southwestern Medical Center with metastatic 
breast cancer. They identifi ed a study popula-
tion of 75 patients and further classifi ed them 
based upon the time to surgical resection from 
the time of their original diagnosis. They were 
divided into three groups: surgical resection at 

0–2.9 months, 3–8.9 months, and at 9 months or 
more after diagnosis. During the time of the study 
period, from 1997 to 2002, most of the patients 
had an excisional biopsy to diagnose their disease 
(37 of 75 patients) resulting in a higher rate of 
incomplete resection due to the higher positive 
margin rate in this cohort. Forty-one underwent 
an operation with a curative intent and seven 
for palliation. The authors reported that those 
patients who had an operation ≥3 months after 
diagnosis had a better metastatic progression-free 
survival compared to those who were operated on 
within the fi rst 3 months of their diagnosis but 
were not able to demonstrate a difference in over-
all survival. On univariant analysis, the size of the 
tumor, method of diagnosis, number of distant 
metastatic sites, and type of axillary surgery were 
all associated with an improvement in overall and 
progression-free survival. However, on multivari-
ant analysis, only the patient’s race (Caucasian), 
fewer metastatic sites, and negative margins had 
better metastatic progression-free survival. 

 It was noted by the authors that most of the 
patients in the fi rst group (surgery prior to 
3 months from diagnosis) had an operation for 
purely diagnostic purposes and less for curative 
intent and, as expected, had a much higher rate of 
positive surgical margins. Additionally, they 
noted that those undergoing surgery at 3 months 
or greater had likely fi nished a chemotherapy 
regimen as their fi rst-line treatment. Therefore, 
these patients were more likely to have had a 
response to systemic treatment, thereby high-
lighting the inherent selection biases of the retro-
spective study. The study authors recommend 
patients who have metastatic disease at the time 
of diagnosis to undergo systemic therapy as a 
fi rst-line treatment followed by a surgical inter-
vention, with the goal of obtaining negative mar-
gins as these patients had an improvement in the 
metastatic progression-free survival without an 
impact on overall survival [ 15 ]. 

 It is important to understand that breast can-
cer represents a markedly heterogeneous group 
of tumors, highly variable in both genotypic and 
phenotypic expressions. Such heterogeneity is 
highly variable between any two patients, and as 
such, differences seen in overall survival may be 
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impacted by any number of factors. Extensive 
research has been performed in order to classify 
various breast cancers based upon their molec-
ular classifi cation, fi nding four major breast 
cancer subtypes: luminal A, luminal B, Her-2/
neu positive, and basal-like. Luminal A breast 
cancers are strongly ER and/or PR positive and 
Her-2/neu negative with a low Ki67 and have 
the best overall survival. Luminal B cancers 
are ER and/or PR positive and Her-2/neu posi-
tive with a high Ki67 and comprise about 20 % 
of the tumors diagnosed. The so-called basal-
like cancers are negative for all three markers, 
ER, PR, and Her-2/neu, and, as such, have the 
worst overall survival. The fi nal subtype is ER/
PR negative and Her-2/neu positive [ 16 ]. The 
most common of the subtypes are the luminal 
breast cancers (A and B), comprising approxi-
mately two-thirds of all breast cancers. Breast 
cancers with the ER-/PR-negative and Her-2/
neu pattern are the second most common at 
approximately 20% of the population. The least 
common, basal-like, comprises only 10–15 % of 
the patient population, but these numbers vary 
with ethnicity. Basal-like breast cancers are 
more common in the Hispanic and Black patient 
population (16 % and 24 %, respectively) as 
compared to White patients (11.5 %) [ 17 ]. 
Acknowledging the impact of these subtypes of 
survival, Blanchard et al. investigated the role of 
the molecular classifi cation of breast cancer and 
their infl uences upon the overall survival and 
metastatic progression-free survival compared 
to historical data. 

 The authors identifi ed 16,401 patients in the 
database of the University of Texas Health 
Science Center at San Antonio who had hormone 
receptor assays performed. Of those patients, 807 
had Stage 4 metastatic breast cancer at presenta-
tion, and in contrast to the previously discussed 
papers, the women receiving surgery in the study 
tended to be older, with an average age of 
63.3 years as compared to 57.1 years in the non-
operative group. The patients in the study were 
more likely to be ER positive and PR negative 
and have T2 tumors at presentation, and the most 
common site of distant metastases was the bone. 
A total of 242 patients (61.3 %) underwent an 

operation with the majority of the patients under-
going a modifi ed radical mastectomy. 

 In univariant analysis, signifi cant improve-
ment in overall survival was noted if the patients 
were ER positive, PR positive, or both ER and PR 
positive. ER-positive patients who underwent 
surgical intervention had a signifi cantly improved 
overall survival as compared to those who did not 
have surgery (27.1 months vs. 16.8 months, 
 p  < 0.0001), and this was maintained in patients 
with ER-negative disease. On multivariate analy-
sis, controlling for ER/PR, age, race, visceral 
metastases, number of metastatic sites, and his-
tology, the surgical removal of the intact primary 
breast cancer in the face of metastatic disease 
remained an independent factor associated with 
improved overall survival. The authors also found 
that ER/PR receptor status and the total number 
of distant metastatic sites were independent fac-
tors; ER-/PR-positive patients and those with less 
metastatic sites had better overall survival. Using 
multivariate models, surgical intervention dem-
onstrated an overall HR of 0.71. In subset analy-
sis, the HR improved to 0.606 if the tumor was 
ER positive, but when patients had more than one 
metastatic site, the HR was 1.268. The group also 
looked at the survival differences based on site of 
metastases and found survival to be worse if the 
patient had visceral metastases or more than one 
site of metastatic disease [ 18 ]. 

 Using the clinical database from the Dana- 
Farber Cancer Institute, Brigham and Women’s 
Hospital, and Massachusetts General Hospital, 
Bafford et al. examined 147 patients diagnosed 
with synchronous primary and metastatic breast 
cancer, of which 41 % underwent removal of the 
primary lesion. Interestingly, by examining the 
timing of their diagnosis as either preoperative or 
postoperative, they found that only 25/147 (17 %) 
patients were diagnosed with metastatic disease 
prior to their surgical intervention. There was no 
statistically signifi cant difference in age, but 
patients receiving surgery were more likely to 
receive adjuvant radiation therapy and have fewer 
sites of distant disease. The authors further 
adjusted for ER and Her-2/neu receptor status, 
age, total number and location of metastases, and 
the various regimens of systemic therapy, fi nding 
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that surgery was still a predictor of improved sur-
vival. The median overall survival, unadjusted, 
was 3.52 years in the surgical group versus 
2.36 years in the nonsurgical group. Perhaps 
more important was the subset analysis of sur-
vival between those diagnosed before and after 
surgical intervention. For those patients who 
were diagnosed with metastatic disease prior to 
surgery, the overall survival was not impacted by 
surgical resection, and these patients had overall 
survival comparable to those who did not have 
surgical intervention at 2.4 years and 2.36 years, 
respectively [ 19 ]. 

 In the Netherlands, Rashaan et al. accessed the 
database of two Dutch hospitals and identifi ed 
171 patients diagnosed with metastatic breast 
cancer between 1989 and 2009. Thirty-fi ve per-
cent of these patients had surgical intervention 
(59 of 171 patients) of whom 35 % (21 of 59 
patients) were undiagnosed with metastatic dis-
ease at the time of their surgical intervention. The    
patients who had extirpation of their primary 
tumor were younger and had a lower T-stage, 
lower-grade tumors, and less comorbid condi-
tions. In univariant analysis, there was an associ-
ation between surgery and survival; however, this 
fi nding was not signifi cant when examined by 
multivariate analysis. 

 The authors identifi ed that patients who were 
younger at presentation and had an overall favor-
able health profi le were operated on more fre-
quently as a result, thus translating into a survival 
benefi t with removal of the primary tumor. While 
a small patient population, and contrary to the 
aforementioned study by Bafford et al., they did 
not identify differences in outcomes between 
those who were operated on pre- and post- 
identifi cation of metastatic disease. The authors 
again acknowledge the selection bias inherent in 
the retrospective nature of the study and recog-
nize the need for a prospective randomized con-
trol trial to help reduce these confounders [ 20 ]. 

 In a much larger study, Nguyen et al. identi-
fi ed 733 women with newly diagnosed meta-
static breast cancer in the British Columbia 
Cancer Agency (years 1996–2005). They ana-
lyzed tumor characteristics, overall survival, 
and locoregional progression-free survival and 

 compared locoregional treatment to those who 
had no local treatment. Fifty-two percent (378 
of 733) had locoregional intervention defi ned 
as surgery alone (67 %), radiation alone (22 %), 
or a combination of the two (11 %). Those who 
were less than 50 years of age and had better per-
formance status, tumors <5 cm, and low nodal 
disease burden had a higher rate of locoregional 
intervention. Additionally, patients who had less 
than fi ve metastatic lesions and/or were asymp-
tomatic from their metastatic disease were also 
more likely to have locoregional treatment. 

 Eighty percent of those who underwent local 
intervention were diagnosed with metastatic 
disease prior to their intervention, and 20 % 
had distant disease diagnosed with 4 months of 
presentation and diagnosis. The authors found 
the overall survival rate and the locoregional 
progression- free survival were better for women 
who underwent locoregional treatment as com-
pared to those who did not. The 5-year overall 
survival was 21 % for those who underwent 
local regional therapy as compared to 14 % in 
the group who did not ( p  < 0.001). Additionally, 
the local progression-free survival was 72 % in 
the regional therapy group and 46 % in those 
that did not ( p  < 0.001). Importantly, the type 
of locoregional therapy did not seem to play a 
role; it was merely that locoregional therapy had 
been provided. The improvement in overall sur-
vival was maintained upon multivariant analysis, 
with locoregional therapy associated with an 
improved overall survival and negative resection 
margins, receiving chemotherapy and hormonal 
therapy [ 21 ]. 

 In 2008, Hazard et al. published a small, 
single- institution, retrospective review of 111 
women treated at the Lynn Sage Breast Cancer 
Center at Northwestern University. The authors 
found that surgery alone did not improve over-
all survival, but gaining locoregional control 
of chest wall disease was associated with an 
improved overall survival. The authors deter-
mined the lack of chest wall disease, whether 
by surgery, radiation, systemic therapy, or any 
combination thereof, imparted an overall sur-
vival benefi t to women diagnosed with meta-
static disease. Of the 111 women included in 
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the study, 103 had  information regarding chest 
wall disease. Surgery was performed in 42 % of 
the patients, with successful chest wall control 
maintained in 82 % of those patients as com-
pared to only 34 % who did not have surgical 
intervention. The overall hazard ratio associated 
with chest wall control was highly signifi cant 
( p  < 0.0002). Thus, the authors conclude that 
maintaining chest wall control, whether by sur-
gery or not, may play a role in improving over-
all survival in women diagnosed with metastatic 
disease at presentation. The reason for this over-
all survival benefi t is not well understood but 
may be related to the reduction in tumor volume 
and thus a potential for seeding and reseeding of 
metastatic sites. Again, the authors called for a 
randomized control trial to help discern the role 
locoregional intervention plays in overall sur-
vival and progression-free survival in metastatic 
breast cancer patients [ 22 ]. 

 While all the previously referenced studies 
indicate a marginal benefi t of locoregional ther-
apy to the patient with metastatic breast cancer 
diagnosed at presentation, a study published in 
2011 by Dominici et al. contradicts these fi nd-
ings. Using the National Comprehensive Cancer 
Network (NCCN) Breast Cancer Outcomes 
Database, they looked at patients who were 
treated with surgical intervention prior to sys-
temic treatment and compared them to women 
who received no surgical intervention. They 
matched the patients based on age, ER status, 
Her-2/neu status, and number of metastatic sites. 
A total of 1,048 patients with metastatic disease 
were identifi ed, but the appropriate data was only 
available for 551 patients. The authors matched 
236 patients without intervention to 54 patients 
with surgical intervention. They found the sur-
vival was similar between the two groups, 
3.4 years in the nonsurgical versus 3.5 years in 
the surgical group [ 23 ]. 

 Each of these studies provides a variation on 
the hypothesis that surgical intervention, or at 
least locoregional intervention, will help impart 
an overall survival benefi t for patients diag-
nosed with metastatic breast cancer. While it is 
easy to attribute all of the survival benefi t to the 
selection bias inherent in retrospective studies, 

this may be underestimating the role primary 
tumor resection has on distant disease control. 
As our knowledge of cancer stem cells and other 
mechanisms of tumorigenesis improves, it is 
possible that reducing local disease burden with 
complete surgical resection, in and of itself, may 
play a key role in an improved overall survival. 
With a 5-year survival rate of less than 25 %, it 
behooves us to continue to strive to fi nd ways 
of improving this relatively dismal prognosis. 
To this end, there is now one randomized con-
trolled trial in the United States whose sole aim 
is to identify the possible role that surgery or 
locoregional treatment may play in improving 
the outcome in Stage 4 patients. The Eastern 
Cooperative Oncology Group (ECOG) 2108 
study is a randomized phase III trial examin-
ing the value of early local therapy for the intact 
primary tumor in patients with metastatic breast 
cancer. All women enrolled in the trial will 
undergo induction systemic treatment after the 
diagnosis of metastatic disease is made. Patients 
may be enrolled either at the time of diagnosis or 
up to week 30 of systemic treatment. Systemic 
therapy is up to the provider, but the patient must 
have completed 16 weeks of therapy. Those 
who respond to treatment with either stable or 
decreased metastatic disease burden defi ned as 
(1) no new sites of disease, (2) no enlargement 
of existing disease ≥20 %, and (3) no deteriora-
tion of symptoms will be randomized into one 
of two arms. 

 In the fi rst arm, patients will not undergo any 
surgical intervention and continue their systemic 
treatment. In the second arm, the patient will 
undergo surgical resection of the primary tumor 
and then continue with further systemic therapy 
at the discretion of the provider and as needed for 
palliation of local progression. The intervention 
arm will be the defi nitive treatment of the pri-
mary breast cancer with either lumpectomy or 
mastectomy with concomitant axillary nodal 
staging and followed by radiation therapy if nec-
essary [ 24 ]. However, due to the small population 
of patients who fi t the eligibility criteria, we are 
unlikely to know the answer in short order. In the 
meantime, it appears that there is enough data to 
consider the curative resection of the primary 
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tumor when the overall metastatic disease burden 
is minimal and/or locoregional control of chest 
wall disease can be achieved.  

    Liver Metastasis 

 One of the most common solid organ metastatic 
sites for breast cancer is the liver. This is often in 
combination with disseminated disease to other 
locations such as to the bone, lung, and brain. 
However, approximately 5 % of Stage 4 breast 
cancer patients will have isolated metastasis to 
the liver [ 25 ]. Originally, the morbidity and mor-
tality associated with partial liver resections 
made the risks of surgery outweigh the potential 
benefi t of improved overall survival. However, 
the advent of several new surgical devices and 
techniques has considerably shifted this ratio to a 
more favorable outcome for those undergoing a 
resection of isolated liver metastases. Taking a 
cue from the role of partial hepatectomy for met-
astatic colon cancer and its associated improve-
ment in overall survival, many groups in the 
United States, Europe, and Asia have assessed 
the possible benefi ts of similar, aggressive, oper-
ative intervention for patients with breast cancer 
liver metastases. 

 In 2000, investigators at Duke University ret-
rospectively evaluated 17 patients accrued over a 
10-year period. There were 33 patients eligible 
for curative resection; however, 16/33 (48 %) 
were found to be unresectable at the time of the 
operation. Of the remaining 17 patients, 10 
received neoadjuvant chemotherapy. Twelve 
(71 %) had a single metastatic liver lesion, and 
fi ve patients had two lesions. The median size of 
the liver metastasis was 2.5 cm with none larger 
than 5 cm. There was one death in the immediate 
postoperative period. The median survival of the 
remaining 16 patients was 27 months, with a 
5-year actuarial survival rate of 22 % and a 5-year 
disease-free survival of 17 %. Local recurrences 
were high, with 12/16 (75 %) developing recur-
rent disease at a median time to recurrence of any 
type was 7 months [ 26 ]. 

 A second group at the Institut Curie also pub-
lished data in 2000 regarding their experiences 

with liver resection for patients with breast can-
cer metastases. Pocard et al. identifi ed 52 patients 
who underwent surgery between 1988 and 1997. 
Forty-six (88.5 %) had chemotherapy or endo-
crine therapy prior to surgical intervention (3–24 
cycles) with the mean interval from diagnosis 
to surgery of 11 months. Solitary liver metasta-
sis were present in 36 (69.2 %) of the patients. 
Eight- six percent had an operation for curative 
intent. With a median follow-up of 23 months, 
the overall survival after surgery was 86 % at 
12 months, 79 % at 24 months, and 49 % at 
36 months. Survival was dependent on the length 
of time from the diagnosis of the primary breast 
cancer to the diagnosis of metastatic disease. 
The overall survival at 36 months was 45 % for 
those patients who were diagnosed with metas-
tases within 48 months of the original tumor and 
82 % if the patient’s diagnosis of breast cancer 
was >48 months ( p  = 0.023) [ 27 ]. The authors 
acknowledge the highly selective patient popula-
tion but postulate the potential for a greater role 
in partial liver resections in this small, highly 
selective subset of patients. 

 Around the same time, Yoshimoto et al. pub-
lished a study of 25 patients with liver metastasis 
who underwent surgery with a curative. This ret-
rospective study of women treated from 1985 to 
1998 included those with both liver and extrahe-
patic metastases. Fourteen patients (56 %) had a 
solitary metastasis, 11 patients had multiple 
lesions, and 8 had extrahepatic disease. Of the 25 
patients, recurrence occurred in 18 (72 %); the 
liver was the sole site of recurrence in 12 (67 %) 
patients. The 2-year and 5-year cumulative sur-
vival rates were 71 % and 27 %, respectively, and 
the median duration of survival was 34.3 months. 
In this study, overall survival was not impacted 
by the number or size of the metastatic lesions, 
the interval between diagnoses, or the presence 
of extrahepatic metastases [ 28 ]. 

 Vlastos et al. published a single institution’s 
experience with aggressive management of 
breast cancer liver metastases at the University 
of Texas M.D. Anderson Cancer Center. A total 
of 31 patients treated between 1991 and 2002 
were retrospectively evaluated. These patients 
had liver- only disease and the median size of 
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the lesions was 2.9 cm. Twenty of the patients 
(65 %) had a solitary lesion and the vast major-
ity of them had chemotherapy prior to surgical 
intervention. The median survival was 63 months 
and the overall 2-year and 5-year survival rates 
were 86 % and 61 %, respectively. The disease-
free survival was 39 % and 31 % at 2 years and 
5 years, respectively. The median time to recur-
rence was 13 months and only four patients 
(13 %) had recurrences in the liver [ 29 ]. Again, 
this is a highly selective patient population but 
with a median survival of 63 months; it substan-
tially exceeds the range of survival reported in 
the literature for those not undergoing surgical 
intervention. 

 Two different studies have looked at the extent 
of resection and its impact, if any, on survival. 
The fi rst, published in 2006 by Adam et al., is a 
single institution, retrospective study of 85 
patients with a median age of 47. Twenty-seven 
(32 %) had evidence of extrahepatic metastases, 
32 had a solitary lesion in the liver, and 26 had 
greater than 3 metastases. On fi nal pathology, 
65 % of the patients had negative margins (R0 
resection). Eighteen percent of patients had 
microscopic disease evident at the margins of 
resection (R1), and 17 % had macroscopic dis-
ease (R2) at the resection margin. Thirty-two 
patients (38 %) were alive at a median follow-up 
of 38 months. The median survival was 32 months 
and the median disease-free survival was 
20 months. The 5-year overall survival was 37 % 
and the 5-year disease-free survival was 21 %. 
Only an R2 resection was found to be a predictor 
of poor prognosis [ 30 ]. 

 Van Walsum et al .  also evaluated the degree of 
resection relative to survival. In their series of 32 
patients, the median diameter of the lesions was 
2.5 cm, all patients had previously undergone 
resection of their primary breast tumor, and the 
median age was 50 years. With a median follow-
 up time of 26 months (range 0–188), the 5-year 
overall survival and disease-free survival were 
37 % and 19 %, respectively. The median overall 
survival was 55 months and the median time to 
recurrence was 11 months. All but three patients 
(91 %) had R0 sections of the metastatic lesions. 
The overall survival and the median survival 

were not signifi cantly different; however, there 
were three patients with microscopic disease at 
the resection margin (R1). The authors indicated 
having a solitary lesion was associated with an 
improved overall survival of 68 % as opposed to 
those with multiple lesions with 37 % [ 31 ]. 

 As this impacts survival, the receptor status of 
the primary tumor and its correlation to the meta-
static lesion have become a point of interest. Liu 
et al. published an interesting study comparing 
the receptor status of the primary tumor to the 
receptor status of the metastatic lesion(s) in the 
liver. In a population of 58 patients diagnosed 
with metastatic breast cancer to the liver, 12 had 
a simultaneous diagnosis of the primary and the 
metastatic lesion, and 46 had a diagnosis of liver 
metastases remote to the diagnosis and treatment 
of the primary tumor. Of those diagnosed with 
Stage 4 at presentation, the ER status did not 
change between the primary tumor and the 
metastases. However, in four cases, PR status 
changed and in one patient the Her-2/neu status 
changed. By contrast, there was a signifi cant 
variation in receptor status when the diagnosis of 
Stage 4 disease was made remote to the diagnosis 
of the primary tumor. ER status was different 
between the tumors in 14 of 46 (30.4 %) patients, 
PR changed in 25 patients (54.3 %), and Her-2/
neu was altered in 5 of 46 (11 %) patients [ 32 ]. 
Thus, the clinician should not assume the recep-
tor status of the primary tumor and the metastatic 
site are the same, and therefore it is important to 
assess for the ER, PR, and Her-2/neu status of the 
metastatic lesion as the systemic therapy may 
need to be adjusted to the new receptor patterns. 

 Martinez et al. from the John Wayne Cancer 
Institute evaluated the impact of the ER status on 
overall survival. Their retrospective study evalu-
ated 20 patients meeting criteria out of a pool of 
1,147 patients treated at their institution between 
1995 and 2004. They demonstrated the overall sur-
vival was better if the ER was positive but did not 
identify a correlation with PR status. The median 
survival was 32 months, and the 2-year and 5-year 
survival rates of the entire cohort were 61 % and 
33 %, respectively. However, if the patient was 
ER positive on the primary tumor, the survival 
was 3.52 years in comparison to 1.5 years if the 
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primary was ER negative. Similarly, if the ER was 
positive on the liver metastasis, the survival was 
3.14 years as compared to 0.77 years when the ER 
was negative. Additionally, patients with two or 
more metastases or who were less than 50 years 
of age had worse overall survival [ 33 ]. 

 Finally, Abbot et al. evaluated the ER status 
and the response to chemotherapy as a predictor 
of improved survival in patients. Patients treated 
between 1997 and 2010 were identifi ed and 86 
patients met study criteria. With a median follow-
 up of 62 months, the median disease-free survival 
was 14.2 months and the median actuarial overall 
survival was 57 months. In this patient popula-
tion, 27 patients had synchronous liver metasta-
ses, 90 % had an R0 resection, and 62 % had a 
solitary liver metastasis. The vast majority (86 %) 
of the patient’s liver lesions were less than 5 cm, 
and 65 of the 86 (76 %) patients had neoadjuvant 
chemotherapy or antiestrogen therapy. If the 
patient had an ER-positive tumor, the median 
disease-free survival was 19.8 months as com-
pared to ER-negative tumors in which disease- 
free survival was 7.8 months ( p  = 0.031). The 
median overall survival for ER-positive tumors 
was 76.8 months and 61.8 months for PR-positive 
tumors. If the patient’s tumor was ER and PR 
negative, the median overall survival was 
28.3 months. However, the authors found the 
most signifi cant predictor of survival advantage 
with liver resection was radiographic evidence of 
response to preoperative chemotherapy or anties-
trogen therapy [ 34 ]. 

 Thus, studies would indicate patients with a 
prolonged interval between diagnosis of the pri-
mary lesion and liver metastasis, solitary liver 
lesion, older age, ER-positive tumors, and radio-
graphic evidence of response to neoadjuvant sys-
temic therapy may benefi t the most from an 
evaluation for and potentially curative surgical 
resection of liver metastases.  

    Lung Metastasis 

 The lung is the second most common solid 
organ to which breast cancer will metasta-
size. However, the role of surgical resection is 

 somewhat controversial. During the initial evalu-
ation of a pulmonary nodule in a patient with a 
prior diagnosis of breast cancer, it is important 
to delineate benign versus malignant etiology. If 
the lesion returns as malignant, it is important 
to then differentiate a primary lung cancer from 
metastatic breast cancer. Historically, the aggres-
sive surgical treatment of pulmonary metastases 
was isolated to a select few academic centers, 
and the patients chosen for intervention had to 
have had a long disease-free interval. As with 
liver metastasectomy, the resection of breast 
cancer lung metastasis with curative intent was 
fostered by the development of supportive data 
derived from another malignancy, in this case, 
osteosarcoma. 

 Data from the Mayo Clinic in Rochester, 
Minnesota, indicated an improved 5-year over-
all survival from 17 % to 32 % when pulmonary 
metastases were resected in patients with meta-
static osteosarcoma [ 35 ]. Most pulmonary metas-
tases are asymptomatic, especially when there is 
limited disease in the thoracic cavity. Thus, the 
experience with metastasectomy is confi ned to 
a very small, highly selective, subpopulation 
derived from the larger pool of Stage 4 patients. 
As with liver metastases, the role of surgical 
intervention is gaining greater prominence as the 
morbidity and mortality of chest surgery con-
tinue to decline. 

 The initial experience at the University of 
Texas M.D. Anderson Cancer Center was pub-
lished in 1992. The authors reported on 44 eligi-
ble patients accumulated from 1981 to 1990. All 
patients had thoracic metastasis and prior treat-
ment of their primary tumor. Seven patients were 
excluded, three for benign disease and four for 
incomplete resection (due to hilar or nodal dis-
ease), for a total of 37 patients. The median age 
was 55 years, there were no deaths, most patients 
had either preoperative or postoperative systemic 
therapy, and the vast majority (27 patients) had a 
single lesion. The median survival for complete 
resection (R0) was 47 months ± 5.5 months, and 
the actuarial 5-year survival was 49.5 %. The 
authors noted the disease-free interval was a sig-
nifi cant predictor in this population. If greater 
than 12 months had elapsed from the diagnosis 
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of the primary tumor, the median survival was 
82 months, and the 5-year survival was 57 %. By 
comparison, if the diagnosis of the primary was 
less than 12 months prior, the median survival 
was 15 months, and the 5-year survival was 0 %. 
Two additional factors assessed by the authors 
were the role of the ER status and the number 
of pulmonary metastasis. Twenty-seven patients 
had a single pulmonary lesion, and ten patients 
had two or more lesions. The median survival 
was 82 months for the group with an isolated 
lesion and 24 months for multiple lesions; the 
5-year survival was 59 % in the former group 
and only 36 % in the latter. This difference did 
not reach statistical signifi cance ( p  = 0.229). 
Similarly, those with ER-positive disease had a 
trend toward a survival advantage, but with only a 
total of 29 patients with known ER status, statisti-
cal signifi cance was not achieved ( p  = 0.98) [ 36 ]. 

 McDonald et al. published their single- 
institution experience of 60 patients with a 
median age of 58 years. Solitary metastasis was 
identifi ed in 31 patients, and 40 of the 60 patients 
had an R0 resection. Of the 39 survivors, 32 
patients eventually had a recurrence of their dis-
ease. The median disease-free interval was 
1.6 years. The overall 5-year survival was 37.8 %, 
and the survival was not infl uenced by the age of 
the patient, the type of breast cancer, the original 
stage, the tumor-free interval, the estrogen recep-
tor status, and the type of pulmonary resection. 
Only the number of metastasis approached clini-
cal signifi cance, with the low number of patients 
in each category making statistical signifi cance 
diffi cult to achieve [ 37 ]. 

 Friedel et al. assessed the benefi t of lung 
metastasectomy using the International Registry 
of Lung Metastases. There were 467 patients in 
the database of whom 84 % had a complete resec-
tion of their pulmonary metastatic burden. The 
overall 5-, 10-, and 15-year survival was 38, 22, 
and 20 %, respectively. With further analysis, the 
authors noted that disease-free interval was a sig-
nifi cant predictor of overall survival. For patients 
whose primary tumor was diagnosed greater than 
or equal to 36 months prior to lung resection, the 
5-, 10-, and 15-year survival was 45, 26, and 
21 %, respectively ( p  = 0.0001). Single metastasis 

was not a signifi cant predictor of survival. The 
authors analyzed a subset of patients who had (1) 
R0 resection, (2) prolonged disease-free interval, 
and (3) a single lung metastasis. This highly 
selected population did not have a signifi cant sur-
vival benefi t [ 38 ]. 

 Several subsequent single-institutional studies 
have been published with confl icting results. The 
fi rst, by Tanaka et al., was published in 2005. 
Fifty-two breast cancer patients, diagnosed 
between 1992 and 2001, underwent surgical treat-
ment of pulmonary nodules. All patients had prior 
surgical resection of the primary tumor and the 
mean age was 55.8 years. Of the 52 patients, 39 
(75 %) had breast cancer metastasis, six had pri-
mary lung cancer, and seven had benign lesions on 
fi nal pathology. Complete resection was accom-
plished in 33 of the 39 patients (84.6 %), and mul-
tiple nodules/lesions were present in 24 patients. 
None of the patients had extrathoracic disease. 
The median overall survival was 32 months and 
the 5-year survival was 30.8 %. The number of 
metastases, the disease- free interval, and the pres-
ence of unilateral versus bilateral disease did not 
infl uence survival. Interestingly, the patients with 
pulmonary nodules from metastatic disease had a 
disease-free interval of 66 months as compared to 
272 months when the nodule was due to a new 
primary lung cancer [ 39 ]. 

 Contradictory to these fi ndings, Rena et al. 
found that disease-free interval positively infl u-
enced overall survival rates. In this retrospective 
study of 79 patients, the mean age was 63 and 
none of the patients had extrathoracic disease. 
All of the patients had previously undergone 
curative resection of the primary tumor. Of the 
79 patients, 27 (34 %) had metastatic breast can-
cer, 38 had primary pulmonary malignancy, and 
14 had benign pathology. Again, the average 
disease- free interval was much longer when the 
pathology of the lung lesion was a primary lung 
cancer. The patients were stratifi ed to disease- free 
intervals of <36 or >36 months. The 5-year and 
10-year survival rates were 38 % and 23 % when 
the diagnosis was made greater than 36 months 
from the primary tumor. This is signifi cantly 
longer than if the diagnosis was made prior to 
36 months, 21 % and 9 % ( p  = 0.014) [ 40 ]. 
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 Finally, one study showed a signifi cant dif-
ference in survival based on the receptor status 
of the primary and the metastatic tumor. Welter 
et al. retrospectively evaluated 47 patients treated 
between 1998 and 2007. The mean age was 
56.2 years, and the median disease-free inter-
val from the primary diagnosis was 3.66 years. 
Complete resection was accomplished in 27 of 47 
(57 %) patients. Residual microscopic and mac-
roscopic disease at the margins of resection was 
identifi ed on fi nal pathology in 6 and 14 patients, 
respectively. The authors noted that 11 of 39 
(28 %) patients had a change in the ER status 
and 4 of 16 patients had a change in Her-2/neu 
status. The overall survival and 5-year survival 
rates for the entire cohort were 32 months and 
36 %, respectively. If the patient was ER positive, 
the 5-year survival rate was 76 % as compared to 
12 % when the patient had ER-negative disease 
( p  = 0.002). The authors did not fi nd a correla-
tion with the age of the patient, the number of 
metastases, original tumor stage, completeness 
of resection (R0 vs. R1/R2), or the presence of 
nodal involvement [ 41 ]. 

 Thus, the approach to the patient diagnosed 
with new pulmonary nodules or documented 
pulmonary metastasis is complex. Nichols et al. 
suggest assessing fi ve key factors that are, in 
part, supported by the data presented above. The 
author advocates evaluating for (1) control of 
the primary tumor, (2) the number of metastatic 
lesions in the lung, (3) the presence or absence 
of extrathoracic metastases, (4) whether or not 
the patient can physiologically tolerate the resec-
tion, and fi nally (5) the disease-free interval 
[ 42 ]. These factors can help the clinician decide 
whether or not a patient should be referred for an 
evaluation with the intent of resecting pulmonary 
metastases.  

    Brain Metastasis 

 Breast cancer is the second most common 
malignancy to metastasize to the brain, while 
non- small cell lung cancer is the most com-
mon. The incidence of brain metastasis may 
be increasing as patients live longer as a result 

of improvements in both local and systemic 
therapies. At the time a diagnosis of metastatic 
breast cancer to the brain is made, the average 
survival is between 11 and 14 months, and this 
is signifi cantly impacted by the number of meta-
static lesions. To understand this poor progno-
sis, it is important to discuss some of the factors 
making treatment of brain metastasis diffi cult. 
Unique to the central nervous system (CNS) is 
the blood-brain barrier. This system of tightly 
woven endothelial cells functions as an effective 
defense mechanism. It protects the CNS from 
exposure to the highly variable composition of 
the blood as well as the brain from infection and 
other pathogens. The endothelial cells form tight 
junctions and are without the standard transen-
dothelial pathways that allow for movement of 
substances from the blood vessel into the brain. 
While this is an excellent protective measure, it 
is detrimental in the setting of metastatic lesions. 
The relative diffi culty of effectively getting ther-
apeutic agents such as chemotherapy across the 
barrier to treat the malignancy within the CNS 
parenchyma makes systemic treatment of these 
lesions problematic. 

 In an autopsy study published in 1983, 
Tsukada et al. found 309 of 1,044 (30 %) patients 
with breast cancer had CNS disease. Of those 
309 patients, 193 (62 %) had parenchymal 
involvement (as compared to leptomeningeal) 
resulting in a calculated overall incidence of 
approximately 19 %. The authors point out that 
only 31 % of the 309 patients were clinically 
diagnosed with CNS disease prior to their death 
[ 43 ]. Quigley et al .  published a retrospective 
review of 88 patients who presented with a new 
diagnosis of brain metastasis at a single institu-
tion. They found that 68 % had multiple lesions 
and 17 % had a solitary lesion and the factors 
negatively impacting survival were the presence 
of leptomeningeal disease and triple-negative sta-
tus (ER/PR and Her-2/neu negative). The median 
survival of the patients in each of these latter two 
groups was 3.1 months [ 44 ]. 

 One key factor in determining both overall 
survival and treatment in this group of patients is 
the number and location of the lesions detected. 
The majority of metastatic lesions are confi ned to 
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the cerebral cortex with the remaining metastatic 
deposits located in the cerebellum and the brain 
stem. Local treatment, depending on the location 
of the lesion, can result in signifi cant physical 
and cognitive impairments. Thus, the locore-
gional approach to the single metastatic deposit 
is different than that of diffuse lesions within the 
brain. Broadly speaking, surgical treatment of the 
brain metastasis can be subclassifi ed into true 
microsurgical resection and stereotactic radiofre-
quency surgery (SRS). While not a true surgical 
technique, SRS can effectively target the lesion 
and the surrounding parenchyma. 

 There are very few studies dedicated to the 
treatment of breast-only metastatic disease to the 
brain. However, several randomized studies have 
been published regarding the treatment of brain 
metastasis. In 1990 Patchell et al. published a ran-
domized study comparing surgical resection and 
radiation therapy of a single metastatic deposit to 
radiation therapy alone. There were 25 patients 
in the radiation and surgery arm; however, only 2 
of the 25 were breast cancer metastases. This arm 
had an overall length of survival of 40 weeks, and 
the patients maintained good functional indices 
until week 38. By contrast, the radiation alone 
arm had 23 patients (one breast cancer patient) 
with an overall length of survival of 15 weeks, 
and the patients maintained good functional sta-
tus until week 8. The recurrence rate was 20 % in 
the combined treatment arm as compared to 52 % 
in the radiation alone arm [ 45 ]. 

 While the patient population was predomi-
nantly non-breast cancer patients, the study set 
the stage for further work published in 1998 by 
the same group where a comparison of radiation 
plus surgery to surgical resection alone was 
reported. In this randomized, multicenter trial of 
95 patients, 49 (51.5 %) patients were random-
ized to radiation and surgery, and 46 patients 
were randomized to surgery alone. Again, all 
patients had a single metastatic deposit. The 
recurrence rate was 18 % for the combined ther-
apy group and 70 % for the surgery alone group; 
there was no difference in overall survival. Of the 
patients in this cohort, only nine patients had a 
primary breast malignancy [ 46 ]. Both of these 
studies seem to indicate that combination therapy 

is a better means of reducing risk of brain recur-
rences and, in at least one study, potentially 
improving overall survival. 

 More recently, focus has turned to the role of 
surgery and radiation in the treatment of more 
than one metastatic site in the brain. Rades 
et al. published in  Cancer  in 2007 a series of 
201 patients who had one to two brain metas-
tases and were treated with combined therapy. 
The arms were (1) surgery plus whole breast 
radiation (99 patients) and (2) surgery, whole 
brain radiation with a boost dose to the tumor 
bed (102 patients). The 1-year overall survival 
for the arm treated with surgery and whole 
brain radiation was 41 % as compared to 
66 % in the cohort of patients who received an 
additional boost dose ( p  < 0.001). Of this 201 
patient cohort, breast cancer was the primary 
malignancy in 43 (21 %) patients. On multivari-
ant analysis, the use of the boost dose, complete 
surgical resection, and the interval between 
tumor diagnosis and whole breast radiation 
therapy (12 m) were associated with improved 
overall survival. There was no difference in sur-
vival based on the tumor type [ 47 ]. 

 The same authors also investigated the role 
of a boost dose to the metastatic site in patients 
who presented with a single metastatic site. This 
study had 105 patients in the surgery plus whole 
breast radiation and 90 patients who underwent 
the same regimen but with an added boost of 
radiation to the metastatic bed. Of these 195 
patients, 34 were breast cancer patients (17 %). 
They found that the local control rates were 
much better for the group who had an additional 
boost dose at 1 year (67 % vs. 38 %), 2 years 
(51 % vs. 20 %), and 3 years (33 % vs. 9 %) as 
compared to those patients who did not receive 
a boost dose ( p  = 0.002). However, despite the 
improved local control, the addition of the boost 
dose did not impart an overall survival benefi t. 
The overall survival at 1 year for the boost group 
was 60 % and 52 % for the non-boost group; 
the 2-year survival was 40 % versus 25 %, and 
the 3-year survival was 26 % versus 19 %. The 
authors concluded that the addition of a boost 
dose should be considered in most patients 
as local control is important in controlling the 
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 neurologic complications of CNS metastasis, but 
they do caution this should be confi rmed by a 
randomized control trial [ 48 ]. 

 In 2012, the Cochrane Collaboration pub-
lished updated recommendations for the 
treatment of newly diagnosed multiple brain 
metastases from various primary cancers. The 
group searched MEDLINE, EMBASE, and the 
Cochrane Central Register of Controlled Trials 
(CENTRAL) for randomized control trials com-
paring whole brain radiation therapy to other 
treatment therapies in adults. To the original 
review published in 2006, the authors added 
nine additional articles and 1,420 patients for a 
total of 39 articles reviewed and 10,835 patients. 
Based on the updated data, the authors conclude 
(1) the standard dose-fractionation plans are 
equally as effective as others and (2) the use of 
boost to the metastatic site in combination with 
whole brain radiation therapy improves local 
control but does not affect overall survival in 
patients with multiple brain metastases. Finally, 
it appears those who are treated with radiosur-
gery alone have better neurocognitive outcomes 
than those treated with whole brain radiation and 
radiosurgery, but caution this is based on one 
randomized control trial [ 49 ]. 

 In conclusion, the recommendations for treat-
ment of a patient diagnosed with metastatic 
breast cancer to the brain depend upon the num-
ber of lesions present at the time of diagnosis. If 
you extrapolate the data from studies looking at 
brain metastasis from all sources, the use of 
microsurgical resection and/or radiosurgical 
resection of a solitary lesion seems to impart a 
survival advantage especially if complete resec-
tion is obtained and supplemental radiotherapy is 
used. However, in the setting of multiple metasta-
ses, the use of radiation therapy, whole brain with 
boost or with radiosurgery, does not seem to 
impart an overall survival benefi t but it does 
appear to improve local control. Therefore, a 
patient may have better neurocognitive outcomes 
as compared to a treated patient who does not 
undergo any local treatment. Thus, the use of sur-
gical resection and/or radiation therapy should be 
considered in patients who present with brain 
metastasis in an attempt to at least control local 

disease and possibly improve survival in the 
patient with a solitary metastatic deposit.  

    Conclusion 

 Surgical treatment of the metastatic breast 
cancer patient is diffi cult as the indications for 
intervention are, at best, unclear. The majority 
of the published data supports an aggressive 
operative treatment approach of the intact pri-
mary tumor. This data is all retrospective and 
with that comes the inherent bias toward sur-
vival benefi t. The metastatic patient who 
responds well to systemic therapy is far more 
likely to be offered surgical intervention than 
the metastatic patient who has progressive dis-
ease despite systemic therapy. The women 
from the latter group are, by and large, not 
present in the published studies discussed in 
the beginning of this chapter. Despite the rela-
tive ambiguity at this time, it seems reason-
able to offer surgical resection of an intact 
primary breast tumor when there is demon-
strated response to systemic therapy. This is 
especially true with low volume of disease 
burden or even more so in the setting of com-
plete radiographic response. When contem-
plating resecting the primary tumor in the 
metastatic setting, a detailed discussion of the 
patient’s surgical options should also include 
the basis for the recommendation that comes 
from data with an inherent selection bias. 
Patients should be cautioned that the data sup-
porting these recommendations comes from 
retrospective trials and a defi nitive answer as 
the role surgery plans in overall survival is 
forthcoming, but it will take many years for 
maturation of the data. 

 The recommendations for, or against, 
resection of solid organ metastasis are even 
more diffi cult to make. The focus of a clini-
cian’s assessment should include the time 
interval from diagnosis of the primary tumor, 
the ability to perform a resection with curative 
intent, and the patient’s ability to tolerate the 
intervention. With the increasing complex 
systemic therapy, many argue that the survival 
advantages seen in some studies regarding 
liver and lung resection may be confounded 
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by the systemic treatment of the disease and 
that the biology of the tumor itself and not the 
surgical resection is a greater predictor of the 
patient’s overall survival. 

 Until randomized controlled trials are initi-
ated and completed, our information is pre-
dominantly limited to retrospective reviews of 
an exceedingly small patient population. At 
this time, national guidelines are not possible. 
The treatment of the metastatic patient is truly 
individualized and must honor the goals and 
desires of the patient.     
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            Why Reconstruct the Breast? 

    The human breast has great signifi cance in 
Western culture. It is associated with femininity 
and sexual attraction. The breast is a symbol of 
nurturing and is highly prized by fashion design-
ers who tailor their clothing to fl atter the breasts. 

 Loss of the breast destroys the patient’s self- 
image and makes her feel deformed and less femi-
nine. Her feeling that she is sexually attractive is 
severely impacted, even to a loving partner. Her 
ability to conceal the deformity impacts her ability 
to dress and to engage in with the normal activities 
of life. Many times patients may delay therapy or 
refuse to undergo procedures for fear of mutila-
tion. This is very common and frequently results 
in untoward outcomes in patients who have had 
previous breast augmentation procedures. 

 One of the goals in breast reconstruction is to 
mitigate the patient’s psychological fear of los-
ing her breast [ 1 – 3 ]. The more physical goals of 
breast reconstruction include providing a mound 
that is aesthetically acceptable, both in clothing 
and without. The breasts should be symmetrical in 
unilateral mastectomy. The mound should be soft 
and pliable. If the opposite breast is aesthetically 
defi cient (macromastia or ptosis), it should be 

modifi ed to match the reconstructed breast. A nip-
ple/areola reconstruction should also be provided. 

 The relatively recent development of skin- 
sparing mastectomy has allowed for preservation 
of the skin envelope and inframammary fold, 
both of which improve cosmesis in a recon-
structed breast. The reconstructive surgeon must, 
however, work within the confi nes of the remain-
ing tissue. If there is a sizable excision of the 
breast skin (or excess skin in the case of larger 
breasts), scarring will be visible on the fi nal 
result. The shape and symmetry of the breast is 
considered more important than visible scars. A 
team approach with the oncologic surgeon and 
reconstructive surgeon is necessary to provide 
optimal outcomes in breast reconstruction. 

 The possibility of reconstruction gives the 
patient faced with mastectomy hope that some of 
the physical and emotional impact of undergoing 
a mastectomy can be avoided. The diagnosis of 
breast cancer has both an immediate and long- 
lasting impact upon the patient. Having a plan to 
deal with the tumor is very benefi cial to patients 
struggling with their diagnosis. It is helpful for 
surgeons to understand the history of breast 
reconstruction because it is an essential part of 
the comprehensive approach to treatment. 

 The Women’s Health and Cancer Rights Act 
of 1998 ensures that insurers pay for reconstruc-
tion following mastectomy. It was assumed that 
with the passage of legislation, doors would 
open and reconstruction would become widely 
 available to all women diagnosed with breast can-
cer. Population-based studies have demonstrated 
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a signifi cant increase in breast reconstruction fol-
lowing mastectomy. The rate of reconstruction 
remains below what many surgeons expected 
in view of the availability of reconstruction. A 
longitudinal study taken from the nationwide 
inpatient sample database analyzed immediate 
reconstruction following mastectomy (1998–
2008). In 1998, immediate reconstruction was 
noted to be 20.8 % with an increase in levels in 
2008 to 37.8 % [ 4 ]. 

 Reasons for the relatively low reconstruction 
rates seem to be multifold. First, lack of aware-
ness of breast reconstructive options on both the 
patient’s and physician’s part may play a role 
in low rates of reconstruction. Alderman et al. 
determined that a large proportion of general 
surgeons still do not refer breast cancer patients 
to plastic surgery at the time of surgical deci-
sion making. This greatly impacts the number of 
breast reconstruction recipients [ 5 ]. In a survey 
for the year 2008 of the American Society of 
Plastic Surgeons (ASPS), Alderman et al. dem-
onstrated factors associated with low- and high- 
volume breast reconstruction practices among 
plastic surgeons in the United States. Poor 
professional reimbursement for breast recon-
struction and lack of resident coverage were 
identifi ed as signifi cant factors associated with 
low volume [ 6 ]. Socioeconomic factors have 
also been implicated in low reconstruction rates 
in some populations [ 4 ].  

    Challenges to Reconstruction 

 The treatment of breast cancer was dominated by 
William Halstead at the turn of the century. He 
performed the fi rst radical mastectomy in 1882 
and published the procedure in 1889. His 
approach of radical surgery went unchallenged 
for over 60 years. He further advised against 
attempts to reconstruct the breast for fear of jeop-
ardizing local control of the disease [ 7 ]. Despite 
Halstead’s tenets, attempts were made to recon-
struct the breast as early as 1895, when Czerny 
reported a case of breast reconstruction [ 8 ]. In 
1906, Tanzini et al. described the use of a latissi-
mus fl ap for breast reconstruction [ 9 ]. Despite 
these early attempts, several issues arose which 

made breast reconstruction more diffi cult to per-
form. The fi rst was the attitude of the surgeon 
that reconstruction would somehow jeopardize 
either local control or possibly overall survival. 
The second was the massive defects resulting 
from the standard Halstead radical mastectomy 
that was performed during this era, which made 
closure of such large defects quite challenging 
(Fig.  17.1 ).

   It was not until the late 1960s that strong evi-
dence became available to prove that a less 
deforming operation was able to deliver similar 
rates of survival and local recurrence [ 10 ]. 

 The third driving force that affected the change 
to a less deforming operation was the more fre-
quent diagnosis of less advanced disease that did 
not require radical surgery. Shortly thereafter, 
evidence was presented that even less aggressive 
surgery (lumpectomy) followed by radiation 
therapy offered similar survival rates to mastec-
tomy. Although conserving the breast, radiation 
therapy was necessary to provide comparable 
outcomes. In the United States, this external 
beam radiation was administered at 6,000 gray, 
although in Europe the dose was normally 4,500 
gray. The number of patients in the United States 
who choose breast conservation (lumpectomy, 
followed by radiation therapy) has recently 
declined. This is in part due to many patients not 
wanting to undergo adjuvant radiation therapy 

  Fig. 17.1    Radical mastectomy defect       
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after lumpectomy, partly due to the time commit-
ment required and partly due to the adverse side 
effects associated with radiation therapy to the 
breast. The use of radiation therapy, which in the 
United States is normally given as 4500 gray 
with a “boost” of 1500 gray, has produced 
 unfortunate radiation induced deformities in the 
residual breast (Fig.  17.2 ).

   The concept of a skin-sparing mastectomy orig-
inated with Freeman in 1962. He suggested a mod-
ifi cation of the traditional mastectomy before an 
implant-based breast reconstruction for benign dis-
ease [ 11 ]. The skin-sparing mastectomy as a cancer 
procedure was further described by Toth and 
Lappert in 1991 [ 12 ]. They described preoperative 
planning of mastectomy incisions to maximize 
skin preservation and to facilitate breast recon-
struction. These modifi cations in tissue removal 
have made reconstruction much simpler to achieve. 
Along with the abandoning of the radical mastec-
tomy in favor of the skin-sparing modifi ed radical 
mastectomy, other devices were introduced to 
assist in reconstructing the breast mound. 

 An important milestone was the development 
of the silicone breast implant by Cronin (origi-
nally for breast augmentation) [ 13 ]. The concept 
of providing a breast mound substitute without a 
donor site was immediately attractive and popu-
lar with patients. Breast augmentation with sili-
cone implants provided far superior results than 
previous materials, and it seemed possible to use 
the implants within the mastectomy defect. 
Unfortunately, postmastectomy reconstruction 

and augmentation are two very different surgical 
situations. In the augmentation patient, there is 
normally ample soft tissue coverage and supple 
skin. In the mastectomy patient, thinner fl aps are 
the rule and the breast tissue is absent. This 
results in a lack of adequate soft tissue coverage 
over the implant, sometimes resulting in signifi -
cant postoperative complications. These prob-
lems included a high rate of capsule contracture, 
exposure of the implant, deformity from skin rip-
pling over the implant, frequent revision opera-
tions, and displaced implants. 

 The concept of tissue expansion developed by 
Radovan was an important step. The use of 
expanders could “recruit” additional soft tissues 
(skin, fat, and muscle) that attempt to make up for 
the defi ciencies following mastectomy. In fact, 
the most common use of tissue expanders cur-
rently is in breast reconstruction [ 14 ]. An effort 
to improve the soft tissue envelope led to devel-
oping procedures that provide “total muscle” 
coverage of the implants using the serratus as 
well as the pectoralis muscle. The use of tissue 
expanders and the use of fl aps were utilized to 
improve the soft tissue envelope. Although these 
efforts reduced the deformity from skin irregu-
larities and exposure of the implant, the problems 
with capsule contracture and long-term failure of 
the reconstruction continued. 

 Acellular dermal matrix is a biologically 
altered product that is harvested from cadaveric 
donors and then processed to remove the cells. 
It has become popular as an adjunct to soft tis-
sue coverage over the lower third of implants and 
expanders in cases of immediate breast recon-
struction. These materials require no donor site 
and act as a dermal brassiere to help cover and 
support the implants. All of these efforts have 
improved the results of non-autologous recon-
struction, still the most common procedure for 
breast reconstruction undertaken in the United 
States. Unfortunately, there is still a relatively high 
failure rate, both short and long term. The FDA 
post-approval CORE studies of breast implants 
describe, “between 20–40 % of  augmentation 
patients and 40–70 % of reconstruction patients 
had re-operations during the fi rst 8–10 years 
after they received their implants. Although rou-
tine replacement is not necessary, many women 

  Fig. 17.2    Unusual severe case of radiation mastitis fol-
lowing lumpectomy and radiation therapy       
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will need additional surgery to modify, remove, 
or replace their implants.” Additionally, 17 % of 
patients in whom implants were used for recon-
struction had their implants removed without 
replacement [ 15 ].  

    Reconstruction with the Patient’s 
Own Tissue 

 Because of the problems with implant recon-
struction, there has always been interest in using 
the patient’s own tissue to recreate the breast 
mound. As early as the turn of the century, the 
latissimus muscle was described for reconstruc-
tion. It was not until Carl Hartrampf popularized 
the transverse rectus abdominis muscle (TRAM) 
fl ap in the 1970s that a procedure was devised 
to use the patulous abdomen (a very favorable 
donor site) to replace the missing breast [ 16 ]. 
This procedure was truly revolutionary for its 
time, with the original case experiences reported 
by Hartrampf found to be very favorable. It was, 
however, based on very selective patient criteria, 
excluding those with a history of smoking, dia-
betes, obesity, macromastia, and hypertension. 
Nonetheless, the procedure eventually was being 
performed more commonly, with less rigorous 
selection. 

 When the patient selection was not as  rigorous, 
problems with necrosis of the fl ap and abdominal 
wall donor site problems (hernia, bulges, etc.) 
became evident. There were a number of issues 
that contributed to these problems. First, the pro-
cedure harvested the entire rectus muscle and 
most of the pre-rectus fascia (Fig.  17.3 ).

   This tended to result in functional abdominal 
wall weakness, more severe for bilateral proce-
dures. The second issue was the circulation to the 
fat and skin. The primary circulation to the lower 
abdomen arises from the deep inferior epigastric 
artery (DIEA). The TRAM fl ap circulation relied 
on the deep superior epigastric artery, a continua-
tion of the internal mammary artery. Frequently, 
the connection of the two vessels around the 
umbilicus can be tenuous, and without its pri-
mary blood supply, ischemia of the fl ap was a 
considerable risk. Additionally, in order to move 

the pedicle fl ap into the breast defect, a large tun-
nel had to be created to move the fl ap (Fig.  17.4 ). 
This further impacted the circulation to the upper 
abdomen.

   Several techniques were proposed to try to 
improve the reliability, including delay of the 
fl aps and using both rectus muscles. 

 As a result of these issues, attention was 
turned to the free transfer of tissue. This proce-
dure would utilize the primary blood supply 
(DIEA), using the lower abdominal tissue as a 
free transfer, rather than as a pedicle fl ap. The 
free TRAM fl ap was fi rst reported by Holmstrom 
in 1979 [ 17 ] (Fig.  17.5 ). This procedure also did 
not require extensive undermining of the upper 
abdominal as was necessary in the TRAM fl ap to 
pass the fl ap from the abdomen to the chest.

   This procedure increased the reliability of the 
transfer, especially in patients with risk factors 
such as smoking and obesity. The problem with 
hernia and bulges in the abdominal wall did not 
signifi cantly change from the TRAM fl ap, as the 
amount of muscle and fascia removed was the 
same (Fig.  17.6 ). Lejour and Dome reported a 
series of patients from whom abdominal fl aps 
were harvested and found signifi cant persistent 
weakness of the abdominal wall [ 18 ].

   Due to the signifi cant weakening of the abdomi-
nal wall, efforts were made to reduce the amount of 
muscle and fascia harvested. The  muscle- sparing 

  Fig. 17.3    The rotational TRAM fl ap       
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TRAM fl ap was developed that did not remove all 
of the muscle or fascia (Fig.  17.7 ). This procedure 
retains that which is medial or lateral to the perfo-
rators arising from the DIEA.

   Unfortunately the bulge/hernia rate between 
the two procedures was found to be about the 

same. To address this, the use of plastic mesh was 
advised to reduce the bulge/hernia rate for these 
procedures. Although the rate of hernia/bulge is 
improved by mesh, there are attendant problems 
with its use and there does not appear to be any 
improvement in the muscle function [ 19 ,  20 ]. 

 In an effort to reduce abdominal wall complica-
tions, procedures to harvest the skin and fat with-
out the rectus muscle or fascia were developed. 
The most common is the deep inferior epigastric 
artery perforator (DIEP) fl ap. This free fl ap is 
based on vessels that emerge from the deep infe-
rior epigastric artery, enter and pass through the 
muscle and fascia, and provide blood supply to the 
overlying skin (perforating vessels) (Fig.  17.8 ).

  Fig. 17.4    Extensive tunnel required to transfer rotational 
TRAM fl ap       

  Fig. 17.5    The free TRAM fl ap       

  Fig. 17.6    Defect in fascia and muscle in free TRAM       

  Fig. 17.7    The muscle-sparing TRAM fl ap       
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   First described by Allen and Blondeel [ 21 ,  22 ], 
the use of the DIEP fl ap has increased dramati-
cally as a reconstructive option for autologous 
breast reconstruction. The very low rate of hernia 
or bulges without the need for mesh repair was a 
tremendous improvement, despite the somewhat 
longer operative time. Even bilateral DIEP fl aps 
can be repaired primarily with no tension on the 
fascia [ 23 ]. 

 Once the perforator concept was described, 
other sources of tissue for reconstruction were 
rapidly developed based on the concept of “perfo-
rator fl aps.” These include fl aps from the buttocks, 
thighs, and other areas where there is suffi cient 
fat and skin to harvest. The buttock fl aps include 
those based on perforators arising from the super-
fi cial gluteal artery (S-GAP) [ 24 ] (Fig.  17.9 ) and 
the inferior gluteal artery (I-GAP) [ 25 ].

   The thigh fl aps include the anterolateral thigh 
fl ap [ 26 ], the gracilis myocutaneous fl ap [ 27 ], 
and, more recently, a fl ap based on the second 
perforating branch of the profunda femoris 
(Fig.  17.10 ) [ 28 ].

   These fl aps are typically used in patients when 
the DIEP fl ap cannot be used. Patients with a pre-
vious abdominoplasty, for example, cannot have 
the DIEP fl ap transferred, as all of the perforators 
to the lower abdomen have been destroyed. 

   Current Choices 

 Therefore, two distinct approaches to reconstruc-
tion are currently used. The most common 
approach is expander/implant reconstruction. 
The advantages are a relatively straightforward 
operative procedure, a reduced initial morbidity 
and hospitalization, and the lack of a donor site. 
The disadvantages include implant-based issues 
such as capsule contracture, failure of the implant, 
multiple procedures, and lack of adequate soft 
tissue coverage (see above). 

 The most favorable patients are those with rela-
tively small, non-ptotic breasts, especially in bilat-
eral reconstructions. The least favorable are patients 
with large ptotic breasts, delayed reconstruction 
patients, and patients who have  undergone, or will 
undergo, radiation therapy. Implant/expander pro-
cedures are also less  satisfactory in obese patients 
and patients with macromastia or severe ptosis. 
The rate of complications, while initially low, also 
tends to increase over time. Revision procedures 
have a higher complication rate than the original 
procedure. Nonetheless, the majority of these pro-
cedures are successful and have a high level of 
patient satisfaction [ 29 ]. 

 The second approach to breast reconstruction 
is autologous in nature, utilizing the patient’s own 

  Fig. 17.8    The DIEP fl ap         Fig. 17.9    The superior gluteal artery perforator fl ap       
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tissue. The advantages are as follows: permanence, 
lack of implant problems, ease of reshaping the 
breast mound, and (for most patients) a tight, fl at 
postoperative abdomen. The disadvantages are 
higher early complication rate (including the loss 
of the fl ap), donor site problems, longer initial 
operative time, and scars in the donor site area. The 
rate of total fl ap loss in microsurgical breast recon-
struction is 5 % or less in most series. Patient sat-
isfaction with the procedure and overall cosmetic 
outcome is quite high [ 30 ]. 

 The optimal candidates are patients with 
delayed reconstruction (especially with radiation 
changes), patients with poor quality chest wall 
soft tissues, patients with macromastia or ptosis, 
and patients with bilateral reconstruction. Patients 
with extensive disease may require chest wall 
reconstruction and benefi t from free transfers. 
Poor candidates are patients who cannot withstand 
anesthesia risks of long surgery, hypercoagulable 
patients, morbidly obese patients, and smokers. 

 Other factors that have tended to increase the 
rate of breast reconstruction include patient demand 

for mastectomy instead of conservative breast 
treatment and the discovery of genetic predisposi-
tion (BRCA1 and BRCA2) for breast cancer. 
Despite the original optimism for breast conserva-
tion surgery, a signifi cant number of patients con-
tinue to select mastectomy as their desired surgical 
option, with a growing number further opting to 
undergoing prophylactic mastectomy of the contra-
lateral breast with immediate reconstruction. 
Although the data is clear that the statistical chance 
of survival is based upon the original cancer, many 
patients will still fear a recurrence, no matter how 
small or insignifi cant the risk. 

 The discovery of genetic factors [BRCA gene 
mutations] responsible for the development of 
breast cancer has resulted in a new population of 
patients that requires therapy. Many of these 
patients, especially those who have seen close 
family members struggling with breast cancer, 
opt for bilateral mastectomy, additionally want-
ing immediate reconstruction.   

    Immediate Versus Delayed Breast 
Reconstruction 

 In the subset of breast cancer patients who require 
or choose mastectomy, the discussion with the 
patient focuses upon whether to proceed immedi-
ately with reconstruction or to wait a period of time 
for a delayed procedure. There are sound oncologic 
reasons for delaying reconstruction in some 
patients. Patients who will require radiation therapy 
are more likely to have a much better  outcome with 
delayed reconstruction, especially when autolo-
gous reconstruction is performed. A full course of 
chest wall radiation can result in signifi cant and 
sometimes unpredictable changes within the radi-
ated fl ap, including fat necrosis, scarring, and loss 
of tissue volume. The aesthetic outcomes are far 
better with delayed reconstruction in these patients. 
Patients treated with expanders and implants have a 
signifi cantly higher complication rate for all com-
plications when radiation therapy is used. 

 Immediate reconstruction provides several 
benefi ts. The preservation of the breast skin enve-
lope around the reconstructed breast produces a 
more aesthetically pleasing result and reduces the 
visible scar. Immediate reconstruction also avoids 

  Fig. 17.10    The profunda artery perforator fl ap       
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the emotional distress of awakening without a 
breast mound. Immediate reconstruction was 
noted by Rozen to have a positive effect on anxi-
ety, depression, self-image, and emotional as 
well as sexual function [ 31 ]. There is no evidence 
that forcing the patient to wait and live with her 
defect improves patient acceptance. 

 There have been numerous studies examining 
the safety of immediate breast reconstruction, with 
no apparent increase in the rates of local or distant 
recurrences noted in this group of patients. There 
was also no signifi cant delay in the timeliness of 
delivering adjuvant chemotherapy. Furthermore, 
the detection of a local recurrence in the imme-
diate reconstruction patients is not impaired. 
However, the rates of postoperative complications 
with respect to radiation are increased. This will 
be discussed further below [ 32 ].  

    Prophylactic Mastectomy 
and Breast Reconstruction 

 Gurunluoglu et al. demonstrated that around 
16 % of all breast reconstructions were per-
formed after prophylactic mastectomy. 
Prophylactic mastectomy has a demonstrated 
cancer risk reduction of up to 90 %. It appears 
that more women are electing to have a bilateral 
mastectomy in the setting of unilateral breast 
cancer to reduce their risk of developing breast 
cancer in the other breast. Many reasons are 
given, such as a strong family history, fear of 
developing breast cancer, having had chemo-
therapy or knowing someone who has struggled 
with chemotherapy, or positive genetic testing 
results for the BRCA1 or BRCA2 mutations 
[ 33 ]. Spear et al. notes that in regard to pro-
phylactic mastectomy with breast reconstruc-
tion, surgical results vary from center to center 
and are even surgeon specifi c. He hypothesizes, 
“the best prophylaxis and best cosmetic results 
from prophylactic mastectomy and reconstruc-
tion will come from centers that become most 
skilled at these operations” [ 34 ]. Patients under-
going prophylactic mastectomy who do not have 
invasive cancer should have treatment directed 
by a team approach. In these patients the aes-
thetic result is more critical, and the decision on 

 mastectomy incision and skin- and nipple-sparing 
issues should be carefully addressed. 

    Oncoplastic Surgery 

 The practice of partial mastectomy and radiation 
for the treatment of select breast tumors has 
become more common over the past decade. 
With 25 years of follow-up data, reports have 
shown equivalent disease-free and overall sur-
vival when comparing partial mastectomy and 
radiation to total mastectomy alone [ 35 – 37 ]. The 
2008 National Cancer Database reported the 
national rate of breast conservation therapy to be 
64 % [ 38 ]. As breast conservation therapy for the 
treatment of breast cancer has increased, the aes-
thetic outcomes of these procedures have come 
under scrutiny. Partial mastectomy can refer to a 
size of breast tissue resection as small as a 
lumpectomy up to a full quadrantectomy. 
Depending on the size of the breast, these resec-
tions can have a signifi cant impact on the postop-
erative breast shape and volume. 

 The option to allow a woman to keep her 
breast is attractive, if the result does not leave a 
signifi cant deformity. However, poor aesthetic 
outcomes have been reported in 25–30 % of cases 
[ 39 ]. As a result, oncoplastic surgical techniques 
have developed with an overall goal for “a com-
plete surgical resection of disease, prevention of 
tumor recurrence, and preservation of a natural 
and cosmetically acceptable breast” [ 40 ]. One 
benefi t of oncoplastic surgery is the ability to 
resect a wider tissue margin without compromis-
ing aesthetic outcomes [ 41 ]. Though not affect-
ing overall survival, a wider surgical margin has 
been shown to signifi cantly decrease recurrence 
rate [ 42 ]. Additionally, for women with macro-
mastia, an oncoplastic reduction prior to radia-
tion therapy may allow for easier radiation 
planning, with an ultimate decrease in long-term 
radiation fi brosis [ 43 ,  44 ]. If a reduction is not 
performed prior to radiation and a patient has sig-
nifi cant deformity with radiation treatment, a 
postradiation reduction can be quite diffi cult. 

 Numerous articles have outlined techniques 
and algorithms aimed at providing the best surgi-
cal approach to various breast tumors [ 39 ,  45 – 50 ]. 
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As Kronowitz outlines in his algorithm, an A or 
B cup breast is often best treated either by a mas-
tectomy and reconstruction or by fi lling the 
defect with a local or regional fl ap [ 45 ]. Those 
patients with a C cup or larger breasts, once eval-
uated for tumor location and ptosis, will undergo 
tissue remodeling or an oncologic reduction. 
These patients will require whole breast radia-
tion. Whole versus partial breast radiation has 
been a further trend since the Z0011 trial as 
patients with favorable tumors and a positive sen-
tinel node can forego an axillary dissection if 
undergoing whole breast radiation therapy [ 51 ]. 

 If a patient has a C cup breast without ptosis, a 
tissue rearrangement approach can assist in fi lling 
a partial mastectomy defect. This involves mobi-
lizing the entire skin envelope from the breast, 
then redraping the tissue over a breast mound 
remolded with local breast or subcutaneous tis-
sue. Preserving the breast tissue perforators from 
the base of the breast is essential for ensuring tis-

sue viability. Other options for those with mini-
mal ptosis involve various mastopexy- type 
resections. A donut mastopexy can be performed 
by excising a ring of skin surrounding the nipple 
and then resecting the tumor and closing with a 
purse-string stitch. Another possibility for a supe-
rior tumor in either a central or medial position is 
performing the resection with a batwing-shaped 
skin excision. These two options allow for smaller 
scars with a minor lifting procedure [ 48 ]. 

 For those patients with large breasts and ptosis, 
the best breast conservation surgical intervention 
is an oncoplastic reduction. For reasons described 
above, the best timing of this surgery is at the time 
of tumor resection. A symmetry procedure on the 
opposite breast can then be completed after radia-
tion therapy. In our practice, a Wise pattern resec-
tion is predominantly performed. The reduction 
technique utilizes a superiorly based pedicle for 
inferior tumors and an inferiorly based pedicle for 
superior tumors (Fig.  17.11 ).

Superior-medial pedicle
reduction

Wise pattern markings

Inferior pedicle reduction

Tissue removed with
tumor marked

  Fig. 17.11    Reduction 
techniques that can be used 
to remove localized breast 
tumor       
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   The pedicles can be tailored to assist in replac-
ing the volume lost with the resection, depending 
on tumor location. Often, a limb of tissue that 
would have been resected in a standard reduction 
mammoplasty is retained to rotate into the defect 
created by the tumor resection. Kronowitz reports 
using an inframedial pedicle for superior and 
infralateral tumors [ 45 ]. He purports that the 
additional medial tissue adds both volume and 
additional blood supply. If the tumor is located in 
a central and inferior location, a vertical reduc-
tion mammoplasty can be performed with a supe-
rior pedicle. Clough describes rotating the Wise 
pattern toward the tumor to resect the skin with 
the tumor [ 39 ] (Fig.  17.12 ).

   Regardless of the technique, the principles 
remain consistent, that is, to maintain an onco-
logic resection while utilizing local tissue to 
remold a breast mound with an appropriate skin 
pocket. Oncoplastic surgery will continue to 
evolve as breast conservation therapy persists and 
grows. With a sound understanding of breast 
anatomy and effective planning/communication 
with the oncologic surgeon, favorable outcomes 
from both an oncologic and aesthetic standpoint 
can be attained (Table  17.1 ).

   In summary, during the senior author’s 
35-year career, the fi eld of breast reconstruc-
tion has had an amazing development. In 
1976, in which the author began training, 

Modification of inferior pedicle to fill
superior-lateral defect

Modification to fill superior-media
defect

 superior tumor resection

  Fig. 17.12    Modifi cations of 
standard technique to repair 
nipple areola    defects       

 

C. Dupin et al.



263

there was virtually no breast reconstruction 
performed. Techniques were not available and 
patient’s deformities were severe and compli-
cated. Today, we have good reliable options 
for reconstruction with a high rate of patient 
satisfaction. 

 It has been the privilege of plastic surgeons 
to help these patients feel whole again after 
mastectomy.      
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         Non   -autologous breast reconstruction remains 
the predominant type of reconstruction in the 
United States today. In 2011, the American 
Society of Plastic Surgeons reported in their 
yearly statistical analysis that up to 75 % of their 
breast reconstructions were implant based [ 1 ]. 

 Autologous reconstruction was the mainstay 
from 1998 to 2001, until in 2002, implant recon-
struction became the most common form of 
breast reconstruction. In 2008, data showed that 
expander/implant reconstruction outnumbered 
autologous nearly 2:1 [ 2 ,  3 ]. 

 There are a number of patient choice reasons 
for this shift in reconstructive options: (1) the 
decreased time for recovery, (2) an apparent 
reduction in operative time and hospitalization 
(when compared to autologous procedures), and 
(3) the lack of additional donor site. Many 
patients fi nd these to be appealing advantages. 
There is also an institutional and individual sur-
geon bias. Autologous reconstruction is more 

arduous, technically diffi cult, for the surgeon, 
with longer operative time, more risk of early 
complications in the breast, and the possibility of 
donor site complications that will require further 
treatment. Physician reimbursement rates also 
play a role in the type of reconstructions being 
performed. 

    Immediate Breast Reconstruction 
with Expanders and Implants 

 The surgeon should be certain that the patient has 
realistic expectations of the likely outcome from 
reconstruction and the patient must understand 
the risks of implant/expander reconstruction. 
Breast reconstruction is not the same operation as 
augmentation mammoplasty, and patients should 
not expect the same outcome. The frequent 
request to “be larger” should be tempered, and 
the signifi cantly increased rates of complications 
with larger prosthetics should be discussed. The 
implant chosen should have a base diameter that 
is similar to the native breast. Cohesive silicone 
gel implants are used in order to minimize rip-
pling of the overlying mastectomy skin and to 
provide a more natural appearance and feel. 

 Patients with large and/or ptotic breasts must 
be counseled about the complications of skin 
reduction at the time of mastectomy. Nonetheless, 
the breast must be reduced to avoid reconstruc-
tion of an aesthetically undesirable breast. The 
excess skin resected will remove questionably 
viable skin. Mastectomy fl aps are thinner and 
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have more tenuous blood supply than those 
 associated with reduction mammoplasty. It is 
important to avoid standard reduction mammo-
plasty patterns when attempting implant breast 
reconstruction. Mastectomy fl aps created are 
fragile and have an unreliable blood supply. 
These patients are better served with a transverse 
incision for the mastectomy approach. 
Additionally, the loss of the mastectomy skin fl ap 
in the face of an implant is far more problematic 
than necrosis in reduction mammoplasty because 
of the underlying implant. 

 Some patients are candidates for replacing the 
excised tissue with an implant at the time of mas-
tectomy (direct-to-implant reconstruction). In 
some cases, the reconstruction may be accom-
plished in a single stage. Ideal patients for the 
single-stage direct-to-implant technique are 
women with smaller breasts and no ptosis. 
Patients of this type are good candidates for mas-
tectomy via inframammary fold incision. 
Surgeons must be willing to perform the mastec-
tomy through this incision, and plastic surgeons 
must be willing to accept the somewhat restricted 
access for mound reconstruction. Nonetheless, 
the results from a nipple-sparing mastectomy 
performed through the inframammary incision 
clearly provide a superior aesthetic result. Either 
implant or autologous reconstruction can be 
undertaken via this approach. 

 Patients who require excision of the nipple-
aureola complex or resection of excess skin may 
also be candidates for reconstruction initially 
with an implant, if the skin is adequate in size and 
viability. 

 Some patients, however, have complicating 
issues that make “direct-to-implant” reconstruc-
tion technically challenging. Patients who have 
had a substantial skin/nipple resection may 
require skin expansion because the remaining 
skin may be insuffi cient to cover the required 
implant. Patients with large ptotic breasts or 
women with obesity and a small, thin pectoralis 
muscle or questionably robust mastectomy skin 
will do better with a staged (expander) recon-
struction. In both cases, the soft tissue defi ciency 
should be addressed by using an expander rather 
than a permanent implant at the time of 

 mastectomy. Expanders are devices that are made 
with a silicone shell and a valve that is used to 
add saline percutaneously to increase the volume. 
Expanders must be replaced with permanent 
implants when the volume is appropriate. 

 Appropriate tissue expanders or implants 
should be available. The diameter of the expander 
should fi t within the base diameter of the breast 
to be removed. Both tissue expanders and 
implants are produced in a number of shapes and 
sizes. Anatomic tissue expanders aid in greater 
lower pole expansion, giving the appearance of a 
natural breast. Most tissue expanders incorporate 
a valve that can be identifi ed externally with a 
magnet. In the offi ce setting, a needle is used to 
access the port for adding volume. 

 Reconstructive surgeons should be present for 
preoperative markings on patients undergoing 
mastectomy. At this time, the skin incisions can be 
marked. Excessive removal of mastectomy skin 
will limit the volume of fi ll at the time of mastec-
tomy. The oncologic and plastic surgeons should 
arrive at a consensus about the amount of skin to 
be removed. Landmarks such as the inframam-
mary fold, the limits of breast excision, and previ-
ous biopsy sites in the skin to be excised are 
marked. The oncologic surgeon, taking care not to 
devitalize the skin envelope of the breast, performs 
the mastectomy. Every attempt should be made by 
the oncologic surgeon to respect the boundaries of 
the breast. Preserving the inframammary fold and 
the lateral borders of the breast will improve the 
subsequent stages of reconstruction. The “Wise” 
pattern markings, used in reduction, are risky 
because the mastectomy skin fl ap viability is much 
more tenuous than the thick fl aps found in reduc-
tion mammoplasty. Transverse incisions, which 
preserve blood supply to the lower fl aps, are safer. 
The primary goal of the oncologic surgeon is to 
ensure that the cancer is removed with the neces-
sary and appropriate margins, with a collaborative 
effort and discussion with the plastic surgeon to 
optimize patient outcome. 

 Mastectomy skin fl aps alone are not enough to 
provide adequate soft tissue coverage of the 
implant or tissue expander. Thin fl aps have a sig-
nifi cant risk of skin fl ap necrosis, extrusion of 
implant, visible folds, or rippling of the implant. In 
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order to address the soft tissue defi ciency, the pec-
toralis major muscle is raised from the chest wall 
to cover the superior two-thirds of the implant/
expander. Dissection is taken superiorly to the sec-
ond rib. Medial attachments of the pectoralis major 
to the sternum are kept intact to prevent symmas-
tia. All lateral and costal attachments are raised. A 
tissue expander is then placed in the pocket. At 
this time the tissue expander should be partially 
fi lled to the tolerance of the mastectomy fl aps and 
pectoralis major. If the space around the expander 
is not partially fi lled, there is increased risk of 
seroma. In most patients, the upper two - thirds of 
the device will be covered by the muscle. This 
leaves a defi ciency in the coverage of the lower 
portion of the device that needs to be addressed. 
The choices are either to raise the serratus muscle 
to attempt to cover the lower pole, which is techni-
cally diffi cult, or to cover the lower pole with a 
free dermal graft or acellular dermal matrix. 

 Today, the majority of US reconstruc-
tive  surgeons who perform expander-based 
 reconstruction use some type of acellular dermal 
matrix (ADM) to cover and support the inferior 
pole of tissue expander and eventual implant 
[ 3 – 5 ]. ADM is an allograft of human dermis. 
Cellular components of the dermis are removed 
which render the graft nonimmunogenic. The 
ADM forms a brassiere extending along the 
inframammary fold to the lateral edge of the pec-
toralis at the anterior axillary fold. The dermal 
side of the ADM should face the mastectomy fl ap 
in order to allow vascular ingrowth. The matrix is 
sutured medially and inferiorly to the chest wall 
at the level of the IMF. Once lateral to the IMF, 
the matrix is sutured to the chest wall itself. The 
ADM is then attached to the chest wall, along the 
lateral margin of the breast pocket (Fig.  18.1 ). 
Prior to completing the closure, the expander is 
placed and the ADM is then sutured into place 
superiorly at the lower edge of the previously ele-
vated pectoralis major muscle. The ADM allows 
for better pocket control, reduces stress on the 
mastectomy skin fl aps, and allows greater initial 
tissue expansion. This can decrease the total num-
ber of expansions needed. Reports have shown an 
improved  stability of the IMF, as well as a pro-
tection of inferior pole of the expander. Suction 

drains are placed in the subpectoral and skin 
pocket. A drain may also be placed in the axilla if 
an axillary dissection has been performed.

       Postoperative Course 

 The postoperative course of non-autologous 
reconstruction patients is straightforward. It con-
sists of an overnight stay in the hospital with drain-
care teaching. Drains are removed 1–2 weeks 
postoperatively when output falls to <30 cc/day. It 
is extremely important to treat the drains as one 
would treat a central line, with meticulous site 
care. Infection arising from the drains is a serious 
problem and may well cause cellulitis, peripros-
thetic infection, or loss of the implant. 

 After healing of incisions (2–3 weeks), tissue 
expansion may begin. The magnetic port fi nder is 
used to locate the valve. The amount to sterile 
saline injected is surgeon dependent; amounts 
from 50 to 120 cc can be injected. Patient  comfort 
often dictates the amount of saline injected at one 
time. Care must be taken to avoid overexpansion 
at a single setting, which can lead to skin fl ap 
necrosis. Expansions can occur weekly and last 

  Fig. 18.1    Expander reconstruction with acellular dermal 
matrix       
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from 3 to 6 months, until the desired volume is 
achieved. In the unilateral setting, the  contralateral 
breast size guides the expansion need. Some sur-
geons advocate overexpansion of up to 110–
120 % over the patient’s desired size. This creates 
a natural ptotic result when a smaller implant is 
placed in the larger skin envelope.  

    Second Stage Reconstruction 

 Once appropriate volume is reached in the tissue 
expander, the patient returns to the operating room 
for implant placement. Cohesive silicone gel 
implants are used for a more natural feel and appear-
ance. Cohesive gel also decreases the appearance of 
rippling of the reconstructed breast. During the past 
decade, continuing improvements in implant tech-
nology has made a tremendous improvement in out-
comes. If the patient has had a shaped expander, a 
matching implant should be used. Preoperatively, 
with the patient standing, landmarks of the breast 
are marked. The capsule is assessed; areas in need 
of capsulorrhaphy or capsulotomy are appropriately 
marked. The base diameter is again confi rmed. 
Several sizes of previously chosen implants should 
be available. The un-infl ated tissue expander can 
add as much as 100 cc to the total volume needed. 
This needs to be taken into consideration when 
deciding upon the fi nal volume of the implant, and 
not just the amount of fi ll. 

 A portion of the previous skin incision is opened. 
If the mastectomy was previously performed 
through a transverse incision and the breast has good 
contour and projection, another option is to utilize an 
inframammary incision along the lateral aspect of 
the breast rather than reoperating through a central 
transverse scar. This avoids fl attening of the anterior 
breast with the additional surgery through the old 
scar. Occasionally, a Z-plasty must be performed to 
further release the central scar. Dissection is taken 
through the subcutaneous tissue to the pectoralis 
muscle. The muscle is split with the  electrocautery 
and capsule is incised. Capsulorrhaphy or capsulot-
omy is performed as needed. Once hemostasis is 
achieved, the appropriately sized implant is placed 
in the pocket. The wound is then closed in multiple 
layers  paying special attention to avoid piercing the 
newly placed implant. At this stage, patients may 

elect to undergo a symmetry procedure on contralat-
eral breast. This can include reduction, mastopexy or 
augmentation, depending upon the patient’s need. 
This is performed as an outpatient procedure per-
formed without need for drains. A soft bra is worn 
for several weeks. Nipple reconstruction is usually 
performed up to 2–3 months following implant 
placement and will be discussed later in the chapter 
on revision surgery.  

    Variations of Implant-Based 
Reconstructions 

    Delayed Reconstruction 
with Implants 

 When reconstruction is delayed, the challenges of 
using implants and expanders are much greater 
compared to immediate reconstruction. This is 
especially true when there has been a long period of 
time between the mastectomy and reconstruction. 
The skin is defi cient and usually adherent to the 
underlying pectoralis. Frequently the inframam-
mary fold is distorted or lost and providing adequate 
soft tissue becomes a challenge. This insuffi cient, 
thin, and scarred skin is very diffi cult to expand 
with an expander alone. Patients having delayed 
reconstruction are most effectively treated with an 
autologous reconstruction rather than implant based 
reconstruction. If implant based reconstruction is to 
be accomplished the defi ciency can be remied. The 
defi ciency can be remedied by adding tissue to the 
mastectomy site, in the form of regional fl aps .  The 
latissimus dorsi muscle transfer is the most com-
mon transfer (Fig.  18.2 ). Even with the improved 
soft tissue envelope, an expander may have to be 
used to provide space for an eventual prosthesis.

       Direct-to-Implant Breast 
Reconstruction 

 The use of ADM has renewed interest in an old 
method of implant-based reconstruction. In the 
past, when implants were placed beneath thin 
 mastectomy fl aps without adequate soft tissue cov-
erage, complications were common and the aes-
thetic results were suboptimal. With the  scaffolding 
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a b

c d

e f

  Fig. 18.2    Delayed reconstruction with latissimus dorsi 
myocutaneous fl ap and expander. ( a ) Preoperative view 
showing shortage of soft tissue. ( b ) Preoperative markings 
for latissimus myocutaneous fl ap. ( c ) Intraoperative view of 

tunnel through which the fl ap is passed. ( d ) Sewing the acel-
lular dermal matrix to the lateral chest wall to shape pocket 
for expander. ( e ,  f ) Three postoperative result (Patient had 
opposite side mastectomy and implant reconstruction)       
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created by utilizing ADM, immediate implant-
based reconstruction is now a feasible option. 

 This reconstruction may be done as a single- 
stage procedure. The ideal candidate for the single- 
stage direct-to-implant technique is a patient with 
a medium or small breast size, grade 0–1 ptosis, 
and good skin quality. A nipple- sparing mastec-
tomy and the absence of skin resection make this 
procedure possible. The ideal incision in patients 
with small, well-shaped breasts is the inframam-
mary incision. The ADM is placed the same as 
was previously discussed in the tissue expander 
section. Instead of an expander, the fi nal implant is 
placed. The wounds are closed over two drains and 
kept in place for 7–14 days [ 5 ]. 

 Patients who have resection of the nipple-
aureola complex and skin, but who have mastec-
tomy fl aps which are adequate, in both size and 
vitality, may also be reconstructed with a direct-
to- implant technique. They will require a second-
ary procedure to reconstruct the nipple.   

    The Effect of Radiation on Breast 
Reconstruction 

 Current recommendations for postmastectomy 
radiation are in T3 or T4 tumors, tumors involv-
ing the skin, and tumors with three or more posi-
tive lymph nodes or one lymph node with 
extracapsular invasion. There is much debate 
about the timing of reconstruction with respect to 
the initiation of radiation. In the delayed setting, 
implant-based reconstruction is often diffi cult. 
Radiated skin is fi brosed and fi xated to the chest 
wall, making tissue expansion diffi cult and com-
promising the aesthetic quality of the recon-
structed breast (Fig.  18.3 ). In this group of 
patients, problems with wound healing may 
occur, as well as higher rates of capsular contrac-
ture [ 6 ,  7 ]. Patients who have had postmastec-
tomy radiation and still desire implant 
reconstruction may benefi t from the use of a 
 latissimus dorsi (LD) fl ap. The patient will have a 
large skin defi cit, which will be hard to expand. 
The benefi ts of this fl ap are multiple. The fi brosed 
postradiation skin may be removed and replaced 
by the healthy skin paddle that the LD fl ap 

 provides. Additionally, the bulky latissimus mus-
cle provides for an optimal adjunct for implant 
coverage. It is the author’s practice to offer the 
patient with a previously radiated chest the option 
of autologous reconstruction, which provides 
optimal skin coverage and produces a more aes-
thetically acceptable breast in this type of patient. 
The author also feels strongly that chest wall 
radiation following fl ap reconstruction can cause 
fi brosis and loss of volume in the fl ap. We make 
every effort to avoid immediate reconstruction in 
patients who will have radiation therapy planned, 
whether with autologous or non-autologous 
procedures.

   The choice is made to proceed with implant/
expander reconstruction despite the inherent 
problems of wound healing and high rates of cap-
sule contracture, and some protocol must be 
found to reduce complications. The key to suc-
cessful implant-based reconstruction in the 
immediate reconstruction patient who faces radi-
ation therapy is to maintain the natural breast 
skin envelope during radiation. Two published 
series have addressed these issues. 

 MD Anderson employs the “delayed immedi-
ate” reconstruction tactic for use in this setting. 
The patient undergoes placement of a completely 
fi lled tissue expander at the time of the mastec-
tomy. Once the pathology is fi nalized and it is 
confi rmed that the patient will not require 
 radiation, immediate reconstruction may then be 
performed. If radiation will be needed, the tissue 

  Fig. 18.3    Severe capsule contracture in implant recon-
struction following radiation therapy       
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expander is defl ated. Once radiation is complete, 
tissue expansion may commence, followed by 
defi nitive reconstruction [ 8 ,  9 ]. 

 Memorial Sloan Kettering uses a different 
protocol. The treatment algorithm begins as a 
modifi ed radical mastectomy with immediate 
placement of tissue expanders that are not fully 
expanded. At approximately 5 weeks postopera-
tively, chemotherapy is initiated with concurrent 
expander infl ation. Four weeks following the 
completion of chemotherapy, patients undergo 
exchange of the tissue expanders for permanent 
implants. Postmastectomy radiation is usually 
initiated about 1 month following implant place-
ment [ 10 ]. Their reported incidence of postradia-
tion complications is more favorable than that 
reported by the MD Anderson series. Additionally, 
radiation delivery is more easily achieved with 
implants rather than expanders. 

 Kronowitz states “despite advances in recon-
structive devices and materials, post-mastectomy 
radiation therapy still appears to have an adverse 
impact on outcomes of implant-based breast 
reconstruction.” In a review of the literature, he 
notes that most postmastectomy radiation ther-
apy tissue expander reconstructions had a 
 signifi cant amount of unplanned or major cor-
rective surgery. Approximately one-third of 
patients develop Baker grade III or IV capsular 

contracture, characterized by pain and distor-
tion. Despite the complications and additional 
surgery, the majority of patients who undergo 
implant-based reconstruction and postmastec-
tomy radiation therapy ultimately keep the 
implant-based reconstruction (Figs.  18.4  and 
 18.5 ) [ 11 ]. There is some evidence that acellular 
dermal matrix may have protective effects to 
avoid complications, this topic is being 
researched extensively.

        Complications Specifi c 
to Non- autologous Reconstruction 

 Mastectomy fl ap necrosis is always a threat in 
implant-based breast reconstruction. Flap necro-
sis can be minor with mild skin sloughing, which 
may be treated with local wound care. More 
severe necrosis can lead to implant exposure or 
extrusion. If this occurs, the implant will likely 
require removal, and other reconstruction options 
will need to be explored. This is why soft tissue 
coverage of implant or expander is crucial with 
implant-based reconstruction (Fig.  18.6 ).

   Postoperative seroma appears to occur more 
frequently with ADM use when compared with 
total muscle coverage. Possible causes include 
the following: (1) tissue preservatives, (2) fat 

a b

  Fig. 18.4    ( a ,  b ) Patient with grade two ptosis following two-stage implant reconstruction with ADM       
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a b

c d

  Fig. 18.5    ( a ,  b ) Preoperative and ( c ,  d ) postoperative of patient with BRAC-1 who had nipple-sparing mastectomy and 
direct-to-implant reconstruction       
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and other operative debris, (3) stymied revascu-
larization, and (4) axillary surgery. Each is asso-
ciated with a higher seroma rate [ 12 – 18 ]. 
Seroma rates have been reduced with newer 
ADMs or by the use of vicryl mesh in place 
of ADM. Various strategies to prevent the 
 development of a seroma have been advocated., 
Examples include intraoperative washes of the 
breast pocket, quilting sutures to minimize dead 
space, fenestration of the graft to allow passage 
of sub-graft fl uid, multiple prolonged drains and 
providing volume to reduce dead space. If the 
ADM does not adhere to the overlying mastec-
tomy fl ap, it will behave as a foreign body, com-
plicating the seroma. Once the seroma has 
established itself, the key intervention is to 
evacuate via washout or percutaneous drains 
and prevent secondary infection [ 19 ]. 

 Implant infection incidence is noted to develop 
in ~0.2–7 % of patients [ 20 ]. Simple cellulitis 
around the incision does not warrant immediate 
operative exploration. A trial of oral antibiotics is 
a reasonable option. However, in the presence of 
infected fl uid around the implant, drainage with 
implant removal may be necessary. Patients who 
are symptomatic (fever, malaise, fl uid around the 
implant) have a periprosthetic infection that can-
not be controlled with antibiotics alone. An 
attempt may be made to salvage the reconstruc-
tion by removal of the infected implant, irrigation 
with antibiotics and replacement with a new 
implant. 

 Implant exposure is another complication that 
occurs in non-autologous reconstruction. Operative 
debridement, irrigation, and closure may be 
attempted if implant exposure is threatened and if 
the soft tissue can be approximated without ten-
sion. In more severe cases of implant exposure, 
local or distant fl aps with implant exchange may be 
necessary in order to salvage the reconstruction 
(Fig.  18.4 ). 

 Complication rates following expander/implant 
reconstruction vary greatly. Cordeiro and 
McCarthy reviewed a 12-year, single surgeon’s 
experience with 1,522 expander/implant recon-
structions in 1,221 patients. The incidence of com-
plications after tissue expander insertion was 
8.5 %, signifi cantly higher than after the exchange 
procedure, 2.7 %. Complications were increased 
with a history of preoperative chest wall irradia-
tion [ 21 ]. Capsular contraction is a potential seri-
ous complication in non-autologous reconstruction. 
It occurs when the tissue interface with the implant 
undergoes contraction. The cause is not clearly 
defi ned. In the mastectomy patient, without over-
lying breast tissue, capsule contracture is more 
clinically evident. Capsular contracture was classi-
fi ed by Baker into four classes with respect to cos-
metic breast augmentation. Sear et.al revised this 
classifi cation after prosthetic breast reconstruction 
into fi ve classes. Class III has a moderately fi rm 
reconstructed breast with a readily detected 
implant, but the results may still be acceptable. 
Class IV contracture produces patient symptoms 
and/or compromises aesthetic result requiring sur-
gical intervention [ 22 ]. Surgical intervention could 
include a capsulotomy or a capsulectomy. Implant 
exchange at that time is warranted as well. If cap-
sular contracture recurs, autologous reconstruction 
may need to be offered as an alternative. 

 Implant and autologous breast reconstruction 
techniques have different long-term complica-
tions, with the aging process also affecting the 
aesthetic appearance of the reconstructed breast 
[ 23 – 26 ]. Clough et al. performed a prospective, 
single-center cohort study evaluating aesthetic 
outcomes in patients with TRAM versus 
expander/implant reconstructions over an 8-year 
time period. The number of patients satisfi ed 
with implant reconstruction diminished from 

  Fig. 18.6    Exposed implant following mastectomy fl ap 
necrosis       
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86 % at post-reconstructive year 2 to 54 % at 
post-reconstructive year 5. However, the number 
of patients satisfi ed with TRAM reconstruction 
was 96 % at year 2 and remained at 94 % at year 
5 [ 24 – 26 ]. A study by Hu et al. has yielded simi-
lar results, but from the patient’s perspective, 
82 % of patients 5 years or less post    surgery were 
satisfi ed with the size of their implant. However, 
this rate dropped to only 42 % satisfaction among 
those more than 8 years after surgery [ 27 ]. 

 Autologous tissue reconstruction provides a 
more stable aesthetic outcome. Implants will likely 
fail during the patient’s life and will require 
replacement. Additionally surveillance of implants 
with MRI, as advised by the Food and Drug 
Administration, is a long-term issue, which 
increases the cost of this type of reconstruction. 
Implants do not become naturally ptotic with age 
and are prone to capsular contracture, which can 
lead to distortion of the breast mound. Additionally, 
implants do not change in size as a patient gains or 
loses weight over time. This is an important issue 
for women to consider, since most women do not 
remain the same size throughout their lifetime. 
With changing implant technology and use of 
ADM in implant-based breast reconstruction, 
long-term prospective studies must be designed to 
establish the outcomes of implant-based breast 
reconstruction.     
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         The advance in autogenous breast reconstruction 
has been phenomenal in the past 25 years. Some 
patients do not like the idea of an implant or the 
negative consequences that can accompany 
implant reconstruction. Many patients are poor 
candidates for implant reconstruction because of 
either their body habitus or the lack of an appro-
priate soft tissue envelope. Additionally the soft 
tissue envelope may be scarred and tight follow-
ing external beam radiation therapy, which also 
increases the risk of capsule contracture and 
implant reconstruction failure. Until 2002, the 
most common type of breast reconstruction was 
autologous tissue transfer. However, since 1998, 
the use of non- autologous reconstruction has, for 
a number of reasons, eclipsed autologous recon-
struction by nearly 2:1 [ 1 ]. Nonetheless, autolo-
gous reconstruction continues to be an essential 
form of reconstruction. There are two types of 
autologous reconstruction fl aps: pedicle fl aps and 
free tissue transfer. 

    Pedicle Flap Reconstruction 

       Latissimus Dorsi Breast 
Reconstruction 

 The latissimus dorsi (LD) myocutaneous fl ap is 
considered by many to be the “workhorse” fl ap in 
breast reconstructive surgery. The thoracodorsal 
system offers a reliable blood supply that makes 
reconstructive outcomes predictable. Its use in 
breast reconstruction can be traced back to the 
late 1890s to Iginio Tansini [ 2 ]. In the late 1970s 
and early 1980s, its use in breast surgery became 
more widespread, with the LD fl ap utilized in 
immediate and delayed reconstruction. The main 
disadvantage of the LD is the lack of volume it 
offers. Often times, it is used in conjunction with 
a tissue expander or an implant, effectively creat-
ing a hybrid reconstruction. 

    Anatomy of the Latissimus Dorsi 
 The LD is a broad muscle that originates on the 
spinous process of T7–L5, the thoracolumbar 
fascia, the iliac crest, and the inferior angle of the 
scapula. It inserts on the fl oor of the intertubercu-
lar groove of the humerus. Blood supply to the 
LD fl ap is via the thoracodorsal artery, which is 
the terminal branch of the subscapular artery. The 
neurovascular pedicle consists of the artery, two 
veins, and the thoracodorsal nerve. The neuro-
vascular bundle can be identifi ed at the undersur-
face of the LD, approximately 10–12 cm below 
the axillary artery and 2–3 cm medial from the 
lateral border. A serratus branch can be given off 

        M.  W.   Wise ,  MD       •     H.   St.Hilaire ,  MD, DDS       (*)  
   A.   Sadeghi ,  MD       •     M.   Hogan ,  MD       •     C.   Dupin ,  MD      
  Division of Plastic Surgery, Department of Surgery , 
 Louisiana State University Health Sciences Center , 
  1542 Tulane Avenue ,  New Orleans , 
 LA   70112 ,  USA   
 e-mail: mwhitwise@gmail.com; 
hugost1@gmail.com; alsadeghi@gmail.com; 
mhoga1@lsuhsc.edu; cldupinmd@gmail.com  

  19      Autologous Breast Reconstruction 

              M.     Whitten     Wise      ,     Hugo     St.Hilaire      ,     Ali     Sadeghi      , 
    M’liss     Hogan      , and     Charles     Dupin     

mailto: mwhitwise@gmail.com
mailto: 
hugost1@gmail.com
mailto: 
hugost1@gmail.com
mailto: alsadeghi@gmail.com
mailto: mhoga1@lsuhsc.edu
mailto: mhoga1@lsuhsc.edu
mailto: cldupinmd@gmail.com


280

of the thoracodorsal artery immediately prior to 
its entry into the LD.  

    Preoperative Evaluation 
 The latissimus dorsi muscle borders are marked. 
If the patient has had a previous axillary lymph-
adenectomy, the thoracodorsal vessels may 
have been injured. The innervation of the mus-
cle should be examined. If the muscle contracts, 
it is likely that the vessels are intact. It is pos-
sible to raise the fl ap based on the serratus 
branch if the thoracodorsal vessels were previ-
ously damaged. 

 The midline, tip of the scapula, and posterior 
iliac crest are reliable landmarks that help delin-
eate the LD borders. Commonly, a skin paddle 
is used. The surgeon should fashion a template 
of the defect and translate it to the back 
(Fig.  19.1 ). Care must be taken to ensure pri-
mary closure of the donor site. A skin paddle of 
less than 10 cm should close with acceptable 
tension. The arc of rotation of the fl ap needs to 
be evaluated to ensure adequate transposition to 
the chest wall [ 3 ].

       Procedure 
 In cases of immediate reconstruction, after the 
mastectomy is complete, the reconstructive sur-
geon must ensure that the thoracodorsal vascula-
ture is unharmed. While dissecting within the 
axillary pocket, the anterior border of the LD mus-
cle can be defi ned. An anterior axillary tunnel is 
made for the rotation of the fl ap into the mastec-
tomy defect. The mastectomy fl aps are then tempo-
rarily closed with staples and covered with an 
occlusive dressing. In unilateral reconstruction, the 
patient is then placed in the lateral decubitus posi-
tion. If bilateral reconstruction is being performed, 
the patient is placed in the prone position. 

 If a skin paddle is being included, the skin 
island should be incised. The plane of dissection 
is taken below Scarpa’s fascia, leaving the layer of 
deep fat overlying the muscle as added bulk to the 
fl ap. The superior aspect of the muscle is identi-
fi ed at the level of the inferior border of the scap-
ula, and the anterior margin is separated from the 
serratus anterior. The muscle is then raised cepha-
lad and toward the midline. The midline attach-
ments are then dissected. The plane in the inferior 
portion of the LD is less defi ned than the other 
parts of the muscle, and electrocautery is used to 
dissect it. The fl ap is then raised in the areola tis-
sue below the muscle superiorly toward the axilla. 

 Once the pedicle is identifi ed, care is taken not 
to injure the vessels. It is not always necessary to 
completely dissect the pedicle, as its arc of rota-
tion should be adequate to rotate into the mastec-
tomy defect even if the serratus branch is intact. 
The insertion of the LD at the bicipital groove of 
the humerus is taken down to allow for an 
increased arc of rotation. Great care is taken to 
avoid traction on the pedicle. The thoracodorsal 
nerve is then isolated and divided. The muscle is 
then freely rotated into the pocket through the 
previously dissected tunnel in the axilla and into 
the mastectomy defect (Fig.  19.2 ).

   The donor site is closed in layers. Quilting 
sutures are used along with two closed suction 
drains. This helps to prevent postoperative 
seroma formation. Once the wound is closed, the 
patient is again placed in supine position. 

 The subcutaneous tunnel is made high in the 
axilla to help recreate the anterior axillary fold. 

  Fig. 19.1    Preoperative markings for a latissimus fl ap       
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In the case of a small breast mound, or delayed 
reconstruction, the fl ap is inset over the pectoralis 
major muscle. The skin paddle is then shaped, 
and if the entire paddle is being used, the fl ap can 
be approximated to the edges of the mastectomy 
fl aps. Drains are placed under the fl ap and in the 
axilla. If only part of the skin paddle is being 
used, it is de-epithelized and inset appropriately. 

 In the setting of alloplastic reconstruction, the 
LD fl ap can be an alternative to the acellular der-
mal matrix to cover the infralateral pole of the 
tissue expander. The pectoralis muscle is raised 
and the LD is then inset at the inframammary 
fold. The tissue expander is then placed, with the 
LD fl ap secured to the lateral chest wall to main-
tain the lateral border of the breast and to keep 
the implant from migrating laterally (Fig.  19.3 ).

       Postoperative Course 
 Postoperative care usually consists of an over-
night stay in the hospital. The ipsilateral arm is 
elevated on several pillows to prevent undue 
pressure on the vascular pedicle. The skin paddle 
is monitored for temperature and color to ensure 
vascular patency. The patient will go home with 
drains and keep a record of the output.  

    Complications of Latissimus Dorsi 
Reconstruction 
 Seroma formation at the LD donor site is the 
most common complication following LD breast 
reconstruction. Closing the LD donor site with 
quilting sutures helps close the dead space left by 
the dissection. Closed suction drains are 

 imperative, with the drains kept in place for 
1–2 weeks, or longer, if output is persistently 
elevated. Some surgeons also advocate the use of 
a fi brin sealant within the donor site to help seal 
the raw edges of the dead space. Only small ret-
rospective studies have addressed the use of fi brin 
sealants, but most have noted a decrease in post-
operative seroma formation as well as a shorter 
duration of drain usage when compared to the 
quilting suture groups alone [ 4 ] (Fig.  19.4 ).

        Transverse Rectus Abdominis Flap 

 Since its introduction in the early 1980s by 
Hartrampf, Schlefl an, and Black, the pedicle 
transverse rectus abdominis muscle (TRAM) 
has been the most commonly used form of 
autologous breast reconstruction. It uses the 
excess lower abdominal tissue that would oth-
erwise be discarded in an abdominoplasty pro-
cedure. The use of the abdominal tissue is 
appealing because it is soft and moldable and 
therefore can be shaped to the form of a native 
breast. The appeal of the pedicle TRAM to sur-
geons is its proven reliability, predictable blood 
supply, and ease of harvest. However, patient 

  Fig. 19.2    Skin island on the isolated latissimus muscle       

  Fig. 19.3    Latissimus fl ap       
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selection is critical to providing good outcomes. 
Associated  comorbidities such as obesity, dia-
betes, and hypertension all dramatically 
increase the risk of complications [ 4 – 8 ]. 

    Anatomy of the Pedicle TRAM Flap 
 The pedicle TRAM fl ap is based upon the deep 
superior epigastric artery (a continuation of the 
internal mammary artery). Above the level of the 
umbilicus, the vessels coalesce with the deep infe-
rior epigastric artery. There may be a signifi cant 
reduction in caliber around and above the umbili-
cus, which impacts reliability. This anatomical 
variation has promoted recommendations for 
delay of the fl ap and even consideration for using 
both rectus muscles for transporting the fl ap. The 
deep inferior epigastric artery is a branch of the 
internal iliac artery and is the dominant arterial 
blood supply to the rectus abdominis muscle and 
its overlying skin. In the pedicle TRAM tech-
nique, the dominant blood supply (deep inferior 
epigastric artery) is ligated to allow for rotation 
into the mastectomy site. The valves of the deep 
superior epigastric veins will inhibit fl ow until 
congestion renders them incompetent [ 9 ]. 

 The available skin is considered in four vascu-
lar zones. Numbered in order of decreasing blood 
supply, zone I overlays the muscle to be trans-
posed. Zone II lies lateral to zone I and usually 
has a reliable blood supply stemming from zone 
I. Zone III is adjacent to zone I but across the 
midline. The viability of this zone must be 

explored, and portions of this zone should not be 
incorporated into the fl ap if there is any question 
of viability. Zone IV (the portion of the fl ap most 
remote from the vessels) is discarded in the uni-
lateral pedicle TRAM as its perfusion is unreli-
able (Fig.  19.5 ). In bilateral procedures, each 
hemi-abdomen consists of zone I and zone II 
[ 10 ]. Basically, tissue remote to the entry of the 
vessels into the fl ap will be increasingly poorly 
perfused as they become further away.

   In the case of a subcostal incision due to previ-
ous cholecystectomy, the right superior deep epi-
gastric vessel and rectus muscle are usually 
compromised. Therefore, pedicle TRAM should 
not be raised from that side. The contralateral 
hemi-abdomen, however, can be considered for a 
pedicle TRAM transposition. Vertical midline 
scars do not preclude the use of the pedicle 

  Fig. 19.4    Preoperative and 
postoperative prophylactic 
mastectomy and implant 
reconstruction       

II I III IV

Most will be perfused

Best perfused
Discard

  Fig. 19.5    Zones of perfusion for DIEP fl ap       
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TRAM method, but tissue across the midline 
should not be used. A lower abdominal or 
Pfannenstiel incision or previous appendectomy 
incision do not interfere with elevation of a pedi-
cle TRAM reconstruction [ 11 ].  

    Preoperative Approach and Procedure 
 With the patient standing, the inframammary 
folds are marked. The midline is also delineated. 
The upper abdominal marking is a transverse line 
1–2 cm above the umbilicus. The lower abdomi-
nal marking is a suprapubic curvilinear incision 
that extends to the anterior superior iliac spine 
bilaterally. In the immediate setting, the mastec-
tomy may proceed concomitantly with the 
TRAM dissection. The superior edge of the fl ap 
island is incised fi rst, beveling cephalad until 
abdominal wall fascia is reached. The dissection 
is continued toward the costal margins. The 
medial and lateral edges of the rectus muscle are 
then identifi ed. At the level of the costal margins, 
the anterior rectus sheath is incised on both sides 
of the rectus muscle down to the level of the skin 
island, leaving the anterior rectus sheath attached 
to the muscle and making the muscle dissection 
less diffi cult. 

 Next, the inferior border of the fl ap is incised 
down to the level of the abdominal wall fascia. 
The side contralateral to the rectus muscle sup-
plying the fl ap is elevated fi rst. The external 
oblique and rectus fascia are left intact, and 
large perforating vessels are ligated. The umbi-
licus is sharply incised to its base and separated 
from the fl ap. Attention is now directed to the 
ipsilateral side of the fl ap. Dissection proceeds 
until the lateral border of the rectus fascia is 
encountered. At this point, bipolar cautery is 
used to incise the rectus fascia, taking care not 
to injure perforating vessels. The same is done 
to the medial side of the rectus muscle. The 
medial and lateral rectus sheath incisions are 
extended caudally to the inferior border of the 
fl ap, where the two incisions merge. The infe-
rior aspect of the rectus muscle is incised, and 
the deep inferior epigastric vascular bundle is 
identifi ed and ligated. Using blunt dissection, 
the fl ap can be elevated caudally toward the cos-
tal margins (Fig.  19.6 ). In the area of  inscriptions, 

the muscle can be quite thin and care must be 
taken not to damage the muscle and its accom-
panying vessels.

   At the level of the costal margin, a tunnel is 
made at the medial aspect of the IMF to allow for 
passage of the skin island. This tunnel must be 
wide enough to easily pass the skin island into 
place without undue traction (Fig.  19.7 ).

   Attention is then directed to the mastectomy 
site, and the tunnel is completed while staying 
within the same plane as the dissected fl ap. The 
vascular pedicle is then identifi ed near the level 
of the costal margins. Lateral attachments near 
the pedicle are carefully excised in order to pre-
vent tension of the pedicle when rotated into the 
mastectomy site. Prior to fl ap rotation, the inad-
equately perfused part of the fl ap from zone IV 
and part of zone III will need to be excised. The 
fl ap is then rotated into the mastectomy site via 
the previously dissected tunnel. Care is taken to 
avoid any undue tension on the vascular pedicle. 
The fl ap is then temporarily stapled in the mas-
tectomy wound. 

  Fig. 19.6    TRAM fl ap       
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 A sound abdominal wall closure is essential 
in order to prevent bulging or hernia formation. 
The rectus fascia is closed primarily, with the 
superior aspect of the rectus fascia left open to 
prevent compression of the vascular pedicle. 
Once the fascia is closed, most surgeons place a 
mesh overlay to prevent bulge or hernia forma-
tion, a well-known complication of the pedicle 
TRAM. The OR table is then put into a fl exed 
position to aid in abdominal skin closure. 
Scarpa’s fascia is approximated with a series of 
simple, interrupted absorbable sutures with 
placement of two suction drains. The umbilicus 
is repositioned in the midline and delivered 
through a new opening. Both the abdominal inci-
sion and the umbilicus are closed with a running 
subcuticular suture. 

 The fl ap is then inspected to assure adequate 
perfusion. It may need to be repositioned if it 
appears congested or compromised. Areas to be 
buried under mastectomy fl aps are marked and 
de-epithelized. The fl ap is tacked down to 
the chest wall, being mindful of the borders of the 
breast. The skin paddle is sutured to the 

 mastectomy fl ap. This allows for fl ap monitoring 
in the early postoperative period.  

    Bilateral Pedicled TRAM Flaps 
 The procedure is similar to the unilateral pedicle 
TRAM. The difference is in the size of the abdom-
inal fascial defect that cannot be primarily closed. 
Therefore, mesh prosthesis is fashioned to the size 
of the fascial defect, and starting at the level of the 
umbilicus, the mesh is inserted. The two sutures 
on the opposite sides of the umbilicus set the ten-
sion of the abdominal wall repair. This is contin-
ued superiorly and inferiorly. The mesh is trimmed 
if necessary, and a running suture reinforces the 
repair of the fascial defect. The umbilicus is deliv-
ered through a hole in the mesh, and abdominal 
closure is completed over drains [ 12 ].  

    Postoperative Care 
 The patient is admitted to a unit capable of moni-
toring fl aps. Temperature and color are moni-
tored, and the surgeon is notifi ed of any changes. 
The patient is encouraged to ambulate as early as 
postoperative day 1 and is discharged when toler-
ating a regular diet and when pain is controlled 
with oral pain medications. Patient is taught 
proper drain care prior to discharge.  

    Risk Factors in Pedicle TRAM 
Procedures 
 Smoking and obesity have been associated with 
deleterious outcomes following pedicle TRAM 
fl ap reconstruction. Wound healing problems, 
fl ap infections, and partial and total fl ap loss are 
greatly increased in these subsets of patients. 
Spear et al. reported that active smokers are at a 
high risk of complications with a statistically sig-
nifi cant increase in various fl ap complications 
and infection. It was further noted that former 
smokers were also at increased risk of fl ap com-
plications and delayed wound healing [ 4 ]. 
Obesity has long been considered a relative con-
traindication for TRAM fl ap reconstruction. 
Kroll and Netscher found that complications 
after pedicle TRAM fl ap reconstruction increased 
proportionally to the degree of obesity [ 5 ]. Paige 
et al. found obesity to be associated with an 
increase incidence of postoperative fat necrosis, 

  Fig. 19.7    Extensive tunnel required to transfer rotational 
TRAM fl ap       
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partial fl ap loss, and infection. Complication 
rates of 31–41 % have been reported with the 
pedicle TRAM fl ap reconstruction in obese 
patients, with an 8–21 % incidence of partial fl ap 
loss [ 6 ]. With the introduction of the free TRAM 
fl ap, which greatly increase fl ap perfusion, com-
plication rates have improved in both smokers 
and obese patients [ 6 – 8 ].   

    Microvascular Breast Reconstruction 

 Along with the development of microsurgical 
techniques, and in order to improve outcomes in 
autogenous breast reconstruction, the free TRAM 
(F-TRAM) fl ap  was developed. Microsurgical 
transfer allows the use of the dominant deep infe-
rior epigastric artery as the vascular pedicle to the 
lower abdominal fl ap. The more vigorous blood 
supply provided by the deep inferior epigastric 
artery decreases the incidence of fat necrosis and 
wound healing complications. In order to mini-
mize donor site morbidity, the F-TRAM evolved 
to the muscle-sparing TRAM (MS-TRAM). The 
latter minimizes the amount of muscle and 
abdominal fascia violation, signifi cantly reduc-
ing the incidence of hernia and bulges. The ulti-
mate muscle-sparring TRAM is the deep inferior 
epigastric artery perforator fl ap where the 
 perforating artery and veins are dissected through 
the muscle and fascia. 

    Anatomy of the Abdominal Wall 
 It is imperative to understand the anatomy of the 
abdominal wall in order to appreciate the funda-
mental difference between these procedures. The 
blood supply to the F-TRAM, MS-TRAM, and 
DIEP fl ap is via the deep inferior epigastric artery, 
a branch of the internal iliac artery. At the level of 
the arcuate line, the deep inferior epigastric artery 
often splits into a lateral and medial row after 
entering the rectus muscle. Occasionally there is 
only one vessel identifi ed, with perforating ves-
sels traversing the anterior rectus sheath and 
entering the overlying abdominal fat and skin. 

 Moon and Taylor described the vascular anat-
omy of the abdomen [ 10 ]. The primary blood 
supply is derived from the deep inferior  epigastric 

artery. While there is fl ow across the midline to 
the contralateral abdominal skin and fat, it is vari-
able. When performing unilateral reconstruc-
tions, about half of the contralateral skin and fat 
(zones III and IV shown above) is reliably per-
fused, with the remainder of the tissue discarded. 
In the case of bilateral breast reconstruction, the 
abdomen is divided in the midline so there is no 
concern with contralateral perfusion.  

    The Free Flaps Harvested 
from the Abdominal Donor Site 
 The four procedures that utilize the abdominal 
donor site are the free TRAM (F-TRAM), the 
muscle-sparing TRAM (MS-TRAM), the super-
fi cial inferior epigastric artery (SIEA), and the 
deep inferior epigastric artery perforator (DIEP) 
fl ap. Due to many aspects of three of the fl aps 
being similar, only the dissection of each fl ap will 
be discussed separately.  

    Preoperative Evaluation and Markings 
 Preoperative evaluation of the abdominal wall is 
crucial when choosing to proceed with any abdom-
inal tissue transfer. Close attention must be made 
to previous abdominal surgeries and the resulting 
scars. Scars in the upper abdomen increase the risk 
of necrosis of the abdominal donor site tissue. 
Scars from appendectomies and vertical midline 
incisions will likely jeopardize perfusion across 
the scar [ 13 ,  14 ]. Examination of the skin with an 
8 MHz Doppler will give an indication of the loca-
tion of the perforators. Preoperative CT angiogram 
is a useful adjunct that can aid in preoperative 
planning. Perforator size can be documented, as 
can their location [ 15 ,  16 ]. 

 Once the dominant perforator is identifi ed in 
supine position, the remaining markings are per-
formed in the standing position. The superior 
edge of the fl ap is a transverse line typically 
above the umbilicus. Approximately one third of 
the dominant perforators are above the umbilicus 
[ 17 ]. It should be noted that the critical mark is 
the  level of the cranial (superior) incision line  
and the dominant perforator needs to be included 
within the design of the fl ap. 

 The inferior edge is based on the superior 
marking. It is marked at a distance below the 
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superior incision that will provide enough fl ap 
volume for the reconstruction. This may be just 
above the pubis or higher and extends laterally to 
the anterior superior iliac spine. Care should be 
taken to avoid making the height of the fl ap 
excessive, as this will make primary closure dif-
fi cult and may result in wound healing complica-
tions. Depending upon the size of the patient, the 
presence of a panniculus, the size of the breast to 
be reconstructed, and the volume needed, the 
height of the fl ap varies from 12 to 16 cm. 

 In the case of immediate reconstruction, the 
breast skin to be excised is marked, including 
previous biopsy sites. The inframammary folds 
are marked and should be used by the oncologic 
surgeons as the inferior limit of dissection.  

    Positioning 
 The patient is placed in the supine position. 
Bilateral sequential compression devices are 
used and a Foley catheter is placed. In immediate 
reconstruction, the arm is prepped and placed out 
but will be tucked during the microvascular por-
tion of the procedure. The mastectomy can occur 
concomitantly with raising of the fl ap. In delayed 
reconstruction, two teams are useful as while one 
team is dissecting the fl aps, the other team 
 dissects the recipient vessels.  

    Common Aspects of the Procedures 
 All three procedures are similar in the early dis-
section. The procedure begins by incising the 
inferior incision as marked. Frequently, there is a 
large (4–5 mm) vein approximately halfway 
between the ASIS and the midline. It is very 
superfi cial and should be carefully dissected infe-
riorly for a moderate distance. This vein can be 
used to drain the fl ap if there are problems with 
the venae comitantes of the deep inferior epigas-
tric artery. 

 As the dissection proceeds deep to Scarpa’s 
fascia, another set of vessels are encountered. 
These are the superfi cial inferior epigastric ves-
sels (SIEA and SIEV) that frequently emerge 
from the femoral artery, as a branch of the lateral 
femoral circumfl ex vessels. If this system is large 
(3–4 mm), it is possible to transfer the fl ap with-
out dissecting the rectus muscle at all. A fl ap 

transferred on the SIEA vessels is termed an 
SIEA fl ap. Unfortunately, the vessels are usually 
too small to perfuse the fl ap and the muscular dis-
section must proceed. 

 The superior incision is made. As noted above, 
it should be made at least 1–2 cm above any peri-
umbilical dominant perforator. This incision 
should be beveled superiorly away from the fl ap. 
A periumbilical incision is then made, and the 
umbilicus dissected down to the abdominal wall, 
leaving some soft tissue to perfuse it. 

 In unilateral reconstructions, the fl ap is dis-
sected from lateral to medial. The dissection is 
rapid until the lateral rectus sheath is visualized. 
In order to approach the medial rectus sheath, the 
opposite fl ap will have to be raised to the midline. 
It is important to be sure that the fl ap chosen has 
adequate perforators on the initial side, as eleva-
tion to the midline will obviously destroy the 
contralateral perforators. In bilateral reconstruc-
tions, the medial rectus sheath can be approached 
from the midline incision as well. 

 If a F-TRAM is to be harvested, the fascia is 
incised cephalad to the skin island. Incisions are 
then made in the fascia on either side until the 
level of the lower edge of the skin island is 
reached. The fascia can then be opened in the 
midline for the caudal dissection. Next, the mus-
cle is elevated with blunt dissection from cranial 
to caudal, until the deep inferior epigastric ves-
sels are seen entering the muscle. The deep infe-
rior epigastric vessels are then dissected to their 
origin. Muscular side branches are ligated using 
clips. The surgeon and assistant must take great 
care at this time to ensure no undue tension is 
placed on the pedicle. Once adequate pedicle 
length is dissected, the vessels are marked in situ 
with a marking pen to prevent twisting or kinking 
of the pedicle (Fig.  19.8 ). The MS-TRAM 
attempts to save muscle and, more importantly, 
fascia. The dissection is extended over the rectus 
fascia until the lateral row of perforators is identi-
fi ed. Fascia that is lateral to these perforators can 
be preserved. The same technique can be done on 
the medial side, preserving some fascia 
(Fig.  19.9 ). The muscle is split at the same level, 
leaving some on either side. The rest of the dis-
section is similar to the F-TRAM fl ap. If the 
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patient is found to have dominant perforators on 
either row, additional fascia/muscle can be pre-
served by ligating the nondominant perforator 
row and increasing the amount of fascia and mus-
cle spared. It should be cautioned, however, that 

these perforators may have long intramuscular 
courses and run in a transverse fashion before 
connecting with the deep inferior epigastric 
 vessels. Leaving only a small cuff of muscle may 
injure the intramuscular vasculature (Fig.  19.9 ).

          Deep Inferior Epigastric Artery 
Perforator Flap and Superfi cial 
Inferior Epigastric Artery Flap 

    Preoperative Planning 

 The success of the DIEP fl ap is dependent upon 
harvesting adequate perforators. Therefore, it is 
important to be certain of their size and location. 
Preoperatively, our patients undergo a CT angio-
gram of the abdominal wall. The CTA allows 
visualization of the dominant perforators. It dem-
onstrates the location and also the intramuscular 
course of the perforating vessels. Dominant per-
forators are >2.5 mm in diameter at the level of 
the fascia. Occasionally, the ipsilateral fl ap is 
chosen if it contains dominant perforators. Flaps   Fig. 19.8    The free TRAM fl ap       

  Fig. 19.9    The 
 muscle-sparing TRAM fl ap       
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harvested with only small perforators, even mul-
tiple, will not be as well perfused as those har-
vested with dominant perforators. Occasionally, 
the CTA fails to identify any dominant perfora-
tors. Those patients may be more reliably con-
verted to a MS-TRAM fl ap to ensure adequate 
circulation. The CTA also gives an estimate of 
the caliber of the dominant perforating vessel. 
Furthermore, it guides the best location of the 
DIEP fl ap designs. Saad et al. noted that nearly 
one third of dominant perforators were located 
superior and within 2 cm of the umbilicus. We 
move the fl ap design superiorly to encompass the 
dominant perforator [ 17 ]. 

 In the preoperative holding area, the patient is 
marked with the assistance of the oncologic sur-
geon. Landmarks such as at the IMF and the mid-
line are marked, and previous biopsy sites are 
marked for excision as well. The abdominal wall 
is then marked. Using a Doppler, abdominal per-
forating vessels are marked. The upper abdomi-
nal incision is designed to incorporate the 
dominant perforator. At least half of the time, it is 
1–2 cm above the umbilicus. Once the level of 
the upper incision is decided upon, the lower 
incision is marked. The lower abdominal incision 
is marked in the suprapubic region and extends in 
a curved fashion to the ASIS bilaterally. Care is 
taken to avoid excess width of the fl ap. Incisional 
wound in very small, thin, or nulliparous patients 
may be closed with only a 12 cm-wide fl ap; those 
in patients with a large panniculus can be closed 
with a 16 cm-wide fl ap (Fig.  19.10 ).

   The patient is then taken to the operating 
room. Sequential compression devices and Foley 
catheter are placed. The patient also receives pre-
operative antibiotics which are re-dosed appro-
priately throughout the procedure.  

    Operative Procedure 

 In immediate breast reconstruction, the onco-
logic surgeon undertakes the mastectomy at the 
same time as the plastic surgeon dissects the 
DIEP fl ap. The lower abdominal incision is made 
fi rst and the superfi cial epigastric system is 
explored at this time. The superfi cial inferior 

 epigastric vein (SIEV) is approximately 4–5 cm 
lateral from the midline. If it is large in size, it 
should be dissected inferiorly, ligated, and pre-
served. Very large superfi cial veins may indicate 
that they, rather than the venae comitantes, are 
the primary drainage for the fl ap. The superfi cial 
inferior epigastric artery (SIEA) is located about 
2–3 cm lateral to the SIEV but deep to Scarpa’s 
fascia. It is identifi ed and examined. Occasionally 
the superfi cial system is very large (>2.5 mm in 
diameter). If this situation is found, it is possible 
to harvest the fl ap based on the superfi cial system 
as previously described. 

 A very large superfi cial system may also indi-
cate that the perforators are very small. In such 
cases, it may be safer to harvest the fl ap utilizing 
the superfi cial system. This should be seen on the 
CTA as well. If the SIEA is large, the dissection 
proceeds in an inferior (caudal) direction until 
the SIEA is found emerging from the femoral 
artery. It may (48 %) join the superfi cial circum-
fl ex vessels before joining the femoral vessel. 
This is a more favorable situation as harvesting 
the superfi cial circumfl ex artery allows a much 
greater caliber vessel (2 mm) than the SIEA 

  Fig. 19.10    Preoperative markings contralateral DIEP 
fl ap for left mastectomy       
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alone. The small size of the SIEA makes for a 
mismatch with the internal mammary artery 
(IMA), and anastomosis may be easier with a 
perforating branch of the IMA, rather than the 
IMA itself. The donor site of the SIEA fl ap is 
prone to postoperative development of a seroma, 
but the rectus muscle and fascia are not 
dissected. 

 If the decision is made to proceed with the 
DIEP fl ap, the superior skin incision is made and 
beveled superiorly to allow for more tissue inclu-
sion in the fl ap and aid in abdominal wall closure. 
The umbilicus is dissected down to the abdomi-
nal wall. Laterally, the skin and fat is elevated 
from the abdomen using electrocautery. Near the 
lateral edge of the rectus sheath, bipolar dissec-
tion takes place and perforating vessels are pre-
served. If the patient is undergoing a bilateral 
procedure, or if a small amount of tissue needed 
in the reconstruction, a midline abdominal inci-
sion is made. Dissection is then taken medially to 
explore the medial row perforators. The perium-
bilical perforators can usually be visualized by 
dissecting caudally from the upper incision, with-
out taking the lateral perforators. 

 The perforators are then evaluated. The ideal 
perforator is 2.5 mm or greater in diameter and 
should have vigorous pulsations. The accompa-
nying vein should be a larger caliber vessel, to 
allow for venous outfl ow of the fl ap. The most 
common problem causing pedicle inadequacy is, 

in our experience, the venous outfl ow tract, not 
the infl ow arterial tract. If the vessels are small or 
moderate in size, two or more perforators should 
be included in the fl ap. Including the dominant 
perforator is critical, however. A number of small 
perforators cannot carry the volume of a single 
large perforator. In the mid-1850s, a French 
physicist named Poiseuille determined that the 
fl ow of a liquid was proportional to the fourth 
power of the radius of the tube. Thus, a single 
2-mm vessel will carry four times as much blood 
as two 1-mm vessels. 

 Once the best perforator is selected, it is dis-
sected circumferentially. The rectus fascia is then 
incised longitudinally toward the next lower per-
forator. It is important to carefully open the 
sheath because there may be a subfascial course 
of the vessel that could be easily injured in this 
dissection. The most tedious portion of the dis-
section is the intramuscular course (Fig.  19.11 ). 
Great care must be taken to protect the pedicle; 
patients should be paralyzed to prevent muscular 
contraction. Small intramuscular branches are 
clipped using hemoclips or bipolar cautery. At 
this time it is important to avoid any undue ten-
sion on the fl ap or the perforating vessels. The 
assistant must be very involved and go to great 
lengths not to place tension on the pedicle while 
he retracts as it is being dissected.

   The pedicle is dissected toward its origin near 
the iliac vessels. If bilateral fl aps are to be 

DIEP flap
undersurface

Perforators

Rectus muscle
(split) Deep inferior

epigastric
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  Fig. 19.11    DIEP fl ap 
dissections showing 
perforating vessels       
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 harvested, the other side may be dissected at this 
time. Flaps are kept intact until mastectomy and 
recipient vessels are dissected, and the microvas-
cular portion of the case is ready to commence 
(Fig.  19.12 ).

        Recipient Vessels 

    Internal Mammary Recipient Vessels 

 Dissection of internal mammary vessels is under-
taken between the second and third rib. Access 
below the third rib, especially on the left, may 
have inadequate veins [ 18 ]. Meticulous dissec-
tion is imperative. The pectoralis muscle is 
incised parallel to the muscle fi bers and the inter-
space is exposed. Bipolar cautery is then used to 
remove the intercostal muscles. Branches to the 
intercostal muscle are ligated with micro clips, 
instead of electrocautery. This is important to 
prevent damage to the underlying vasculature. 
The third rib costal cartilage may need to be 

removed in order to fully expose the length 
needed to perform the anastomosis. The cartilage 
is scored, and an elevator is used to raise the peri-
chondrium. The cartilage is removed using a ron-
geur, and bipolar cautery is used to excise the 
remaining perichondrium (Fig.  19.13 ). At this 
point, with vessels exposed, dissection is stopped. 
Finer dissection can be undertaken when the 
microscope is moved into position.

       Thoracodorsal Artery 

 Currently, most free fl ap breast reconstructions 
are anastomosed to the internal mammary ves-
sels. The internal mammary vessels permit more 
centralization of the breast mound and allow for 
easy operative access by the surgeon and assis-
tant. In the delayed or previously radiated axilla, 
most surgeons elect to use the IMA for 
 microvascular anastomosis. 

 On rare occasions, it may be necessary to use 
the subscapular system as the recipient vessels. 

  Fig. 19.12    The DIEP fl ap        
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In immediate reconstruction with axilla explora-
tion, the thoracodorsal vessels are easily exposed. 
With skin-sparing mastectomies, a separate 
 axillary incision may be necessary to expose the 
thoracodorsal vessels. The thoracodorsal vessels 
can be identifi ed in a plane deep to the axillary 
fat. Once identifi ed, they are ligated just proximal 
to the serratus anterior branch. This allows for the 
thoracodorsal vessels to be delivered into the sur-
gical fi eld.  

    Microanastomosis 

 Once the recipient vessels are exposed, attention 
is again directed to the donor site. Using a retrac-
tor, the deep inferior epigastric vessels are dis-
sected down to their origin near the external iliac 
vessels. Prior to ligation, the vessels are marked 
along their axis using a marking pen. This helps 
to orient the pedicle after transfer to help reduce 
the chance of twisting. The artery and vein(s) are 
ligated using hemoclips. The fl ap is weighed and 
then positioned on the chest in preparation for 
microvascular anastomosis. 

 The fl ap is temporarily secured with sutures 
onto the chest wall. Once the fl ap is in position, 
the microscope is brought into the fi eld. The 
donor vein is carefully separated from the artery. 
It is helpful to mark the internal mammary vein 
(IMV) to be sure that it does not twist. The IMV 

is clamped proximally with a microsurgery 
clamp, and it is clipped distally and cut. A cou-
pler sizer is then used to measure the diameter of 
the veins. An appropriately sized venous coupler 
is then used for the venous anastomosis. The sur-
geon must take great care to ensure the vein is not 
twisted and that there is no tension on the vein 
which can lead to avulsion. The IMA is then 
clamped proximally and ligated distally. A dou-
ble approximating clamp is then used to position 
the fl ap and recipient arteries. A background is 
placed into the fi eld. Simple interrupted 9-0 
nylon is used for the arterial anastomosis, but a 
running suture can also be used. The temporary 
clips are removed. Any signifi cant leaks are 
repaired using 9-0 nylon. There should be pulsa-
tile fl ow in the pedicle after the clamps are 
released (Fig.  19.14 ). An internal venous Doppler 
is then placed on the donor vein and connected to 
the monitor box.

   Once it is noted that good fl ow has been estab-
lished through the fl ap, insetting may begin. The 
audible venous Doppler signal helps to ensure 
that the fl ap continues to be well perfused while 
the insetting takes place. The signal should 
resemble “waves at the beach” and should vary 
with respiration. Momentary clamping of the 
vein should result in immediate loss of the 
 audible signal. If, during the insetting process, 
the signal is lost, the fl ap must be removed and 
the vessels must be visualized and rearranged so 

Right third rib Pectoralis
muscle

retracted
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  Fig. 19.13    The internal 
mammary artery       
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that they are not twisted, kinked, or compressed. 
The fl ap is tacked down using Vicryl sutures at 
the level of the IMF. The fl ap is then internalized 
within the mastectomy skin fl aps. 

 At this point, the skin of the fl ap is marked. 
The skin not included in the external skin paddle 
is de-epithelized. It is critical to be certain that 
the mastectomy fl aps are well perfused before 
de-epithelializing the fl ap. If there is questionable 
viability, the abdominal skin can be retained 
beneath the fl ap for a short period of time prior 
to the fi nal removal of either the abdominal 
skin or the overlying mastectomy skin. This will 
avoid the need for a skin graft to replace nonvia-
ble mastectomy skin. The use of the intraopera-
tive angiogram using indocyanine green helps to 
make the decision about the viability of the mas-
tectomy skin. Skin that is not viable should be 
removed. Layered closure is performed. Using a 
handheld Doppler, the location of arterial and 
venous signals is marked on the skin paddle with 
a 5-0 Prolene suture so that it can be easily found 
in the postoperative period. 

 The patient is then placed in a fl exed position 
for the abdominal wall closure. In a unilateral 
MS-TRAM procedure, the fascia is approxi-
mated using PDS suture in a running fashion. 
The contralateral abdominal wall may need to be 
plicated to centralize the umbilicus. In bilateral 
MS-TRAM or unilateral F-TRAM reconstruc-
tion, soft mesh is recommended to repair the 

 fascial defect in order to prevent hernia or bulg-
ing. There is no need for mesh in the DIEP 
patients, including bilateral DIEP fl aps. 

 The abdominal wall is undermined superiorly 
to the level of the xiphoid process in the midline. 
Lateral dissection is performed as needed. 
Signifi cant perforators from the lateral row are 
preserved if possible. Perforators inferior to a 
subcostal scar should be preserved to avoid 
necrosis. Diastasis of the rectus is plicated if nec-
essary. Closure even in bilateral fl ap harvest is 
straightforward and without tension (Fig.  19.15 ). 
Two suction drains are placed. Vicryl (0) sutures 
are used to close Scarpa’s fascia in a simple inter-
rupted fashion. The umbilicus is marked in the 
midline; an ellipse of skin is excised. The 
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  Fig. 19.14    Internal 
mammary to DIEP fl ap 
anastomosis       

  Fig. 19.15    Bilateral DIEP fl ap harvest, closure is 
tension- free with no muscle or fascia missing       
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 umbilicus is delivered through the wound and 
sutured into place. The abdominal skin wound is 
closed using 2/0 barbed suture in the deep dermal 
layer. The abdominal wound is dressed with sur-
gical adhesive and an occlusive dressing; the 
patient is placed in a girdle. The breast wound 
edges are also dressed with surgical adhesive and 
left open for close observation.

       Postoperative Course 

 The patient is sent to the ICU for frequent post-
operative fl ap checks. It is important to be sure 
that the ICU nurse is oriented to the signals when 
the patient reaches the ICU. The ICU nurse 
records color, temperature, external arterial 
Doppler sounds, and internal venous Doppler 
sounds. These observations should be every 
15 min for 4 h, then hourly. Any changes are 
immediately reported to the surgeon. Vascular 
infl ow is verifi ed by external arterial Doppler sig-
nals. Venous outfl ow is followed by both the 
internal Doppler signal and fl ap color. It is also 
possible to hear venous signals with the external 
Doppler. The patient remains in the 30° beach 
chair position. Sequential compression devices 
continue until ambulating, and DVT prophylaxis 
is started in the morning to prevent venous throm-
boembolism. On the fi rst postoperative day, the 
Foley catheter is removed and the patient is 
allowed to ambulate. The patient must wear a 
support bra at all times when out of bed. The 
patient is discharged on the fourth postoperative 

day. They must be able to tolerate a general diet 
and able to ambulate without diffi culty, and their 
pain must be controlled with oral pain 
medications. 

 The DIEP fl ap has become an integral part of 
autologous breast reconstruction. It utilizes a 
highly desirable donor site (patulous abdomen) 
and has a high degree of reliability with excellent 
aesthetic outcomes (Figs.  19.16  and  19.17 ).

        Complications Associated 
with Free Flap 

 Overall, complete or partial fl ap loss rates follow-
ing free fl ap breast reconstruction range from 1.5 
to 5 %, with published postoperative vascular 
complications running on the order of 0.6–0.8 % 
for arterial thrombosis and 1.5–2.3 % for venous 
thrombosis [ 19 – 23 ]. Flap success in microsur-
gery is greatly dependent on the surgeon’s techni-
cal skills and experience. There are three basic 
principles to successful microvascular recon-
struction. First, during the dissection of the fl ap, 
care must be taken to avoid damaging the vessels. 
Second, the recipient vessels must be carefully 
dissected. Third, the microvascular anastomosis 
must be atraumatic, and the vessels must not be 
kinked or twisted. Marking the vessels in situ can 
help alleviate this complication. If these three 
steps are accomplished, a good outcome will 
likely result. The most common early complica-
tion is hematoma. Hematomas are manifest by 
swelling, pain, congestion, and excessive oozing 

  Fig. 19.16    Delayed unilateral DIEP fl ap: preoperative, planning, postoperative, after nipple       
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around the fl ap. Unfortunately, hematomas may 
compromise venous outfl ow and should be dealt 
with promptly. 

 Catastrophic complications most commonly 
occur in the fi rst 12–24 h postoperatively. The 
majority of these compromised free fl aps can 
be salvaged, but only if the complication is rec-
ognized in a timely fashion and prompt surgical 
intervention is made. For instance, Kroll et al. 
examined the timing of free fl ap vascular com-
plications and found that 80 % of thrombosis 
occurred within the fi rst 2 postoperative days. 
A number of authors have suggested a 2-day 
postoperative window as the “golden period” 
for potential salvage of free fl aps compromised 
by pedicle thrombosis [ 19 – 25 ]. The largest 
series examining techniques in free fl ap salvage 
concluded that successful salvage was more 
likely to occur in the early postoperative period, 
within hours of diagnosis [ 26 ]. It is important 
to have a very low threshold for bringing a 
patient back to the operating room. With any 
suspected compromise, the fl ap should be 
explored [ 27 ]. 

 The abdominal donor site also has possible 
complications. The most common is seroma 
formation. Seromas are far more common in 
obese patients. Prevention of seromas includes 
the use of quilting sutures between Scarpa’s 

fascia and the abdominal wall and the use of 
suction drains. A prolonged seroma can lead to 
cellulitis and wound breakdown. Skin necrosis 
can also occur. This is far more common in 
smokers and obese patients. If extensive, the 
necrotic tissue will require debridement and the 
use of negative pressure (VAC) treatment. 
Virtually all heal with this protocol, but scar 
revision may need to be undertaken once the 
tissue softens. 

 Another frequent problem with autologous 
reconstruction is fat necrosis. This problem pres-
ents within the fi rst weeks after surgery as a fi rm 
area within the fl ap. The extent may be diffi cult 
to defi ne. It involves about 20 % of fl aps, and the 
exact cause has not been determined. If small in 
area, it may be removed when the fl ap is revised. 
Partial excision, however, may lead to long-term 
drainage and is not advised. Concerns about 
recurrence can be alleviated by a small biopsy 
with closure. 

 When the fl ap has healed well, a second oper-
ative procedure is performed as an outpatient. 
This may include a nipple areolar reconstruction, 
revising abdominal dog ears and performing sur-
gery on the opposite breast for symmetry, if indi-
cated. Finally, patients are encouraged to undergo 
tattoo pigmentation for color matching to the 
contralateral nipple.   

  Fig. 19.17    Unilateral 
immediate reconstruction 
with DIEP fl ap       
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    Other Perforator Flaps 

 Following the introduction of the perforator fl ap 
concept with the DIEP fl ap, a sizable number of 
other perforator fl aps have been described, utiliz-
ing other perforating vessels. These include fl aps 
harvested from the superior and inferior gluteal 
arteries (S-GAP and I-GAP), the profunda femo-
ris artery (PAP), and the vessel perfusing the grac-
ilis muscle. It is theoretically possible to develop 
perforator-based fl aps wherever the donor site is 
not objectionable, and there is enough fat and skin 
to accomplish the reconstruction. 

    Gluteal Artery Perforator Flaps 

 The abdominal wall has become the gold stan-
dard in autologous breast reconstruction. The tis-
sue is soft and pliable and can be easily shaped 
into a natural appearing ptotic breast. However, 
in patients who are thin and have undergone prior 
abdominoplasty or prior breast reconstruction 
with the abdominal fl ap, alternative donor sites 
for free tissue transfer are available. 

 Fujino et al. was the fi rst to report the free 
transfer of gluteal tissue in 1975 [ 28 ]. It was orig-
inally described as a musculocutaneous fl ap, 
which resulted in a bulky fl ap with a short vascu-
lar pedicle. Vein grafts were needed for micro-
vascular anastomosis. In the early 1990s, 
perforator fl aps became of great interest for use 
in breast reconstruction. Allen and Tucker pro-
posed an alternative to the gluteal musculocuta-
neous fl ap. They described the gluteal 
fascio-cutaneous perforator fl ap in which the glu-
teus maximus muscle is preserved and the pedi-
cle length is adequate to perform microsurgical 
anastomosis without vein grafting [ 29 ]. 

 The choice between S-GAP fl aps and I-GAP 
fl aps depends on the distribution of fat, the 
patient-desired scar position, and the location of 
sizeable perforators in the patient’s gluteal area. 
Gluteal artery perforator fl aps are considered an 
alternative when abdominal tissue is not available 
due to previous abdominoplasty, abdominal sur-
gery, or extensive scarring. The procedure is 
technically demanding and more time  consuming, 

since simultaneous teamwork cannot be accom-
plished with the patient in the prone position. 
However, in cases where abdominal tissue is not 
available, the gluteal fascio-cutaneous free fl ap 
provides adequate volume and projection that can 
mimic the contralateral breast. 

    Anatomy 
 The superior and inferior gluteal arteries (SGA 
and IGA) arise from the external iliac artery and 
pass through the sciatic foramen. Both vessels 
supply the gluteus maximus muscle. The SGA 
runs superior to the piriformis muscle and gives 
off several branches to the gluteus maximus mus-
cle. Through the muscle, perforators supply the 
superior and lateral aspect of the buttock. 

 The inferior gluteal artery runs inferior to the 
piriformis muscle and proximal to coccygeus 
muscle. When exiting the sciatic foramen, the 
IGA runs with the internal pudendal vessels, 
pudendal nerve, sciatic nerve, and posterior cuta-
neous nerve of the thigh. The IGA penetrates the 
inframedial aspect of the gluteus maximus mus-
cle and courses with the posterior cutaneous 
nerve of the thigh before penetrating the subcuta-
neous tissue of the buttock. The perforators of the 
IGA can be found in the middle third of the glu-
teal region, just above the gluteal crease [ 30 – 32 ] 
(Fig.  19.18 ).

      Preoperative Imaging 
 CTA or MRA of the gluteal region has become a 
useful adjunct in GAP fl aps. It aids in identifying 
the largest perforators with the least tortuous 
course through the gluteus maximus muscle. 
Rozen et al. noted regularly abundant S-GAP and 
I-GAP identifi able within the gluteal region. 
While many are diminutive in size, the identifi ca-
tion of suitable perforators with CTA aids the 
operative planning for gluteal fl ap harvest [ 33 ].   

    S-GAP Flap Preoperative Marking 

 The marking take place in the preoperative hold-
ing area with the patient in the lateral decubitus 
position or prone position. The posterior superior 
iliac spine is marked along with the greater 
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 trochanter of the femur. The SGA perforators are 
found along this line in the medial one third 
[ 34 ,  35 ]. An elliptical skin paddle is designed to 
encompass the perforators. A donor site width of 
6–8 cm can be closed primarily with minimal 
tension. 

   Procedure 
 The patient is placed in supine position. If imme-
diate reconstruction is taking place, the oncologic 
surgeon completes the mastectomy and the IMA 
recipient vessels are dissected. In the delayed set-
ting, the previous mastectomy incision is excised 
and skin fl aps are raised. The IMA vessels are 
then prepared for microvascular anastomosis. 
The wounds are temporarily closed with staples 
and an occlusive dressing. The patient is then 

rotated to the prone position, paying attention not 
to place undue tension on the mastectomy skin 
fl aps. 

 Incisions are made along the previously 
marked markings on the buttocks. A beveling 
technique can be employed to incorporate more 
subcutaneous tissue, adding bulk to the fl ap. 
Excessive beveling will result in a depressed scar. 
Dissection is then taken down to the subfascial 
plane. Unlike the DIEP fl ap, this dissection is 
performed in the subfascial plane. The fl ap is dis-
sected from lateral to medial, preserving larger 
perforators along the way. The largest 
perforator(s) is preserved. Many times, however, 
the perforators will not join prior to arriving at 
the sacral fascia, and the fl ap is based on a single 
perforator. 
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  Fig. 19.18    Anatomical 
location of SGA and IGA       
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 At the level of the perforator, the muscle is split 
along its fi bers, and a self-retaining retractor is 
used to expose the vessels. The perforator is traced 
down to its origin near the piriformis muscle. Any 
side branches are ligated using hemoclips, taking 
care to achieve hemostasis. The vessels pass under 
the sacral fascia, and there are a number of large 
veins and arterial branches which require tedious 
dissection until the perforator joins the superior 
gluteal artery. Dissection ends when an acceptable 
artery diameter is reached (2 mm). A longer pedi-
cle may be dissected by using a more lateral perfo-
rator. In this portion of the procedure, the assistant 
must be very careful to avoid tension or stretching 
of the pedicle. The pedicle is then ligated and the 
fl ap placed in a moist lap while the donor site is 
closed. The superior and inferior aspects of the 
donor site are undermined. The wound is closed in 
layers over a drain. Sterile dressings are applied 
and the patient is turned over into the supine posi-
tion (Fig.  19.19 ).

        Preoperative Marking: I-GAP Flap 

 The patient is marked in the supine position. The 
posterior superior iliac spine and ischial tuberos-
ity are identifi ed. The IGA perforators can be 
found half way between these points, just above 
the gluteal crease. An ellipse encompasses the 
perforators, and the inferior incision is made in 
the gluteal crease to hide the scar [ 30 ]. 

   Procedure 
 Incisions are made along the markings and bev-
eled out conservatively to include the subcutane-
ous tissue in the periphery. The fl ap is then 
elevated from lateral to medial in the subfascial 
plane, taking care to preserve perforating vessels. 
Near the ischial tuberosity, it is important to pre-
serve adipose tissue. This helps minimize donor 
site morbidity. Once the dominant perforator is 
chosen, the gluteus muscle is split along its fi bers. 
The IGA tends to have a more torturous 

  Fig. 19.19    The S-GAP fl ap        
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 intramuscular course than the SGA, making dis-
section more diffi cult. Adding to the complexity 
of the dissection is the posterior cutaneous nerve 
of the thigh, which runs with the IGA at this 
level. Care must be taken to avoid injury to the 
nerve and to prevent postoperative numbness of 
the thigh. The pedicle is ligated and the fl ap is 
wrapped in moist gauze. The donor site is closed 
in layers over suction drains. The patient is then 
placed in the supine position for fl ap anastomosis 
and inset.  

   Microvascular 
 The S-GAP or I-GAP fl ap is loosely approxi-
mated to the chest being careful not to twist the 
pedicle. The veins are prepared and sized. 
A venous coupler is used for this anastomosis. 
The artery is sutured using 9-0 nylon in an inter-
rupted or running fashion. Once fl ow has been 
established, an internal venous Doppler is placed 
for monitoring in the postoperative period. 

 The fl ap is then inset, suturing the inferior por-
tion of the fl ap at the level of the IMA. Areas of 
the fl ap that will be covered by the mastectomy 
skin are de-epithelized. The fl ap skin paddle is 
closed in layers with the mastectomy skin. An 
arterial signal is found using the handheld 
Doppler, and this site is marked with a stitch so 
that it can easily be found for monitoring.  

   Postoperative Care 
 The patient is monitored for the fi rst 24 h in the 
ICU setting with the same protocol as the DIEP 
fl ap (see above). On postoperative day 1, the 

Foley is removed and the patient is encouraged to 
ambulate. The patient is discharged when they 
are ambulating and tolerating a diet and pain is 
under control with oral analgesics.   

    I-GAP vs. S-GAP 

 The I-GAP fl ap has several advantages over the 
S-GAP fl ap. The inferior gluteal region has more 
tissue readily available, and the scar is hidden in 
the crease of the buttock, which is more aestheti-
cally pleasing. The S-GAP fl ap is technically 
easier to dissect, but the scar may lead to a con-
tour deformity in the buttock. Both fl aps require a 
skilled surgeon who is cognizant of the unique 
anatomy of the gluteal region. In the appropri-
ately selected patient, the GAP fl aps can achieve 
a natural appearing breast with adequate projec-
tion (Figs.  19.20  and  19.21 ).

        Profunda Femoris Artery 
Perforator Flap 

 In 1983, Baek et al. described the skin territory 
supplied by the third perforator of the profunda 
femoris artery [ 36 ]. Since then, the application of 
this fl ap had primarily been explored as a source 
of tissue for local advancement and lower extrem-
ity reconstruction. In 2001, Angrigiani et al. 
described posterior thigh fl aps based on the 
 profunda femoris artery [ 37 ]. It was not until 
2012 that descriptions for the profunda femoris 

  Fig. 19.20    Unilateral S-Gap, post-op and pre-op       
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artery perforator (PAP) fl ap were used in autolo-
gous breast reconstruction [ 38 ]. 

 Though the DIEP fl ap for breast reconstruc-
tion remains our number one choice for autolo-
gous breast reconstruction, the abdomen as a 
donor site may be excluded by previous surgery 
or lack of soft tissue. In these cases, we utilize the 
profunda artery perforator fl ap as a second option. 
The PAP fl ap offers a mean tissue weight of 
385 g, is easily harvested with the patient in the 
supine position, and provides an acceptable 
donor site scar. 

   Anatomy 
 The posterior thigh is bordered medially by the 
adductor muscle, laterally by the iliotibial tract, 
superiorly by the gluteal fold, and inferiorly by 
the popliteal fossa. The profunda femoris branches 
from the femoral artery at approximately the level 
of the lesser trochanter. Immediately after branch-
ing, the internal (medial) and external (lateral) 
circumfl ex arteries branch off toward the posterior 
and anterior aspects, respectively. The profunda 
femoris artery then dives deep, to supply fl ow to 
the posterior thigh. There are three main perfora-
tors that branch off. The fi rst supplies the adduc-
tor magnus and gracilis, and the second and third 
perforators supply the semimembranosus, the 
biceps femoris, and the vastus lateralis. There are 
both medial and lateral perforators. More 
 commonly, the medial perforators are dominant 
and tend to be located posterior to the gracilis 
muscle [ 38 ]. 

 From a study of cadavers, several estimations 
of the arteries were developed: (1) Average dis-
tance inferior to the gluteal crease was 3.5 cm 
(1–5 cm). (2) Average distance from the midline 
was 6.2 cm (3–12 cm). (3) The average pedicle 
length was 10.6 cm. (4) Diameters of the artery 
and vein averaged 2.3 mm and 2.8 mm. (5) The 

fl aps averaged 28 × 8 cm. (6) Average weight was 
206 g (100–260 g). Per computed tomography 
angiograms of the same 20 thighs, measurements 
were taken from the gluteal crease and midline to 
the perforator. The average distance caudal from 
the gluteal crease was 4.4 cm (1.1–7.2 cm), and 
the average distance lateral from the midline was 
5.1 cm (2.5–9 cm) [ 39 ].  

   Perioperative Imaging 
 Preoperative imaging is essential to identify the 
profunda perforator coursing through the adduc-
tor magnus muscle. CTA or MRI of the pelvis 
and thigh with contrast is especially important if 
the procedure is to be done in supine position 
because there is no “rescue” fl ap if the PAP fl ap 
cannot be harvested. This will be discussed in 
more detail below.  

   Marking 
 The patient is marked the day before surgery in a 
standing position after identifying the perforator 
with a Doppler probe. The transverse ellipse is 
drawn such that the medial marking lies at the 
adductor longus, the superior border travels 1 cm 
below the gluteal crease, the inferior marking is 
7–8 cm below this, and the posterior marking is 
just at the edge of the gluteal crease. The trans-
verse width averages 27 cm. The location of the 
fl ap should be on the median posterior thigh so 
that the scar neither extends into the visible 
medial nor lateral thigh.  

   Procedure 
 This procedure has been successful in both a 
prone and supine approach. We greatly favor the 
supine approach. Each will be described with its 
respective advantages and disadvantages. 

 Supine: The patient is placed in a modifi ed 
dorsal recumbent, or “frog leg,” position. An 

  Fig. 19.21    Delayed reconstruction with S-GAP fl ap       
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elliptical incision is made and dissection is taken 
to the level of the supra-fascial plane. Dissection 
proceeds in an anterior or a medial to posterior or 
lateral fashion, and the gracilis muscle is identi-
fi ed. The fascia is entered over the gracilis mus-
cle, and the perforator is identifi ed, entering the 
fl ap from its emergence from the adductor mus-
cle. The pedicle, which averages 10 cm in length, 
is dissected through the adductor magnus to its 
origin at the profunda artery. The wound is closed 
in multiple layers over a drain with emphasis 
placed on suturing the inferior subcutaneous fas-
cia to Colles’ fascia superiorly. The fl ap is inset 
in a coned fashion. Complications are minimal 
and include donor site seroma, minor wound 
dehiscence, and fl ap fat necrosis rate less than 
7 %. The profunda perforator fl ap to date has 
proven to be a great option as a second option in 
free fl ap autologous breast reconstruction. 

 The advantage of performing this procedure in 
the supine position is that there is a shorter operative 
duration, because there is no need for repositioning 
and the rapid medial to lateral dissection. The disad-
vantage is that there is no alternative to the fl ap if the 
perforating vessels are not found (Fig.  19.22 ).

   Prone: The prone position approaches the fl ap 
from lateral to medial. The dissection occurs in 
the supra-fascial layer until it nears the previ-
ously marked perforators. At that time, dissection 
is taken to the subfascial level as this facilitates 

better exposure of the perforators (Fig.  19.23 ). 
The advantage of this approach is that it preserves 
the ability to perform a transverse upper gracilis 
fl ap if there are inadequate perforators. The dis-
advantage is that intraoperative repositioning is 
required, adding to the total operative time.

  Fig. 19.22    Perforating 
vessel (second perforator 
off of profunda) emerging 
through adductor magnus 
(patient in supine/frog leg 
position)       

  Fig. 19.23    The profunda artery perforator fl ap       
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   For both approaches, beveling in the lateral 
thigh can help increase the fl ap volume, as well 
as improved postoperative donor site contour. 
Beveling should not be done in such a way as to 
lose the contour of the gluteal fold. In the study 
by Allen et al., the fl ap size ranged from 235 to 
695 g with an average of 385 g. This could be an 
insuffi cient volume for women with large breasts 
that require more tissue for reconstruction.  

   Postoperative Care 
 Standard free fl ap postoperative care should be 
used to monitor this fl ap: The patient is admitted 
to the intensive care unit, and every 15 min vas-
cular checks are performed for the fi rst 4 h and 
then every 1 h for the next 20 h. Once transferred 

to a standard bed, the patient is allowed to 
 ambulate but should avoid any strenuous exercise 
for 4 weeks.  

   Complications 
 As noted by Allen et al., there is a potential to 
accentuate a preoperatively prominent “saddle-
bag” if the fl ap is not beveled to include the 
subcutaneous soft tissue from the donor site. 
There is commonly a lowering of the infra-glu-
teal fold. Another possibility is damage to the 
posterior femoral cutaneous never during dis-
section. If the medial pedicle is chosen, dissec-
tion in the supra- fascial plane after pedicle 
identifi cation should avoid injury to the nerve 
(Figs.  19.24  and  19.25 ).

  Fig. 19.24    A fi fty-fi ve-year-
old with history of right 
breast cancer and right DIEP 
breast reconstruction 
developed a new breast 
cancer in the left breast and 
underwent a nipple-sparing 
mastectomy and left PAP fl ap 
breast reconstruction. These 
results are at 6 weeks 
postoperatively from a 
second-stage balancing 
operation       
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         Stacked Perforator Flaps in Bilateral 
Breast Reconstruction 

 The DIEP fl ap for breast reconstruction at times 
does not offer adequate volume. Our practice has 
addressed this volume defi ciency by providing 
additional tissue by “stacking” two fl aps to recon-
struct each breast. Previous reports have described 
utilizing either two DIEP fl aps for a unilateral 
reconstruction or a DIEP and a superior gluteal 
artery perforator fl ap. The addition of the S-GAP 
necessitated having the patient in both the prone 
and supine position and offered the fi rmer, less 
malleable fat quality of the upper gluteal fat. In 
an effort to avoid the drawbacks of the S-GAP 
but provide autologous reconstruction when the 
abdominal soft tissue volume is not suffi cient, we 
have combined the profunda artery perforator 
fl ap with the DIEP fl ap for bilateral stacked breast 
reconstruction. 

 Two experienced microsurgeons harvest all 
four fl aps. They are harvested in a standard fash-
ion with the patient in the supine/frog leg posi-
tion. The internal mammary vessels are exposed 
with resection of portions of the superior and infe-
rior ribs within the third intercostal space. The 
PAP fl ap is fi rst anastomosed to the antegrade 
internal mammary vessels, and then the DIEP fl ap 
is anastomosed to the retrograde internal mam-
mary vessels. The fl ap pedicles actually cross as 
the DIEP is placed superiorly to provide superior 
pole and medial volume and the PAP is placed in 
a transverse orientation along the lower pole, 

 providing a pleasing contour. The addition of two 
free fl aps to our bilateral breast  reconstructions 
has not increased our fl ap loss rate which remains 
below 1 %, and donor site morbidity is on par 
with that historically for each individual fl ap. 
Stacked fl aps are ideal for autologous reconstruc-
tion when the abdomen does not provide suffi -
cient volume for reconstruction. Combining the 
PAP with the DIEP offers superior aesthetics 
while allowing operative effi ciency and no 
increase in morbidity (Figs.  19.24  and  19.25 ).      
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            Background 

       Locally advanced breast cancer (LABC) repre-
sents a unique problem for both the oncologic 
therapy and reconstruction of breast cancer 
patients. 

 LABC patients may require resection of large 
amounts of skin and soft tissue and may require 
resection of the chest wall as well. Reconstructive 
surgeons may also face challenges with altered 
healing as a result of radiation and other adjuvant 
therapies. According to the 2010 American Joint 
Committee on Cancer (AJCC) and the 
International Union for Cancer Control (IUCC), 
the TNM breast cancer staging system for LABC 
includes advanced primary tumors and/or patients 
with advanced regional nodal disease. Advanced 
primary tumors    include: (1) tumors >5 cm in 
greatest dimension (T3); (2) direct extension to 
the chest wall, involvement of skin with skin nod-
ules, edema, or  peau d’orange ; and (3) infl amma-
tory breast cancer, a distinct entity that will be 
discussed later in the chapter. Advanced regional 
nodal    disease includes (1) ipsilateral level I and II 
axillary lymph nodes that are clinically fi xed or 
matted or clinically detected internal mammary 
lymph nodes in the absence of axillary lymph 
node metastasis (N2) and (2) ipsilateral level III 

lymph nodes, ipsilateral internal mammary 
lymph nodes with axillary lymph node metasta-
sis, or ipsilateral supraclavicular lymph node 
(N3). These clinical and pathologic fi ndings 
defi ne LABC as stage III disease. 

 Infl ammatory breast cancer is included in the 
defi nition of LABC but represents a unique 
pathologic entity. Rare and aggressive, the AJCC 
and IUCC defi ne infl ammatory breast cancer as 
diffuse erythema and edema, with  peau d’orange , 
involving one-third or more of the skin of the 
breast. These skin changes are caused by tumor 
emboli within the dermal lymphatics. Based on 
the TNM staging system, infl ammatory breast 
cancer is considered a T4b lesion. Characteristics 
of infl ammatory breast cancer include rapid pro-
gression, highly angiogenic and angioinvasive. It 
is the aggressive involvement of vasculature that 
accounts for the high metastatic potential that is 
an intrinsic feature of the tumor (Fig.  20.1 ).

      Epidemiology 

 LABC represents 5–20 % of all breast cancer in 
developed countries. While the incidence is 
decreasing in mammographically screened popu-
lations (less than 5 % of those in the United 
States), LABC cases represent up to 40–50 % of 
new cases in underdeveloped countries. The inci-
dence also appears to be higher in younger 
women and African-American and Hispanic 
women. In contrast, infl ammatory breast cancer 
(IBC) represents 0.5–2 % of cases in the United 
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States. However, it appears to be increasing in 
incidence, particularly in white women. It is 
important to note that the incidence of IBC 
remains higher in African-Americans. It also 
tends to be diagnosed at an earlier age (median 
59 vs. 66) as compared to LABC [ 1 – 3 ].  

    Treatment 

 Although the specifi c treatment options are too 
in-depth for discussion here, some important 

aspects of treatment for LABC are useful to keep 
in mind. In general, the treatment of LABC uti-
lizes multimodality therapy that includes sys-
temic chemotherapy, either in the neoadjuvant or 
adjuvant setting, and locoregional therapy with 
radiation. As radiation therapy is the standard in 
the multimodal treatment of LABC and IBC, spe-
cial attention must be given to its physiologic 
side effects on the breast. The mechanism of 
injury may involve vaso-occlusive processes as 
well as chromosomal alterations in fi broblasts 
that result in dysfunctional collagen formation [ 4 ,  5 ]. 

a

b

c

  Fig. 20.1    ( a – c ) Infl ammatory breast cancer of the right breast: chest wall reconstruction with extended DIEP fl ap 
25 × 25 cm; abdominal donor site closed with V-Y advanced DIEP fl ap from the right side of the abdomen       
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These physiologic aberrations result in markedly 
increased complication rates after radiation treat-
ment in patients treated primarily with mastec-
tomy. One study cites an institutional complication 
rate (including wound infections, dehiscence, 
and necrosis) in up to 50 % of mastectomy 
patients and 30–87 % of chest wall reconstruc-
tion patients previously treated with postopera-
tive radiation [ 6 – 9 ]. 

 The reconstructive surgeon must be prepared 
to excise much of the irradiated tissue, which 
can result in a much larger defect than antici-
pated. Local tissue may often be inadequate 
because of radiation damage and microsurgical 
efforts may be complicated by alterations in the 
wound bed, as well as recipient vessels. As a 
result, donor  tissue must be well outside of the 
irradiated fi elds to ensure the greatest potential 
for fl ap survival.   

    Chest Wall Reconstruction 

 Patients with LABC without evidence of distant 
metastasis can undergo operative treatment with 
curative intent. The goals of chest wall recon-
struction in LABC patients are to alleviate symp-
toms, to enhance quality of life, and to cover vital 
structures. Several options are available for chest 
wall reconstruction, with multiple factors to 
 consider before any particular case. Some of these 
factors are the patient’s desire, outcome, and will-
ingness to undergo multiple (often lengthy) pro-
cedures and extended hospital stays. Physiologic 
factors that impact operative strategy include size, 
composition of the defect, quality of donor and 
recipient tissues, and the effects of radiation as 
described above.  

    Skin Grafting 

 Although much discussion has been given to the 
“reconstructive ladder” and after primary clo-
sure, the next “simplest” option for chest wall 
reconstruction is placement of a split-thickness 
skin graft (STSG). The STSG is only an option, 
however, when the defect is limited to the skin 

and subcutaneous tissue. When skin grafts    are 
applied to irradiated tissue, they may not “take” 
as skin grafts rely on recipient beds for their 
blood supply. Skin grafting is also the least aes-
thetically acceptable option of all options for 
chest wall reconstruction, but it remains a valu-
able adjunct for coverage of muscle fl aps 
employed in larger defects. The muscle fl ap that 
has not been irradiated is an acceptable recipient 
site for STSG.  

    Flaps 

    Local Flaps 

 Local fl aps can be employed for the coverage of 
smaller defects of the chest wall. The limitation 
of local fl aps is the dependence on the quality of 
the surrounding tissue. Local fl aps are often 
excluded from use because of the effects of radia-
tion, the size of fl ap available, and their limited 
utility in chest wall reconstruction for LABC.  

    Regional Flaps 

 As previously stated, LABC typically requires 
extensive resection of tissue and causes large 
defects. Myocutaneous fl aps are the most com-
monly employed approach, since these fl aps pro-
vide enough bulk and coverage for large defects 
of the chest wall.  

    Latissimus Dorsi Flap 

 The latissimus dorsi fl ap is one of the most com-
monly used fl aps for chest wall reconstruction for 
LABC. A class V muscle fl ap with a dominant 
pedicle (the thoracodorsal artery and vein) and a 
secondary blood supply (the posterior intercostal 
perforators), the latissimus fl ap was fi rst described 
by Tansini in 1897 for chest wall reconstruction. 
Over the years, multiple revisions and improve-
ments in harvesting techniques have led the latis-
simus fl ap to become one of the most versatile 
fl aps in all of plastic surgery. 
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 The latissimus dorsi fl ap has several benefi ts. 
The dissection is rapid, relatively straightfor-
ward, and safe. The muscle has a long pedicle 
that facilitates local transfer as a pedicle-based 
fl ap or as a microvascular free tissue transfer. A 
skin island can be oriented in virtually any direc-
tion, and its proximity to the chest makes it ideal 
for breast reconstruction. Disadvantages of the 
fl ap are few, but not insignifi cant. The width of 
the traditional elliptical skin island cannot exceed 
9–10 cm or the donor site cannot be closed pri-
marily. For large defects, a skin graft will be 
needed to cover the exposed portions of the mus-
cle. A modifi cation of the traditional skin pattern 
by Micali and Carramaschi described below 
allows for a larger skin island. 

 Many of the disadvantages are related to donor 
site morbidity. Seroma formation after latissimus 
dorsi harvest has been reported to have an inci-
dence of anywhere between 4 % and 80 % of 
patients [ 10 ]. Dynamic testing has shown that 
there is a decrease in strength in the affected 
extremity after latissimus dorsi muscle transfer 
[ 11 ]. That effect appears to be greater in women 
than in men [ 12 ]. While this decrease in strength 
has not been shown to affect normal daily activi-
ties, special consideration must be given to 
patients with increased reliance on shoulder gir-
dle strength, such as those who are walker depen-
dent. While radiation to the axilla or previous 
axillary dissection is not a contraindication to 
latissimus dorsi fl ap utilization, one must keep in 
mind that the vascular supply may be compro-
mised in irradiated fi elds or disrupted by axillary 
dissection. 

 A modifi cation of the latissimus dorsi fl ap has 
been described by Micali and Carramaschi [ 13 ]. 
They describe what they refer to as an extended 
V-Y musculocutaneous fl ap; the primary benefi ts 
include decrease in the morbidity of the donor 
site and ability to close the donor site primarily. 
The skin island of this fl ap is a large triangle, 
with its base along the chest wall defect (in the 
case of mastectomy, the posterior-lateral resec-
tion edge). The apex of the fl ap is at the midline 
of the back, and the fl ap is situated over musculo-
cutaneous perforators that emerge from the 
underlying latissimus dorsi muscle. 

 The large triangular skin fl ap is incised cir-
cumferentially down to the underlying latissimus 
fl ap. The skin of the back is then elevated above 
the latissimus muscle until the entire muscle outer 
surface is exposed. The muscle is then harvested 
in the normal manner, based on the thoracodor-
sal circulation. Once freed from its origin and 
insertion, the fl ap will easily move into the chest 
defect, carrying the large skin island (as much as 
22 cm in width and 42 cm in length). The donor 
site is closed as a V-Y [ 10 ]. Fierreira, Mendoca, 
et al. reported a series of 25 patients with excel-
lent outcomes [ 14 ] (Figs.  20.2  and  20.3 ).

        Rectus Abdominis Flaps 

 Rectus abdominis fl aps have been a mainstay of 
reconstructive surgery for nearly 50 years. Like 
the latissimus dorsi fl ap, the rectus abdominis 
fl ap has the benefi t of relative ease of elevation, 
reliable vascular pedicle (arising from the supe-
rior and deep inferior epigastric arteries), and a 
large amount of tissue available for harvest. The 
collateral circulation between these vessels 
allows the rectus to be oriented in a variety of 
confi gurations. 

 The vertically oriented rectus abdominis mus-
cle myocutaneous (VRAM) fl ap can be used in 
reconstruction after resection of LABC. However, 
because of the VRAM’s limited vertically ori-
ented skin paddle, the transverse rectus abdomi-
nis (TRAM) fl ap is much more commonly 
employed for breast cancer reconstruction. The 
TRAM fl ap is one of the most common tools in 
the reconstructive surgeon’s repertoire, owing to 
larger tissue and skin paddle available and an aes-
thetically appealing donor site scar. TRAM fl aps 
may be designed as pedicle-based fl aps or free 
tissue transfer. Free TRAM fl aps have the benefi t 
of being versatile in terms of position. Multiple 
vessels may be exposed during chest wall resec-
tion and can be used for recipient vessels for free 
tissue transfer. 

 Utility of the TRAM fl ap may be limited in 
patients who smoke, have diabetes, and have had 
previous abdominal surgery or in patients where 
the dominant pedicle (internal mammary artery) 
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Skin Island attached to
underlying Latissimus muscle,

which is dissected from its
origins. It is rotated anteriorly to

close defect

Mastectomy
defect: anterior
flap margin is
lateral edge of

defect

Defect closed as V-Y

  Fig. 20.2    The latissimus musculocutaneous V-Y rotational fl ap       

a b

dc

  Fig. 20.3    Mastectomy    patient with large wound closed 
with V-Y latissimus myocutaneous fl ap. ( a ) Locally 
advanced breast cancer with involved skin ( b ) defect after 

resection ( c ) latissimus advanced with overlying skin in 
V-Y fashion ( d ) fi nal result       
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is compromised by tumor excision. Another dis-
advantage is the morbidity associated with muscle 
harvested from the abdominal wall and increase 
risk of hernia. This morbidity is decreased with the 
use of perforator fl aps that will be discussed below.  

    Deep Inferior Epigastric Artery 
Perforator (DIEP) Flap 

 While some authors have raised concerns about 
reported rates of fat necrosis, the DIEP fl ap has 
become the most common fl ap in our breast 
reconstruction practice. It is used in both patients 
with early stage and LABC. In cases where a 
large area of the chest wall has been resected or 
a large mastectomy defect is present, we have 
been able to employ both sides of the lower abdo-
men as DIEP fl aps to cover the area. While this 
necessitates two microvascular anastomoses, it 
can provide coverage for very large areas of the 
chest wall. Drawbacks of the DIEP relate mostly 
to the need for microsurgical skill. As previously 
described, the donor site morbidity in TRAM 
fl aps is decreased by the DIEP fl ap that does not 
harvest muscle or fascia from the abdominal wall. 

 Omental fl aps have been used in chest wall 
reconstruction for decades. While both the right 
and left gastroepiploic arteries may be used as a 
pedicle, the right gastroepiploic typically affords 
a greater arch of rotation. The use of the right 
gastroepiploic artery allows approximately 
5–10 cm of additional rotation. While the omen-
tum is easy to harvest and can cover large areas, 
the use of the fl ap requires a laparotomy. Obvious 
concern includes hernia formation as well as dif-
fi cult fi xation to chest wall, retraction, and insta-
bility of an overlying skin graft. These concerns 
have led to the use of omentum as a form of sal-
vage fl ap when others have failed.   

    Negative Pressure Therapy 

 Clinical indications and applications for negative 
pressure therapy have grown exponentially since 
its introduction in the 1990s. Negative pressure 

therapy can be used as both a bridge to and 
replacement for fl ap transfer in selected patients. 
Wounds treated by    negative pressure therapy typ-
ically require a longer time to heal, however, this 
remains useful in patients who are not otherwise 
candidates for extensive surgical procedures.  

    The Full-Thickness Defect 

 Stabilization and reconstruction of the rib cage 
remain a controversial topic. Reconstruction of 
the rib cage has an end goal of preserving respira-
tory function. Typically, resection of one or two 
ribs does not adversely affect respiration. 
However, more extensive resection generally 
requires stabilization by application of prosthetic 
mesh and tissue coverage. Resection of the ster-
num and multiple ribs can result in paradoxical 
chest wall abnormalities and respiratory compro-
mise. Rigid chest wall stabilization is desirable, 
and studies have shown that fi xation with rib plat-
ing systems, synthetic mesh, or methylmethacry-
late has improved outcomes in terms of ventilator 
dependency (Fig.  20.4 ). It is of paramount impor-
tance that adequate soft tissue coverage is avail-
able to prevent potentially lethal infectious 
complications, especially in cases where medias-
tinal structures are exposed. While pectoralis 
fl aps have been the “workhorse” fl ap for cases of 
sternal dehiscence and mediastinitis, these fl aps 
are likely compromised in LABC from either pri-
mary excision or radiation injury. As such, latis-
simus dorsi fl aps or rectus abdominis-based fl aps 
are good options because they provide bulk and 
can compensate for the loss of ribs by stabilizing 
the chest wall.

       Controversies 

    Timing 

 Since the days of Halstead, timing of breast recon-
struction has been a controversial topic. Over the 
years, consensus on timing of reconstruction has 
shifted from “never” to a focus on immediate breast 
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reconstruction. Immediate breast reconstruction 
has multiple advantages: (1) relative technical ease, 
(2) improved cosmesis, (3) lower overall cost, (4) 
decreased recovery times, (5) improved coping, (6) 
improved quality of life, and (7) improved body 
image for patients. Multiple studies have shown 
that immediate reconstruction is safe and effec-
tive in patients with early-stage cancer, but imme-
diate reconstruction in LABC remains somewhat 
controversial. 

 Concerns about immediate reconstruction in 
LABC result from the fact that LABC carries a 
high risk of recurrence. As was the case with 
Halstead, many surgeons fear that immediate 
reconstruction may lead to a delay in diagnosis of 
recurrence and a theoretical potential for an 
increased incidence of local recurrence in the 
reconstructed breast. Other factors that raise con-
cern over immediate reconstruction include 
delays in adjuvant therapy caused by wound 
complications and the ability of the reconstructed 
breast to withstand postoperative irradiation. It 
should also be understood that the reason for 
reconstruction may not be reconstruction of 
the breast, but rather stable reconstruction of the 
chest so that radiation can be administered. 

The goals may be limited in the aesthetic sense 
but important in the therapeutic sense. 

 Crisera et al. acknowledge that, in the past, 
most studies assessing the feasibility of immedi-
ate reconstruction in LABC were small and did 
not assess the long-term complication rates. In 
2011, they published a retrospective review to 
evaluate the safety and effi cacy of microvascular 
autogenous immediate breast reconstruction in 
women with LABC. They evaluated 766 patients 
with clinical stage IIB or greater breast cancer 
that were followed over the course of 10 years, 
evaluating the rates of early and late complica-
tions, local recurrence, and delays in adjuvant 
therapy. They also employed a rating scale to 
assess the cosmetic outcome following radia-
tion [ 15 ]. They concluded that immediate recon-
struction in patients with LABC is safe and well 
tolerated. 

 The authors based this conclusion on the 
results of their study, which demonstrated that 
their complication rates were not statistically dif-
ferent than those treated with mastectomy alone 
and were similar to those patients with early- 
stage breast cancer. They also state that their rates 
of microvascular complications, fl ap loss, length 

a cb

  Fig. 20.4    Recurrent breast cancer with chest wall resection covered with DIEP fl ap. ( a ) Recurrent breast cancer involv-
ing the chest wall, ( b ) chest wall reconstruction with Marlex mesh, and ( c ) DIEP fl ap to cover mesh       
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of hospital stay, and need for blood transfusions 
are also comparable to published data on early- 
stage breast cancer. Additionally, they reported 
delays in postoperative chemotherapy in 4.7 % of 
patients. This was comparable to rates reported 
after mastectomy without reconstruction in 
women with advanced stage breast cancer, with a 
maximal delay of only 3 weeks. 

 Others found no differences in local or distant 
recurrence rates when chemotherapy was initi-
ated less than or greater than 10 weeks postopera-
tively, making a delay of 3 weeks oncologically 
insignifi cant [ 16 ]. In terms of local recurrence, 
incidence was not greater than other published 
data, and those that did develop recurrence did 
so in areas that were not obstructed by the recon-
struction and did not have a delay in diagnosis. 
While radiation can have negative effects on a 
microsurgically reconstructed breast in terms of 
distortion and shrinkage, the authors found that 
these changes were relatively minor and could be 
easily corrected by outpatient procedures. While 
it seems further investigation is certainly war-
ranted, based on the current literature, immediate 
reconstruction for LABC is safe and effective.   

    Conclusions 

 The treatment of LABC is continuously 
evolving. LABC still carries a relatively low 
5-year survival rate when compared to those 
patients with early-stage breast cancer. 
Improvements in chemotherapy, targeted 
therapeutics, and radiation therapy will con-
tinue to increase the overall survival rates as 
well as improve quality of life. As breast can-
cer is an extremely complex disease, so is the 
treatment of these patients. Although the ulti-
mate goal is the long-term survival of these 
patients, one cannot understate the impor-
tance of breast reconstruction or stable chest 
wall coverage to the overall quality of life. 
As such, there are a myriad of options for 
breast reconstruction available to the surgeon 
in the treatment of these patients, and while 
no one option can be, or should be, a catch 
all, it is important for the surgeon to be famil-
iar with the options available to both surgeon 
and patient.     
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            Breast Reconstruction Revision 

    Breast reconstruction is rarely completed with a 
single operative procedure. With the exception of 
direct to implant reconstruction in nipple-sparing 
mastectomy, additional procedures are required 
for the best cosmetic outcomes. 

 Autologous reconstructions also are com-
pleted in two stages. In the fi rst stage (if the 
contralateral breast is aesthetically acceptable), 
the fl ap is used to create a match for the oppo-
site breast mound. A contralateral ptotic or 
macromastic breast should not be replicated. It 
is either reduced or lifted at the time of the sec-
ond procedure. It is far easier to balance the 
fi nal size and nipple position at the second 
procedure. 

 Expander-based reconstruction always has a 
planned second-stage procedure. Expanders are 
normally implanted at less than optimal volume 
in order to decrease the stress placed upon the 
mastectomy fl aps. After expansion to the desired 
volume, the expander is removed and a perma-
nent implant is placed. 

    Fat Grafting in Breast Reconstruction 

 Contour deformities in autologous and nonau-
tologous reconstruction can be addressed at the 
second stage. Fat grafting is a promising adjunct 
in breast reconstruction. Contour deformities 
and areas defi cient in volume can be injected to 
improve the fi nal appearance of the reconstructed 
breast. Previous apprehensions with respect to 
risks of fat necrosis or mammogram changes due 
to fat grafting can be minimized with proper tech-
nique. To date, no measurable increase in breast 
cancer recurrence rates secondary to fat grafting 
on long-term follow-up have been noted [ 1 ]. 

 Preoperative markings are made with the patient 
standing. Fat is harvested from the abdomen using 
tumescent technique; this is done under low pres-
sure (−10 mmHg of suction). Once the fat is aspi-
rated, the fat is allowed to separate from the 
tumescent fl uid. This is accomplished using a cen-
trifuge or gravity. Fat is then placed in 10 cc syringes 
and injected into previously marked areas. This is 
done at about 1 cc per pass, and the fat is always 
injected as the syringe is being withdrawn from the 
injection site. The fat is dispersed in multiple passes. 

 In implant-based reconstruction, fat is 
injected prior to removal of the expander so there 
is no risk of damage to the permanent implant. 
Once fat injection is complete, implant exchange 
 proceeds. In autologous reconstruction fat graft-
ing is performed at the time of other procedures 
whose goal is to achieve symmetry.  
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    Nipple Areolar Reconstruction 

 Nipple/areola reconstruction is generally not 
done at the time of the mastectomy. The mastec-
tomy fl aps that will be the donor tissue used to 
create the nipple are too unstable at that time. The 
procedure can be performed at the time of the 
exchange for a permanent implant as the mastec-
tomy fl aps have matured and are stable. The fl aps 
however may be thin and great care must be taken 
in elevating the fl aps that form the nipple 
(Fig.  21.1 ). As noted in the chapter on implant 
based reconstruction (Chap.   18    ), if at the time of 
initial reconstruction, the lower edge of the pec-
toralis muscle was advanced inferiorly to a posi-
tion below the level of the proposed nipple, there 
is less risk of implant exposure.

   Although the reconstruction of a mound has 
become much more predictable, the reconstruction 
of a nipple areola complex has been challenging. 
This is mostly due to a loss of projection of the 
nipple over time. There have been many designs 
for nipple and areola reconstruction. All utilize 
some form of interposed rotational fl aps to create 
the nipple. These fl aps are harvested from the fl ap 
skin paddle in autologous reconstruction or the 
mastectomy skin fl aps in implant reconstruction. 

 The “skate” fl ap was an early design that 
incorporated interposed fl aps [ 2 ]. In 1994, 
Bostwick et al. reported a nipple reconstruction 
with the C-V fl ap [ 3 ]. The two fl aps are inter-
posed and the donor sites closed primarily. This 
technique has many variations (Fig.  21.2 ).

   We have proposed a procedure that also uses 
interposed fl aps, but the donor site is closed in a 
circular fashion, which looks like the edge of the 
areola. A dermal graft, harvested from the 
abdominal “dog ear” or acellular dermal matrix, 
is inserted into the fl ap to increase projection of 
the nipple (Figs.  21.3  and  21.4 ).

    Once stable, the nipple and the areola can be 
tattooed to match the pigment on the other areola. 
This is typically the last step in the reconstruction 
(Fig.  21.5 ).

  Fig. 21.1    Patient with ptosis and left breast cancer. The 
left breast was reconstructed with a DIEP fl ap. A masto-
pexy was performed on the right to match the more aes-
thetic reconstructed left breast       
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        Complications in Breast 
Reconstruction 

 Fortunately, life-threatening complications are 
rare and are still most commonly associated with 
the development of a postoperative pulmonary 
embolism. Adhering to the recommendations of 
the American College of Chest Physicians, 
accounting for thrombosis risk factors and pro-
phylaxis should minimize this potentially lethal 
complication [ 4 ]. 

 Unfortunately, breast cancer patients are fre-
quently in the 41–60 age group (1 point), and 
many or obese (1 point). They all have malignancy 
(2 points) and all have major surgery (2 points). 
Thus, a reconstructive patient who is over the age 

of 60, obese, and undergoing a fl ap procedure will 
start with a score of 6. These patients should have 
chemoprophylaxis unless contraindicated with low 
molecular weight heparin as our drug of choice. It 
requires no monitoring and poses minimal risk of 
bleeding, even if given preoperatively [ 4 ]. We treat 
our patients with a score of 6 or less for a week 
postoperatively. Patients with risk factors of 7 or 
greater require longer prophylaxis. 

 There is no specifi c risk of infection that dif-
fers from other clean surgical procedures, other 
than periprosthetic infection in implant recon-
structions. These infections can become life 
threatening and lead to sepsis if not addressed. 

 Seroma formation is common in the donor sites 
of autologous tissue. They tend to occur more 

Markings Flaps elevated with a
layer of fat

Central flap has a thick
amount of fat beneath

the nipple

Lateral flaps are sewn together
around nipple

Donar sites
closed

  Fig. 21.2    The SKATE fl ap: note that two fl aps of mastectomy or fl ap skin are interposed to form the nipple skin fl aps       
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 frequently in obese patients. Seromas should be pre-
vented if possible, with long-term effective drainage 
and the use of “quilting” sutures, which fi x the fl ap 

down to the underlying deep fascia. Once a seroma 
is identifi ed, it is best treated with an ultrasound-
placed indwelling pigtail drain, and the area should 
be compressed. Most are amenable to nonsurgical 
treatment; occasionally the seroma cavity may 
require excision and a second set of quilting sutures 
and drains placed. Seroma problems with expand-
ers or implants are addressed specifi cally in the 
chapter on nonautologous reconstruction. 

 Hematomas are more commonly associated 
with autologous reconstruction. The more com-
mon sources of hematoma are the lateral chest 
wall when an axillary dissection has been done or 
from the edges of the fl ap or de-epithelialized 
dermis. Care should be taken with hemostasis 
when trimming or de-epithelializing the fl aps. It 
is important to recognize evolving hematomas 

Pattern is two semicircles separated
by height of nipple projection

Skin Markings Lateral flaps elevated
with 2–3 mm fat

Base of central flap
left thick

Lateral flaps sewn together to
form cylinder

Rolled dermal graft or ADM
inserted into cylinder

  Fig. 21.3    Nipple reconstruction with dermal graft or ADM       

  Fig. 21.4    Nipple reconstruction with dermal graft       
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when fl aps are done, because the pressure from 
the hematoma may compromise the outfl ow from 
the fl ap. Hematomas should be addressed by 
promptly returning to the operating room, 
removal of hematoma, and irrigation. Waiting for 
a hematoma to resolve spontaneously is risky, 
because the hematoma will cause thinning of the 
soft tissues and will likely drain through the 
wound, allowing ingress of infection. 

 Problems with mastectomy fl ap necrosis are 
associated with cellulitis, wound disruption and 
exposure of the prosthesis. Patients with mac-
romastia or signifi cant ptosis of the breast fre-
quently require excision of excess skin. This 
leaves additional wounds and increases the 
chance of necrosis and infection. Small areas of 
partial necrosis can be treated with careful wound 

care and will frequently heal without implant 
exposure, but larger areas of necrosis are very 
troublesome. Large amounts of mastectomy fl ap 
necrosis may require autologous reconstruction 
of either the entire mound with another fl ap or to 
replace the debrided skin (Fig.  21.6 ).

      Exposed Prosthetic 

 Cellulitis should be treated aggressively. It is 
our practice to use intravenous antibiotics with 
broad-spectrum coverage and try to resolve the 
cellulitis, to prevent infection involving the pros-
thetic itself. Swelling in the reconstructed breast, 
fl uid collection around the prosthetic, persistent 
cellulitis, and drainage are indicators of peri-
prosthetic infection. Patients with periprosthetic 
infections will frequently have fever and other 
constitutional symptoms of infection. 

 There have been reports of salvaging the 
reconstructive effort with explantation, wash-
ing out the wound, replacing the prosthetic, and 
incorporating antibiotic irrigation for a period 
of time. Periprosthetic infections require either 
removal of the prosthesis or some attempt at 
salvage, including removal of the prosthetic, 
irrigation of the pocket, and replacement of the 
prosthetic combined with wound irrigation with 
antibiotic solution. Prince et al. reported a 75 % 
salvage rate with early aggressive therapy [ 5 ]. 

 Capsule contracture and failure of the implant 
are the two primary long-term complications of 

  Fig. 21.5    The completed reconstruction, with right DIEP 
fl ap, right nipple areola reconstruction, and left mastopexy       

  Fig. 21.6    Exposed prosthetic; note poor-quality soft tis-
sue coverage       
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implant reconstruction. The advent of capsule 
contracture is a linear risk. The longer the implant 
is in place, the more likely that contracture will 
occur. Contracture can distort the breast and be a 
cause of pain. Most will require revision surgery 
but the result of surgery for capsule contracture is 
unpredictable. Its cause is unknown but there is a 
much higher incidence in patients who have had 
radiation therapy. Patients that develop series of 
problems with implants are frequently improved 
with a change to autologous reconstruction rather 
than multiple attempts to revise the implant- 
based reconstruction (Fig.  21.7 ).

   While the life span of a silicone implant is 
hard to defi ne, it is not a lifetime product. Patients 
who have implant reconstructions should be told 
that they will need a replacement at some point in 
the future, and possibly more than one. If the 
implant fails and the gel is restricted to the scar 
capsule, it can be diffi cult to diagnose. The FDA 
has developed recommendations for follow-up 
on silicone implants, which include intermittent 
MRI surveillance [ 6 ].  

    Complications in Autologous 
Reconstruction 

 Autologous reconstruction patients have a dif-
ferent set of problems. Unlike implant-based 
reconstructions, they have a donor site. They also 
are at risk of partial or total necrosis of the fl ap. 

Flap loss in the rotational abdominal procedures 
is more likely due to insuffi cient periumbilical 
connections between the deep superior epigastric 
vessels and the deep inferior epigastric vessels. 
Contributing factors include smoking and obe-
sity. Kroll et al. reported a very high complication 
rate among smokers [ 7 ]. Morbidly obese patients 
are poor candidates for rotational procedures and 
are at high risk of severe abdominal complica-
tions (necrosis, hernia, and seroma). 

 In order to reduce the problem of necrosis, 
multiple variations have been proposed to the 
standard rotational fl ap. These include surgical 
delay of the fl ap, using both rectus muscles in the 
pedicle and using a more caudal level for the fl ap 
donor site [ 8 – 10 ]. 

 The most common donor site problem is 
seroma formation. These can be troublesome and 
lead to cellulitis and loss of skin and fat. Suturing 
Scarpa’s fascia to the abdominal wall (quilting 
sutures) can reduce the development of a seroma. 
Drains are left until the output is less than 50 cc 
per day. If skin necrosis is superfi cial or minor, 
local wound care, topical antibiotics, and dress-
ings are used. If the necrosis is full thickness, sur-
gical debridement will be needed to remove all 
necrotic tissue. As it is not possible to close again 
at that time, a VAC device is used until the wound 
is closed. Most of these patients will need even-
tual scar revision. It is best to debride the wound 
as soon as signifi cant necrosis is discovered. 

 Flaps from other areas (buttocks, back, and 
thigh) also have potential to form seroma. This is 
especially true of the latissimus dorsi transfers. 
Quilting suture are again helpful, and long-term 
drains may be required. 

 Besides the donor site issues, free transfers 
have potential for microvascular anastomotic 
compromise. While the accepted fl ap survival rate 
is 95 %, returns to the operating room remain at 
about 5–10 % [ 11 ]. The three causes of microvas-
cular dysfunction are arterial thrombosis, venous 
thrombosis, and hematoma. A hematoma in the 
fl ap/mastectomy wound needs to be promptly 
treated because pressure from the hematoma can 
obstruct the venous outfl ow. Observation in the 
face of swelling and pain can lead to loss of the 
fl ap. Early intervention for hematoma normally 
does not require revision of the anastomosis. 

  Fig. 21.7    Patient with grade 4 Baker capsule contracture 
marked for TRAM fl ap       
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 Arterial thrombosis can occur. It is typically 
manifested by loss of the external arterial sig-
nal in the fl ap and a pale fl ap. If the patient has 
an internal venous Doppler, the signal will be 
lost as well. Most thrombosis occurs shortly 
after anastomosis. The problems may be tech-
nical issues, fl ap or recipient arteries that have 
fragile walls, or hypercoagulability of the 
patient. Revision of the anastomosis will gen-
erally solve the problem unless the patient is 
hypercoagulable. 

 Venous thrombosis has become much less 
common since the advent of the venous anasto-
motic coupler. It is manifested by dark bleeding 
from the fl ap edges, rapid capillary refi ll and ple-
thoric skin color, swelling, and loss of either skin 
venous signal or implantable Doppler signal. At 
the onset, the arterial Doppler signal in the skin is 
present. It is critical to recognize this condition as 
early as possible. Continuing outfl ow problems 
causes blood to accumulate in the fl ap and leads 
to thrombosis in the small vessels in the fl ap. 
Revising the anastomosis when there is extensive 
clotting within the fl ap will result in pulsatile 
fl ow into the fl ap but no venous return. This is 
called the “no refl ow” phenomenon and is associ-
ated with fl ap loss. 

 Clotting in the microcirculation of the fl ap 
resulting from venous occlusion requires throm-
bolysis. Either thrombin plasmin activator (TPA) 
or urokinase may be used. The TPA is injected 
through a previously ligated arterial branch in the 
fl ap pedicle. It may also be injected directly into 
the artery at the anastomotic end. The venous 
anastomosis should be uncoupled and outfl ow 
must be allowed to drain into the wound, rather 
than the circulation. If the declotting is success-
ful, the vein is recoupled. If the intra-fl ap clot 
cannot be lysed, the fl ap will be lost even if the 
anastomosis is successfully revised. 

 Other than the surgical skills of the opera-
tor, the most important factor in a successful 
outcome is close observation of the fl ap. Early 
intervention is the key to successful fl ap salvage. 
If the fl ap is not warm, pink, soft, and with good 
Doppler signals, it is wise to return to the OR, 
rather than waiting until intravascular clotting or 
irreconcilable ischemia occurs. Color and size of 
the fl ap, external arterial (and venous) Doppler 

examination, and internal venous Doppler sig-
nals are all helpful. 

 Muscle fl aps without perfusion are likely not 
salvageable after 4 hours. Fascio-cutaneous fl aps 
are somewhat more resistant, but when the clot is 
adherent to the intima for prolonged periods, it 
will be impossible to restore circulation. 
Communication with the receiving nurses in the 
close care unit should be routinely done. The sur-
gical team should demonstrate what the sounds 
are like and where to look for them. If a problem 
occurs, early return to the operating room is the 
key to success.      
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            Historical Perspective 

       Personalized medicine or targeted therapy in 
breast cancer has been practiced for well over a 
century. Even before the recognition of the estro-
gen receptor as one the most relevant therapeutic 
targets, Beatson described the benefi ts of estro-
gen withdrawal by oophorectomy in 1986 [ 1 ]. 
Other hormonal ablation interventions that were 
pursued in postmenopausal women included 
adrenalectomies and hypophysectomies [ 2 ,  3 ]. 

 These non-estrogen-selective surgical inter-
ventions were replaced when the fi rst estrogen 
analogs were synthesized. For several decades, 
synthetic estrogens were an integral part in the 
treatment of breast cancer. First described in 
1938, diethylstilbestrol (DES) received approval 
by the US Food and Drug Administration as a 
synthetic estrogen by the Food and Drug 
Administration in 1941 [ 4 – 6 ]. However, in the 
setting of the well-recognized benefi ts that were 
observed with estrogen withdrawal using surgical 
interventions, the noted benefi ts of synthetic 
estrogen administration were only poorly 
 understood. Furthermore, routine assessment of 

 estrogen receptor expression was not yet  available 
due to the absence of robust tests that were able 
to accurately measure it. Hence, albeit approved 
in 1941, the use of DES for metastatic breast 
 cancer in postmenopausal was not formally 
 recommended until the 1960 council on drugs 
( JAMA  1960) [ 4 – 6 ]. 

 High doses of estrogens remained the nonsur-
gical treatment of choice until the development of 
the antiestrogen modulator, tamoxifen. While 
unsuccessful as a contraceptive, a small, random-
ized phase II trial demonstrated the effi cacy of 
tamoxifen at two doses in postmenopausal women 
with advanced breast cancer who had progressed 
on prior hormonal intervention. Tested against 
DES, tamoxifen showed sustained activity in 
patients with breast cancer, comparable to those 
seen with DES [ 7 – 9 ]. However, tamoxifen was 
much better tolerated. The  successful introduction 
and recognition of an antiestrogen as a crucial 
therapeutic target was followed by a 30-year 
intense focus on selective estrogen receptor mod-
ulators (SERMs), selective estrogen receptor 
downregulators (SERDs), and selective aroma-
tase inhibitors ranging from the treatment of 
advanced disease to breast cancer prevention. The 
estrogen receptor remains to be the most impor-
tant target in breast cancer and is expressed in 
two-thirds of patients with breast cancer. 

 In 1987, Slamon and colleagues’ seminal 
 discovery of HER2 described the second impor-
tant target in breast cancer [ 10 ,  11 ]. Expressed in 
15–25 % of all breast cancers, overexpression of 
HER2 has been shown to be an adverse  prognostic 
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indicator with shortened overall survival and 
notable resistance to hormonal therapy. However, 
HER2 can be successfully inhibited by several 
modalities directed to the receptor itself or by 
interference with its interaction with other HER2 
family members such as EGFR (HER1) and 
HER3. While the development in targeting the 
ER took almost a century, the approval of the fi rst 
monoclonal antibody against HER2 was received 
a decade after Slamon’s initial description of its 
relevance in treating breast cancer [ 12 – 18 ]. 

 Over the last 10 years, several novel agents 
have been developed, tested, and approved, 
including VEGF, VEGFR, PI3kinase, mTOR, 
and PARP inhibitors that have entered clinical 
testing in early-stage breast cancer. 

 In addition to the development of individual 
predictive and prognostic biomarkers, much 
emphasis has been placed upon the discovery of 
gene array patterns to defi ne prognostic and pre-
dictive factors. There are currently two commer-
cially available assays that are routinely used in 
clinical practice to determine the need and benefi t 
of adjuvant chemotherapy. The trademarks for 
these assays are the Oncotype DX and MammaPrint 
molecular assays [ 19 – 24 ]. A third multigene pre-
dictive marker has recently been introduced, eval-
uating a 50-gene signature, the PAM50 assay. As 
more targeted therapies are being approved for 
patients with metastatic disease, a personalized 
approach to therapy for early-stage breast cancer 
has taken center stage for such patients.  

    Molecular Assessment 
of Therapeutic Targets in Breast 
Cancer 

    Select Molecular Targets 

 The most widely used molecular assessment of 
therapeutic targets in early-stage breast cancer 
includes the qualitative and quantitative assess-
ment of the estrogen receptor (ER) and progester-
one receptor (PR), human epidermal growth 
factor 2 (HER2), and the proliferation marker, 
Ki67. The fi rst three tests are routinely performed 
tests in local or central laboratories and are based 
on immunohistochemical assessment of the 

 protein expression of these targets. These tests are 
the backbone for clinical decision making in 
breast cancer that assists in guiding systemic ther-
apy and infl uences local therapy decisions. All 
three tests should be assessed for each patient 
with a diagnosis of breast cancer. The Ki67 prolif-
erative index has been evaluated in multiple neo-
adjuvant and adjuvant studies and has been found 
to be a strong predictive marker of hormone ther-
apy resistance. However, the testing and scoring 
of Ki67 has not been standardized uniformly, and 
hence the test is still only used selectively. 

    Estrogen and Progesterone Receptors 
 Both the ER and the PR are strong predictors of 
outcome and hormonal therapy response. The 
estrogen receptor is expressed in 70–80 % of 
women with breast cancer, and tumors are typi-
cally tested with immunohistochemistry [ 25 ]. 
However, the benefi ts of hormone therapy has 
been recognized and used in breast cancer long 
before the standardized testing for hormone 
receptors was introduced. Historically, hormonal 
therapy was recommended for 5 years after an 
initial diagnosis of early-stage breast cancer with 
early studies demonstrating the clear benefi ts of 
hormone therapy in both ER-positive and 
ER-unknown disease. Hormone therapy was ben-
efi cial in women of all ages, nodal status, and 
regardless of chemotherapy use [ 26 – 29 ]. 

 The most commonly used hormonal interven-
tions are antiestrogens or aromatase inhibitors. 
The aromatase inhibitors are the treatment of 
choice for postmenopausal woman with early- 
stage breast cancer due to improved disease-free 
survival rates compared to tamoxifen and fewer 
detrimental long-term sequelae such as endome-
trial cancer or strokes [ 30 – 32 ]. The benefi ts of 
aromatase inhibitors over tamoxifen have been 
shown for all three currently available aromatase 
inhibitors, either upfront (ATAC), after 2–3 years 
of tamoxifen (TEAM trial) or after 5 years of 
tamoxifen (MA17) [ 33 – 35 ]. Aromatase inhibi-
tors are not effective in premenopausal women 
and tamoxifen remains the drug of choice for 
women with intact ovaries or those who do not 
tolerate aromatase inhibitors. 

 An initial third arm in the Arimidex, Tamoxifen 
Alone, or in Combination (ATAC) trial evaluating 
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the potential benefi t of combining both tamoxifen 
and anastrozole found no additional benefi t from 
the combination. Data from individual large ran-
domized trials and quinquennial meta-analyses of 
worldwide collaboration summarizing all large 
trials suggest that hormonal therapy reduced the 
risk of breast cancer recurrence by about 50 % 
and breast cancer mortality by 30 % in patients 
whose tumors express ER [ 26 – 29 ]. However, 
strongly confounded by the almost universal use 
of adjuvant chemotherapy in addition to hormonal 
therapy, much emphasis has been placed on deter-
mining which patients would be adequately 
treated by hormonal therapy only, without the use 
of concomitant chemotherapy. Recognizing the 
importance of the estrogen receptor as a prognos-
tic molecular marker and its successful inhibition 
in the majority of patients, a vast effort has been 
focused on predictors of hormone therapy 
response in ER-positive tumors. 

 While data in the meta-analysis from the 
worldwide overview and most large randomized 
trial clearly suggested a lesser benefi t or hor-
monal interventions in ER-poor tumors or those 
with ER-negative disease, the role of PR and its 
impact on outcome and therapy response has 
been less clear (ref overview, big 98). Several 
individual studies demonstrated a worse outcome 
in patients whose tumors do not express PR [ 36 ]; 
however, this has not been found in the meta- 
analyses [ 37 – 40 ]. PR is a response gene of ER 
signaling and, therefore, an integral part of ER 
signaling. Yet using IHC assessment of PR, its 
role as a prognostic or predictive marker in the 
adjuvant setting could not clearly be determined 
[ 34 ,  36 ,  41 – 44 ]. Utilizing DNA microarrays, 
breast cancers have been divided into at least four 
major subtypes, with the role of PR as predictive 
markers validated with in-depth molecular clas-
sifi cation of tumors that have subdivided 
ER-positive tumors in those with positive expres-
sion of PR and those with absent PR [ 45 – 49 ].   

    Ki-67 

 Several neoadjuvant studies have suggested that 
the pathological response to chemotherapy in 
ER-positive tumors was low, yet the overall 

 survival and breast cancer-specifi c outcomes 
were excellent. These fi ndings suggest that only a 
small subgroup of patients with ER-positive 
tumors may truly need and benefi t from chemo-
therapy. Furthermore, disease stabilization is 
often the predominant clinical response to hor-
monal therapy in advanced cancer with little to 
no tumor regression. In the absence of tumor 
regression, more emphasis has been placed upon 
fi nding biological markers such as a change in 
proliferation to accurately predict outcomes and 
therapy response. 

 One of the most promising proliferation mark-
ers is Ki67. Based on xenograft models suggest-
ing Ki67 could predict a decrease in proliferation 
and induction of apoptosis, multiple studies have 
evaluated Ki67 as a biological endpoint for treat-
ment effects in hormonal therapy. Extensive pre-
clinical and smaller clinical studies have 
suggested that low expression of Ki-67 is associ-
ated with hormonal response, whereas higher 
levels of Ki67 may point to hormone therapy 
resistance. Furthermore, two neoadjuvant trials 
evaluated the baseline expression and a change in 
Ki67 to predict the response to hormonal therapy 
after a 2- and 12-week exposure to hormonal 
therapy. 

 The P024 trial that compared letrozole and 
tamoxifen and the IMPACT study (Immediate 
Preoperative Anastrozole, Tamoxifen, or 
Combined with Tamoxifen) showed that baseline 
Ki67 expression, and the degree of Ki67 suppres-
sion during treatment, paralleled the risk reduc-
tion in the overall recurrence-free survival that 
was seen in other larger adjuvant trials examining 
tamoxifen or an aromatase inhibition, such as the 
ATAC and BIG 98 trials [ 50 ,  51 ]. The integration 
of Ki67 in a multivariate assessment of posttreat-
ment changes of Ki67 in conjunction with patho-
logical tumor size, pathological node status, and 
ER status (PEPI score: preoperative endocrine 
prognostic index) was further found to be highly 
predictive of the risk of recurrence. Hence, 
patients with a low PEPI score may be adequately 
treated with hormonal therapy and do not require 
chemotherapy [ 52 ,  53 ]. 

 These data have supported the further testing 
of Ki67 as a predictive marker in shorter presur-
gical window trials. A 2-week exposure to 
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 neoadjuvant hormonal therapy followed by a 
biopsy of the tumor is currently being studied to 
determine whether patients would be candidates 
for endocrine therapy only or whether the high 
pretreatment levels of Ki67 and the absence of 
treatment-induced suppression may be used to 
identify patients’ change with a need for adjuvant 
chemotherapy. The role of KI67 as a predictive 
marker of endocrine therapy in a short-term trial 
is currently being studied in a 4,000-patient trial 
(POETIC trial: PeriOperative Endocrine Therapy 
for Individualizing Care)    [ 54 ]. A prospective 
analysis of the role of Ki67 as a predictive marker 
is currently ongoing in the ACOSOG Z1031 trial. 

 The predictive value of Ki67 for therapy 
response to tamoxifen and letrozole has been fur-
ther studied in a large randomized adjuvant trial 
(BIG-98). A retrospective analysis analyzing 
Ki67 in tumors derived from 2,685 of the 8,010 
enrolled patients showed that a high Ki67 expres-
sion was associated with worse outcome and 
patients with high Ki67 expression may derive a 
higher benefi t from an aromatase inhibitor than 
tamoxifen [ 55 ]. As the robustness and the test 
standardization for Ki67 is evolving, the routine 
assessment of Ki67 has not been introduced into 
practice universally.  

    Human Epidermal Growth 
Factor 2 (HER2) 

 Early studies have suggested that the overexpres-
sion of HER2 is associated with a high risk of 
recurrence in early-stage breast cancer and 
decreased survival. In a seminal discovery in 
1987, Slamon et al. described the human epider-
mal growth factor receptor, HER2, as an onco-
gene [ 11 ,  56 ]. Typically found as a transmembrane 
point mutation and oncogenic mutation in virus, 
the HER2 receptor in breast cancer is found as a 
gene amplifi cation and overexpression, rather 
than as mutations [ 57 ]. While HER2 is expressed 
in other tissues, most of the advances in targeting 
HER2 have focused on breast cancer. Treatment 
decisions of HER2 targeting are based on the 
tumor expression of HER2 typically measured by 

immunohistochemistry, using a grading ranging 
from 0, +1, +2 to +3. HER2 protein is mostly 
located to the membrane, and overexpression of 
the protein has been associated with worse out-
come and is a very strong predictor of treatment 
response to HER2 targeting. However, the 
protein- based studies faced several challenges 
with marked differences seen between HER2 
protein and gene expression [ 58 – 61 ]. This may 
be accounted for biologically by transcriptional 
and posttranslational modifi cation and techni-
cally by a less robust protein-based assay. Hence, 
clinically 0 and +1 protein expression of HER2 
are considered HER2 negative. Patients whose 
tumors express 2+ or 3+ by IHC are considered 
positive and often further analyzed for gene over- 
amplifi cation with FISH (fl uorescent in situ 
hybridization) analysis. Given the importance of 
HER2 as a therapeutic target, detailed guidelines 
on the testing procedures and interpretation of 
HER testing have been recommended by the 
American Society of Clinical Oncology and the 
College of American Pathologists in a joint ven-
ture [ 62 – 64 ] (Table  22.1 ).

   Table 22.1    HER2 testing   

 Test  IHC  Fish 

 Positive for 
 HER2  

  HER2  3+ 
(defi ned as 
uniform 
intense 
membrane 
staining of 
>30 % of 
invasive tumor 
cells) 

 HER2 amplifi ed 
(FISH ratio of  HER2  
to CEP17 of >2.2 or 
average  HER2  gene 
copy number > six 
signals/nucleus for 
those test systems 
without an internal 
control probe) 

 Equivocal for 
 HER2  

 IHC 2+  FISH ratio of 1.8–2.2 
or average  HER2  gene 
copy number four to 
six signals/nucleus for 
test systems without 
an internal control 
probe 

 Negative for 
 HER2  

 IHC 0–1+  FISH ratio of <1.8 or 
average  HER2  gene 
copy number of < four 
signals/nucleus for 
test systems without 
an internal control 
probe 
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       BRCA Gene Mutations 

 Many of the basal-like tumors share similarities 
with tumors from carriers of BRCA mutations. 
Dysfunction of the    BRCA pathway interferes 
with DNA repair and activation of cell-cycle 
checkpoints and disturbs chromosomal stability. 
BRCA1 tumors are predominantly ER negative, a 
clear link observed between the basal-like pheno-
type and germline mutation of  BRCA1  gene 
[ 65 – 68 ]. However, there are many distinct fea-
tures between BRCA1-positive triple-negative 
tumors and the basal-like triple-negative tumors 
[ 69 – 75 ]. 

 Tumors with a BRCA2 gene mutation have a 
wider range of phenotypes and are more com-
monly found to be ER positive. With the recent 
removal of patent protection for BRCA gene 
mutation testing in June 2013, more information 
on the genes and their manifestation as a prog-
nostic and predictive factor, as well as a therapeu-
tic target, is expected. The BRCA mutation 
carriers who develop ovarian cancer as a result 
seem to have a better survival and overall out-
come after receiving chemotherapy compared to 
those with sporadic ovarian cancer [ 76 ,  77 ]. It is 
less clear as to the role of BRCA mutational sta-
tus as a predictor of chemotherapy response in 
breast cancer. However, the response to PARP 
inhibitors for both BRCA-related ovarian and 
breast cancer is much higher than for sporadic 
tumors [ 78 – 83 ].  

    VEGF, VEGFR, PI3kinase, mTOR, 
and PARP 

 Multiple targets have been studied to match 
 specifi c therapeutic interventions. Vascular endo-
thelial growth factors (VEGFs) and vascular endo-
thelial growth factor receptors (VEGFRs) have 
been evaluated in patients treated with agents tar-
geting these ligands and receptors, with no clear 
association with improved outcomes clearly iden-
tifi ed [ 84 – 86 ]. There has been extensive research 
recently that has focused on defi ning predictive 
markers for inhibitors of the  phosphoinositol 3 

kinase (PI3k) and mammalian target of rapamycin 
(mTOR) pathways, with many clinical trials exam-
ining the patients with tumors that have somatic 
mutations in PI3KCA [ 84 – 90 ].   

    Molecular Assessment of Breast 
Cancer Outcomes and Predictive 
Patterns by Gene Expression 
Profi ling 

    Distinguished Breast Cancer 
Subtypes 

 Complimentary to the assessment of long- 
established markers, a large effort has been put 
forth by many in order to determine whether 
larger networks of biomarkers and pathways may 
provide for a better description of a specifi c resis-
tance phenotype. To this end, gene expression 
profi ling by cDNA expression microarrays has 
subclassifi ed breast cancer into four distinguished 
molecular classes based upon similarities in gene 
expression characteristics [ 45 – 49 ]. 

    Luminal A Subtype 
 Molecular profi ling demonstrated that 
ER-positive tumors can be categorized into two 
distinct subtypes based upon the expression of 
their receptors, with tumors expressing both ER 
and PR considered luminal A tumors. These 
tumors are hormone sensitive and should be 
treated with hormonal therapy. Luminal A tumors 
are frequently less responsive to treatment with 
chemotherapy, which is further supported by the 
low pathological response rates in neoadjuvant 
studies [ 91 – 95 ]. However, given the very favor-
able overall survival in these tumors, chemother-
apy may not be needed in patients with luminal A 
tumors.  

    Luminal B Subtype 
 ER + tumors with low or absent PR are consid-
ered luminal B cancers. Luminal B tumors carry 
a worse overall prognosis in patients. They also 
are found to have an aggressive phenotype, high 
proliferation rates, high-grade features, and 
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 resistance to hormonal therapy. The estrogen 
receptor signaling is often dysregulated with 
genomic instability, mutations, and epigenetic 
modifi cation in the ER gene [ 47 ,  53 ,  96 ].  

    HER2-Positive Subtype 
 Tumors in this subtype have overexpression or 
amplifi cation of HER2 and HER2-related genes 
on the same amplicon. In HER2-positive, early- 
stage breast cancer, ER is expressed in about 
50 % of the patients. However, even in the setting 
of maintained expression of ER positivity, the 
predominant driver of this disease is the HER2 
gene. It has been identifi ed as a very strong prog-
nostic and predictive molecular marker, with the 
specifi c targeting and inhibition of HER2 seen as 
one of the most important milestones in the treat-
ment of breast cancer. Furthermore, the effi cacy 
of HER2 targeting is not infl uenced by the 
expression or absence of ER. HER2 targeting 
with trastuzumab, or in combination with other 
HER2 targeting agents, should be explored in all 
patients with tumors that express HER2 who oth-
erwise have no contraindications [ 97 – 99 ]. 

 Nonetheless, in tumors that express both, 
HER2 and ER, therapy should be directed against 
both targets. In addition to HER2-targeting ther-
apy, current recommendations for hormonal ther-
apy are similar to those for ER-positive, 
HER2-negative tumors. While early assessment 
suggested that tamoxifen was less active than 
aromatase inhibitors in HER2-positive disease, 
recent studies, such as the TRANS ATAC and 
PHARE trials, have found similar effi cacy for 
antiestrogens as well as aromatase inhibitors 
[ 97 – 100 ]. However, the risk of recurrence and 
breast cancer-related death remains high, sug-
gesting an increase in resistance to hormonal 
therapy.  

    Basal-Like Breast Cancers 
 Basal-like tumors are ER-negative, PR-negative, 
and HER2-negative tumors, often referred to as 
triple-negative (TN) tumors. These tumors are 
genetically unstable and highly altered at the 
gene level. Although the majority of basal-like 
tumors have common morphologic features, 
there are no distinct features to discern  prognostic 

or predictive patterns of therapy. Basal-like and 
triple-negative tumors tend to have a higher 
response rate to chemotherapy, but clear predic-
tive markers to which chemotherapy is more 
likely to increase the disease-free and overall sur-
vival remains elusive at present.   

    Multigene Signature Assays 

 In addition to the routine assessment of ER, PR, 
HER2, and Ki67, several multigene signatures 
are currently being utilized to better predict out-
comes and treatment response. The most com-
monly used tests are MammaPrint and 
OncotypeDX, which are both cleared for clinical 
use and have been approved by the Food and 
Drug Administration (FDA). The assessment and 
utilization of the recurrence score (RS) with 
Oncotype DX is endorsed by both ASCO and 
NCCN treating guidelines to assess the need and 
potential benefi t of chemotherapy in early-stage 
breast cancer. These tests are typically used for 
patients with ER-positive tumors that are node- 
negative and are not recommended for patients 
with HER2-positive and triple-negative tumors. 

 The Oncotype DX assay was developed using 
real-time reverse transcriptase polymerase chain 
reaction (RT-PCR) for gene expression in 
paraffi n- embedded tumors. This assay examines 
the expression of 21 genes (16 breast cancer 
genes and 5 reference genes) to estimate the 
10-year distant recurrence risk of breast cancer 
and the potential benefi t of adjuvant chemother-
apy and hormonal therapy in patients with estro-
gen receptor-positive breast cancer [ 101 – 106 ]. 
This test has been validated from large retrospec-
tive studies of women with early-stage, estrogen 
receptor-positive breast cancer without lymph 
node involvement, with a subgroup of patients 
with <4 nodes involved with metastatic disease. 
This test was originally designed to assign a 
recurrence score that refl ected the 10-year risk of 
recurrence in women with ER-positive disease 
with no involved lymph nodes. Patients were 
treated with either tamoxifen alone or tamoxifen 
and chemotherapy in two large NSAPBP studies 
(B14, n-668 and B20, n-651) [ 105 – 107 ]. The 
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results of the tests are strongly infl uenced by the 
expression of the estrogen receptor and are nega-
tively impacted by the absence of progesterone 
expression and a high HER2 expression. The 
assay may not be clinically as relevant in those 
patients with HER2 overexpressing and 
ER-positive tumors. 

 The assay initially grouped tumors in three 
groups with low risk (recurrence score 0–18), 
intermediate risk (recurrence score 18–30), and 
high risk for recurrence (recurrence score >31). 
Patients with a recurrence score in the low- and 
intermediate-risk groups were found to have lim-
ited additional benefi t from adjuvant chemother-
apy compared to tamoxifen alone. A special 
focus of the prospective studies has been to quan-
tify the benefi ts of adjuvant chemotherapy in the 
intermediate-risk group. While initially only 
evaluated for women with node-negative disease, 
more recent studies have been expanded for 
women with 1–3 or >4 lymph nodes involved 
with metastatic disease. It also shows that they 
may not benefi t from adding chemotherapy to 
hormonal therapy, as the benefi ts over adjuvant 
chemotherapy may not warrant the excess risk in 
toxicity [ 104 ,  108 – 111 ]. 

 A retrospective analysis of the recurrence 
score in the ATAC trial evaluated recurrence 
scores from 1,231 evaluable patients treated with 
either tamoxifen or anastrozole. This trial further 
supported the use of the recurrence score to 
assess outcomes for distant recurrence in both 
node-positive ( n  = 306) and node-negative 
patients ( n  = 872), showing that the prognostic 
value for aromatase inhibitors is similar to those 
found with tamoxifen. The distribution of risk 
groups was similar in both groups, with the high 
risk representing 15 % and 17 %, respectively, of 
the entire group, and 59 % and 52 %, respec-
tively, for those with a low risk based upon their 
recurrence score. However, the 9-year risk of dis-
tant recurrence was considerably higher in node- 
positive patients compared to node-negative 
patients, demonstrating both its prognostic and 
predictive value in each setting. The distant 
recurrence rates were 4, 12, and 25 % in low, 
intermediate, and high recurrence score, node- 
negative patients and 17, 28, and 49 % for 

 node- positive patients. Further studies have 
 suggested that the RS remains to be a very strong 
predictor for late recurrences and may be used to 
determine who should receive hormonal therapy 
beyond 5 years [ 112 ]. 

 The impact of the Oncotype DX breast cancer 
assay on clinical decision making has been quite 
dramatic. A recent analysis of over 4,000 women 
revealed that the utilization of this assay altered 
the recommendations for adjuvant therapy in 
33 % of the patients. These studies further sug-
gested that adjuvant chemotherapy was offered in 
6 % of low-risk patients, 37 % intermediate, and 
83 % with high recurrence score [ 104 ,  108 – 110 , 
 113 – 117 ]. 

 Lastly, we await the results of prospective 
studies, such as the TailorRx and Responder tri-
als, which will further elucidate the value of this 
test for clinical decision making (Fig.  22.1 ).

   The MammaPrint gene assay utilizes cDNA 
microarrays obtained from fresh samples of breast 
cancer (not paraffi n-embedded) to subclassify 
tumors into fi ve subtypes, based upon their dis-
tinct gene expression profi les. These include 
luminal epithelial cell phenotypes (subtypes A 
and B), a basal epithelial cell type phenotype, a 
HER2 (+) phenotype, and a group of cancers 
expressing a “normal-like” gene profi le. Based on 
earlier observations that the ER levels vary con-
siderably between luminal or basal types [ 46 – 48 ], 
Van’t Veer and colleagues designed a 70-gene 
microarray platform to identify a “poor- prognosis 
signature” involving genes associated with the 
cell cycle, tumor invasion, metastasis, and angio-
genesis [ 19 ,  21 ,  118 ]. An initial validation of this 
gene assay revealed a poor-prognosis signature as 
well as a good-prognosis signature. Those in the 
former group had a signifi cantly worse 10-year 
overall survival rate [ 19 ,  21 ,  118 ,  119 ]. While ini-
tially developed as primarily a prognostic test, it 
has been further developed into a test with predic-
tive value in adjuvant and neoadjuvant trials. 
Retrospective studies have suggested that the 
patients with a good-prognosis signature are 
unlikely to have a signifi cant pathological 
response rate to chemotherapy [ 119 – 123 ]. 

 The PAM50 gene assay test was recently 
approved in the United States to determine the 
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TAILORx Trial: The Trial Assigning IndividuaLized Options for Treatment (Rx)

Oncotype DX testing
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N = 7,047

RS>25RS 11–25RS<11

Hormonal therapy
alone
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  Fig. 22.1    TAILORx Trial: the  T rial  A ssigning  I ndividua L ized  O ptions for Treatment ( Rx ) and RxPonder Trial: RX for 
positive nodes, endocrine-responsive breast cancer       
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risk of recurrence (ROR) score for patients with 
stage I/II, node-negative or stage II, node- positive 
(1–3 nodes) disease that is hormone receptor 
 positive. A clinical challenge posed by the 
Oncotype DX assay is the uncertainly on whether 
to treat patients with an intermediate-risk 
 recurrence score. The PAM50 assay measures the 
gene profi le of 50 genes based on the four basic 
tumor subtypes (luminal A, luminal B, HER2 
enriched, and basal-like) with the goal of defi n-
ing a better distinction between the intermediate- 
and high- risk groups. 

 In two recent studies, tumor samples were 
obtained from 1,017 women with hormone 
receptor-positive breast cancer who received 
either anastrozole or tamoxifen in the TransATAC 
trial. The recurrence score utilizing the PAM50 
(ROR) assay was then compared to the recur-
rence score for the Oncotype DX assay, showing 
that the ROR may offer a more defi nitive discrim-
ination between intermediate- and high-risk 
groups. They identifi ed more patients that were 
reclassifi ed as high risk based upon the ROR 
score compared to the Oncotype DX recurrence 
score [ 124 – 131 ]. Furthermore, this test may be 
able to determine a group of patients that benefi t 
from paclitaxel-based chemotherapy [ 126 ]. 
However, further prospective studies will be 
needed to validate the use of this assay in order to 
determine its validity and ultimate clinical use in 
decision making.   

    Conclusion 

 The most commonly used prognostic and pre-
dictive molecular markers for early-stage 
breast  cancer in clinical practice are ER, PR, 
and HER-2, as well as Ki67. The latter remains 
somewhat limited at present, until further 
studies can assess its validity in clinical prac-
tice. Genetic assessments of BRCA mutations 
are more commonly used to determine the risk 
for developing primary tumors and to guide 
the use of novel agents directed against DNA 
damage. There are three multigene assays that 
are able to assist clinicians in decision making 
for their breast cancer patients: the Oncotype 
DX, MammaPrint, and, more recently, the 
PAM50 gene assay. Genetic assessments of 

BRCA mutations are more commonly used to 
determine the risk for developing primary 
tumors and to guide the use of novel agents 
directed against DNA damage repair.  

    Future Perspective 

 Over the last two decades, important strides have 
been made in our attempt to select those patients 
who are more likely to benefi t from therapy from 
those that will not. Furthermore, gene assays will 
continue to develop that will better allow us to 
determine those who need therapy and defi ne 
those who are less likely to develop metastatic 
disease. The value of many other genes as predic-
tors of response or as therapeutic targets, as well 
as the assessment of proteomics and polymor-
phisms, is undergoing vigorous preclinical and 
clinical testing and will hopefully emerge as use-
ful tools in the future. Other important predictors 
may arise from the evaluation of environment 
modifi ers, next-generation sequencing, and 
molecular bio-imaging. These efforts will be 
even more important in an area of expensive and 
often toxic therapy.     
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            Introduction 

    The biological rationale for adjuvant systemic 
therapy is to eradicate micrometastases and 
therefore improve patient outcomes. Adjuvant 
combination chemotherapy regimens result in a 
signifi cant reduction in risk of 5-year recurrence 
and 15-year mortality rates, with a greater benefi t 
in women <50 years of age [ 1 ]. In the clinical 
setting, the decision to use adjuvant chemother-
apy is guided by the clinician’s estimation of the 
patient’s prognosis (both her risk of cancer recur-
rence and overall life expectancy) and assess-
ment of the chemosensitivity of the tumor. Not 
surprisingly, the use and choice of adjuvant che-
motherapy regimen in clinical practice are highly 
variable. Prognostic determinants of breast can-
cer recurrence may be broadly divided into the 
categories of tumor stage (including both tumor 
size and nodal status) and tumor biology (such 
as tumor grade, estrogen receptor (ER), pro-
gesterone receptor (PR) status, and HER2/neu 
expression). 

 It is important to note that the relapse risk 
for small tumors is relatively small, and it is 
important to consider the limited benefi ts in this 
patient subgroup in the context of the potential 
risks of toxicities with systemic chemotherapy. 

Substantial progress has been made in our cur-
rent understanding of the genes involved in breast 
cancer, with gene profi ling techniques  confi rming 
the biological heterogeneity of breast cancer at 
a molecular level. Researchers have identifi ed 
at least two intrinsic luminal subtypes (luminal 
A and luminal B) with distinct gene expression, 
a basal-like subtype, comprised of primarily 
triple- negative breast cancer (TNBC, defi ned as 
ER negative, PR negative, and HER2/neu nega-
tive), and a HER2/neu-positive subtype [ 2 ,  3 ]. 
Broadly speaking, strongly hormone receptor 
(HR)-positive tumors are considered less che-
mosensitive than HR-negative breast cancers [ 4 ], 
with the degree of HR positivity thought to cor-
relate with endocrine therapy responsiveness. As 
such, the optimal use of adjuvant chemotherapy 
in HR-positive breast cancer has become quite 
complex [ 5 ]. The identifi cation of the specifi c 
subgroup of patients with HR-positive tumors 
that will benefi t the most from adjuvant chemo-
therapy remains a major challenge to clinicians 
at present. 

 Prospective data on the utility on biomarkers 
to predict chemosensitivity are limited, with the 
most promising biomarkers likely to be multi-
gene prognostic signatures that are able to cap-
ture the multiple biological pathways that 
determine chemotherapy response. The earlier 
National Institute of Health (NIH) clinical guide-
lines on adjuvant therapy have recommended 
chemotherapy for those patients with tumors 
>1 cm and in the presence of involved nodes [ 6 ]. 
However, recent advances in our understanding 
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of breast cancer have resulted in several revisions 
to these guidelines, taking into account the tumor 
biology of breast cancer. 

 This chapter will focus on the use of adju-
vant chemotherapy primarily in the HER2/
neu- negative subtype of breast cancer. HER2-
directed therapy will be covered in detail in a 
separate chapter. The regimens that will be dis-
cussed are used in both the ER-positive and tri-
ple-negative breast cancer TNBC subtypes and 
in both preoperative (neoadjuvant) and adjuvant 
settings. Specifi cally, the use of biomarkers and 
multigene tests to identify the subset of patients 
with HR-positive breast cancer will be discussed 
in detail. Finally, we will also discuss special 
considerations for the use of adjuvant chemo-
therapy in the setting of infl ammatory breast 
cancer, elderly, young, and pregnant patients and 
will conclude with a discussion on the manage-
ment of chemotherapy-associated toxicities.  

    Standard Chemotherapy Regimens 

 The choice of an adjuvant chemotherapy regimen 
should take into account the tumor burden and 
breast cancer subtype, as the absolute reduction 
in the risk of recurrence and mortality from adju-
vant chemotherapy is dependent upon the base-
line risk. There are a number of commonly 
utilized adjuvant chemotherapy regimens in clin-
ical practice today (Table  23.1 ), with most typi-
cally given over 4–8 cycles in total. As many of 
these regimens have not been compared head to 
head in clinical trials, there is currently no single 
uniformly accepted standard adjuvant chemo-
therapy regimen.

    Commonly used regimens for breast cancer 
are summarized in  Table  23.1   and can broadly be 
divided into: 
    1.    Non-anthracycline-containing regimens (i.e., 

CMF and TC)   
   2.    Anthracycline-containing regimens (i.e., AC, 

FAC, FEC)   
   3.    Anthracycline- and taxane-containing regimens 

which incorporate both anthracyclines and tax-
anes (i.e., AC → T, FEC → taxane and TAC)    
  The Early Breast Cancer Trialists’ 

Collaborative Group (EBCTCG) has published a 

large meta-analysis of different polychemother-
apy regimens used in over 100,000 women from 
123 randomized trials [ 1 ]. The most effective 
adjuvant chemotherapy regimens included both 
anthracycline and taxanes, but these were also 
associated with the highest frequency of toxicity. 
Overall, the addition of adjuvant chemotherapy 
reduced breast cancer mortality by about one 
third, and the proportional risk reductions in the 
trials analyzed were only minimally affected by 
age, tumor burden (tumor size and nodal status), 
tumor grade, ER status, or tamoxifen use. 

  A summary of the key fi ndings are as follows  [ 1 ] : 
•     Standard AC  ( 4 cycles )  and standard CMF  

( 6 cycles )  are equivalent .  
•    Anthracycline - based regimens such as FAC or 

FEC ,  which have a higher cumulative anthra-
cycline dosage than standard AC  ( 4 cycles ), 
 are superior to standard oral CMF  ( 6 cycles ).  

•    The addition of 4 cycles of a taxane to a fi xed 
anthracycline - based control regimen reduced 
breast cancer mortality. However ,  there was 
no signifi cant difference in outcomes when 
the extra 4 taxane cycles were counterbal-
anced with extra cycles of a non - taxane 
chemotherapy .    
 More recently, results from the large phase III 

randomized National Surgical Adjuvant Breast 
and Bowel (NSABP) B-38 trial were reported, 
comparing the three adjuvant chemotherapy regi-
mens, dose-dense AC → T, dose-dense AC → T 
plus gemcitabine, and TAC, in a large cohort of 
approximately 5,000 patients (65 % with nodal 
involvement and 80 % with ER-positive disease) 
[ 20 ]. The 5-year DFS and overall survival (OS) 
rates were similar in all three groups; however, 
the incidence of grade 3 or 4 toxicity was the 
lowest with the AC → T regimen. 

 Another area of variability is the frequency 
of administering chemotherapy. Dose-dense 
chemotherapy typically refers to the adminis-
tration of chemotherapy over a shorter interval. 
The best example of this is with AC, which can 
be administered at the same doses in a standard 
three- weekly interval or a dose-dense fashion 
every 2 weeks [ 9 ,  11 ]. With treatment admin-
istered every 2 weeks, growth factor support 
with fi lgrastim is required. With dose-dense AC 
regimens, paclitaxel may be given following AC 
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either every 2 weeks for 4 cycles or weekly for 
12 weeks (at 175 mg/m 2  and 80 mg/m 2 , respec-
tively), and it is unclear at this point if either 
approach is associated with improved outcomes. 
A recent meta-analysis of dose-dense chemo-
therapy for early breast cancer, which included 
10 randomized trials involving over 10,000 
patients, reported a better DFS and OS with 
dose-dense regimens, particularly in women 
with HR-negative breast cancer [ 21 ].  

    Chemotherapy in Different Breast 
Cancer Subtypes 

 Endocrine therapy forms the basis of adjuvant 
therapy in patients with HR-positive breast can-
cer, and the addition of chemotherapy benefi ts a 
subset of these patients. When given for 
HR-positive breast cancer, adjuvant chemother-
apy usually sequenced ahead of, and completed 
before endocrine therapy. In patients with HER2/

     Table 23.1    Commonly used adjuvant chemotherapy regimens for breast cancer      

 Regimen  Dose  Cycle duration 
 No 
cycles  Notes  Reference 

  Non-anthracycline containing  
  Oral  CMF   C yclophosphamide 

(100 mg/m 2,  PO) d1 to 14 
  M ethotrexate (40 mg/m 2 ) d1, 8 
 5- F luorouracil 
(500 mg/m 2 ) d1, 8 

 q4 weeks  6   Nonstandard IV  
 CMF  
(600/60/600 mg/m 2 ), 
d1, 8, q4 weeks is 
occasionally given 

 [ 7 – 9 ] 

 TC  Docetaxel ( T ; 75 mg/m 2 ) 
  C yclophosphamide 
(600 mg/m 2 ) 

 q3 weeks  4  [ 10 ] 

  Anthracycline containing  
 AC  Doxorubicin ( A ; 60 mg/m 2 ) a  

  C yclophosphamide 
(600 mg/m 2 ) 

 q3 weeks  4   Dose-dense   AC  is 
given q2 weeks with 
 d fi lgrastim support 

 [ 9 ,  11 ] 

 FAC  5- F luorouracil (500 mg/m 2 ) 
  AC  (50/500 mg/m 2 ) b  

 q3 weeks  6  [ 12 ,  13 ] 

 CAF   C yclophosphamide 
(600 mg/m 2 ) 
 Doxorubicin ( A ; 30 mg/m 2 ) b  
d1, 8 
 5- F luorouracil (500 mg/m 2 ) 

 q4 weeks  6   C  may be given PO 
at 100 mg/m 2  on d1 
to 14 of each cycle 

 [ 14 ] 

 FEC 60  
( Canadian ) 

 5- F luorouracil (500 mg/m 2 ) 
  E pirubicin (60 mg/m 2 ) c  
  C yclophosphamide (75 mg/m 2 , 
PO) d1 to14 

 q4 weeks  6  [ 15 ] 

 FEC 100   5-   F luorouracil     (500 mg/m 2 ) 
  E pirubicin (100 mg/m 2 ) c  
  C yclophosphamide 
(500 mg/m 2 ) 

 q3 weeks  6  Filgrastim support 
should be considered 

 [ 16 ] 

  Anthracycline and taxane containing  
 AC → T  Dose-dense  AC  a,d  → Paclitaxel 

( T ; 175 mg/m 2 ) 
  AC  → Paclitaxel 
( T ; 80 mg/m 2 ) 

 q2 weeks 

 q3 weeks → weekly × 12 

 4 → 4 

 4 → 12 

 [ 17 ] 

 [ 18 ] 

 FEC 100  → D   FEC  100  →  D ocetaxel 
( T ; 75 mg/m 2 ) 

 q3 weeks  3 → 3  Filgrastim support 
should be considered 

 [ 16 ] 

 FEC 100  → P   FEC  100  →  P aclitaxel 
( P ; 100 mg/m 2 ) 

 q3 weeks → weekly × 8  4 → 8  [ 19 ] 

 TAC  Docetaxel ( T ; 75 mg/m 2 ) 
  AC  (50/500 mg/m 2 ) a, d  

 q3 weeks  6  Filgrastim support 
should be considered 

 [ 12 ] 

  All chemotherapy is given intravenously unless otherwise stated. Cumulative doses  a 240 mg/m 2 ,  b >240 mg/m 2 , 
 c >300 mg/m 2 ,  d Given with fi lgrastim support  
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neu-positive tumors, HER2-directed therapy 
alone has not been tested in large adjuvant trials, 
and the addition of chemotherapy given concur-
rently with HER2-directed therapy is considered 
to be the current standard of care. Finally, for 
TNBC, there are no targeted therapies recom-
mended for use outside of a clinical trial in the 
adjuvant setting, and combination chemotherapy 
remains the standard of care. 

    Chemotherapy in Hormone 
Receptor- Positive Breast Cancer 

 While adjuvant endocrine therapy is the standard 
of care in patients with tumors that express HRs, 
the indication for adjuvant chemotherapy in 
patients with HR-positive disease is undergoing 
reevaluation. Adjuvant chemotherapy is typically 
given in sequence with, and prior to, endocrine 
therapy, as there have been confl icting outcomes 
with concurrent therapy [ 22 – 24 ]. On average, 
patients with HR-positive breast cancers derive 
less benefi t from chemotherapy compared to 
HR-negative tumors [ 25 ]. However, there still 
appears to be a subset of patients with HR-positive 
tumors that are chemosensitive. The basis for the 
addition of chemotherapy to adjuvant endocrine 
therapy is usually guided by the clinician’s esti-
mation of prognosis and assessment of the endo-
crine- and chemosensitivity of the tumor. Patients 
for whom systemic chemotherapy should be 
strongly considered include patients with grade 2 
or 3 disease, those with high-risk features based 
upon the gene signature (such as Oncotype DX 
and MammaPrint), and patients with a higher dis-
ease burden. That said, not every patient with 
node-positive disease has to be treated with che-
motherapy, and multigene signatures are particu-
larly useful in guiding the clinicians in regards to 
the decision to recommend chemotherapy [ 26 ]. 

 The EBCTCG overview reported a benefi t 
in terms of 5-year recurrence-free survival with 
adjuvant sequential chemoendocrine therapy over 
endocrine therapy alone with hazard ratios of 0.64 
and 0.85 in patients with ER-positive tumors aged 
<50 and >50 years, respectively [ 27 ]. The larger 
impact of chemotherapy in younger patients may 

be partially explained by the endocrine effect of 
chemotherapy on ovarian function [ 6 ]. Similar 
long-term DFS benefi ts with the addition of che-
motherapy to adjuvant endocrine therapy were 
also noted in the phase III randomized NSABP 
B-20 and Southwest Oncology Group (SWOG) 
8814 trials [ 26 ,  28 ]. The identifi cation of predic-
tors of chemosensitivity in HR-positive tumors 
has been identifi ed as a key challenge. 

 There is evidence suggesting an inverse rela-
tionship between HR expression and chemother-
apy benefi t in luminal breast cancers. In a study 
of postmenopausal women with ER-positive and 
node-positive cancers from the International 
Breast Cancer Study Group (IBCSG) Trials VII 
and 12-93, the addition of adjuvant chemother-
apy to endocrine therapy improved the DFS (haz-
ard ratio = 0.81,  p  = 0.02, median follow-up of 
13 years) [ 29 ]. Nonparametric subpopulation 
treatment effect pattern plot (STEPP) analyses 
demonstrated that this benefi t was limited to the 
patients whose tumors had low to intermediate 
levels of estrogen expression. The level of ER 
appears to predict the response to both endocrine 
and chemotherapies in opposite directions, but 
these factors may not entirely overlap. It is likely 
that there are other biological factors that interact 
with the ER-signaling pathway to determine che-
mosensitivity. The assumption that chemosensi-
tivity is inversely related to endocrine sensitivity 
in ER-positive breast cancer is therefore not 
clearly defi ned. Tumors that are endocrine sensi-
tive may also be chemosensitive; conversely, 
endocrine resistant tumors with poor prognostic 
factors may not always be chemosensitive. 

 One biomarker that has been examined in che-
mosensitive ER-positive tumors is Ki67, a marker 
of cellular proliferation. In an analysis of 1,521 
premenopausal and postmenopausal patients 
with ER-positive tumors from the IBCSG VIII 
and IX trials, respectively, a high Ki67 index was 
found to be associated with poorer DFS, but did 
not predict an OS benefi t with the addition of 
chemotherapy to endocrine therapy [ 30 ]. The 
adjuvant chemotherapy used in these trials was 
CMF and did not include anthracyclines and tax-
anes. In contrast, a high Ki67 index was predic-
tive of both outcome and benefi t to adjuvant 
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taxane chemotherapy in ER-positive breast can-
cers in subset analyses of the PACS 01 and Breast 
Cancer International Research Group (BCIRG) 
001 trials [ 31 ,  32 ]. An important caveat of these 
fi ndings is that these were unplanned subset anal-
yses. At this point, Ki67 should not be used as a 
basis of recommendation for adjuvant chemo-
therapy outside of a clinical trial setting, at least 
in part because the test is not always reliable. 

 A major advancement in the identifi cation of 
biomarkers of chemosensitivity in HR-positive 
breast cancers has been the development of mul-
tigene prognostic signatures. These are typically 
derived from high-throughput analyses of tumor 
specimens for gene expression patterns and 
subsequently validated in patient cohorts from 
clinical trials. These assays have the potential 
to identify subsets of patients that would ben-
efi t from the addition of adjuvant chemotherapy 
to endocrine therapy. The 21-gene assay, called 
the Oncotype DX (Genomic Health, Redwood 
City, CA, USA), provides a recurrence score 
(RS) that predicts for risk of 10-year distant 
recurrence. The RS is derived from a complex 
algorithm calculated on the gene expressions 
of a preselected list of 16 genes of biological 
interest, including genes involved in estrogen 
signaling, cell proliferation, and HER2/neu sig-
naling and 5 reference genes for normalization 
purposes [ 28 ]. The utility of the RS as a pre-
dictor of distant recurrence risk at 10 years was 
initially assessed in the NSABP B-14 trial, in 
which patients with ER-positive, node-negative 
breast cancer were randomized to receive either 
tamoxifen or placebo. The RS was shown to 
more accurately predict for distant recurrence 
than conventional clinicopathologic characteris-
tics in the tamoxifen- treated patients [ 33 ]. 

 The utility of the RS to accurately predict 
10-year distance recurrences was demonstrated 
in a retrospective analysis of the NSABP B-20 
trial, in which patients with ER-positive, node- 
negative breast cancer were randomized to either 
tamoxifen or tamoxifen plus chemotherapy. 
Patients with a low or intermediate RS (defi ned as 
<18, and ≥18 and <31, respectively) were found 
not to benefi t from chemotherapy, while those 
with a high RS (defi ned as ≥31) derived a signifi -

cant benefi t from chemotherapy [ 28 ]. The abso-
lute difference in the 10-year distant recurrence 
rates with the addition of chemotherapy in these 
RS groups was an increase of 1.1 % and 1.8 % 
and a reduction of 28.6 %, respectively. Similar 
results were obtained in a retrospective analysis 
of the SWOG 8814 trial, in which postmeno-
pausal patients with ER-positive, node- positive 
breast cancer were randomized to receive either 
tamoxifen or tamoxifen plus anthracycline- based 
chemotherapy [ 26 ]. One of the primary strengths 
of this assay is that RNA may be extracted from 
archived formalin-fi xed, paraffi n- embedded tis-
sue, which is the primary mode of preserving tis-
sue in most pathology departments. 

 Another multigene signature with prognostic 
utility is the FDA-approved 70-gene MammaPrint 
signature (Agendia, Amsterdam, Netherlands). 
Unlike the Oncotype RS assay where genes are 
preselected, MammaPrint was developed using 
an unsupervised hierarchical clustering approach 
whereby the high-risk gene signature predicted a 
poor clinical outcome in tumors of all subtypes 
[ 34 ]. A retrospective analysis of pooled patient 
cohorts with ER-positive, node-negative breast 
cancer demonstrated that the 70-gene score had 
prognostic value and predicted improved survival 
outcomes with the addition of chemotherapy to 
endocrine therapy only in the subgroup of 
70-gene high-risk patients [ 35 ]. 

 While both the Oncotype and MammaPrint 
assays were tested retrospectively, the Oncotype 
RS was evaluated retrospectively in a prospec-
tively assembled clinical trial. For this reason, 
there is far greater confi dence, at this time, that 
the Oncotype assay can reliably predict which 
patients will benefi t from chemotherapy, and even 
more importantly, which ones will not. In addi-
tion, unlike the Oncotype assay, MammaPrint 
is performed on fresh-frozen  tissue that may 
limit its feasibility for routine use. Both of these 
multigene signatures are currently undergoing 
prospective validation in large ongoing studies 
(Oncotype RS, TAILORx and RxPONDER trials; 
MammaPrint, MINDACT trial), which include 
over 100,000 patients collectively to defi nitively 
address their predictive value for chemosensitiv-
ity in ER-positive breast cancer [ 36 ,  37 ]. 
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 In considering the benefi ts of adjuvant chemo-
therapy in patients with HR-positive tumors, it is 
important to consider common relapse patterns. 
Patients with HR-positive tumors are at a contin-
ued risk of relapse for many years after initial 
breast cancer diagnosis [ 38 ]. More than half of all 
recurrences among women treated with adjuvant 
tamoxifen therapy occur between 6 and 15 years 
after diagnosis, and the greatest benefi t with the 
addition of chemotherapy in DFS was seen pri-
marily within the fi rst 5 years from diagnosis [ 27 ]. 
The limited benefi t from chemotherapy in pre-
venting late relapses is also refl ected in the DFS 
patterns of patients with poor prognosis multi-
gene signatures with both the Oncotype RS and 
MammaPrint assays [ 28 ,  39 ]. Late recurrences 
and deaths remain a formidable clinical challenge 
in HR-positive breast cancer, and chemotherapy 
is unlikely to be the answer to this problem. 

  The summary recommendations for adjuvant 
chemotherapy in hormone receptor - positive 
breast cancer are as follows: 
•     Adjuvant chemotherapy should be strongly 

considered in the setting of node - positive dis-
ease ,  high-grade tumors, and high-risk gene 
multigene signatures .  
•    In regard to the utility of the Oncotype DX 

Recurrence Score:   
 –   The use of Oncotype for node - positive dis-

ease is discouraged in poorer prognosis 
disease ,  for example , ≥ 4 positive nodes ,  or 
in the setting of high- grade disease ,  as che-
motherapy should routinely be given in 
these settings .  

 –    The use of chemotherapy is strongly 
encouraged in patients with Oncotype RS  
≥ 31.   

 –    In node - positive patients ,  particularly 
those with one to three positive nodes , 
  consideration can be given to omitting che-
motherapy if the Oncotype RS is low  (< 18 ) 
 and there are no other unfavorable features .  

 –    Recommendations for patients with 
intermediate- risk multigene signatures  
(i.e.,  Oncotype RS 18 - 31 )  are an area of 
controversy and active research ,  and pro-
spective trials in this population are cur-
rently underway  [ 36 ,  37 ].        

    Chemotherapy in HER2-Positive 
Breast Cancer 

 The advent of HER2-directed therapy has revolu-
tionized the management of HER2/neu-positive, 
early-stage breast cancer. Based on the results 
of fi ve randomized clinical trials, 12 months of 
adjuvant trastuzumab is now an integral part of 
systemic therapy for these patients [ 40 – 42 ]. In 
all studies, trastuzumab was added to a chemo-
therapy backbone, and there is currently no data 
to support the use of adjuvant trastuzumab mono-
therapy. Evidence-based chemotherapy back-
bones in this context include AC → T (NSABP 
B-31, NCCTG N9831), AC → docetaxel (BCIRG 
006) and docetaxel + carboplatin (BCIRG 006). 
Given the increased cardiotoxicity risk upon 
administering trastuzumab concurrently with 
an anthracycline in the metastatic setting [ 43 ], 
trastuzumab is omitted during the period of 
anthracycline chemotherapy. 

 There remains controversy about the treatment 
of small HER2/neu-positive cancers. There are 
limited data on outcomes for patients with small, 
stage I HER2/neu-positive breast cancers because 
the seminal adjuvant trastuzumab trials excluded 
patients with these tumors. Current guidelines 
from St. Gallen and the European Society for 
Medical Oncology (ESMO) do not recom-
mend adjuvant trastuzumab and chemotherapy 
for node-negative HER2/neu-positive tumors 
that are <1 cm [ 44 ]. In contrast, the National 
Comprehensive Cancer Network (NCCN) treat-
ment guidelines have factored in the indirect 
evidence obtained from retrospective and subset 
analyses of trials and recommend consideration 
be given to the use of trastuzumab- based therapy 
in T1bN0 tumors, in particular, in the hormone 
receptor-negative subset [ 45 ]. 

 However, there is a wide variation in clinical 
practice in this subgroup. Recently, interest has 
developed in using less intensive, and therefore 
potentially less toxic, partner chemotherapies 
with adjuvant trastuzumab for low-risk HER2- 
positive tumors. In a phase II study in women 
with HER2/neu-positive metastatic breast can-
cer, weekly paclitaxel and trastuzumab resulted 
in a 67–81 % response rate, and a 6 % incidence 
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of grade 3 or 4 neutropenia [ 46 ]. The Dana-
Farber Cancer Institute led a multicenter, phase 
II, nonrandomized study of weekly paclitaxel 
plus trastuzumab for 12 weeks, followed by 
maintenance trastuzumab for a further 9 months 
in patients with node-negative, HER2/neu-posi-
tive tumors that are <3 cm (information avail-
able at ClinicalTrials.gov; identifi er 
NCT00542451). This trial has completed accrual 
of 410 patients, of whom approximately 50 % 
had tumors <1 cm. If the 3-year DFS is >95 %, 
the regimen will be deemed worthy of further 
investigation. The results of this trial were 
reported at the San Antonio Breast Cancer 
Conference in 2013. There was a high disease 
free survival rate of 98.7% at a median follow up 
of 4 years in the population studied, and there 
were very few adverse events associated with 
this regimen [ 47 ]. In light of these fi ndings, the 
combination of paclitaxel and trastuzumab 
should be considered for patients with stage 
1 breast cancer. 

  The adjuvant therapy of HER2 / neu - positive 
breast cancer will be discussed in detail in a sep-
arate chapter. The summary recommendations 
for systemic adjuvant chemotherapy in 
HER2 / neu - positive breast cancer are as follows: 
•     Systemic adjuvant chemotherapy should be 

given in combination with trastuzumab ,  espe-
cially in tumors  > 0.5 cm .  

•    Trastuzumab is omitted during the period of 
anthracycline chemotherapy but can be given 
concurrently with taxanes .  

•    Consideration of less intensive adjuvant che-
motherapy regimens such as paclitaxel plus 
trastuzumab should be considered for T1N0 
HER2/neu-positive breast cancers       

    Preoperative Chemotherapy 
(Neoadjuvant) 

 Most early systemic chemotherapy trials for 
operable breast cancer were conducted in the 
adjuvant setting, with the use of preoperative 
(neoadjuvant) chemotherapy limited primarily to 
infl ammatory and locally advanced breast cancer. 
The original rationale for neoadjuvant chemo-
therapy (NAC) was to render locally advanced 
tumors operable by shrinking the diameter of 
these tumors, thereby reducing the extent of sur-
gery required in operable breast cancer. Studies 
comparing the adjuvant and NAC approaches 
have found the survival to be equivalent when 
using identical systemic agents (Table  23.2 ). 
These trials also demonstrated that patients who 
achieved a pathological complete response (pCR) 
following NAC had improved clinical outcomes 
compared to patients who did not.

   The NAC and adjuvant chemotherapy regi-
mens used clinically are identical. The NAC 
approach is now increasingly used in smaller, 
operable TNBC and HER2/neu-positive tumors, 
although less commonly with HR-positive tumors 
as they are inherently less chemosensitive [ 4 ,  51 ]. 
There has also been a trend by many clinicians to 
evaluate novel therapies in the preoperative set-
ting. A NAC approach allows for the study of the 
biological impact of systemic therapy on pre- and 
posttreatment tissue and therefore represents a 
fertile setting for tissue-intensive correlative 
research. The goal of biomarker discovery in 
NAC clinical trials is to identify surrogate end 
points of clinical outcomes, such as predictive 
biomarkers of therapeutic response or resistance. 
The US Food and Drug Administration (FDA) is 

   Table 23.2    Seminal trials comparing neoadjuvant chemotherapy to adjuvant chemotherapy for early-stage breast cancer   

 Trial  Chemotherapy 
 pCR rate 
(%) 

 pCR vs. non-pCR 
hazard ratio 

 Neoadjuvant vs. adjuvant therapy 

 Reference  BCS rates  DFS HR  OS HR 

 NSBAP B-18  AC × 4  13  OS: 0.32 †   68 % vs. 60 % *   0.93  0.99  [ 48 ] 
 EORTC 10902  FEC 60  × 4  3.7  OS: 0.91  35 % vs. 22 %  1.12  1.09  [ 49 ] 
 ECTO  AP × 4 → CMF × 3  20  RFS: 0.43 †   65 % vs. 34 % *   1.21  1.10  [ 50 ] 

   BCS  breast cancer survival,  DFS  disease-free survival,  OS  overall survival,  pCR  pathological complete response 
  *  p  < 0.05  
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considering the possibility of using pCR in the 
NAC setting as a surrogate end point for clinical 
benefi t and as an indication for accelerated drug 
approval [ 52 ]. 

 Practically, NAC should be managed only 
in a multidisciplinary team setting, with initial 
assessments made by the breast surgeon and 
medical and radiation oncologists. Evaluation 
of treatment response to NAC could potentially 
allow the treating team to tailor individual treat-
ment based upon tumor response, particularly if 
there is the suggestion of disease progression. 
There have been two trials in which patients were 
randomized mid-treatment to non-cross-resistant 
chemotherapy regimens according to their mid- 
treatment response [ 53 ,  54 ]. In both trials, deviat-
ing from the initial course of therapy in clinical 
nonresponders did not increase either the clinical 
or pathological response rates or improve sur-
vival. For operable breast cancer, in the event of 
disease progression mid-NAC, we would recom-
mend an immediate reevaluation by the breast 
surgeon in order to assess the feasibility of surgi-
cal resection with mastectomy. Decisions about 
additional chemotherapy can be deferred until the 
adjuvant setting. For patients with non- resectable 
disease, radiation or alternative  investigational 
approaches should be considered [ 55 ].  

    Special Clinical Scenarios 

    Infl ammatory and Locally Advanced 
Breast Cancer 

 Infl ammatory breast cancer (IBC) represents a 
unique biological entity characterized by distinct 
clinical and histopathological features, aggressive 
behavior, and an exceptionally poor prognosis 
(median survival with current therapy <4 years) 
[ 56 ]. The current standard of care for manage-
ment of stage 3B IBC is a multimodality approach 
consisting of NAC followed by surgery and radio-
therapy. Achieving a pCR to NAC is the single 
most important prognostic factor in IBC [ 57 ,  58 ]. 

 Given the relative rarity of IBC, there have 
been no specifi c randomized trials examining the 
optimal NAC regimen, and moreover patients 

with IBC have historically been excluded from 
NAC systemic therapy studies due to their poor 
prognosis. Single-arm studies and retrospective 
case series show that anthracycline-based regi-
mens are effective (clinical response rates around 
70 %) [ 57 ] and that their effi cacy is enhanced by 
the subsequent addition of a taxane as evidenced 
by increased clinical and pCR rates [ 59 ,  60 ]. As 
such, regimens included in the “Anthracycline and 
Taxane” section of Table  23.1  are recommended. 

 Although outside the scope of this chapter, it 
is noteworthy that approximately 40 % of IBC 
are HER2/neu positive, and evidence from ran-
domized phase 3 clinical trials strongly supports 
the routine addition of trastuzumab to NAC in 
this setting [ 61 ].  

    Elderly Patients 

 Although the incidence of breast cancer rises 
sharply with age, there is a lack of quality data 
discussing the optimal choices regarding adju-
vant chemotherapy in the elderly. This is particu-
larly true for patients with advanced comorbidities 
and frailty, who are generally excluded from 
phase 3 clinical trials. For this reason, groups 
such as the International Society of Geriatric 
Oncology (SIOG) and European Society of 
Breast Cancer Specialists (EUSOMA) have 
developed consensus guidelines specifi c to the 
issues facing elderly patients with breast cancer 
[ 62 ]. Compared to their younger counterparts, 
elderly patients are more likely to present with 
larger primary tumors and positive lymph nodes 
[ 63 ], at least in part attributable to greater delays 
in initial diagnosis. Breast cancers in the elderly 
are also more frequently HR positive [ 64 ]. 

 Prescribing adjuvant chemotherapy to elderly 
patients require several unique considerations. 
First, elderly patients often suffer comorbid ill-
nesses that provide competing mortality risks. As 
such, determining the potential overall survival 
gains from adjuvant chemotherapy for an indi-
vidual patient is more challenging. Groups such 
as the Cancer and Leukemia Group B (CALGB) 
have developed tools for pre-chemotherapy geri-
atric assessment to help address this problem 

E. Lim et al.



343

[ 65 ]. It is also important to note that despite com-
peting risks, >40 % of patients diagnosed with 
breast cancer after the age of 80 will die from 
breast cancer [ 66 ]. 

 Second, elderly patients may be more sus-
ceptible to certain chemotherapy toxicities. 
Although there is no evidence to support modi-
fying chemotherapy doses because of age, strict 
monitoring of renal and hepatic function dur-
ing treatment is essential. Furthermore, routine 
assessment of left ventricular ejection fraction is 
recommended for patients scheduled to receive 
anthracyclines. Thirdly, data suggests that elderly 
patients are more likely to experience diffi culties 
with medication compliance [ 63 ], particularly 
oral medications such as antiemetics. It is thus 
critical to ensure that patients with any degree 
of cognitive impairment clearly understand their 
drug regimens and are adequately educated and 
supervised if necessary. 

 There is little prospectively collected, ran-
domized trial data to suggest a particular adju-
vant chemotherapy regimen for elderly patients 
beyond the general standards of care. In general 
terms, adjuvant chemotherapy is feasible in 
patients over 65–70 years of age, but increasing 
age, reduced functional status, and presence of 
comorbidities are associated with more frequent 
dose reductions and/or delays [ 67 ]. A landmark 
CALGB study compared standard chemotherapy 
regimens (either AC or CMF) to oral capecitabine 
in patients >65 years of age with early-stage 
breast cancer [ 68 ]. The study was stopped early 
after an interim analysis suggested that the 
capecitabine regimen was inferior, resulting in an 
almost doubled risk of recurrence or death. This 
study reinforces the effi cacy of standard chemo-
therapy in an elderly population. Nonrandomized 
data also suggest tolerability of the TC regimen 
patients >65 years [ 69 ], although elderly patients 
do seem more prone to taxane-induced hemato-
logical toxicities [ 70 ].  

    Young Patients 

 Breast cancer in young patients typically demon-
strates a worse prognosis and more aggressive 

phenotype, characterized by higher-grade disease, 
more advanced stage at initial presentation, and 
lower rates of HR positivity. While some studies 
point toward breast cancer in younger patients as 
having a unique biology [ 71 ,  72 ], others have 
illustrated that the poor prognosis in younger 
patients is more a result of higher frequencies of 
aggressive breast cancer subtypes [ 73 ,  74 ]. The 
incidence of germline mutations in genes known 
to predispose to breast cancer is also increased 
among women <35 years old with breast cancer, 
with 10–15 % harboring a  BRCA1  and  BRCA2  
germline mutation [ 75 ]. Diagnosis of a familial 
breast cancer syndrome has implications for addi-
tional treatment decisions including consideration 
of prophylactic surgeries (i.e., prophylactic mas-
tectomy and/or prophylactic bilateral salpingo-
oophorectomy) that have been shown to improve 
outcomes for this patient population [ 76 ,  77 ]. 

 While general principles for the selection of 
cytotoxic and targeted agents are quite similar 
between younger patients and the general popu-
lation, specifi c issues that should be considered 
in prescribing chemotherapy to younger women 
include the effect of chemotherapy on their future 
fertility as well as potential long-term toxicities 
(i.e., cardiac dysfunction and secondary malig-
nancies), which are more relevant in light of their 
life expectancy. There are a number of options 
for fertility preservation including oocyte and 
embryo cryopreservation. Although outside the 
scope of the current review, all women of child-
bearing potential facing a diagnosis of BC should 
be educated on the risk of infertility at the earliest 
opportunity. 

 An early referral to a reproductive physician is 
important, as fertility preservation often involves a 
delay in the start of adjuvant chemotherapy treat-
ment while the oocytes and/or ovarian tissue are 
harvested [ 78 ]. The return of the ovarian function 
is dependent on the ovarian reserve and age of the 
patient, and the relative intensity of the chemo-
therapy regimen. Testing for ovarian reserve 
involves the measurement of serum anti- Müllerian 
hormone and inhibin B levels. Recent data from 
the phase III Prevention of Early Menopause 
Study (POEMS) comparing chemotherapy versus 
chemotherapy plus goserelin in premenopausal 
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patients with early stage, hormone receptor-nega-
tive breast cancer, demonstrated a lower rate of 
ovarian failure in the goserelin containing treat-
ment arm (Stratifi ed Odds Ratio = 0.30, p = 0.04, 
8 % vs. 22 % in evaluable patients) [ 79 ]. The study 
also reported as a secondary end point, a higher 
pregnancy attempts (24 % vs. 16 %), successful 
pregnancy attempts (21 % vs. 11 %) and no 
increase in the pregnancy associated adverse 
events with goserelin containing treatment arm. 
This data suggests that lutenizing hormone releas-
ing hormone analogues may be a potentially use-
ful to prevent premature ovarian failure in 
premenopausal women receiving chemotherapy. 
Finally, it is recommended that sexually active 
women should be prescribed nonhormonal contra-
ception regardless of menstrual status because 
they may still ovulate and become pregnant.  

    Pregnant Patients 

 Pregnancy and an early-stage breast cancer diag-
nosis can intersect in one of two ways: Either a 
patient receiving adjuvant chemotherapy may 
fall pregnant during treatment or a new diagno-
sis of breast cancer is made in a pregnant patient. 
Both require intensive management by a multi-
disciplinary team including surgeons, oncolo-
gists, radiation oncologists, obstetricians, and 
psychologists. The fi rst of these scenarios is 
rare, and due to the highly teratogenic effects of 
systemic cytotoxics during the fi rst trimester, all 
patients receiving adjuvant chemotherapy 
should be counseled on appropriate use of con-
traceptive measures during treatment. In this 
section, we will discuss the second scenario in 
more detail. 

 Like all younger women with breast cancer, 
patients diagnosed during pregnancy are more 
likely to have a higher-risk disease [ 80 ]. As such, 
a large proportion of these patients will be candi-
dates for systemic adjuvant chemotherapy. There 
are no data to suggest that concurrent pregnancy 
per se is an adverse prognostic factor in early- 
stage breast cancer [ 81 ]. 

 As a general principle, adjuvant chemother-
apy regimens should be chosen with the goal 

of recommending a regimen that is as close to 
the standard care for nonpregnant patients as 
possible [ 81 ]. The critical issue is the timing of 
therapy. Systemic chemotherapy should not be 
prescribed during the fi rst trimester (the period 
of organogenesis) due to the high risk of fetal 
malformation. Therefore, in patients diagnosed 
during this time, options include termination of 
pregnancy followed by systemic chemotherapy 
or continuation of pregnancy, delaying the onset 
of chemotherapy till after 14 weeks of gestation. 
In patients diagnosed during the second trimes-
ter (12–28 weeks), surgery can be followed by 
 adjuvant chemotherapy. In both of these situa-
tions, it is prudent to suspend adjuvant chemo-
therapy at about 35 weeks of gestation, allowing 
for delivery at about 37 weeks and resumption 
of any remaining chemotherapy after this. In 
women diagnosed in the fi nal trimester, it is most 
sensible to allow for delivery at 35–37 weeks 
before initiating chemotherapy [ 81 ]. 

 The adverse consequences of systemic che-
motherapy on fetal health and early child devel-
opment are reported to be minimal. Deferring 
treatment till after the fi rst trimester abrogates the 
risk of fetal malformation. There is a lack of 
long-term data on the consequences of chemo-
therapy during pregnancy on subsequent child 
development, but case series suggest no obvious 
problems with neurodevelopment or risk of sec-
ond cancers [ 81 ]. Only a small fraction of the 
total delivered anthracyclines, cyclophospha-
mide, or taxanes crosses the placenta [ 82 ,  83 ], 
and together with the altered pharmacokinetics of 
these drugs in pregnancy [ 84 ], exposure of the 
fetus is thought to be limited. Methotrexate (and 
hence the CMF regimen) is best avoided to avoid 
its accumulation in third space fl uid compart-
ments. There is limited data on the safety of dose- 
dense chemotherapy regimens in pregnancy.   

    Chemotherapy Toxicities 

    Acute Toxicities 

 Chemotherapy toxicities are listed in Table  23.3  
and can be broadly divided into acute and long- 
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term toxicities. There has been much progress 
in the management of short-term toxicity, par-
ticularly in regard to the prevention and man-
agement of nausea and neutropenia. A major 
development in this area has been the publication 
of guidelines for the use of effective preventa-
tive antiemetic therapies such as dexamethasone, 
5- hydroxytryptamine-3 (5-HT3) receptor antag-
onists (such as ondansetron, granisetron, and 
palonosetron), and neurokinin 1 (NK1) recep-
tor antagonists (such as aprepitant and fosapre-
pitant) [ 85 ]. Prophylaxis against neutropenia is 
highly effective. The routine use of prophylactic 
granulocyte colony-stimulating factors (such as 
fi lgrastim and pegfi lgrastim) with moderately 
myelosuppressive chemotherapy regimens, 
such as dose-dense and docetaxel-containing 
regimens, markedly reduces the rate of febrile 

neutropenia, febrile neutropenia-related hospital-
izations, and intravenous anti-infective use [ 86 ].

   Fatigue and weight gain are common gen-
eral side effects [ 87 ] and may be interrelated. 
Other factors that contribute may include altera-
tions in serum hormonal levels and insulin resis-
tance. Evidence for the health-related benefi ts of 
increased physical activity continues to expand 
[ 88 ], and exercise and dietary management is an 
important aspect of patient care during adjuvant 
chemotherapy. Another common side effect is 
decreased ovarian function resulting in meno-
pausal vasomotor symptoms such as hot fl ashes, 
mood swings, and decreased ovarian reserve. 
Selective serotonin reuptake inhibitors (SSRIs) 
have been used successfully to manage some of 
the vasomotor symptoms; careful consideration 
of the use of SSRIs is important in patients on 

   Table 23.3    Common chemotherapy-associated toxicities and recommended management   

 System  Toxicity  Chemotherapy regimens  Management 

 General  Fatigue  Majority 
 Weight gain  Majority 
 Vasomotor  Majority  Gabapentin and low dose SSRIs 

 Ovarian  Amenorrhea and infertility  Majority, especially CMF  Discussion of testing for ovarian 
reserve, egg and zygote, preservation 
and GNRH agonist pre-chemotherapy 

 Gastrointestinal  Nausea and vomiting  Majority, especially 
anthracyclines 

 Prophylactic antiemetics 

 Anorexia  Majority 
 Mucositis  Majority  Analgesic mouthwash 
 Hepatotoxicity  Majority 

 Skin  Alopecia  Majority, except CMF 
 Hematological  Neutropenia  Majority, especially 

dose-dense and docetaxel-
containing regimens 

 Prophylactic fi lgrastim 

 Anemia  Majority  Replace serum iron, Vitamin B12 and 
folate if low 

  Specifi c agents  
 Cardiac  Congestive cardiac failure  Anthracyclines  Screening of left ventricular ejection 

fraction in patients >50 years old or 
with cardiac risk factors 

 Secondary 
malignancy 

 Acute myeloid leukemia 
and myelodysplastic 
syndrome 

 Anthracyclines 

 Neurological  Peripheral neurotoxicity  Taxanes 
 Musculoskeletal  Arthralgia and myalgia  Taxanes  Simple analgesics, NSAIDs 

  Dose reduction and/or delay should be considered standard management for all high-grade toxicities 
  SSRI  selective serotonin reuptake inhibitor  
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tamoxifen, as some of the SSRIs affect the tamox-
ifen-metabolizing hepatic enzyme CYP2D6.  

    Long-Term Toxicities 

 A comprehensive review of long-term complica-
tions of chemotherapy has recently been published 
by Azim et al. [ 89 ]. Cardiac toxicity is especially 
a concern with anthracycline- and trastuzumab-
containing regimens, and the main risk factors 
are older age, other cardiovascular risk factors, 
mediastinal radiation, and total dose of anthra-
cyclines received. A number of studies looking 
at the long-term cardiac toxicity of anthracycline 
regimens have demonstrated a decrease in car-
diac function in up to 11 years of median fol-
low-up, with up to 8 % of anthracycline- treated 
patients having evidence of systolic dysfunction 
compared to 2 % in non-anthracycline-treated 
patients, although the incidence of symptomatic 
cardiac failure was only in approximately 10 % 
of this patient subset [ 90 – 92 ]. In a large popula-
tion study from the Surveillance, Epidemiology, 
and End Results (SEER) Medicare database of 
women >65 years of age with early breast cancer, 
the adjusted hazard ratio of congestive cardiac 
failure was 1.26 in women aged 66–70 treated 
with anthracyclines compared to other chemo-
therapy regimens, but not in women aged 71–80 
[ 93 ]. There are potential biases at play in evaluat-
ing these data sets, and the fi ndings need to be 
viewed with some caution. It is recommended to 
restrict the cumulative dose of anthracyclines to 
no greater than 360 mg/m 2  for doxorubicin and 
720 mg/m 2  for epirubicin, and to screen patients 
>50 years of age or with known cardiovascular 
risk factors with a baseline left ventricular ejec-
tion assessment prior to starting anthracycline 
and trastuzumab therapy. 

 Acute myeloid leukemia (AML) and myelo-
dysplastic syndrome are uncommon long-term 
adverse events associated with anthracycline use. 
A combined analysis of six adjuvant studies with 
AC conducted by the NSABP reported a 5-year 
incidence of AML ranging from 0.3 % to 1.2 % 
[ 94 ]. In clinical practice, the risk of leukemia is 
likely to be very low if the cumulative doses of 

anthracyclines and cyclophosphamide are not 
exceeded [ 95 ].   

    Concluding Statements 

 Although the basic goals of adjuvant chemother-
apy for early-stage breast cancer – eradication of 
disseminated micrometastases to reduce risk of 
recurrence – remain the same, there have been 
signifi cant refi nements in the way adjuvant ther-
apy is prescribed in the last three decades. 
Fundamental to these improvements is our ability 
to estimate (1) the absolute recurrence risk for 
tumors of varying stages and biological subtypes 
and (2) the chemosensitivity of individual tumors. 

 More so now than ever before, it is realized 
that certain tumors pose a high risk of distant 
relapse in spite of a relatively smaller tumor 
 burden (i.e., TNBC, HER2/neu-positive tumors). 
Patients with such tumors may therefore be good 
candidates for adjuvant chemotherapy in order to 
reduce this recurrence risk. Conversely, multi-
gene tools with the capacity to predict relative 
chemosensitivity now allow for the omission 
adjuvant chemotherapy in a subset of patients 
with HR-positive breast cancer (regardless of 
tumor size and possibly nodal status), sparing 
unnecessary toxicities. 

 Moving forward, it is unlikely that we will see 
a large number of phase III trials comparing dif-
ferent regimens of conventional cytotoxics in the 
adjuvant setting. The more pressing questions 
now are clearly as follows: Which patients derive 
the greatest relative benefi t from adjuvant chemo-
therapy? Which patients derive little or no benefi t 
from adjuvant chemotherapy and can therefore be 
spared it? With the advent of newer targeted ther-
apies for certain tumors (e.g., HER2/neu-positive 
cancers), to what extent can biological therapies 
replace conventional adjuvant chemotherapy or 
should the two therapies be given together? 

 As outcomes for patients with early-stage 
breast cancer continue to improve incrementally, 
the conduct of phase III clinical trials to evaluate 
new approaches becomes more challenging. 
Lower event rates drive the need for higher sam-
ple sizes, and it is only through the cooperation of 
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several institutions, often across multiple conti-
nents, that we have been able to continue to drive 
progress. It is diffi cult to predict the landscape of 
adjuvant therapy in the next 10–20 years, but 
research will undoubtedly focus on further tailor-
ing therapy to the individual tumor at hand, tak-
ing into account various aspects of histology, 
biology, and stage.     

   References 

      1.    Peto R, Davies C, Godwin J, Gray R, Pan HC, Clarke 
M, et al. Comparisons between different polychemo-
therapy regimens for early breast cancer: meta- analyses 
of long-term outcome among 100,000 women in 123 
randomised trials. Lancet. 2012;379(9814):432–44.  

    2.    Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey 
SS, Rees CA, et al. Molecular portraits of human 
breast tumours. Nature. 2000;406(6797):747–52.  

    3.    Sorlie T, Perou CM, Tibshirani R, Aas T, Geisler S, 
Johnsen H, et al. Gene expression patterns of breast 
carcinomas distinguish tumor subclasses with clinical 
implications. Proc Natl Acad Sci U S A. 2001;98(19):
10869–74.  

     4.    Carey LA, Dees EC, Sawyer L, Gatti L, Moore DT, 
Collichio F, et al. The triple negative paradox: primary 
tumor chemosensitivity of breast cancer subtypes. 
Clin Cancer Res. 2007;13(8):2329–34.  

    5.    Piccart-Gebhart MJ. New developments in hormone 
receptor-positive disease. Oncologist. 2011;16 Suppl 
1:40–50.  

     6.    Sheri A, Dowsett M. Predicting response to cytotoxic 
drugs–the endocrine part of the story. Breast. 2011;20 
Suppl 3:S28–30.  

    7.    Fisher B, Dignam J, Mamounas EP, Costantino JP, 
Wickerham DL, Redmond C, et al. Sequential 
 methotrexate and fl uorouracil for the treatment of 
node- negative breast cancer patients with estrogen 
receptor-negative tumors: eight-year results from 
National Surgical Adjuvant Breast and Bowel 
Project (NSABP) B-13 and fi rst report of fi ndings 
from NSABP B-19 comparing methotrexate and 
fl uorouracil with conventional cyclophosphamide, 
methotrexate, and fl uorouracil. J Clin Oncol. 1996;
14(7):1982–92.  

   8.    Tancini G, Bonadonna G, Valagussa P, Marchini S, 
Veronesi U. Adjuvant CMF in breast cancer: com-
parative 5-year results of 12 versus 6 cycles. J Clin 
Oncol. 1983;1(1):2–10.  

      9.    Fisher B, Brown AM, Dimitrov NV, Poisson R, 
Redmond C, Margolese RG, et al. Two months of 
doxorubicin-cyclophosphamide with and without 
interval reinduction therapy compared with 6 months 
of cyclophosphamide, methotrexate, and fl uorouracil 
in positive-node breast cancer patients with tamoxifen- 
nonresponsive tumors: results from the National 

Surgical Adjuvant Breast and Bowel Project B-15. J 
Clin Oncol. 1990;8(9):1483–96.  

    10.    Jones SE, Savin MA, Holmes FA, O’Shaughnessy JA, 
Blum JL, Vukelja S, et al. Phase III trial comparing 
doxorubicin plus cyclophosphamide with docetaxel 
plus cyclophosphamide as adjuvant therapy for 
 operable breast cancer. J Clin Oncol. 2006;24(34):
5381–7.  

     11.    Shulman LN, Cirrincione CT, Berry DA, Becker HP, 
Perez EA, O’Regan R, et al. Six cycles of doxorubicin 
and cyclophosphamide or Paclitaxel are not superior 
to four cycles as adjuvant chemotherapy for breast 
cancer in women with zero to three positive axillary 
nodes: Cancer and Leukemia Group B 40101. J Clin 
Oncol. 2012;30(33):4071–6.  

     12.    Martin M, Pienkowski T, Mackey J, Pawlicki M, 
Guastalla JP, Weaver C, et al. Adjuvant docetaxel for 
node-positive breast cancer. N Engl J Med. 2005;
352(22):2302–13.  

    13.    Martin M, Villar A, Sole-Calvo A, Gonzalez R, 
Massuti B, Lizon J, et al. Doxorubicin in combination 
with fl uorouracil and cyclophosphamide (i.v. FAC 
regimen, day 1, 21) versus methotrexate in combina-
tion with fl uorouracil and cyclophosphamide (i.v. 
CMF regimen, day 1, 21) as adjuvant chemotherapy 
for operable breast cancer: a study by the GEICAM 
group. Ann Oncol. 2003;14(6):833–42.  

    14.    Hutchins LF, Green SJ, Ravdin PM, Lew D, Martino 
S, Abeloff M, et al. Randomized, controlled trial of 
cyclophosphamide, methotrexate, and fl uorouracil 
versus cyclophosphamide, doxorubicin, and fl uoro-
uracil with and without tamoxifen for high-risk, node- 
negative breast cancer: treatment results of Intergroup 
Protocol INT-0102. J Clin Oncol. 2005;23(33):
8313–21.  

    15.    Levine MN, Pritchard KI, Bramwell VH, Shepherd 
LE, Tu D, Paul N. Randomized trial comparing cyclo-
phosphamide, epirubicin, and fl uorouracil with cyclo-
phosphamide, methotrexate, and fl uorouracil in 
premenopausal women with node-positive breast can-
cer: update of National Cancer Institute of Canada 
Clinical Trials Group Trial MA5. J Clin Oncol. 
2005;23(22):5166–70.  

     16.    Roche H, Fumoleau P, Spielmann M, Canon JL, 
Delozier T, Serin D, et al. Sequential adjuvant 
epirubicin- based and docetaxel chemotherapy for 
node-positive breast cancer patients: the FNCLCC 
PACS 01 Trial. J Clin Oncol. 2006;24(36):5664–71.  

    17.    Mamounas EP, Bryant J, Lembersky B, Fehrenbacher 
L, Sedlacek SM, Fisher B, et al. Paclitaxel after doxo-
rubicin plus cyclophosphamide as adjuvant chemo-
therapy for node-positive breast cancer: results from 
NSABP B-28. J Clin Oncol. 2005;23(16):3686–96.  

    18.    Sparano JA, Wang M, Martino S, Jones V, Perez EA, 
Saphner T, et al. Weekly paclitaxel in the adjuvant 
treatment of breast cancer. N Engl J Med. 2008;
358(16):1663–71.  

    19.    Martin M, Rodriguez-Lescure A, Ruiz A, Alba E, 
Calvo L, Ruiz-Borrego M, et al. Randomized phase 3 
trial of fl uorouracil, epirubicin, and cyclophosphamide 

23 Adjuvant Chemotherapy in Breast Cancer



348

alone or followed by Paclitaxel for early breast cancer. 
J Natl Cancer Inst. 2008;100(11):805–14.  

    20.    Swain SM, Tang G, Geyer CE, Rastogi P, Atkins JN, 
Donnellan PP, et al. NSABP B-38: defi nitive analysis 
of a randomized adjuvant trial comparing dose-dense 
(DD) AC followed by paclitaxel (P) plus gemcitabine 
(G) with DD AC followed by P and with docetaxel, 
doxorubicin, and cyclophosphamide (TAC) in women 
with operable, node-positive breast cancer. J Clin 
Oncol. 2012;30(15 s):LBA1000. Abst.  

    21.    Bonilla L, Ben-Aharon I, Vidal L, Gafter-Gvili A, 
Leibovici L, Stemmer SM. Dose-dense chemotherapy 
in nonmetastatic breast cancer: a systematic review 
and meta-analysis of randomized controlled trials. J 
Natl Cancer Inst. 2010;102(24):1845–54.  

    22.    Hug V, Hortobagyi GN, Drewinko B, Finders 
M. Tamoxifen-citrate counteracts the antitumor 
effects of cytotoxic drugs in vitro. J Clin Oncol. 
1985;3(12):1672–7.  

   23.    Rivkin SE, Green S, Metch B, Cruz AB, Abeloff MD, 
Jewell WR, et al. Adjuvant CMFVP versus tamoxifen 
versus concurrent CMFVP and tamoxifen for post-
menopausal, node-positive, and estrogen receptor- 
positive breast cancer patients: a Southwest Oncology 
Group study. J Clin Oncol. 1994;12(10):2078–85.  

    24.    Pritchard KI, Paterson AH, Fine S, Paul NA, Zee B, 
Shepherd LE, et al. Randomized trial of 
 cyclophosphamide, methotrexate, and fl uorouracil 
chemotherapy added to tamoxifen as adjuvant therapy 
in postmenopausal women with node-positive estro-
gen and/or progesterone receptor-positive breast can-
cer: a report of the National Cancer Institute of 
Canada Clinical Trials Group. Breast Cancer Site 
Group. J Clin Oncol. 1997;15(6):2302–11.  

    25.    Berry DA, Cirrincione C, Henderson IC, Citron ML, 
Budman DR, Goldstein LJ, et al. Estrogen-receptor 
status and outcomes of modern chemotherapy for 
patients with node-positive breast cancer. JAMA. 
2006;295(14):1658–67.  

      26.    Albain KS, Barlow WE, Ravdin PM, Farrar WB, 
Burton GV, Ketchel SJ, et al. Adjuvant chemotherapy 
and timing of tamoxifen in postmenopausal patients 
with endocrine-responsive, node-positive breast can-
cer: a phase 3, open-label, randomised controlled 
trial. Lancet. 2009;374(9707):2055–63.  

     27.    EBCTCG. Effects of chemotherapy and hormonal 
therapy for early breast cancer on recurrence and 
15-year survival: an overview of the randomised tri-
als. Lancet. 2005;365(9472):1687–717.  

       28.    Paik S, Tang G, Shak S, Kim C, Baker J, Kim W, et al. 
Gene expression and benefi t of chemotherapy in 
women with node-negative, estrogen receptor- positive 
breast cancer. J Clin Oncol. 2006;24(23):3726–34.  

    29.    Pagani O, Gelber S, Simoncini E, Castiglione-Gertsch 
M, Price KN, Gelber RD, et al. Is adjuvant chemo-
therapy of benefi t for postmenopausal women who 
receive endocrine treatment for highly endocrine- 
responsive, node-positive breast cancer? International 
Breast Cancer Study Group Trials VII and 12-93. 
Breast Cancer Res Treat. 2009;116(3):491–500.  

    30.    Viale G, Regan MM, Mastropasqua MG, Maffi ni F, 
Maiorano E, Colleoni M, et al. Predictive value of 
tumor Ki-67 expression in two randomized trials of 
adjuvant chemoendocrine therapy for node-negative 
breast cancer. J Natl Cancer Inst. 2008;100(3):207–12.  

    31.    Hugh J, Hanson J, Cheang MC, Nielsen TO, Perou 
CM, Dumontet C, et al. Breast cancer subtypes and 
response to docetaxel in node-positive breast cancer: 
use of an immunohistochemical defi nition in the 
BCIRG 001 trial. J Clin Oncol. 2009;27(8):1168–76.  

    32.    Penault-Llorca F, Andre F, Sagan C, Lacroix-Triki M, 
Denoux Y, Verriele V, et al. Ki67 expression and docetaxel 
effi cacy in patients with estrogen receptor- positive breast 
cancer. J Clin Oncol. 2009;27(17):2809–15.  

    33.    Paik S, Shak S, Tang G, Kim C, Baker J, Cronin M, 
et al. A multigene assay to predict recurrence of 
tamoxifen-treated, node-negative breast cancer. N 
Engl J Med. 2004;351(27):2817–26.  

    34.    van’t Veer LJ, Dai H, van de Vijver MJ, He YD, Hart 
AA, Mao M, et al. Gene expression profi ling predicts 
clinical outcome of breast cancer. Nature. 2002;
415(6871):530–6.  

    35.    Buyse M, Loi S, van’t Veer L, Viale G, Delorenzi M, 
Glas AM, et al. Validation and clinical utility of a 
70-gene prognostic signature for women with node- 
negative breast cancer. J Natl Cancer Inst. 2006;
98(17):1183–92.  

     36.    Sparano JA, Paik S. Development of the 21-gene 
assay and its application in clinical practice and clini-
cal trials. J Clin Oncol. 2008;26(5):721–8.  

     37.    Cardoso F, Van’t Veer L, Rutgers E, Loi S, Mook S, 
Piccart-Gebhart MJ. Clinical application of the 
70-gene profi le: the MINDACT trial. J Clin Oncol. 
2008;26(5):729–35.  

    38.    Lim E, Metzger-Filho O, Winer EP. The natural his-
tory of hormone receptor-positive breast cancer. 
Oncology (Williston Park). 2012;26(8):688–94. 96.  

    39.    Mook S, Schmidt MK, Viale G, Pruneri G, Eekhout I, 
Floore A, et al. The 70-gene prognosis-signature pre-
dicts disease outcome in breast cancer patients with 
1–3 positive lymph nodes in an independent valida-
tion study. Breast Cancer Res Treat. 2009;116(2):
295–302.  

    40.    Perez EA, Romond EH, Suman VJ, Jeong JH, 
Davidson NE, Geyer Jr CE, et al. Four-year follow-up 
of trastuzumab plus adjuvant chemotherapy for oper-
able human epidermal growth factor receptor 
2- positive breast cancer: joint analysis of data from 
NCCTG N9831 and NSABP B-31. J Clin Oncol. 
2011;29(25):3366–73.  

   41.    Gianni L, Dafni U, Gelber RD, Azambuja E, 
Muehlbauer S, Goldhirsch A, et al. Treatment with 
trastuzumab for 1 year after adjuvant chemotherapy in 
patients with HER2-positive early breast cancer: a 
4-year follow-up of a randomised controlled trial. 
Lancet Oncol. 2011;12(3):236–44.  

    42.    Slamon D, Eiermann W, Robert N, Pienkowski T, 
Martin M, Press M, et al. Adjuvant trastuzumab in 
HER2-positive breast cancer. N Engl J Med. 
2011;365(14):1273–83.  

E. Lim et al.



349

    43.    Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton 
V, Bajamonde A, et al. Use of chemotherapy plus a 
monoclonal antibody against HER2 for metastatic 
breast cancer that overexpresses HER2. N Engl J 
Med. 2001;344(11):783–92.  

    44.    Goldhirsch A, Ingle JN, Gelber RD, Coates AS, 
Thurlimann B, Senn HJ. Thresholds for therapies: 
highlights of the St Gallen International Expert 
Consensus on the primary therapy of early breast can-
cer 2009. Ann Oncol. 2009;20(8):1319–29.  

    45.   National Comprehensive Cancer Network Guidelines 
for Breast Cancer.   http://www.nccn.org/professionals/
physician_gls/f_guidelines.asp    . Accessed 01 Jan 
2013.  

    46.    Seidman AD, Fornier MN, Esteva FJ, Tan L, Kaptain 
S, Bach A, et al. Weekly trastuzumab and paclitaxel 
therapy for metastatic breast cancer with analysis of 
effi cacy by HER2 immunophenotype and gene ampli-
fi cation. J Clin Oncol. 2001;19(10):2587–95.  

   47.   Tolaney SM, Barry WT, Dang CT, Yardley DA, 
Moy B, Marcom PK, et al. Adjuvant paclitaxel and 
trastuzumab for node-negative HER2+ breast cancer. 
In Press. N Engl J Med.  

     48.    Rastogi P, Anderson SJ, Bear HD, Geyer CE, 
Kahlenberg MS, Robidoux A, et al. Preoperative che-
motherapy: updates of National Surgical Adjuvant 
Breast and Bowel Project Protocols B-18 and B-27. J 
Clin Oncol. 2008;26(5):778–85.  

    49.    van Nes JG, Putter H, Julien JP, Tubiana-Hulin M, van 
de Vijver M, Bogaerts J, et al. Preoperative chemo-
therapy is safe in early breast cancer, even after 10 
years of follow-up; clinical and translational results 
from the EORTC trial 10902. Breast Cancer Res 
Treat. 2009;115(1):101–13.  

    50.    Gianni L, Baselga J, Eiermann W, Porta VG, 
Semiglazov V, Lluch A, et al. Phase III trial evaluating 
the addition of paclitaxel to doxorubicin followed by 
cyclophosphamide, methotrexate, and fl uorouracil, as 
adjuvant or primary systemic therapy: European 
Cooperative Trial in Operable Breast Cancer. J Clin 
Oncol. 2009;27(15):2474–81.  

    51.    Rouzier R, Perou CM, Symmans WF, Ibrahim N, 
Cristofanilli M, Anderson K, et al. Breast cancer 
molecular subtypes respond differently to preopera-
tive chemotherapy. Clin Cancer Res. 2005;11(16):
5678–85.  

    52.    Prowell TM, Pazdur R. Pathological complete 
response and accelerated drug approval in early breast 
cancer. N Engl J Med. 2012;366(26):2438–41.  

    53.    Smith IC, Heys SD, Hutcheon AW, Miller ID, Payne 
S, Gilbert FJ, et al. Neoadjuvant chemotherapy in 
breast cancer: signifi cantly enhanced response with 
docetaxel. J Clin Oncol. 2002;20(6):1456–66.  

    54.    von Minckwitz G, Blohmner JU, Loehr A, et al. 
Comparison of docetaxel/doxorubicin/cyclophospha-
mide (TAC) versus vinorelbine/capecitabine (NX) in 
patients non-responding to cycles of neoadjuvant 
TAC chemotherapy: fi rst results of the phase III 
GEPARTRIO-Study by the German Breast Group. 
Breast Cancer Res Treat. 2005;94(S19):38.  

    55.    Gralow JR, Burstein HJ, Wood W, Hortobagyi GN, 
Gianni L, von Minckwitz G, et al. Preoperative ther-
apy in invasive breast cancer: pathologic assessment 
and systemic therapy issues in operable disease. J Clin 
Oncol. 2008;26(5):814–9.  

    56.    Hance KW, Anderson WF, Devesa SS, Young HA, 
Levine PH. Trends in infl ammatory breast carcinoma 
incidence and survival: the surveillance, epidemiol-
ogy, and end results program at the National Cancer 
Institute. J Natl Cancer Inst. 2005;97(13):966–75.  

     57.    Ueno NT, Buzdar AU, Singletary SE, Ames FC, 
McNeese MD, Holmes FA, et al. Combined-modality 
treatment of infl ammatory breast carcinoma: twenty 
years of experience at M. D. Anderson Cancer Center. 
Cancer Chemother Pharmacol. 1997;40(4):321–9.  

    58.    Robertson FM, Bondy M, Yang W, Yamauchi H, 
Wiggins S, Kamrudin S, et al. Infl ammatory breast 
cancer: the disease, the biology, the treatment. CA 
Cancer J Clin. 2010;60(6):351–75.  

    59.    Cristofanilli M, Buzdar AU, Sneige N, Smith T, 
Wasaff B, Ibrahim N, et al. Paclitaxel in the multimo-
dality treatment for infl ammatory breast carcinoma. 
Cancer. 2001;92(7):1775–82.  

    60.    Cristofanilli M, Gonzalez-Angulo AM, Buzdar AU, 
Kau SW, Frye DK, Hortobagyi GN. Paclitaxel improves 
the prognosis in estrogen receptor negative infl amma-
tory breast cancer: the M. D. Anderson Cancer Center 
experience. Clin Breast Cancer. 2004;4(6):415–9.  

    61.    Gianni L, Eiermann W, Semiglazov V, Manikhas A, 
Lluch A, Tjulandin S, et al. Neoadjuvant chemother-
apy with trastuzumab followed by adjuvant trastu-
zumab versus neoadjuvant chemotherapy alone, in 
patients with HER2-positive locally advanced breast 
cancer (the NOAH trial): a randomised controlled 
superiority trial with a parallel HER2-negative cohort. 
Lancet. 2010;375(9712):377–84.  

    62.    Biganzoli L, Wildiers H, Oakman C, Marotti L, Loibl 
S, Kunkler I, et al. Management of elderly patients 
with breast cancer: updated recommendations of the 
International Society of Geriatric Oncology (SIOG) 
and European Society of Breast Cancer Specialists 
(EUSOMA). Lancet Oncol. 2012;13(4):e148–60.  

     63.    Wildiers H, Van Calster B, van de Poll-Franse LV, 
Hendrickx W, Roislien J, Smeets A, et al. Relationship 
between age and axillary lymph node involvement in 
women with breast cancer. J Clin Oncol. 2009;27(18):
2931–7.  

    64.    Schonberg MA, Marcantonio ER, Li D, Silliman RA, 
Ngo L, McCarthy EP. Breast cancer among the oldest 
old: tumor characteristics, treatment choices, and sur-
vival. J Clin Oncol. 2010;28(12):2038–45.  

    65.    Hurria A, Cirrincione CT, Muss HB, Kornblith AB, 
Barry W, Artz AS, et al. Implementing a geriatric 
assessment in cooperative group clinical cancer tri-
als: CALGB 360401. J Clin Oncol. 2011;29(10):
1290–6.  

    66.    Rosso S, Gondos A, Zanetti R, Bray F, Zakelj M, 
Zagar T, et al. Up-to-date estimates of breast cancer 
survival for the years 2000–2004 in 11 European 
countries: the role of screening and a comparison with 

23 Adjuvant Chemotherapy in Breast Cancer

http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp


350

data from the United States. Eur J Cancer. 2010;
46(18):3351–7.  

    67.    Garg P, Rana F, Gupta R, Buzaianu EM, Guthrie 
TH. Predictors of toxicity and toxicity profi le of adju-
vant chemotherapy in elderly breast cancer patients. 
Breast J. 2009;15(4):404–8.  

    68.    Muss HB, Berry DA, Cirrincione CT, Theodoulou M, 
Mauer AM, Kornblith AB, et al. Adjuvant chemo-
therapy in older women with early-stage breast can-
cer. N Engl J Med. 2009;360(20):2055–65.  

    69.    Jones S, Holmes FA, O’Shaughnessy J, Blum JL, Vukelja 
SJ, McIntyre KJ, et al. Docetaxel with Cyclophosphamide 
is associated with an overall survival benefi t compared 
with Doxorubicin and Cyclophosphamide: 7-year fol-
low-up of US Oncology Research Trial 9735. J Clin 
Oncol. 2009;27(8):1177–83.  

    70.    Loibl S, von Minckwitz G, Harbeck N, Janni W, 
Elling D, Kaufmann M, et al. Clinical feasibility of 
(neo)adjuvant taxane-based chemotherapy in older 
patients: analysis of >4,500 patients from four 
German randomized breast cancer trials. Breast 
Cancer Res. 2008;10(5):R77.  

    71.    Bleyer A, Barr R, Hayes-Lattin B, Thomas D, Ellis C, 
Anderson B. The distinctive biology of cancer in 
 adolescents and young adults. Nat Rev Cancer. 
2008;8(4):288–98.  

    72.    Anders CK, Hsu DS, Broadwater G, Acharya CR, 
Foekens JA, Zhang Y, et al. Young age at diagnosis 
correlates with worse prognosis and defi nes a subset 
of breast cancers with shared patterns of gene expres-
sion. J Clin Oncol. 2008;26(20):3324–30.  

    73.    Gabriel CA, Domchek SM. Breast cancer in young 
women. Breast Cancer Res. 2010;12(5):212.  

    74.    Gnerlich JL, Deshpande AD, Jeffe DB, Sweet A, 
White N, Margenthaler JA. Elevated breast cancer 
mortality in women younger than age 40 years com-
pared with older women is attributed to poorer sur-
vival in early-stage disease. J Am Coll Surg. 2009;
208(3):341–7.  

    75.    Sørlie T, Perou CM, Tibshirani R, Aas T, Geisler S, 
Johnsen H, et al. Gene expression patterns of breast 
carcinomas distinguish tumor subclasses with clinical 
implications. Proc Natl Acad Sci U S A. 2001;98(19):
10869–74.  

    76.    Tai YC, Domchek S, Parmigiani G, Chen S. Breast 
cancer risk among male BRCA1 and BRCA2 mutation 
carriers. J Natl Cancer Inst. 2007;99(23):1811–4.  

    77.    Swerdlow AJ, Schoemaker MJ, Higgins CD, Wright 
AF, Jacobs PA. Cancer incidence and mortality in 
men with Klinefelter syndrome: a cohort study. J Natl 
Cancer Inst. 2005;97(16):1204–10.  

    78.    Lee SJ, Schover LR, Partridge AH, Patrizio P, Wallace 
WH, Hagerty K, et al. American Society of Clinical 
Oncology recommendations on fertility preservation in 
cancer patients. J Clin Oncol. 2006;24(18):2917–31.  

    79.   Moore HCF, Unger JM, Phillips KA, Boyle F, Hitre E, 
Porter D, et al. Phase III trial of LHRH analog during 
chemotherapy to reduce ovarian failure in early stage, 

hormone receptor negative breast cancer: an interna-
tional Intergroup trial of SWOG, IBCSG, ECOG, and 
CALGB (Alliance). J Clin Oncol 32:5s, 2014 (suppl, 
abstr LBA505).  

    80.   Loibl S, Amant F, Kaufmann M, Ring A, Sileny H, 
Giermek J, et al., editors. Patients with breast cancer 
during pregnancy – results from a prospective and ret-
rospective registry (GBG-20/BIG02-03). San Antonio 
Breast Cancer symposium. San Antonio, TX; 2010.  

       81.    Amant F, Loibl S, Neven P, Van Calsteren K. Breast 
cancer in pregnancy. Lancet. 2012;379(9815):570–9.  

    82.    Calsteren KV, Verbesselt R, Devlieger R, De Catte L, 
Chai DC, Van Bree R, et al. Transplacental transfer of 
paclitaxel, docetaxel, carboplatin, and trastuzumab in 
a baboon model. Int J Gynecol Cancer. 2010;20(9):
1456–64.  

    83.    Van Calsteren K, Verbesselt R, Beijnen J, Devlieger 
R, De Catte L, Chai DC, et al. Transplacental transfer 
of anthracyclines, vinblastine, and 4-hydroxy- 
cyclophosphamide in a baboon model. Gynecol 
Oncol. 2010;119(3):594–600.  

    84.    Van Calsteren K, Verbesselt R, Ottevanger N, Halaska 
M, Heyns L, Van Bree R, et al. Pharmacokinetics of 
chemotherapeutic agents in pregnancy: a preclinical 
and clinical study. Acta Obstet Gynecol Scand. 
2010;89(10):1338–45.  

    85.    Basch E, Prestrud AA, Hesketh PJ, Kris MG, Feyer 
PC, Somerfi eld MR, et al. Antiemetics: American 
Society of Clinical Oncology clinical practice guide-
line update. J Clin Oncol. 2011;29(31):4189–98.  

    86.    Aapro MS, Bohlius J, Cameron DA, Dal Lago L, 
Donnelly JP, Kearney N, et al. 2010 update of EORTC 
guidelines for the use of granulocyte-colony stimulat-
ing factor to reduce the incidence of chemotherapy- 
induced febrile neutropenia in adult patients with 
lymphoproliferative disorders and solid tumours. Eur 
J Cancer. 2011;47(1):8–32.  

    87.    Vance V, Mourtzakis M, McCargar L, Hanning 
R. Weight gain in breast cancer survivors: prevalence, 
pattern and health consequences. Obes Rev. 2011;
12(4):282–94.  

    88.    Pekmezi DW, Demark-Wahnefried W. Updated evi-
dence in support of diet and exercise interventions in 
cancer survivors. Acta Oncol. 2011;50(2):167–78.  

    89.    Azim Jr HA, de Azambuja E, Colozza M, Bines J, 
Piccart MJ. Long-term toxic effects of adjuvant che-
motherapy in breast cancer. Ann Oncol. 2011;22(9):
1939–47.  

    90.    Zambetti M, Moliterni A, Materazzo C, Stefanelli M, 
Cipriani S, Valagussa P, et al. Long-term cardiac 
sequelae in operable breast cancer patients given adju-
vant chemotherapy with or without doxorubicin and 
breast irradiation. J Clin Oncol. 2001;19(1):37–43.  

   91.    Bonneterre J, Roche H, Kerbrat P, Fumoleau P, 
Goudier MJ, Fargeot P, et al. Long-term cardiac fol-
low- up in relapse-free patients after six courses of 
fl uorouracil, epirubicin, and cyclophosphamide, with 
either 50 or 100 mg of epirubicin, as adjuvant therapy 

E. Lim et al.



351

for node-positive breast cancer: French adjuvant study 
group. J Clin Oncol. 2004;22(15):3070–9.  

    92.    Ganz PA, Hussey MA, Moinpour CM, Unger JM, 
Hutchins LF, Dakhil SR, et al. Late cardiac effects of 
adjuvant chemotherapy in breast cancer survivors 
treated on Southwest Oncology Group protocol 
s8897. J Clin Oncol. 2008;26(8):1223–30.  

    93.    Pinder MC, Duan Z, Goodwin JS, Hortobagyi GN, 
Giordano SH. Congestive heart failure in older 
women treated with adjuvant anthracycline chemo-
therapy for breast cancer. J Clin Oncol. 2007;25(25):
3808–15.  

    94.    Smith RE, Bryant J, DeCillis A, Anderson S. Acute 
myeloid leukemia and myelodysplastic syndrome 
after doxorubicin-cyclophosphamide adjuvant ther-
apy for operable breast cancer: the National Surgical 
Adjuvant Breast and Bowel Project Experience. J Clin 
Oncol. 2003;21(7):1195–204.  

    95.    Karp JE, Blackford A, Visvanathan K, Rugo HS, Moy 
B, Goldstein LJ, et al. Myelodysplastic syndrome 
and/or acute myelogenous leukemia (MDS and/or 
AML) after a breast cancer diagnosis: the National 
Comprehensive Cancer Network (NCCN) experience. 
Cancer Res. 2012;72(24 Supp):98s.      

23 Adjuvant Chemotherapy in Breast Cancer



353A.I. Riker (ed.), Breast Disease: Comprehensive Management,
DOI 10.1007/978-1-4939-1145-5_24, © Springer Science+Business Media New York 2015

           Introduction 

    Approximately two-thirds of patients diagnosed 
with early-stage breast cancer have hormone- 
sensitive disease (estrogen receptor [ER]-positive 
and/or progesterone receptor [PR]-positive), and 
as a result, adjuvant endocrine therapy plays a 
critical role in reducing the risk of recurrence and 
improving survival. Data generated from clinical 
trials over the last 30 years has defi nitively dem-
onstrated the positive impact of adjuvant endo-
crine therapy, fi rst with the use of tamoxifen and 
more recently with the use of aromatase inhibi-
tors either as monotherapy or in sequence with 
tamoxifen. Many issues need to be understood 
when considering the optimal approach for adju-
vant endocrine therapy in an individual patient, 
both in terms of optimizing risk reduction and 
maintaining quality of life. The following discus-
sion will summarize the current state of the art in 
2013 and also highlight unresolved research 
issues of clinical importance. 

 The rationale for the administration of adju-
vant systemic therapy of early-stage breast can-
cer is to eradicate microscopic metastatic disease 

that may lead to systemic recurrence. The clini-
cian must decide whether adding systemic che-
motherapy and/or endocrine therapy will reduce 
the odds of recurrence and improve survival. 
Tools that assist in determining the risk of disease 
recurrence are related to clinical and biologic fea-
tures of the tumor (i.e., prognostic factors). With 
respect to the use of adjuvant endocrine therapy, 
all patients who have invasive breast cancers 
expressing the ER and/or the PR are considered 
potential candidates for treatment with agents 
such as tamoxifen or an aromatase inhibitor. The 
best option for an individual patient is based on a 
variety of factors. 

 The benefi t of adjuvant systemic therapy has 
been well established through the conduct of ran-
domized clinical trials that compared adjuvant 
therapy to no adjuvant therapy in patients with 
early-stage breast cancer. The early clinical trials 
convincingly showed that disease-free survival 
(DFS) and overall survival (OS) were improved 
with systemic treatment. Over the last three 
decades, numerous clinical trials have been com-
pleted to address whether one adjuvant treatment 
regimen is superior to another in patients with 
early-stage breast cancer. Early clinical trials 
were often sized inadequately, not controlled for 
staging, and accepted a heterogeneous mix of 
local treatment. Many of these clinical trials were 
underpowered to address the primary objectives 
of the study, and as a result, the conclusions of 
these early trials were undermined. 

 Modern randomized clinical trials of adjuvant 
therapy frequently require the accrual of 
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 thousands of patients in order to address the primary 
objectives. Equally important in the analysis of 
data generated by these trials is the requirement 
for adequate follow-up so that enough events 
(i.e., recurrences and deaths) have occurred to 
distinguish differences, if present, between the 
treatment arms. As an example, the patients fol-
lowed in a clinical trial conducted in axillary 
node-negative patients need to be followed for a 
signifi cantly longer time than a similar trial con-
ducted in patients with higher-risk, axillary node- 
positive disease. Simply put, the prognosis is 
worse for patients with axillary node-positive 
disease, and as a result, one would expect that 
recurrences would occur with greater frequency 
and earlier in follow-up than in a population of 
patients with axillary node-negative disease. 
Similarly, late recurrences are more common 
with hormone-sensitive breast cancer compared 
to early recurrences in those with hormone- 
insensitive breast cancer.  

   Tamoxifen 

 Tamoxifen remains one of the most widely used 
cancer therapies, even more than three decades 
following its introduction. The value of tamoxi-
fen was initially established in hormone- sensitive, 
metastatic breast cancer. Approximately every 
5 years since the 1980s, the Early Breast Cancer 
Trialists’ Collaborative Group (EBCTCG), 
sometimes referred to as the Oxford Overview, 
undertakes a systematic overview of all random-
ized trials of adjuvant systemic therapy (chemo-
therapy and endocrine therapy) in early-stage 
breast cancer. The advantage of this approach is 
the ability to pool data from numerous random-
ized trials creating much more statistical power 
upon which to ask very relevant clinical ques-
tions. Collectively, the large number of patients 
in these trials results in a greater number of events 
(recurrences and deaths) compared to any indi-
vidual trial. With ongoing follow-up of these tri-
als, the meta-analysis methodology has provided 
important clinical observations, fi rst about the 
benefi ts of tamoxifen and more recently regard-
ing the use of aromatase inhibitors (AI). Some of 

the key fi ndings from the meta-analyses are sum-
marized below [ 1 – 5 ].

  1995 Overview 
•   Huge magnitude of effect of 5 years of tamox-

ifen compared to no therapy.  
•   Five years of tamoxifen clearly better than 1 

or 2 years of tamoxifen.  
•   Tamoxifen prevented contralateral breast can-

cer in women with ER-positive disease.   

  2000 Overview 
•   Fifteen-year effects of 5 years of tamoxifen 

sustained and of signifi cant magnitude  
•   Door opened to question of 5 years versus lon-

ger durations of tamoxifen  
•   Ovarian suppression/ablation effective but not 

signifi cantly so when added to chemotherapy   

  2010 Overview: Tamoxifen 
•   Five years in ER+ disease

 –     ↓  recurrence by 38 %.  
 –    ↓  breast cancer (BC) death by 30 %.  
 –    ↓  all deaths by 22 %.  
 –    ↓  contralateral BC by 40 %.  
 –   Benefi ts all women with ER+ disease.  
 –   Unclear benefi ts in ER-/PgR+ disease.  
 –   Benefi ts women with ER  rich  tumors most.  
 –    ↑  endometrial cancer by 2.3-fold.  
 –   PR does not predict for benefi t of adjuvant 

tamoxifen.  
 –   For ER-/PgR+ patients, the tumor should 

be retested, and if doubt remains, tamoxi-
fen therapy is discussed with the patient.  

 –   Little evidence to prescribe more than 
5 years of tamoxifen to postmenopausal 
women, especially in women with a 
uterus.       

 Previously reported information from the 
NSABP B-14, a randomized, placebo controlled 
study, demonstrated that patients with ER-positive 
breast cancer and negative axillary lymph nodes 
experienced a highly statistically signifi cant 
improvement in DFS through 5 years of follow- up 
among tamoxifen-treated women of all ages [ 6 ,  7 ]. 
The advantage was related to a reduction in the rate 
of tumor recurrence at local-regional and distant 
sites in patients who were treated with  tamoxifen. 
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A second objective of the study was to determine 
whether more than 5 years of tamoxifen administra-
tion would provide an advantage greater than that 
observed in patients where the duration of tamoxi-
fen therapy was limited to 5 years. 

 Patients who were initially randomized to 
5 years of tamoxifen therapy and who were free 
of disease were re-randomized to either an 
additional 5 years of tamoxifen therapy or 
5 years of placebo. At the time of the fi nal anal-
ysis, the data suggested that tamoxifen admin-
istration beyond 5 years would offer no 
additional benefi t to patients and may in fact be 
deleterious. The trial was unblinded and treat-
ment with tamoxifen was discontinued. With 
follow-up through 7 years after re-randomiza-
tion, a slight advantage was observed in patients 
who discontinued tamoxifen relative to those 
who continued to receive it (DFS: 82 % versus 
78 %,  p  = .03 and survival: 94 % versus 91 %, 
 p  = .07). Based on these fi ndings, limiting the 
duration of adjuvant tamoxifen to 5 years in 
patients with ER-positive, node- negative breast 
cancer was concluded to be optimal at that time 
(see below). 

 The Scottish Adjuvant Tamoxifen Trial was 
initiated in 1978 and was designed to assess the 
effect of tamoxifen administered to patients 
postmastectomy (adjuvant arm) versus those 
who received tamoxifen only after they devel-
oped a recurrence (control arm) [ 6 ,  7 ]. A total of 
1,323 patients were randomized: 667 to the adju-
vant arm and 656 to the control arm. If patients 
in the adjuvant arm were disease-free after 
5 years and agreeable, they were randomly 
assigned to no further tamoxifen therapy 
( n  = 169) or to continue taking it indefi nitely 
until relapse or death ( n  = 173). The initial results 
of this trial, with a follow-up ranging from 2.5 to 
8 years, showed a survival advantage and a 
reduction in disease recurrence for those patients 
receiving tamoxifen immediately compared with 
those receiving delayed tamoxifen therapy. With 
a median follow- up of 15 years, no additional 
benefi t in terms of total survival, systemic 
relapse, or death from breast cancer has been 
observed in those patients receiving tamoxifen 
beyond 5 years duration [ 6 ,  7 ]. 

 As a result, the standard of care for the dura-
tion of adjuvant tamoxifen therapy was estab-
lished at 5 years. Although strategies for 
postmenopausal women have evolved to include 
longer durations of therapy in certain situations 
(with the addition of an AI), the optimal duration 
of tamoxifen remained 5 years. Despite the 
practice- changing data from the NSABP, the 
duration of tamoxifen has remained an open 
question to the present time. 

 Recently, investigators from the Adjuvant 
Tamoxifen: Longer Against Shorter (ATLAS) 
trial reported fi ndings of a trial involving 12,894 
women with early-stage breast cancer who were 
treated with 5 years of tamoxifen after which they 
were randomly allocated (1:1) to stop tamoxifen 
or continue for another 5 years [ 8 ]. All recur-
rences, second cancers, and deaths were tabulated. 
This trial did not exclude patients with ER-negative 
tumors, but the recent report provides results on 
the 6,846 patients with ER-positive disease. 

 Among patients with ER-positive disease, 
those receiving 10 years of therapy experienced 
statistically fewer recurrences (617 versus 711, 
 p  = 0.002) and fewer deaths (331 versus 397, 
 p  = 0.01). Interestingly the effect of longer dura-
tions of tamoxifen was not as striking during 
years 5–9 which may refl ect the ongoing carry-
over effect of tamoxifen administered during the 
fi rst 5 years. The reductions in adverse breast 
cancer outcomes appeared to be less striking 
before, than after, year 10 (recurrence rate ratio 
[RR] 0.90] during years 5–9 and 0.75 in later 
years; breast cancer mortality RR 0.97 during 
years 5–9 and 0.71 in later years). 

 The cumulative risk of recurrence during 
years 5–14 was 21.4 % for women allocated to 
continue versus 25.1 % for controls (5 years); 
breast cancer mortality during years 5–14 was 
12.2 % for women allocated to continue versus 
15.0 % for controls (absolute mortality reduction 
2·8 %). The cumulative risk of endometrial can-
cer during years 5–14 was 3.1 % (mortality 
0.4 %) for women allocated to continue versus 
1.6 % (mortality 0.2 %) for controls (absolute 
mortality increase 0.2 %) [ 8 ]. 

 The ATLAS data, along with the report of a 
similar trial, Adjuvant Tamoxifen-Treatment 
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Offer More? (aTTom) at the 2013 ASCO meet-
ing [ 9 ] and the update of the Oxford Overview 
Analysis of randomized tamoxifen trials due in 
the coming year, will bring more clarity to the 
issue of whether longer durations of tamoxifen 
beyond 5 years should be recommended. The 
aTTom trial recruited almost 7,000 patients to 5 
versus 10 years of tamoxifen. There was a statis-
tically signifi cant 15 % relative reduction in the 
odds of recurrence favoring longer durations of 
tamoxifen, but survival is not statistically differ-
ent. The optimal duration of tamoxifen is particu-
larly relevant to high-risk premenopausal women 
where aromatase inhibitors cannot be used. In 
postmenopausal women, the aromatase inhibitors 
have supplanted tamoxifen, but whether tamoxi-
fen should be initiated after 5 years of an aroma-
tase inhibitor and whether tamoxifen for 5 years 
should be followed by an aromatase inhibitor fol-
lowed by more tamoxifen are all research ques-
tions that will have to be considered anew. 

   Toxicity of Tamoxifen 

 The side effect profi le of tamoxifen is well estab-
lished. Individual clinical trials, the Oxford 
Overview, and chemoprevention trials have pro-
vided information on the expected adverse events 
associated with tamoxifen. In the NSABP P-1 
trial, which compared tamoxifen to placebo in 
over 13,000 women with a high risk for develop-
ing breast cancer, women who received tamoxi-
fen had increased hot fl ashes, vaginal discharge, 
and diffi culties in some areas of sexual function-
ing (Table  24.1 ). The more serious side effects 
associated with tamoxifen include endometrial 
cancer, pulmonary embolism, and deep venous 
thrombosis; however, the incidence of bone frac-
tures was reduced [ 10 ,  11 ].

   In the most recent Oxford Overview Analysis, 
there was a nonsignifi cant increase in stroke 
deaths (3 extra per 1,000 during the fi rst 15 years) 
balanced by a nonsignifi cant reduction in cardiac 
deaths (3 fewer per 1,000 during the fi rst 
15 years), with a resulting minimal net effect of 
tamoxifen on overall cardiovascular mortality. In 
the recent ATLAS trial evaluating 10 years of 
tamoxifen therapy, the benefi ts of longer dura-
tions of tamoxifen outweighed the side effects 
[ 8 ]. After 10 years of treatment with tamoxifen, 
there was an increased risk for endometrial can-
cer (relative risk [RR], 1.74) and for pulmonary 
embolism (RR, 1.87). Endometrial cancers 
occurred in 3.1 % (with mortality of 0.4 %) in the 
long-duration group and in 1.6 % (with mortality 
of 0.2 %) of the 5-year group. There were only 18 
pulmonary embolism events and there was an 
equal amount of mortality (0.2 %) in each treat-
ment group. Additionally, there was no increase 
in the incidence of stroke and a decrease in the 
incidence of ischemic heart disease in the long- 
duration group.  

   Biomarkers for Tamoxifen Effi cacy 

 Endoxifen, one of two active metabolites that 
mediate tamoxifen’s therapeutic effect, is formed 
through the action of the CYP2D6 enzyme [ 12 –
 14 ]. Several polymorphisms of the  CYP2D6  gene 
that infl uence the enzyme’s activity and, there-
fore, endoxifen levels have been identifi ed. 
However, studies designed to uncover the link 
between patient response to tamoxifen and 
CYP2D6 enzyme activity (or  CYP2D6  genotype) 
have yielded inconsistent results, perhaps as a 
result of limited sample sizes. Regan and col-
leagues [ 15 ] studied 4,861 postmenopausal 
patients with hormone receptor-positive breast 
cancer who were randomized to receive tamoxi-
fen, letrozole, or both. Extracted DNA was used 
to genotype  CYP2D6  and classify each patient as 
a poor metabolizer (PM), intermediate metabo-
lizer (IM), or extensive metabolizer (EM). No 
signifi cant association was observed between 
 CYP2D6  phenotype and disease recurrence in 
tamoxifen-treated patients. Contrary to an 

   Table 24.1    Adverse events associated with tamoxifen 
(P-1 trial)   

 Toxicity  HR 

 Endometrial cancer  3.28 
 Pulmonary embolism  2.15 
 Deep venous thrombosis  1.44 
 Bone fractures  0.68 
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 existing hypothesis that high rates of 
 tamoxifen- induced hot fl ashes are a surrogate for 
EM phenotype, PM and IM phenotype patients 
experienced the highest rates of hot fl ashes. 

 Rae and colleagues studied 1,203 patients 
with hormone receptor-positive early-stage breast 
cancer from the ATAC clinical trial who were 
available for genotyping of  CYP2D6  and for 
whom 10 years of follow-up data were available 
[ 16 ]. Patients were classifi ed as a PM, IM, or EM 
based on  CYP2D6  genotyping. No signifi cant 
associations were observed between  CYP2D6  
genotype and recurrence in tamoxifen-treated 
patients. These two studies confi rm that there is 
no compelling evidence to support  CYP2D6  test-
ing in patients who are being considered for 
tamoxifen therapy and the NCCN treatment 
guidelines do not support their use [ 17 ]. 

 Antidepressants (selective serotonin reuptake 
inhibitor (SSRI)) are commonly prescribed to 
breast cancer patients for depression and to 
reduce the effects of hot fl ashes, but there is evi-
dence that the concurrent use of certain antide-
pressants can reduce the effi cacy of tamoxifen 
via the CYP2D6 pathway. Although clinicians 
should not stop antidepressants prescribed for a 
psychiatric disorder, better choices among the 
SSRIs may be considered with concurrent use of 
tamoxifen and the patient should be aware of the 
potential interaction [ 18 ].   

   Aromatase Inhibitors 

 The use of AIs has increased dramatically over 
the last decade with the introduction of new, 
more selective aromatase inhibitors, such as 
anastrozole, exemestane, and letrozole. Current 
guidelines by ASCO [ 19 ] and NCCN [ 17 ] 

 recommend third-generation AIs as a  component 
of adjuvant therapy in postmenopausal women, 
either as monotherapy or in a sequential strategy 
with tamoxifen. The guidelines do not distin-
guish between the AIs, even though individual 
trials used a specifi c agent. There is no compel-
ling evidence that one agent is superior to 
another either from an effi cacy or tolerability 
standpoint. 

 This class of agents effectively blocks the 
extra-ovarian sites of estradiol synthesis, 
 decreasing its serum concentration by more than 
90 % in postmenopausal women [ 20 ,  21 ]. In con-
trast to tamoxifen, the newer AIs lack partial ago-
nist activity and thus appear to avoid a concerning 
toxicity associated with tamoxifen, that is the 
highest risk for developing endometrial cancer 
[ 22 ]. There also appears to be a reduced risk of 
thromboembolic disease associated with the use 
of the AIs [ 22 ]. Because of this lack of estrogen 
agonist activity, AIs can potentially result in the 
loss of bone density (Table  24.2 ) [ 22 ]. Unlike 
tamoxifen, the AIs do not appear to be benefi cial 
in premenopausal women. Even the newer aro-
matase inhibitors are unable to inhibit ovarian 
aromatase activity and, as a result, are unable to 
suppress estrogen synthesis in premenopausal 
women.

   Data is available from several randomized 
clinical trials in the adjuvant setting that show a 
superior clinical outcome for postmenopausal 
patients who receive an AI as a component of 
their adjuvant therapy program. Trial designs 
compared (1) an aromatase inhibitor to tamoxi-
fen, each for 5 years, (2) a sequence of tamoxi-
fen with an aromatase inhibitor versus either 
alone as monotherapy for 5 years duration, or 
(3) 5 years of tamoxifen followed by no addi-
tional therapy or 5 years of an AI. Findings from 

   Table 24.2    Comparison of adverse events: AI and tamoxifen   

 Adverse event  OR   P  value 
 Abs incidence with 
AI (%) 

 Abs incidence with 
tamoxifen (%) 

 Endometrial CA  0.34  <0.001  0.1  0.5 
 Cardiovascular  1.30  1.30  4.2  3.4 
 Hypercholesterolemia  2.36  2.36  –  – 
 Venous thromboembolism  0.55  <0.001  1.6  2.8 
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some of the key pivotal trials are summarized 
below:
•    The Arimidex (anastrozole), Tamoxifen 

Alone, or in Combination (ATAC) study 
( n  = 9,366) compared tamoxifen versus anas-
trozole versus tamoxifen plus anastrozole [ 23 , 
 24 ]. At 120 months, DFS was signifi cantly 
improved in the anastrozole group versus the 
tamoxifen group. Among women with hor-
mone receptor-positive tumors, those ran-
domly assigned to receive treatment with 
anastrozole had a 4.3 % lower absolute rate of 
breast cancer recurrence after 10 years, and a 
2.6 % lower absolute rate of distant metasta-
sis, than those randomly assigned to receive 
treatment with tamoxifen. The differences 
between anastrozole and tamoxifen in time to 
relapse, contralateral breast cancer, and DFS 
were greatest in the fi rst 2 years of treatment 
but were maintained throughout the follow-up 
period, including the period after treatment 
was completed. This so-called carryover effect 
is similar to that observed in tamoxifen-treated 
patients once therapy is discontinued. OS was 
not signifi cantly different between the groups.  

•   The Breast International Group (BIG) 1-98 
trial was a randomized, phase 3, double-blind 
trial of 8, 010 postmenopausal women with 
hormone receptor-positive, early breast cancer 
that compared 5 years of tamoxifen or letro-
zole monotherapy or sequential treatment with 
2 years of one of these drugs followed by 
3 years of the other [ 25 ,  26 ]. At a median fol-
low- up of 8.7 years from randomization, letro-
zole monotherapy was signifi cantly better than 
tamoxifen: DFS HR 0.82, OS HR 0.79, distant 
relapse-free interval (DRFI) HR 0.79, and 
breast cancer-free interval (BCFI) HR 0.80. 
At  a median follow-up of 8.0 years from ran-
domization for the comparison of the sequen-
tial groups with letrozole monotherapy, there 
were no statistically signifi cant differences in 
any of the endpoints for either sequence. The 
8-year intention-to-treat estimates for letro-
zole monotherapy, letrozole followed by 
tamoxifen, and tamoxifen followed by letro-
zole were 78.6 %, 77.8 %, and 77.3 % for 
DFS; 87.5 %, 87.7 %, and 85.9 % for OS; 

89.9 %, 88.7 %, and 88.1 % for DRFI; and 
86.1 %, 85.3 %, and 84.3 % for BCFI [ 27 ]. 
Sequential treatments involving tamoxifen 
and letrozole do not improve outcome com-
pared with letrozole monotherapy, but it could 
be considered for an individual patient based 
on risk of recurrence and treatment 
tolerability.  

•   The Intergroup Exemestane Study ( n  = 4,742) 
compared 2–3 years of tamoxifen followed by 
exemestane to 2–3 years of tamoxifen fol-
lowed by further tamoxifen, each to a total of 
5 years of therapy [ 28 ,  29 ]. After a median 
follow-up of 55.7 months, the exemestane 
arm showed signifi cantly improved DFS (HR, 
0.76) but showed no signifi cant benefi t for 
overall survival. Time to contralateral breast 
cancer, time to relapse, and time to distant 
relapse were also signifi cantly improved in 
women who switched to exemestane. Overall 
survival was signifi cantly improved only in a 
subgroup analysis that excluded patients with 
estrogen receptor-negative  disease (HR, 0.83).  

•   The Italian Tamoxifen Arimidex (anastrozole) 
(ITA) trial ( n  = 426) compared tamoxifen 
(20 mg daily) for 2 or more years followed by 
further tamoxifen or anastrozole (1.0 mg 
daily) to a total of 5 years of adjuvant hor-
mone therapy [ 30 ,  31 ]. At 64 months follow-
 up, DFS was signifi cantly improved in women 
who switched to anastrozole (HR, 0.57). 
There was no signifi cant difference in OS 
between therapy arms.  

•   The Austrian Breast and Colorectal Cancer 
Study Group (ABCSG)-8 and German 
Adjuvant Breast Cancer Group Arimidex/
Nolvadex (ARNO)-95 trials had arms identi-
cal ( n  = 3,224) to the ITA trial described above 
[ 32 ]. At 28-months median follow-up, a com-
bined analysis showed signifi cantly improved 
DFS for women who switched to anastrozole 
(HR, 0.60). Distant metastases-free survival 
was also signifi cantly longer with anastrozole 
(HR, 0.61). There was no signifi cant differ-
ence in OS. There were signifi cantly more 
fractures ( p  = 0.015) and signifi cantly fewer 
thromboses ( p  = 0.034) in patients treated with 
anastrozole than in those on tamoxifen.  
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•   A meta-analysis of the ABCSG-8, ARNO-95, 
and ITA trials, involving 4,006 patients at a 
median follow-up of 30 months, found 
improvements in DFS (HR, 0.59;  p  < 0.0001), 
DRFI (HR 0.61,  p  = 0.002), and OS (HR, 0.71; 
 p  = 0.04) for women who switched to anastro-
zole [ 33 ]. In absolute terms, there were sig-
nifi cantly fewer recurrences (92 events [4.6 %] 
versus 159 events [8.0 %]) and signifi cantly 
fewer deaths (66 [3.3 %] versus 90 [4.5 %]) in 
the group switched to anastrozole versus those 
remaining on tamoxifen.  

•   The NCI of Canada study, MA.17, was con-
ducted to determine whether letrozole 
improves outcome after discontinuation of 
tamoxifen. Postmenopausal women with hor-
mone receptor-positive breast cancer 
( N  = 5,187) were randomized to letrozole 
2.5 mg or placebo once daily for 5 years [ 34 –
 36 ]. At a median follow-up of 30 months, 
letrozole signifi cantly improved DFS 
( P  < 0.001), the primary end point, compared 
with placebo (HR for recurrence or contralat-
eral breast cancer 0.58,  P  < 0.001). Furthermore, 
letrozole signifi cantly improved DRFI 
( HR  = 0.60; 0.84;  P  = 0.002) and, in women 
with node-positive tumors, OS ( HR  = 0.61; 
 P  = 0.04). Clinical benefi ts, including an OS 
advantage, were also seen in women who 
crossed over from placebo to letrozole after 
unblinding, indicating that tumors remain sen-
sitive to hormone therapy despite a prolonged 
period since discontinuation of tamoxifen. The 
effi cacy and safety of letrozole therapy beyond 
5 years is being assessed in a re-randomization 
study, following the emergence of new data 
suggesting that clinical benefi t correlates with 
the duration of letrozole. MA.17 showed that 
letrozole is extremely well tolerated relative to 
placebo. Letrozole (or an alternative aromatase 
inhibitor) could be considered for all women 
completing tamoxifen; results from the post-
unblinding analysis suggest that letrozole 
treatment could also be considered for all dis-
ease-free women for periods up to 5 years fol-
lowing completion of adjuvant tamoxifen [ 34 ].    

 Recent reports have also suggested that obese 
women with early-stage breast cancer, in 

 particular those with body mass index (BMI) 
≥35 kg/m 2 , may have a greater risk of dis-
ease recurrence when treated with anastrozole 
compared to their ideal weight counterparts or 
those treated with tamoxifen. These fi ndings 
raise a concern that aromatase inhibition in 
obese women may be a less effective risk reduc-
tion strategy and/or the use of the less potent 
aromatase inhibitors can adversely impact on 
clinical outcome [ 37 ]. To date, the clinical evi-
dence suggesting that one third-generation aro-
matase inhibitor is more effective than another 
has been sparse, but preclinical data and clini-
cal surrogates of clinical activity have shown 
that letrozole is more potent than anastrozole at 
suppressing estradiol and estrone sulfate [ 38 ]. 
Whether the differences in estrogen suppression 
with anastrozole or letrozole actually translate 
into a different clinical outcome cannot be deter-
mined from these data. The ALIQUOT study 
(Anastrozole vs. Letrozole, an Investigation of 
Quality of Life and Tolerability) compared the 
ability of anastrozole and letrozole to suppress 
estrogen in obese postmenopausal women with 
early-stage breast cancer. Letrozole appeared to 
be more effective; however, this small study did 
not demonstrate a differential effect on clinical 
outcome. Furthermore, the association between 
obesity and breast cancer is certainly more com-
plicated than suggesting estradiol alone is the 
culprit. Increased levels in insulin, infl ammatory 
mediators, and other proteins have been impli-
cated as risk factors for breast cancer and breast 
cancer recurrence in obese patients [ 37 ]. 

   Toxicity of AIs 

 All of the trials that have included an AI have 
also reported an increase in musculoskeletal 
(MS)/joint complaints in patients receiving an AI 
compared to those receiving tamoxifen alone [ 23 , 
 24 ]. As an example, the ATAC trial, which com-
pared 5 years of tamoxifen to 5 years of anastro-
zole, reported an incidence of MS disorders in 
35.6 % of patients versus 29.4 % of patients 
receiving tamoxifen. Symptoms peaked within 
6 months of starting therapy in 29 % of patients 
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receiving anastrozole versus 20 % receiving 
tamoxifen. Symptoms resolved in 36 % of 
patients [ 39 ]. To gain a “real-world” assessment 
of the prevalence and severity of AI-induced joint 
complaints, Crew et al. conducted a 200-patient 
cross-sectional survey of consecutive postmeno-
pausal patients with early-stage breast cancer 
who are receiving an AI as part of their adjuvant 
therapy [ 40 ]. Of 200 patients who completed the 
study, 47 % reported having AI-related joint pain 
and 44 % complained of AI-related joint 
stiffness. 

 In real-life practice, some patients discon-
tinue AI therapy completely due to associated 
side effects, and as a result, their symptoms are 
no longer captured in a prospective manner. 
Though intuitively it is diffi cult to explain, some 
patients get relief of these symptoms by simply 
trying an alternative AI and as such may indi-
cate that they have no joint-related symptoms. 
The analysis suggests that AI-induced joint 
complaints are very frequent and better methods 
of treating symptoms need to be developed. 
Most patients experiencing these symptoms take 
oral medications including NSAIDs, pain reliev-
ers, and glucosamine as well as exercise with 
some improvement in their reported joint 
discomfort. 

 Although AIs have improved outcome in 
patients with breast cancer, they can have long- 
term detrimental effects on bone health [ 41 – 44 ]. 
AI-induced estrogen depletion has been reported 
to result in musculoskeletal complications, 
including bone loss and osteoporotic fractures. 
Bone loss seen during AI treatment appears to be 
similar for the three agents within this class of 
drugs, with the incidence of osteoporosis and 
fractures approximately 4 % higher for patients 
receiving an AI compared to tamoxifen in pri-
mary adjuvant trials [ 19 ].   

   Ovarian Suppression/Ablation 

 The role of ovarian suppression/ablation as a 
component of adjuvant therapy in premenopausal 
patients has been an area of interest for several 

decades, but clinical trials of suffi cient size and/
or rigorous design have been lacking to provide 
clear evidence of the contribution of this strategy 
to existing adjuvant endocrine therapy. A meta- 
analysis of data from 16 studies involving nearly 
12,000 women found that ovarian suppression 
with a luteinizing hormone-releasing hormone 
(LHRH) agonist, added to tamoxifen, chemother-
apy, or both, reduced the risk of recurrence by 
12.7 % [ 45 ]. Previous studies have looked at the 
effects of LHRH agonists such as goserelin or 
 leuprolide  alone or in combination with tamoxi-
fen and other adjuvant therapies or compared to 
an adjuvant chemotherapy regimen [ 46 ,  47 ]. 

 The results from these trials were inconclusive 
about the effects of LHRH agonists on TTR, 
death after recurrence, or OS. The TEXT and 
SOFT trials are large international randomized 
trials that have been completed, but not yet 
reported, that will determine whether chemother-
apy adds to the effect of ovarian suppression and 
whether ovarian suppression adds to other endo-
crine therapy [ 48 ]. Although some guidelines 
suggest that the addition of ovarian suppression 
to adjuvant endocrine therapy (i.e., tamoxifen) 
could be considered, defi nitive support is lacking 
until the large randomized trials are reported.  

   Evidence-Based Approach 
to Patients 

   Adjuvant Endocrine Therapy 2013 [ 17 ] 

•     Premenopausal women
 –    Tamoxifen (5–10 years) (±ovarian suppres-

sion/ablation)     
•   Postmenopausal women

 –    AI × 5 years or tamoxifen (5–10 years) if 
AI contraindicated, intolerant  

 –   Tamoxifen (2–3 years), then AI (to com-
plete 5 years or up to 5 more years)  

 –   AI (2–3 years), then tamoxifen (to com-
plete 5 years if not tolerating AI)  

 –   Tamoxifen (~5 years), then AI (5 years)  
 –   Guidelines view AI choices as interchange-

able [ 17 ]            
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            Introduction 

    In the year 2013, a total of 234,580 new cases 
of breast cancer were diagnosed in the USA 
[ 1 ]. Although the incidence of breast cancer is 
increasing, the 5-year survival rate has contin-
ued to improve. This improvement to overall 
survival (OS) is largely due to new chemother-
apeutic and biologic agents. Biologic agents 
currently in use in early-stage breast cancer 
mainly target the human epidermal growth fac-
tor receptor 2 (HER2). HER2 belongs to the 
family of epidermal growth factor receptors 
(EGFRs) and is overexpressed in 20–30 % of 
all breast cancers [ 2 ,  3 ]. Further, the overex-
pression of HER2 is a negative prognostic and 
predictive factor [ 4 ,  5 ]. Patients with HER2+ 
breast cancers have more aggressive disease, a 
higher likelihood of lymph node  involvement, 

decreased estrogen receptor (ER) expression, 
and increased resistance to endocrine therapy, 
while also found to have an increased respon-
siveness to anthracycline treatment [ 6 – 10 ]. 
Initially approved by the Food and Drug 
Administration (FDA) in 1998 for treatment of 
HER2+ metastatic breast cancer, trastuzumab 
has been approved in the adjuvant setting after 
pivotal trials revealed a statistically signifi cant 
reduction in the risk of recurrence by nearly 
50 % and an improvement of overall survival 
(OS) by a third [ 11 ,  12 ]. Several other biologic 
agents are currently under investigation with 
the goal to improve the long-term survival in 
women with early-stage breast cancer.  

    Trastuzumab (Herceptin) 

 Trastuzumab is a recombinant, humanized IgG 
monoclonal antibody that targets the extracellu-
lar domain of the HER2 receptor [ 13 ]. The exact 
mechanism of action of trastuzumab remains 
unclear, although several theories have been 
proposed [ 14 ,  15 ]. Trastuzumab may decrease 
the concentration of HER2 at the cellular mem-
brane, thus preventing homodimerization and 
heterodimerization [ 14 ]. Trastuzumab also 
appears to cause arrest of the cell cycle through 
the inhibition of phosphatidylinositol 3-kinase 
(PI3K) and mitogen-activated protein kinase 
(MAPK) cascades by the down-modulation 
of HER2. In addition, trastuzumab activates 
phosphatase and tensin homologue (PTEN) 
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 phosphatase causing dephosphorylation of Akt 
resulting in cessation of cell growth [ 14 ,  16 ]. 
Additionally, trastuzumab has been shown to 
sensitize HER2-overexpressed breast cancer 
cell lines to cytotoxic therapy (i.e., taxanes and 
etoposide) through reducing the levels of Mcl-1, 
an antiapoptotic protein that promotes cell death 
[ 17 ]. As seen in in vivo studies, trastuzumab may 
also inhibit angiogenesis [ 18 ]. Another mecha-
nism of action is through antibody- dependent 
cellular cytotoxicity (ADCC) by which the Fc 
domain of trastuzumab activates natural killer 
cells to attack and destroy cells expressing 
HER2 [ 19 ]. 

    What Patient Would Be Eligible 
for Trastuzumab Therapy? 

 The overexpression of HER2 can be measured 
by evaluating protein expression via immuno-
histochemistry (IHC) or gene amplifi cation via 
fl uorescent in situ hybridization (FISH). IHC 
measures the intensity of staining for HER2 
and is classifi ed as 0, 1+, 2+, or 3+. The pivotal 
clinical trials involving trastuzumab required 
an IHC score of 3+ to be considered positive. 
An equivocal IHC score of 2+ requires that 
FISH be performed on the sample, in which 
each copy of the  HER2  gene and its centromere 
17 ( CEP17 ) reference are examined and can be 
counted in the tissue section. To defi ne HER2 
amplifi cation, the presence of at least twice as 
many  HER2  signals as  CEP17  signals per tumor 
cell is recommended (≥2.0). These criteria 
were used in the adjuvant trastuzumab clinical 
trials [ 11 ,  12 ,  20 ]. The American Society of 
Clinical Oncology (ASCO) and the College of 
American Pathologists (CAP) have published 
specifi c guidelines for HER2 positivity [ 21 ]. 
However, recent data suggest that patients with 
lower levels of HER2 expression may benefi t 
from adjuvant trastuzumab therapy [ 20 ]. 
Although there is no defi nitive explanation for 
this discrepancy, future trials are addressing 
this issue of trastuzumab use in the adjuvant 
setting for those with lower levels of HER2 
expression.  

    Trastuzumab in Metastatic Breast 
Cancer (MBC) 

 Trastuzumab was initially approved for treatment 
of HER2+ MBC. Trastuzumab has shown single- 
agent activity in HER2+ MBC with a response 
rate (RR) of approximately 30 % [ 22 ]. However, 
in combination with chemotherapy, trastuzumab 
has a higher RR. Based on preclinical data show-
ing synergy of trastuzumab with taxanes and 
anthracyclines, a randomized trial was conducted 
comparing anthracycline/cyclophosphamide 
(AnC) and paclitaxel with or without trastuzumab 
[ 23 ]. A total of 234 patients received chemother-
apy alone compared to 235 patients who received 
chemotherapy plus trastuzumab. Patients who 
received the combination of chemotherapy plus 
trastuzumab had a median time to progression 
(TTP) of 7.4 months compared to 4.6 months for 
the chemotherapy alone arm ( p  < 0.001). 

 Furthermore, there was an improvement in 
median OS for those patients receiving chemother-
apy plus trastuzumab compared to those receiving 
chemotherapy alone (25.1 month versus 
20.3 months;  p  = 0.046). At the completion of ther-
apy, crossover in patients not receiving trastuzumab 
as initial therapy was allowed. However, it was 
shown that when comparing “upfront” trastuzumab 
to crossing over (later initiation), there was an 
improvement in outcome with the “upfront use” of 
trastuzumab. Interestingly, 39 patients (27 %) in 
the AnC plus trastuzumab treatment arm had 
symptomatic congestive heart failure (CHF) or 
asymptomatic cardiac dysfunction, whereas in the 
AC alone arm, 8 % of patients had cardiac dysfunc-
tion. Due to the relatively high incidence of cardio-
toxicity in the anthracycline- containing arm (AnC 
plus trastuzumab), the FDA approved the combina-
tion of paclitaxel and trastuzumab for use in MBC. 

 After preclinical studies evaluated the feasi-
bility of combining trastuzumab with chemother-
apeutic agents [ 24 ,  25 ], several phase II and III 
trials using agents such as docetaxel, Navelbine, 
capecitabine [ 26 – 29 ], or carboplatin and pacli-
taxel [ 30 ,  31 ] were completed in MBC. All stud-
ies demonstrated a signifi cant enhancement in 
RR when chemotherapy was combined with 
trastuzumab compared with chemotherapy alone.  
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    Use of Trastuzumab in Early-Stage 
Breast Cancer 

 Trials including trastuzumab in early-stage breast 
cancer are summarized in Table  25.1  and dis-
cussed in detail below.

      NSABP B31 and NCCTG 9831 Joint 
Analysis 
 Since trastuzumab was effective in improving 
RR, duration of response, and OS in MBC, large 
randomized adjuvant trials were initiated [ 11 , 
 12 ]. These trials showed that the integration of 

   Table 25.1    Adjuvant trastuzumab trials   

 Number of 
patients 

 DFS/RFS HR 
(95 %CI or p 
value)  OS  Cardiotoxicity  Comments 

 NSABP B31/
N9831 [ 35 ] 

 5,548  0.60 (0.53–0.68)  0.63 (0.54–0.73)  4.1 %  The N9831 also 
included a 
sequential 
trastuzumab arm. 
Data showed that 
the sequential arm 
was inferior to the 
concomitant arm 

 HERA [ 37 ]  5,102  0.76 ( p  < 0.0001)  0.76 ( p  = 0.0005)  4.1 %  The study also 
showed that there 
was no difference 
between 1 year and 
2 years of 
trastuzumab 

 BCIRG 006 [ 12 ]  3,222  AC-DH: 0.64 
( p  < 0.001) 

 AC-DH: 0.63 
( p  < 0.001) 

 AC-DH: 2 %  Although the study 
was not powered to 

 DCarboH: 0.4 % 
 DCarboH: 0.75 
( p  = 0.04) 

 DCarboH: 0.77 
( p  = 0.04) 

 compare the two 
trastuzumab arms, 
there was no 
statistical difference 
between them 

 FINher [ 39 ]  232  0.42 (0.21–0.83)  0.41 (0.16–1.05)  No decrease  This trial included 
12 weeks of 
trastuzumab therapy 

 PACS 04 [ 38 ]  528  0.86 (0.61–1.22)  0.86 (0.61–1.22)  1.7 %  The only adjuvant 
trial to not show a 
signifi cant benefi t 
from 1 year of 
trastuzumab therapy. 
This could be 
attributed to the 
relatively small 
number of patients it 
included 

 PHARE [ 40 ]  3,381  1.28 (1.05–1.56)  NA  NA  This trial showed 
that 6 months of 
trastuzumab was not 
non-inferior to 
12 months 

   Abbreviations :  HERA  Herceptin adjuvant,  BCIRG  Breast Cancer International Research Group,  FINher  Finland 
Herceptin,  DFS  disease-free survival,  CI  confi dence interval,  A  doxorubicin,  C  cyclophosphamide,  D  docetaxel,  H  
trastuzumab,  Carbo  carboplatin,  CI  confi dence interval,  u/k  unknown  
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trastuzumab into adjuvant therapy regimens sig-
nifi cantly improved patient outcomes and led to 
the FDA approval of trastuzumab for HER2+ 
early-stage breast cancer. The National Surgical 
Adjuvant Breast and Bowel Project (NSABP)-B31 
published a joint analysis with the North Central 
Cancer Treatment Group (NCCTG) N9831 [ 11 ]. 
These trials were closed prematurely due to the 
superiority of the trastuzumab arm. The B31 trial 
enrolled 2,043 node-positive, HER2+ patients 
with early-stage breast cancer and randomized 
them to 4 cycles of doxorubicin (A) and cyclo-
phosphamide (C) ( A  = 60 mg/m 2  and  C  = 600 mg/
m 2 , q 21 days) followed by paclitaxel ( T  = 125 mg/
m 2 ) given every 3 weeks for 4 cycles (Group 1) or 
the same chemotherapy with weekly trastuzumab 
( H  = 4 mg/kg loading dose, than 2 mg/kg weekly) 
for 52 weeks starting with the paclitaxel (Group 
2). The protocol was later amended to allow 
weekly paclitaxel similar to the N9831 trial. 

 The N9831 trial randomized 3,505 HER2+ 
(IHC 3+ or HER2 amplifi ed by FISH), axillary 
node-positive (the protocol was amended at a 
later point to include high-risk node-negative 
(tumor size greater than 2 cm ER + or >1 cm if 
ER-)) patients into three groups: The control 
group, Group A, received 4 cycles of AC fol-
lowed by weekly T (80 mg/m 2 ) for 12 weeks; 
Group B received 4 cycles of AC followed by 12 
weekly doses of T followed by sequential weekly 
trastuzumab for 52 weeks; and Group C received 
4 cycles of AC, followed by 12 weekly doses of 
T concomitantly with weekly trastuzumab which 
would be continued for 40 more weeks after 
completion of paclitaxel. The combined analysis 
grouped the control groups (Group 1 and Group 
A from B31 and N9831, respectively) and com-
pared them to Group 2 and Group C from B31 
and N9831, respectively. Since there was no 
group in the B31 trial that evaluated sequential 
trastuzumab, N9831’s Group B was not included 
in the combined analysis. 

 Patients in both studies were excluded if they 
had any history of coronary disease, arrhythmias, 
cardiomegaly, CHF, or cardiomyopathy or 
required medications for angina pectoris or 
 valvular heart disease. Furthermore, in order    to 
ascertain any compromise in left ventricular 

 ejection fraction (LVEF), multiple-gated acquisi-
tion scanning (MUGA) and echocardiography 
were obtained (B31 used MUGA scanning only) 
at treatment initiation and every 3 months until 
completion of the treatment. 

 Both trials were terminated early by the inde-
pendent data-monitoring committee based on the 
signifi cant benefi ts trastuzumab added compared 
to the control arm of chemotherapy. The primary 
endpoint, DFS, was reached, and at a median 
follow-up of 2 years, there was a statistically sig-
nifi cant reduction in recurrence of 52 % 
( p  < 0.0001) with an absolute distant recurrence 
in the trastuzumab-containing arm at 3 and 
4 years of 8.8 % and 15.9 %, respectively. The 
OS was improved by a third (HR, 0.67,  p  = 0.015). 
The absolute survival difference was 2.5 % 
(94.3 % versus 91.7 %) at 3 years and 4.8 % 
(91.4 % versus 86.6 %) at 4 years. Interestingly, 
brain metastases were more commonly seen as a 
fi rst site of recurrence in the trastuzumab-treated 
group compared to the control. Possible explana-
tions for the latter observation include delayed 
failures at local sites compared to distant sites 
and the limitation that trastuzumab has in cross-
ing the blood-brain barrier [ 32 ,  33 ]. 

 The incidence of symptomatic CHF (New 
York Heart Association [NYHA] class III or IV) 
or other cardiac-related deaths at 3 years in the 
B31 study was 0.8 % in the control group com-
pared to 4.1 % in the trastuzumab-treated group. 
Additionally, 14 % of trastuzumab-treated 
patients had to discontinue therapy secondary to 
asymptomatic decreases in LVEF, whereas 4 % 
stopped secondary to symptomatic cardiotoxic-
ity [ 11 ]. In the N9831 trial, the 3-year cumula-
tive incidence of NYHA class III or class IV 
CHF was 2.9 % in the trastuzumab-treated group 
compared to 0 % in the control group. 
Interestingly, interstitial pneumonitis, albeit rare, 
occurred more commonly in the trastuzumab-
treated group compared with the control. Patients 
with stage I–IIA breast cancer who required 
radiation therapy did not have any increase inci-
dence of radiation adverse events when radiation 
was given concurrently with trastuzumab [ 11 ]. 
The combined analysis revealed the signifi cant 
benefi t in the reduction of recurrence and death. 
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An unplanned interim analysis revealed that con-
current use of trastuzumab with paclitaxel was 
more effective than sequential use in both DFS 
and OS [ 34 ]. 

 These two trials were recently updated for a 
fi nal analysis [ 35 ]. At a median follow-up of 
8.4 years, DFS was 73.7 % in the trastuzumab 
arm compared with 62.2 % in the chemotherapy 
arm (HR, 0.60;  p  < 0.0001). The OS was again 
signifi cantly better in the trastuzumab arm 
(84.0 % versus 75.2 % respectively; HR, 0.63; 
 p  < 0.0001), with the survival benefi t noted to be 
of similar magnitude in the ER + and the ER– 
subgroup of patients.  

    Herceptin Adjuvant (HERA) Trial 
 Another large, phase III international, multi-
center trial, the HERA trial, conducted by the 
Breast International Group (BIG), sequenced 
trastuzumab after primary surgery and after a 
minimum of 4 cycles of adjuvant or neoadjuvant 
chemotherapy [ 36 ]. A total of 5,102 HER2+ 
patients with early-stage breast cancer were ran-
domized, to receive trastuzumab for 1 or 2 years 
versus observation alone. If randomized to 
receive trastuzumab, patients received an initial 
dose of 8 mg/kg followed by maintenance doses 
of 6 mg/kg every 3 weeks for either 1 or 2 years. 
All eligible patients were required to have node- 
positive disease or, if node negative, a tumor 
diameter of >1 cm. Cardiac monitoring via 
MUGA or ECHO was done at baseline and 3, 6, 
12, 18, 24, 30, 36, and 60 months after random-
ization. Trastuzumab was stopped in any patient 
with LVEF ≤45 % or who developed a 10 % 
absolute decrease in their baseline LVEF and 
below 50 %. Trastuzumab was permanently dis-
continued if the LVEF did not return to above 
LLN within 3 weeks. 

 At a median follow-up of 8 years and 734 DFS 
events, the fi nal analysis was recently presented 
[ 37 ]. This analysis was complicated by the fact 
that 885 of the 1698 patients assigned to the 
observation group elected to cross over to trastu-
zumab after the initial results of the trial were 
presented. However, in the intention-to-treat 
analysis, there was a signifi cant risk reduction of 
24 % (HR, 0.76;  p  < 0.0001) in DFS and an 

 identical reduction in OS (HR, 0.76;  p  = 0.0005). 
The benefi t of 1 year of trastuzumab was seen in 
both HR + and HR– patients. 

 An analysis comparing both trastuzumab arms 
did not show any additional benefi t with 2 years 
of trastuzumab compared with 1 year. The DFS 
in the 2-year arm was 75.8 % compared with 
76.0 % in the 1-year arm (HR, 0.99;  p  = 0.86). 
The lack of benefi t was seen in both the HR + and 
HR– subgroups. Similarly there was no benefi t in 
OS (86.4 % in the 2 year arm versus 87.6 % in the 
1 year arm; HR, 1.05;  p     = 0.63). 

 The incidence of cardiac toxicity was 
increased with the use of trastuzumab and was 
even higher in the 2-year arm. More specifi cally, 
the incidence of a signifi cant decrease in the ejec-
tion fraction (EF) was 0.9 % in the observation 
arm, 4.1 % in the 1-year trastuzumab arm, and 
7.2 % in the 2-year trastuzumab arm. 

 The HERA trial evaluated the use of sequen-
tial trastuzumab in order to circumvent added 
cardiotoxicity of combining anthracycline with 
trastuzumab as well as to determine the optimal 
duration of trastuzumab therapy. Sequential ther-
apy appears to improve DFS by 24 %. 
Cardiotoxicity was lower than seen in the joint 
analysis [ 11 ,  36 ]. There are multiple reasons for 
the lower incidence of cardiotoxicity including 
more frequent monitoring, different modalities of 
monitoring, sequential therapy, as well as fewer 
patients exposed to anthracycline therapy. The 
results of the HERA trial clearly confi rm the ben-
efi t of trastuzumab in patients with HER2+ early- 
stage breast cancer and demonstrate that durations 
of trastuzumab beyond 1 year confer no addi-
tional clinical benefi t.  

    Breast Cancer International Research 
Group (BCIRG) 006 
 The BCIRG initiated a phase III, multicenter trial 
to evaluate the adjuvant use of trastuzumab con-
currently with a non-anthracycline chemotherapy 
regimen after multiple phase II trials confi rmed 
the feasibility of this approach [ 12 ]. The BCIRG 
006 is a randomized trial of 3,222 HER2+ 
patients (FISH only) with axillary lymph node- 
positive or high-risk lymph node-negative (tumor 
size >2 cm, ER/PR negative, histologic and/or 
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nuclear grade 2–3, or age <35) breast cancer. The 
two arms were randomized to adjuvant AC fol-
lowed by docetaxel (D, 100 mg/m 2  q 21 days for 
4 cycles) with or without trastuzumab (H, weekly 
during chemotherapy and then every 21 days), 
while the third arm included docetaxel and carbo-
platin (DCarbo) (D, 75 mg/m 2 ; Carbo (AUC of 6 
every 3 weeks × 6) with H for 1 year). At a median 
follow-up of 65 months, the DFS was 75 % in the 
patients receiving AC-D, 84 % in the patient 
receiving AC-DH (HR, 0.64;  p  < 0.001), and 
81 % in patients receiving DCarboH (HR, 0.75; 
 p  = 0.04). OS was 87 %, 92 % (HR, 0.63; 
 p  < 0.001), and 91 % (HR, 0.77;  p  = 0.04), respec-
tively. Although there was no statistically signifi -
cant difference between either trastuzumab arms, 
the study was not powered to detect equivalence 
between these two regimens. 

 The BCIRG 006 results were similar to the 
combined analysis in highlighting the benefi t 
from adjuvant trastuzumab [ 11 ], showing that 
non-anthracycline chemotherapy given con-
currently with trastuzumab was effective [ 12 ]. 
The incidence of CHF in the two trastuzumab- 
containing regimens was higher in the group 
receiving AC-DH (2.0 %) than in the AC-D 
group (0.7 %) or the TCH group (0.4 %). The 
difference in rates of CHF between the two 
trastuzumab- containing regimens signifi cantly 
favored DCarboH over AC-D plus trastuzumab 
( p  < 0.001). There was no signifi cant difference 
in the incidence of leukemia between arms with 
six cases seen in the AC-D arm and one each for 
AC-DH and DCarboH.  

    PACS-04 Trial 
 This trial evaluated the role of trastuzumab in 
women with early-stage, HER2+, lymph node- 
positive breast cancer [ 38 ]. A total of 528 patients 
were randomized to trastuzumab or observation. 
This trial had a second randomization to chemo-
therapy with FEC100 for 6 cycles versus epirubi-
cin (75 mg/m 2 ) and docetaxel (75 mg/m 2 ) for 
6 cycles. The primary endpoint of the trial was 
DFS. Trastuzumab started after chemotherapy 
and radiation therapy. At 47 months of median 
follow-up, patients on the trastuzumab arm had a 
nonsignifi cant 14 % reduction in the risk of 

relapse (HR, 0.86;  p  = 0.41), with no signifi cant 
difference in OS (HR, 1.27). The incidence of 
CHF was low (1.7 %) in the trastuzumab arm, 
and the two regimens overall were well tolerated. 
Although this is the only reported trial that does 
not show a benefi t from adjuvant trastuzumab, 
the number of patients included is smaller than 
the other trials and the sequencing of chemother-
apy and trastuzumab may be another plausible 
explanation for the lack of benefi t.  

    FINher Trial 
 The FINher (FINl and Herceptin) trial examined 
whether an abbreviated course of trastuzumab 
was effective [ 39 ]. The FINher trial included 
patients with early-stage breast cancer (axillary 
node positive or tumor >2 cm with negative axil-
lary nodes and negative PR). A total of 232 
HER2+ patients were randomized to receive 
either adjuvant docetaxel (100 mg/m 2 ) every 
3 weeks for 3 cycles or vinorelbine on days 1, 8, 
and 15 of 21-day cycle for 3 cycles with or with-
out concurrent weekly trastuzumab (4 mg/kg 
loading dose, then 2 mg/kg weekly) for 9 weeks. 
All patients then received fl uorouracil (600 mg/
m 2 ), epirubicin (60 mg/m 2 ), and cyclophospha-
mide (600 mg/m 2 ) (FEC, q 21 days for 18 weeks 
for 6 cycles after their initial therapy). After a 
median follow-up of 3 years, HER2+ patients 
treated with trastuzumab had a signifi cantly 
improved relapse-free survival (RFS) (HR, 0.42; 
 p  = 0.01) and decreased distant recurrence (HR, 
0.29;  p  = 0.002) compared to HER2+ patients 
treated without trastuzumab therapy. 

 Moreover, a nonsignifi cant improvement in 
OS was seen in the trastuzumab-treated arm (HR, 
0.41;  p  = 0.07). The HR for recurrence in HER2- 
amplifi ed, trastuzumab-treated patients did not 
signifi cantly change with the type of chemother-
apy, the number of lymph nodes involved, or the 
center providing the therapy. The HER2+ patients 
treated with trastuzumab had a similar survival 
free of distant DFS at 3 years compared with 
HER2-negative patients (HR, 1.09; 95 % CI 
0.52–2.29;  p  = 0.82). As expected   , HER2+ 
patients treated without trastuzumab did worse 
than HER2-negative patients. There was no 
decline in LVEF in HER2+ patients treated with 
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9 weeks of trastuzumab. The short course of 
trastuzumab therapy was effective in this small 
sample size and raises the possibility that shorter 
durations of trastuzumab therapy may ultimately 
prove as effective, and possibly safer, than a stan-
dard 1 year regimen.  

   Protocol of Herceptin Adjuvant 
with Reduced Exposure (PHARE) Trial 
 The goal of the PHARE trial was to evaluate the 
effi cacy of 6 months of adjuvant trastuzumab 
compared with 1 year of therapy [ 40 ]. Patients 
had to have operable, nonmetastatic HER2+ 
breast cancer and a ≥1 cm tumor and had received 
at least four cycles of adjuvant chemotherapy for 
their breast cancer. After the completion of 
6 months of adjuvant trastuzumab, eligible 
patients were randomized to either stop therapy 
or continue for a total of 1 year. This trial had a 
non-inferiority design, and a total of 3,381 
patients were randomized. In 2010, the trial was 
suspended after the data-monitoring committee 
concluded that the 6-month arm had a trend of 
more DFS events when compared to the 1-year 
arm. Although this difference was not statisti-
cally signifi cant (HR, 1.28;  p  = 0.29), there was a 
trend showing that the 6-month arm was inferior 
to the 1-year arm. When analyzing patients 
according to tumor types, there was a signifi cant 
difference in the ER- patients favoring the 1-year 
trastuzumab arm (HR, 1.34;  p  = 0.037), whereas 
there was no signifi cant difference in the ER + 
patients. These results failed to show that 
6 months of trastuzumab is non-inferior to 
12 months. Other clinical trials are under way, 
but until further data is available, the results from 
the PHARE trial viewed in combination with the 
HERA trial suggest that the optimal duration of 
therapy with trastuzumab remains at 1 year.  

   Neoadjuvant Clinical Trials 
with Trastuzumab 
 Baselga et al. reported the results of the 
NeoALTTO trial, conducted by the Breast 
International Group [ 41 ]. This was an open-label, 
phase 3 trial in which 455 patients with HER2+, 
early-stage breast cancer (tumors >2 cm) were 
randomly assigned to oral lapatinib (1500 mg 

daily), intravenous trastuzumab (standard dose), 
or a combination of both agents (lapatinib 
1000 mg/day plus standard trastuzumab dosing). 
Lapatinib is an oral, dual HER2 and EGFR tyro-
sine kinase inhibitor (TKI) which has demon-
strated preclinical and clinical activity in HER2+ 
breast cancer [ 42 – 45 ]. The anti-HER2 therapy 
was administered alone for the fi rst 6 weeks at 
which point weekly paclitaxel was added to the 
assigned anti-HER2 therapy for an additional 
12 weeks followed by defi nitive surgery. 

 Following surgery, patients received adjuvant 
therapy along with the same anti-HER2 therapy as 
assigned preoperatively for a total of 52 weeks of 
anti-HER2 therapy. The primary endpoint of the 
study was the pathologic complete response (pCR) 
rate in the breast. The pCR rate was signifi cantly 
higher in the group of patients receiving both lapa-
tinib and trastuzumab (51.3 %) versus trastuzumab 
alone (29.5 %) or lapatinib alone (24.7 %). 
Additionally, the difference between trastuzumab 
alone and lapatinib alone was statistically signifi -
cant, in favor of trastuzumab. Although there was 
no difference in cardiac events between the treat-
ment arms, the use of lapatinib alone or in combi-
nation with trastuzumab was associated with 
greater frequency of grade 3 diarrhea and liver 
enzyme abnormalities than those receiving trastu-
zumab alone. This study suggests that dual HER2 
therapy was superior to either anti-HER2 therapy 
alone, yet trastuzumab was superior to lapatinib as 
a monotherapy approach. 

 The GeparQuinto GBG 44, a German Breast 
Group study, is a phase 3 trial in which 620 
patients with HER2+ operable, or locally 
advanced, breast cancer were randomized to 
receive neoadjuvant treatment with 4 cycles of 
epirubicin/cyclophosphamide (EC), every 
3 weeks, followed by 4 cycles of docetaxel (T), 
every 3 weeks, with either concurrent, standard 
dose, trastuzumab (H) or lapatinib (L) [ 46 ]. The 
primary endpoint of the study was pCR in both 
the breast and axillary lymph nodes at the time of 
surgery. The pCR rate for those patients receiving 
chemotherapy plus H was 30.3 % versus 22.7 % 
for those receiving chemotherapy plus L 
(HR, 0.68,  p  = 0.04). There was a greater 
 incidence of dyspnea and edema in patients 
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receiving chemotherapy/trastuzumab, while 
patients receiving chemotherapy/L had a greater 
incidence of skin rash and diarrhea. A total of 
33.1 % of patients receiving chemotherapy/L dis-
continued treatment due to toxicity compared 
with 14 % of patients receiving chemotherapy/H. 

 Another neoadjuvant clinical trial performed 
by the MD Anderson group incorporated trastu-
zumab to an epirubicin-based regimen [ 47 ]. 
A total of 64 patients were included in the trial 
which was conducted in two phases. Patients 
were randomized to receive 4 cycles of paclitaxel 
at 225 mg/m 2  as a 24-h infusion at 3-week inter-
vals, followed by 4 cycles of FEC therapy, which 
consisted of 500 mg/m 2  fl uorouracil on days 1 
and 4, 500 mg/m 2  i.v. cyclophosphamide on day 
1 only, and 75 mg/m 2  epirubicin on day 1 only. 
Patients randomized to receive trastuzumab 
received 4 mg/kg trastuzumab i.v. over 90 min on 
day 1 of the fi rst cycle of paclitaxel. These 
patients received 2 mg/kg trastuzumab weekly, 
administered i.v. over 30 min during the 24 weeks 
of chemotherapy. pCR for patients receiving 
trastuzumab was 60 % and 26.3 % in the non- 
trastuzumab group. Cardiac safety data suggested 
that even though trastuzumab was given concur-
rently with epirubicin, there was no cardiac dys-
function. This study is relatively small compared 
with other neoadjuvant and adjuvant clinical tri-
als. However, the effi cacy of the trastuzumab arm 
and apparent lack of cardiac toxicity provide 
good preliminary data for using this combination 
in the clinical setting.  

   Novel Agents 
 Novel modalities exist to circumvent resistance to 
trastuzumab by targeting more than one member of 
the EGFR family, such as lapatinib. As a mono-
therapy in early clinical studies, lapatinib was 
found to be both clinically active and well tolerated 
in heavily pretreated, HER2-amplifi ed patients 
with advanced breast cancer [ 48 ]. The combination 
of lapatinib (1,250 mg/m 2  daily for 3 weeks) with 
capecitabine (1,000 mg/m 2 /bid on days 1–14 q 
3 weeks) is currently approved for use in metastatic 
HER2+ breast cancer given its superiority to 
capecitabine alone (1,250 mg/m 2 /bid on days 1–14 
q 3 weeks) [ 42 ]. A neoadjuvant clinical trial 

 conducted in our institution combining lapatinib to 
 nab -paclitaxel for four cycles produced a patho-
logic complete response rate of 17.9 %, showing it 
to be an active and well- tolerated regimen [ 49 ]. 

 In a review of over 2,800 patients exposed to 
lapatinib, the incidence of symptomatic declines of 
LVEF was 1.3 %, and in the majority of cases, it 
was transient and lapatinib was restarted [ 50 ]. An 
interesting fi nding was the lower incidence of brain 
metastases as a site of disease progression, possibly 
due to lapatinib having a better central nervous 
penetration compared to trastuzumab. The 
Adjuvant Lapatinib and/or Trastuzumab Treatment 
Optimisation (ALTTO) trial has currently com-
pleted accrual [ 51 ]. This trial randomizes patients 
with HER2+ early-stage breast cancer to one of 
four treatment arms: (1) trastuzumab, (2) lapatinib, 
(3) trastuzumab and lapatinib in combination, and 
(4) trastuzumab followed by lapatinib. Treatment 
duration for all arms was 1 year. Standard adjuvant 
chemotherapy was given in all treatment arms. 
After recommendations for the Independent Data 
Monitoring Committee, the lapatinib arm was dis-
continued due to the fi nding that the lapatinib alone 
arm was unlikely to meet the pre-specifi ed criteria 
of demonstrating non-inferiority to trastuzumab 
alone with respect to DFS. The other arms continue 
without any changes. 

 Given its potential lack of cardiac toxicity and 
benefi t in CNS penetration, adjuvant clinical trials 
are under way comparing its effi cacy to trastu-
zumab as well as evaluating its combination with 
trastuzumab. In a phase III clinical trial, 3,161 
women with HER2+ early-stage breast cancer 
who had previously received adjuvant chemother-
apy, but not trastuzumab, were randomly assigned 
(1:1) to receive daily lapatinib (1500 mg) or daily 
placebo for 12 months [ 52 ]. After a median fol-
low-up of 47.4 months in the lapatinib group and 
48.3 in the placebo group, there was a nonsignifi -
cant difference in DFS favoring the lapatinib arm 
(HR, 0.83;  p  = 0.053). Central review of HER2 
status showed that only 2,490 (79 %) of the ran-
domized women were HER2+. When the data 
was analyzed for women with centrally confi rmed 
HER2+ breast cancer, the lapatinib arm had a sig-
nifi cant improvement in DFS compared with pla-
cebo (HR, 0.82;  p  = 0.04). 
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 Another novel agent, pertuzumab 
(Omnitarg™, Genentech, San Francisco, CA, 
USA), is a humanized monoclonal antibody 
directed against heterodimerization of HER2 
and HER3 [ 53 ]. Known as a dimerization 
inhibitor, pertuzumab binds to HER2 at a dif-
ferent site than trastuzumab and near the 
dimerization domain and blocks the ability of 
the receptor to dimerize with other receptors of 
the EGFR family. In a large randomized phase 
III clinical trial in metastatic HER2+ breast 
cancer, the combination of pertuzumab trastu-
zumab and docetaxel produced superior results 
compared with trastuzumab and docetaxel 
[ 53 ]. This leads to the approval of pertuzumab, 
as a fi rst-line therapy for metastatic HER2+ 
breast cancer. Phase III clinical trials are under 
way in early-stage breast cancer combining 
pertuzumab and trastuzumab in patients with 
HER2+ breast cancer. 

 The phase II NeoSphere trial evaluated neo-
adjuvant trastuzumab/docetaxel, pertuzumab/
trastuzumab/docetaxel, pertuzumab/trastuzumab, 
and docetaxel/pertuzumab in HER2+ stage II or 
III breast cancer ( N  = 417) [ 54 ]. The pCR rate was 
45.8 % with pertuzumab/trastuzumab/docetaxel, 
signifi cantly higher than the 29.0 % rate with 
trastuzumab/docetaxel alone ( p  = 0.0141); con-
versely, the 16.8 % pCR rate with pertuzumab/
trastuzumab was signifi cantly lower than that with 
trastuzumab/docetaxel ( p  = 0.0198). Pertuzumab/
trastuzumab/docetaxel was associated with a 
grade ≥3 toxicity profi le primarily consisting of 
neutropenia, febrile neutropenia, leukopenia, and 
diarrhea (in 45 %, 8 %, 5 %, and 6 % of patients, 
respectively); with trastuzumab/docetaxel alone 
these were observed in 57 %, 7 %, 12 %, and 4 %, 
respectively. Grade ≥3 toxicity with pertuzumab/
trastuzumab was limited to neutropenia and drug 
hypersensitivity (1 % and 2 %, respectively).    

    Targeting Other Pathways 

    Angiogenesis Inhibitors 

 Bevacizumab is a humanized monoclonal anti-
body that binds VEGF-A and thus is an  indirect 

inhibitor of angiogenesis. Trials in metastatic 
breast cancer have shown an improvement in 
progression-free survival (PFS) with the com-
bination of bevacizumab and chemotherapy 
compared with chemotherapy alone [ 55 ,  56 ]. 
However, these trials have not shown a benefi t 
in OS. Given the initial enthusiasm behind bev-
acizumab, several randomized clinical trials 
were initiated in early-stage breast cancer. 
Although most of these trials have not matured, 
a clinical trial in triple-negative breast cancer 
was recently presented [ 57 ]. The Bevacizumab 
Adjuvant Therapy in Triple-Negative Breast 
Cancer (BEATRICE) trial randomized patients 
with triple- negative early-stage breast cancer 
to 4–8 cycles of chemotherapy with or without 
bevacizumab. Bevacizumab was administered 
for a total of 1 year. The primary endpoint was 
invasive DFS (IDFS) with secondary endpoints 
of DFS, OS, and safety. A total of 2,591 
patients were randomized and with a median 
follow-up of 32 months; IDFS was similar 
between the two arms (82.7 % in the 
 non-bevacizumab arm and 83.7 % in the beva-
cizumab arm; HR, 0.87;  p  = 0.18). OS was also 
similar in the two arms (HR, 0.84;  p  = 0.23). 
There was a small but increased risk of class III 
and IV heart failure in the bevacizumab arms. 
The results of this clinical trial show that there 
is no benefi t for the use of bevacizumab in the 
 adjuvant therapy of triple- negative breast 
cancers.  

    State of the Art: 2013 
Recommendations 

•     Pathology reports should include HER2 status 
assessed by IHC and/or FISH.  

•   Patients with tumors >6 mm, HER2+ (regard-
less of nodal status) should be considered for 
anti-HER2-based therapy.  

•   The standard duration of adjuvant trastuzumab 
is 1 year.  

•   Patients with HER2+ breast cancer who are 
candidates for preoperative systemic therapy 
should have trastuzumab incorporated into 
their regimen (Table  25.2 ).
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         Radiation therapy has been used to treat 
 malignancies for well over 100 years. One of the 
fi rst examples in the literature comes from Emil 
Grubbe from Chicago, who treated a woman with 
breast cancer with X-rays in 1896 [ 1 ]. Radiation 
therapy continues to play an instrumental role in 
the management of the patient with breast cancer, 
regardless of the overall stage. When adminis-
tered in an adjuvant setting, radiation dramati-
cally reduces recurrence rates [ 2 ,  3 ] and does so 
with an acceptable toxicity profi le [ 4 ] Most 
importantly, large meta-analysis has shown that 
irradiation of the breast in the adjuvant setting 
prolongs survival [ 5 ] The goal of this chapter is 
to highlight the role of radiation therapy in the 
management of breast cancer. 

    Basic Radiation Concepts 

 The therapeutic basis of radiation requires a basic 
review of atomic substructure, DNA damage, 
DNA repair processes, and the biologic princi-
ples of malignant cells. In most clinical circum-
stances, radiation therapy takes the form of either 
high-energy photon beams (X-rays) or electrons 
generated in a linear accelerator. To create pho-
tons, amplifi ed microwaves are used to accelerate 

electrons along a waveguide where they collide 
with a target composed of a high atomic number 
material thereby generating secondary X-rays. 
These X-rays are then shaped in the head of the 
machine and directed according to the previously 
generated plan toward the target tissue [ 6 ]. X-rays 
are penetrating beams that attenuate according to 
their interaction with the absorbing material but 
exit the opposite side. Alternatively, electrons, 
which are the negatively charged subatomic par-
ticles surrounding the atomic nucleus, travel a 
limited distance through the absorption medium. 
These beams are typically chosen for more super-
fi cial applications where limited dose beyond the 
target is desired. Other subatomic particles used 
for therapy including protons and neutrons are 
beyond the scope of this chapter. 

 Upon entering the body, X-rays impart their 
energy primarily to the electrons of the tissue. The 
energy transferred to the electrons increases their 
energetic state that generates secondary ions [ 7 ]. 
These ions then interact with the primary target of 
the cell the DNA. Electron beams directly impart 
their energy on the target molecules and through 
secondary ionizing events. Most of the DNA 
damage is in the form of single-strand breaks, 
base deletions, and base alterations [ 8 ]. These 
DNA aberrations occur both in the normal and 
malignant cell, but it is the perturbed state of the 
malignant cell that creates the therapeutic benefi t. 
As the malignant cell has altered cell cycle kinet-
ics, weakened repair mechanisms, and an altered 
microenvironment, it is more likely to manifest 
this DNA damage and die by mitotic crisis. 
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 The DNA damage and repair mechanics are 
the defi ning biologic processes that dictate the 
logistics of radiation therapy treatments. The four 
Rs repair, re-assortment, repopulation, and reox-
ygenation are the radiobiology terms used to 
defi ne the cell’s response to radiation injury. 
These processes help to clarify why different 
treatment fractionation patterns are chosen. 
Rapid repair of sublethal radiation damage by 
cells in a relatively resistant phase of mitosis 
explains the increase in cell population after a 
radiation treatment. The surviving cells then 
progress through the cell cycle in a process 
described as re-assortment. There is then 
regrowth of the remaining cells termed repopula-
tion [ 9 ]. Reoxygenation of hypoxic cells due to 
death of adjacent aerated cells increases their 
sensitivity to subsequent radiation. These pro-
cesses have implications not only for tumor con-
trol but also in how normal tissues respond to 
therapy and the long-term manifestations and 
therefore risks of treatment. In general, smaller, 
more frequent doses of radiation are more effec-
tive in rapidly dividing cancers and are more 
likely to cause increased acute toxicities with 
fewer long-term toxicities. Larger doses are 
likely to be more effective in more indolent 
malignancies but also carry a higher risk of per-
manent injury to surrounding normal tissues [ 10 ]. 
Therefore, it is the radiation oncologist’s respon-
sibility to determine the fractionation pattern 
most appropriate for the given disease and the 
patient’s expected longevity and goals of therapy. 
Most fractionation patterns originate from his-
torical standards but have continued to evolve 
through the results obtained from prospective 
clinical trials.  

    Breast Conservation 

 Prior treatment paradigms concentrated on surgi-
cal cures. Large clinical trials in the later part of 
the twentieth century demonstrated that minimal 
surgery and radiation are an acceptable alterna-
tive to mastectomy. The goal of radiation is to 
eliminate microscopic residual disease and 
reduce local recurrence rates within the breast. 

    Suitability Criteria for Breast 
Conservation 

 Most women are candidates for breast- conserving 
therapy. Like all treatments; however, there are 
situations where there are relative and absolute 
contraindications (Table  26.1 ).

   The primary tumor size in proportion to the 
breast size: The general concept is breast conser-
vation or organ preservation. The size of disease 
relative to the size of the breast is an important 
consideration for the surgeon. In cases where the 
extent of surgery required to perform an adequate 
lumpectomy exceeds that where a proportional 
breast can be retained, then consideration of 
 mastectomy should be entertained. The 
NSABP-B06 [ 2 ] study required that patients have 
a lumpectomy resulting in clear margins and an 
acceptable cosmetic result. Selected patients who 
are unwilling to have a mastectomy may be 
 considered for neoadjuvant therapy in an effort to 
pursue breast conservation [ 11 ]. 

    Prior Thoracic Radiation 
 Patients who may have had mediastinal radiation 
due to childhood lymphomas are typically not 
considered candidates for breast conservation, 
due to the concern regarding repeat treatment to 
previously irradiated tissues. However, there are 
single-institution, retrospective series that 
describe repeat radiation to the breast in these 
patients with acceptably low rates of morbidity 
[ 12 ,  13 ]. There are a handful of case series that 
describe experiences in patients who have had 
prior breast-conserving radiation and have gone 
on to receive partial breast radiation for local 
recurrences with acceptable morbidity and local 
control [ 14 ,  15 ].  

    Table 26.1    Contraindications to breast conservation   

 Relative  Absolute 

 Disproportionate tumor to 
breast size 

 Pregnancy 

 Collagen vascular diseases  Multicentric disease 
 Scleroderma 
 Prior chest wall 
radiation therapy 
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    Pregnancy 
 The implications of the irradiation of a developing 
fetus are relatively well described and vary accord-
ing to the gestational age. Early in pregnancy, 
exposure to radiation yields an all or nothing out-
come where either the embryo is suffi ciently 
altered that it is unable to develop into a fetus or it 
is completely normal. The greatest implications 
for injury occur during the period of organogene-
sis where malformations are most likely. Late in 
pregnancy, radiation is less likely to cause fetal 
death but may cause microcephaly, impaired cog-
nition, growth retardation, and potential sterility 
[ 16 ]. It is hard to conceive of a situation where 
breast radiation therapy would need to be deliv-
ered on such an urgent basis where the safety of 
the fetus would be called into question. Even if 
breast conservation was preferred, it can usually 
be delayed until after the birth. Chemotherapy is 
typically considered safe to deliver during the sec-
ond trimester and may be used to extend the inter-
val to radiation [ 17 ,  18 ].  

   Collagen Vascular Diseases 
 The spectrum of these disorders is broad, and 
even within each disorder, the penetrance of 
symptoms can be varied. Each patient’s case 
must be considered independently. Descriptions 
in the literature of patient’s with collagen vascu-
lar disease who have received radiation generally 
describe a particularly increased risk of signifi -
cant treatment morbidity for patients with active 
scleroderma. Other diseases such as rheumatoid 
arthritis or mild lupus are unlikely to bear clinical 
signifi cance [ 19 ] (reference).  

   Multicentric Disease 
 Multicentric disease is the description of disease 
that encompasses more than one quadrant of the 
breast. The implication is that due to the extent of 
surgery required to perform adequate lumpecto-
mies in two separate quadrants, the remaining 
breast is unlikely to retain suffi cient tissue to 
meet the spirit of breast conservation. This is 
clearly dependent on the patient’s breast size and 
the goals of the patient, particularly one who may 
consider contralateral breast reduction mammo-
plasty [ 20 ].   

    Data Supporting Breast Conservation 

   Ductal Carcinoma In Situ (DCIS) 
 For patients with ductal carcinoma in situ (DCIS), 
there is abundant data that supports a role for 
adjuvant breast radiation therapy. Radiation has 
been shown to reduce the risk of recurrence not 
only of noninvasive but also of invasive disease. 
The four randomized studies looking at adjuvant 
radiation therapy in noninvasive ductal disease 
are presented in Table  26.1 . All four studies dem-
onstrated a statistically signifi cant reduction in 
the rate of in-breast recurrences. The NSABP 
[ 21 ], EORTC [ 22 ], and Swedish [ 23 ] studies had 
roughly equivalent reduction of both invasive and 
noninvasive disease, but the UKCCCR [ 24 ] study 
had twice as many noninvasive recurrences as 
invasive recurrences. The UKCCCR study was a 
two-by-two randomization between adjuvant 
radiation therapy and adjuvant tamoxifen ther-
apy. There were too few events in the analysis 
between the tamoxifen arms to demonstrate a 
meaningful signifi cance between the groups. 
Tamoxifen was not routinely used in the other 
studies (Table  26.2 ).

   Additional prospective studies have also tried 
to fi nd a subpopulation of low-risk patients that 
may be observed. A single-arm multicenter study 
of low-risk DCIS patients in Boston was closed 
early due to a higher risk of local recurrence. This 
study that started in 1995 enrolled 153 women 
who had  < 2.5 cm mammographically grade 1 or 2 
DCIS with 1 cm surgical margins to observation 
alone without the use of tamoxifen. By 2002 the 
stopping rule was reached and the study closed 
with a recurrence rate of 12 % at 5 years [ 25 ]. A 
larger ECOG registry study conducted on 565 
women with low-grade DCIS and 105 with high-
grade disease who were treated with surgery alone 
found a recurrence rate of 6 % for the low-risk 
group and 15 % for the high-risk group. The 
median follow-up was 6.2 years, and tamoxifen 
use in both groups was quite low, only about 10 % 
of all patients [ 26 ]. A prospective randomized 
study by the RTOG of women with completely 
resected low-grade disease has been reported in 
abstract form with a median follow- up of almost 6 
1/2 years [ 27 ]. Women were either observed or 
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treated with adjuvant whole-breast radiation ther-
apy. While not necessary, adjuvant hormone ther-
apy use was much higher (62 %) compared to the 
previously mentioned single- arm, prospective 
studies. Five-year recurrence rates in the radiation 
group were 0.4 % vs. 3.2 % with observation. 

 Additional follow-up analysis of the 
 prospective, randomized studies has been per-
formed by meta-analysis with the goal of identi-
fying patients at a very low risk of recurrence 
who may derive little benefi t from radiation ther-
apy [ 28 ]. In all comparisons, there was a signifi -
cant improvement in local control with adjuvant 
radiation therapy. Particularly surprising was that 
the magnitude of risk reduction was higher in 
older patients and even in patients with low-
grade, small lesions with negative margins, there 
was an absolute 18 % reduction of breast events. 
While adjuvant therapy has not demonstrated a 
reduction in the risk of death due to breast cancer, 
there is a true reduction in the recurrence of both 
noninvasive and invasive disease. The EBCTCG 
meta-analysis of invasive disease found a small 
improvement in 15-year survival by reducing 5- 
and 10-year local recurrence rates [ 5 ,  29 ]. While 
additional follow-up is required to see the long- 
term outcomes, observation can be considered 
for highly selected women who consent to adju-
vant hormone therapy. Thoughtful consideration 
must be made regarding expected longevity and 
the patient’s appetite for additional surgery in the 
event of a recurrence.  

   Invasive Disease 
 Breast conservation for invasive disease has 
evolved signifi cantly over the past 40 years. The 
studies completed on patients with invasive disease 
were performed in the late twentieth century, as the 
pendulum of care was swinging away from the 
radical Halstedian surgical paradigm. On balance, 
the data demonstrate that women can preserve their 
breasts without compromising their longevity. Six 
major studies performed in randomized fashion are 
presented in table form (Table  26.3 ).

   All of the studies required routine axillary dis-
section and adjuvant chemotherapy was indicated 
for patients with node-positive disease. Adjuvant 
supraclavicular nodal radiation was included as a 
routine measure for patients who were found to 
have nodal disease after mastectomy on the 
EORTC study and the Danish study that also 
required chest wall radiation for high-risk 
patients. Nodal radiation after mastectomy was 
the subject of a second randomization for node- 
positive mastectomy patients in the Milan and 
Gustave-Roussy trials. 

 Further long-term analysis of the data has 
resulted in several pooled analyses that have 
demonstrated improved local control from adju-
vant breast radiation that translates to an improve-
ment in overall survival for many patients. A 
meta-analysis performed by the Early Breast 
Cancer Trialists’ Collaborative Group of 17 ran-
domized studies examined the role of adjuvant 
radiation therapy after lumpectomy [ 5 ]. This 

   Table 26.2    DCIS studies   

 Study   N   Years 
 Follow-up 
(years)  Whole breast  LRR (%)  OS (%) 

 NSABP-B17 a,b  
[ 21 ] 

 818  1985–1990  15  50 Gy  19.8  92.0 
 Lumpectomy  35.0  91.8 

 EORTC a,b  [ 22 ]  1,010  1986–1996  15  50 Gy  18  90 
 Lumpectomy  31  88 

 Swedish [ 23 ]  1,067  1987–1999  8  50 Gy  12.1  91.6 
 Lumpectomy  27.1  90.4 

 UKCCCR b  [ 24 ]  1,701  1990–1998  4.4  50 Gy + Tam  6  93 
 50 Gy – Tam  8  98 
 Lumpectomy + Tam  18  90 
 Lumpectomy – Tam  22  96 

   a Tamoxifen not routine 
  b Boost not standard  
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analysis of over 10,000 women demonstrated a 
consistent, proportional reduction in the rate of 
local recurrence in women, regardless of their 
age. An additional important fi nding was that a 
reduction in the rate of local recurrence trans-
lated to an improved 15-year breast cancer sur-
vival advantage that ranged from 3.3 % for 
node-negative women to 8.5 % for node-positive 
women. 

 Not unexpectedly, patient and disease charac-
teristics identify those who derived smaller abso-
lute risk reductions. Several studies have 
examined the role of adjuvant radiation in favor-
able risk patients to test the hypothesis if radiation 

is required for patients who take hormonal ther-
apy. The results suggest that patients of advanc-
ing age with a small tumor size, positive receptor 
status, negative nodal status, and negative resec-
tion margins may have a smaller absolute 
improvement of local control. This data suggests 
that hormone therapy alone can be considered for 
highly selected patients who are amenable to 
close follow-up (Table  26.4 ).

      After Neoadjuvant Chemotherapy 
 The traditional sequence of care for patients who 
pursue breast conservation has been the initial 
surgery followed by adjuvant chemotherapy, if 

   Table 26.3    Breast conservation   

 Study   N   Years 
 Follow-up 
(years)  Arms  LRR (%)  OS (%) 

 NSABP-B06 a,b  
[ 2 ] 

 1,851  1976–1984  20  Mastectomy  10.2  47 
 Lumpectomy  39.2  46 
 Lumpectomy + RT  14.3  46 

 Milan a,b  [ 30 ]  701  1973–1980  20  Radical Mastectomy  2.3  58.2 
 Lumpectomy + RT  8.8  58.3 

 Danish a,b  [ 31 ]  793 c   1983–1989  19.6  Mastectomy  21  49.1 
 Lumpectomy + RT  13  53.7 

 Institut Gustave- 
Roussy  b  [ 32 ] 

 179  1972–1979  15  Mastectomy  18  65 
 Lumpectomy + RT  13  72 

 NCI a,b  [ 33 ]  247  1979–1987  10  Mastectomy  10  75 
 Lumpectomy + RT  5  77 

 EORTC 1081 a,b  
[ 34 ] 

 902  1980–1986  10  Mastectomy  12.2  66.1 
 Lumpectomy + RT  19.7  65.2 

   a Adjuvant chemo for node-positive disease 
  b Routine axillary node dissection 
  c Analysis of “correctly randomized patients”  

   Table 26.4    Observation   

 Study   N   Years 
 Follow-up 
(years)  Arms  LRR (%)  OS (%) 

 NSABP-B21 
[ 35 ] 

 1,009  1989–1998  8  Whole breast + tamoxifen  2.8  93.4 
 Whole breast + placebo  9.3  94 
 Tamoxifen  16.5  94 

 CALGB-9343 
[ 36 ] 

 636  1994–1999  12.6  Whole breast + tamoxifen  2  67 
 Tamoxifen  10  66 

 Canadian [ 37 ]  769  1992–2000  5.6  Whole breast + tamoxifen  0.6  91 
 Tamoxifen  7.7  92 

 Austrian [ 38 ]  869  1996–2004  4.5  Whole breast + Tam/
anastrozole 

 0.4  97.9 

 Tam/anastrozole  5.1  94.5 
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needed, followed by radiation therapy. However, 
neoadjuvant chemotherapy prior to surgery can 
convert more women who would otherwise 
require mastectomies to breast-conserving ther-
apy. The NSABP-B18 [ 39 ] clinical trial  examined 
the role of neoadjuvant versus adjuvant chemo-
therapy with 4 cycles of Adriamycin and Cytoxan. 
Early analysis demonstrated a 12 % increase in 
the likelihood that a lumpectomy could be per-
formed. There was almost a doubling of the rate 
of lumpectomy in women with breast cancers 
greater than 5 cm. Long-term analysis failed to 
demonstrate a survival advantage between the 
two arms, although there was a nonsignifi cant 
increased risk of ipsilateral breast recurrence for 
women who were treated preoperatively at 
10.7 % vs. 7.6 %. The B-27 [ 40 ] trial demon-
strated an increased possibility of pCR with the 
addition of Taxol-based chemotherapy to about 
25 % of patients. Radiation therapy was routinely 
employed in patients who underwent lumpec-
tomy. Radiation remains routine care for lumpec-
tomy patients who have received neoadjuvant 
chemotherapy as a part of their treatment. Care 
must be taken when a woman is converted to a 
breast conservation candidate that the entire pre-
operative tumor extent has been marked prior to 
chemotherapy and subsequently excised to avoid 
the possibility of multifocal residual disease left 
in the breast.  

   Boost in Breast Conservation 
 A boost is a commonly utilized technique in radi-
ation oncology. The concept is that while a larger 
area may receive a prophylactic dose of radiation 
therapy, the surgical bed or area of initial gross 
disease will require a higher dose. This is due to 

a greater disease burden or to compensate for 
reduced therapeutic effi cacy due to lower oxygen 
concentrations as a result of the surgical changes. 
For invasive disease of the breast, the concept of 
a boost has been most rigorously studied in the 
conservation setting. A Danish study randomized 
over 5,000 patients who had undergone a lumpec-
tomy and breast-conserving radiation therapy to 
either no further therapy or a boost via one of 
three different techniques. The study demon-
strated that there was an improvement in local 
control with the use of the boost. Other studies 
have corroborated these results although with 
shorter follow-ups. On analysis, all studies have 
found a higher degree of absolute benefi t for 
younger women. All found an increased rate of 
physician-reported adverse cosmetic changes; 
however, patient perception of cosmetic outcome 
was largely satisfactory in groups treated with 
and without boost (Table  26.5 ).

   The role of a boost in DCIS remains an unan-
swered question. There are at least two pub-
lished retrospective series that have demonstrated 
some improvement in local control [ 44 ,  45 ]. 
There are two ongoing prospective, the French 
BONBIS and the Trans Tasmanian 07.01 trial, 
randomized studies that will provide some guid-
ance on this topic. A boost should be considered 
for younger women and those with negative 
prognostic  features such as necrosis and higher 
grade.  

   Surgical Margins 
and  Breast- Conserving Therapy 
 Margins of resection at the time of lumpectomy 
are frequently a topic of discussion between sur-
geons and radiation oncologists at tumor boards. 

   Table 26.5    Boost studies   

 Study   N  
 Follow-up 
(years)  Whole breast  Boost  LRR 

 EORTC [ 41 ]  5,318  10.8  50 Gy  16 Gy electrons, photons, or brachytherapy  10.2 % 
 50 Gy  6.2 % 

( p  < 0.0001) 
 Lyon [ 42 ]  1,024  3.3  50 Gy (2.5/fx)  10 Gy electrons  4.5 % 

 50 Gy (2.5/fx)  3.6 % ( p  = 0.044) 
 Budapest [ 43 ]  208  5.3  50 Gy  16 Gy electron or brachytherapy  15.5 % 

 50 Gy  6.7 % ( p  = 0.044) 
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Unfortunately, the data regarding the signifi cance 
of a close (<1 mm) or positive margin (tumor on 
the inked margin) is mixed, and mainly derived 
from secondary analysis of prospective studies or 
retrospective series. It is the heterogeneity of the 
enrollment criteria of prospective series and the 
inconsistency of margin assessment that further 
compound the complexity of these evaluations. A 
review of the literature by Singletary highlighted 
the variability in reporting of margin status of 
surgical results and that there was great variabil-
ity of recurrence rates reported for a given margin 
[ 46 ]. There is strong evidence that true positive 
margins result in higher recurrence rates and pos-
itive margins for invasive disease should prompt 
the surgeon to consider additional surgery to 
clear the margin. 

 A recent meta-analysis of over 14,000 patients 
found a strong connection between the risk of 
local recurrence and margin status (positive vs. 
negative) [ 47 ]. This showed a nonsignifi cant 
trend in reduced rates of local recurrence with 
decreasing negative margin depth. However, the 
trend was completely lost with the addition of a 
boost or hormonal therapy. While it may reduce 
the signifi cance of a close margin, the ability for 
radiation to correct for positive margins is ques-
tionable. A retrospective analysis of patients 
treated at Thomas Jefferson by DiBiase [ 48 ] 
found that despite higher doses of adjuvant radia-
tion therapy in patients with positive margins, 
there was still a signifi cantly lower rate of local 
control at 5 and 10 years. Therefore, while the 
ideal depth of margin is unclear, positive margins 
at lumpectomy signifi cantly compromise local 
control and may not be accounted for with addi-
tional radiation.  

   Accelerated Partial Breast 
Radiation (ABPI) 
 With the evolution of the surgical paradigm away 
from large Halstedian surgeries to breast- 
preserving lumpectomies and radiation, the next 
logical question in radiation therapy was whether 
whole-breast radiation therapy was indicated. 
Indeed, analyses of patients who failed in the 
breast, either after lumpectomy alone or after 
radiation therapy, has demonstrated that the most 

frequent site of failure is in the same quadrant as 
the initial lumpectomy [ 49 ,  50 ]. Distant failure in 
the breast is an uncommon event. Several small 
single-institution studies demonstrated favorable 
local control in patients treated with radiation 
therapy limited to the lumpectomy cavity and 
surrounding area. However, many of the brachy-
therapy techniques described in these studies 
were beyond the scope of many practices and did 
not gain wide acceptance [ 51 ]. 

 With the advent of a series of FDA-approved 
devices in the late twentieth century, this tech-
nique was relatively simple to bring to a wide 
scope of practices. With the rapid adoption of this 
technique, a randomized study was commis-
sioned by several groups to examine the effec-
tiveness of this treatment compared to 
whole-breast radiation therapy. The American 
Society of Breast Surgeons [ 52 ] and the American 
Brachytherapy Society [ 53 ] both have put forth 
position statements regarding the appropriate 
candidates and use of accelerated partial breast 
radiation. The American Society of Radiation 
Oncology (ASTRO) has a well-developed con-
sensus statement [ 54 ] that subdivides patients 
into appropriate, cautionary, and inappropriate 
candidates for APBI. Further details of acceler-
ated breast radiation are the subject of a separate 
chapter.  

   Explanation of Radiation Planning 
and Techniques 
 From a historical standard, whole-breast radia-
tion therapy, as employed in the previously 
reviewed NSABP studies, consists of what is 
commonly referred to as tangent radiation ther-
apy. Patients are positioned in a supine position 
usually at a 10–15° incline. The ipsilateral arm to 
the affected breast or both arms are extended 
above the head and supported in an immobiliza-
tion device. Devices that accomplish all of these 
positions are often referred to as breast boards. 
After the patient has been placed in a satisfactory 
position, wires may be placed on the skin to mark 
the surface anatomy of the medial, lateral, supe-
rior, and inferior aspects of the breast tissue with 
a margin. The lumpectomy scar is also marked if 
a boost is anticipated. Once patient setup is 

26 External Beam Radiation Therapy



384

 complete, a set of images is taken to construct the 
fi elds that will be used to treat the patient. 

 The process of fi eld construction has changed 
substantially over the past two decades. 
Traditionally, radiation fi elds were set either clin-
ically or with the use of a conventional simulator. 
A conventional simulator is a kilovoltage 
X-machine setup to replicate the patient position 
during treatment. Treatment fi elds were con-
structed by using single-plane fl uoroscopic guid-
ance to adjust the gantry angle to create a beam 
coming at the breast from a lateral orientation so 
that a profi le of the breast was created with as 
little lung in the fi eld as possible while still cover-
ing the breast. Skin wires placed at the medial 
and lateral aspects of the breast could be aligned 
on fl uoroscopy to establish appropriate entry and 
exit points of the beam. Once found to be accept-
able, this fi eld was often mirrored with a fi eld 
from the medial direction. 

 Simple blocks or collimation and wedges 
were used to further minimize the dose to the 
lung and to homogenize the dose across the 
breast, respectively. The drawback of this plan-
ning technique was in the limited data available 
to moderate the dose and therefore avoid “hot” 
and “cold” spots within the breast tissue or adja-
cent normal tissues. The current standard of care 
is CT-based 3D conformal treatment planning. 
After the patient positioning is completed, a non- 
contrast CT scan is performed from the upper 
neck through the upper abdomen. These images 
are imported into a treatment planning computer 
system where the CT images are then recon-
structed into a 3D model. The physician and 
physics staff then contour or identify in three 
dimensions the tissue to be irradiated and the 
adjacent normal structures to be shielded. By 
using a beam’s eye view, the beam can be con-
structed to conform to the target and shield the 
normal structures and tissues. Using a mathemat-
ical algorithm that models the dose, the physician 
and physics staff can review the fi elds and make 
adjustments to the energy and shape and other-
wise modulate the fi eld to better conform the 
dose to meet the ideal treatment constraints. 

 Radiation therapy plans are evaluated by 
reviewing isodose lines which are essentially 

topographical lines representing different doses 
of radiation, a dose volume histogram and the 
parameters of each fi eld used for treatment. 
While the desired doses and target may change 
from patient to patient, the usual goal is for a 
homogeneous distribution of the prescription 
dose of radiation across the target with minimi-
zation of hot and cold spots (keeping the dose 
within 15 % of the prescribed dose). The other 
aspect of plan evaluation is the review of doses 
delivered to the normal organs in the vicinity of 
the target. With the evolution of radiation ther-
apy into 3D-based planning, more accurate 
dose thresholds have been generated for normal 
organs. Organs of particular concern when 
planning breast radiation include the lung, heart 
(for left-sided disease), brachial plexus, and 
spinal cord. Upon acceptance of a plan, a vari-
ety of quality assurance procedures are per-
formed by the physician and physics staff in 
order to assure accurate and safe delivery of the 
radiation.  

   Fractionation Schemes 
 Traditionally, radiation therapy has been deliv-
ered with prescribed doses of 1.8–2.0 Gy per 
treatment delivered on a daily basis, 5 days a 
week over the course of 5–7 weeks. These radia-
tion schedules or fractionation patterns were born 
out of the previously described trials that laid the 
groundwork for breast- conserving surgery and 
radiation. However, alternative whole-breast 
fractionation patterns have been evaluated in 
clinical trials resulting in similar outcomes. 
Hypofractionated radiation therapy condenses 
the time frame over which the course of therapy 
and is given typically at a higher dose per frac-
tion. Treatments may still be given daily, but 
higher doses (>5 Gy) are often given less often. 
Recent prospective studies have looked at con-
densing treatment into fewer weeks of therapy 
(Table  26.6 ).

   Each series has long-term follow-up allowing 
for reasonable conclusions regarding the value of 
hypofractionation. A study from Canada has the 
most mature data, and compared a traditional 
25- fraction course of radiation therapy to a 16-frac-
tion course. On the whole the groups performed 
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comparably, but there was a signifi cantly higher 
local recurrence rate for patients with high-grade 
disease treated with the hypofractionated regimen 
(15.6 %) compared to those treated with conven-
tional fractionation (4.7 %). The two UK START 
studies were performed with even more hypofrac-
tionated regimens that also demonstrated equiva-
lent local control rates. Follow-up on these studies 
is at 10 years and provides mature data to support 
this treatment regimen. Another UK study was 
performed comparing 50 Gy in 25 fractions to two 
regimens of fi ve, once weekly radiation, with 
doses of either 5.7 or 6 Gy. The primary endpoint 
was cosmesis, fi nding that the 6 Gy fraction arm 
was inferior to the conventional and 5.7 Gy frac-
tion arm. The study was not powered to evaluate 
differences in local control, but failure rates were 
essentially equivalent [ 59 ]. 

 The decision to treat with a particular sched-
ule is multifactorial. Most of the women enrolled 
on the hypofractionation studies were postmeno-
pausal, over the age of 50, and had early-stage 
disease that did not require regional nodal radia-
tion. Systemic therapy use was somewhat limited 
on these studies and may underestimate the 
impact of combination therapy on cosmesis. 
ASTRO (American Society of Radiation 
Oncology) has published guidelines [ 60 ] for 
whole-breast hypofractionated radiation therapy 
based largely on the results of the abovemen-
tioned studies.  

   Boost Techniques 
 As discussed above, boost radiation can be uti-
lized to treat the lumpectomy bed after whole- 
breast radiation in order to improve local control 
at that site. The technical means of delivering the 

boost are varied. Commonly, a boost is delivered 
via an en face electron beam. Different than 
X-ray or photon radiation as described above, 
electrons are subatomic particles that directly 
interact with the target atoms as opposed to 
imparting energy to the native electrons or nuclei. 
Due to their small mass relative to their negative 
charge, the path they take is highly infl uenced by 
the tissue through which they pass. As a result, 
the electrons deposit most of their energy within 
a few centimeters of the skin surface with no exit 
dose. Depth of beam penetration and surface 
dose both increase with increasing electron ener-
gies. An easy rule to remember is that 80 % of the 
prescribed dose is delivered to a depth that is one- 
third the maximum energy of the electron beam. 
The electron beam is preferred in patients with a 
lumpectomy bed close to the skin surface as it 
can usually encompass the target with one beam 
and limit the dose to the underlying lung and 
chest wall. 

 For deep-seated targets, a combination of pho-
ton fi elds is typically preferred, as one beam will 
very rarely obtain the desired homogeneous dose 
distribution over the target. The boost volume is 
often created from the treatment planning CT 
where the lumpectomy cavity is frequently evi-
dent on the scan. However, this can be more chal-
lenging for patients with dense breasts or who 
may have had a long interval since their surgery. 
Therefore, surgical clips placed at the periphery 
of the lumpectomy bed at the time of surgery can 
frequently be helpful to direct the radiation 
oncologist. Brachytherapy options are available 
in addition to the external beam techniques. A 
conventional interstitial low-dose-rate brachy-
therapy technique was an option in the original 

   Table 26.6    Hypofractionation   

 Study   N   Years 
 Follow-up 
(years)  Radiation  LR (%)  OS (%) 

 Whelan et al. 
[ 55 ] 

 1,234  1993–1996  10  50 Gy in 25 Fx  6.7  84.4 
 42.5 Gy in 16 Fx  6.2  84.6 

 START A [ 56 , 
 57 ] 

 2,236  1998–2002  9.3  50 Gy in 25 Fx  7.4  82.6 
 41.6 Gy in 13  6.3  82.9 
 39 Gy in 13  8.8  81.8 

 START B [ 57 , 
 58 ] 

 2,215  1999–2001  9.9  50 Gy in 25 Fx  5.5  82.6 
 40 Gy in 15 Fx  4.3  85.7 
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Danish boost study [ 41 ]. Patients may also have a 
boost delivered by the now more commonly used 
brachytherapy catheters [ 61 ]. In the same way, 
intraoperative radiation therapy may be used to 
treat the lumpectomy cavity at the time of surgery 
as a boost if not appropriate as a sole modality 
[ 62 ]. Accelerated partial breast and intraopera-
tive radiation therapy techniques and indications 
are discussed in more detail in their respective 
chapters.  

   Postmastectomy Radiation Therapy 

 Breast radiation therapy has been demonstrated to 
improve local control for women who desire breast 
preservation. In early-stage disease, women can 
choose between breast-conserving surgery and 
radiation therapy or a mastectomy with equivalent 
overall survival rates. Women who are not conser-
vation candidates or who choose to have mastecto-
mies may also benefi t from adjuvant radiation 
therapy. Radiation therapy to the chest wall after 
mastectomy is  generally agreed to provide a ben-
efi t in local regional  control for women with more 
advanced primary disease and node-positive dis-
ease [ 63 ]. Several randomized studies and meta-
analyses indicate a survival advantage for women 
in the higher-risk categories. The NCCN [ 64 ] and 
the ACR appropriateness criteria [ 65 ] indicate that 

radiation therapy should be offered or strongly 
considered for women with cancers that have these 
high-risk characteristics on fi nal pathology. We 
would advocate that women with high-risk fea-
tures should be evaluated by a radiation oncologist 
to review the risks and benefi ts that treatment may 
confer. Discussion is particularly important in the 
more nuanced settings of mastectomies for women 
with intermediate risk factors, after neoadjuvant 
therapy and when breast reconstruction is desired.  

   Node-Positive and Locally Advanced 
Disease 
 The role of radiation therapy in the postmastec-
tomy setting for node-positive and locally 
advanced disease has been extensively studied. 
There are three completed randomized studies 
that have examined the role of radiation therapy 
after mastectomy in this setting (Table  26.7 ).

   In total, these studies demonstrated a statisti-
cal improvement in local regional control and 
overall survival compared to mastectomy and 
systemic therapy alone. Of note, only the British 
Columbia study enrolled women with node- 
positive disease alone, the Danish studies 
enrolled women with locally advanced disease 
as well. The Danish studies have been subject of 
many subset analyses including a review of 
recurrence rates for patients with one to three 
positive nodes and another based on receptor 

   Table 26.7    Postmastectomy radiation therapy   

 Study   N   Years 
 Follow-up 
(years)  Radiation  LRR  OS 

 British Columbia [ 66 ]  318  1979–1986  20  37.5 Gy in 16 fx to 
the chest wall and 
IMs 

 18 % 
chemo 

 37 % 

 35 Gy in 16 fx to the 
supraclav and axilla 

 7 % chemo 
+ RT 

 47 % 

 Danish 82b [ 67 ] 
(Premenopausal) 

 1,708  1982–1989  9.5  50 Gy in 25 or 48 Gy 
in 22 to chest wall 
and regional nodes 
(including IM) 

 32 % 
chemo 

 45 % 

 9 % chemo 
+ RT 

 54 % 

 Danish 82c [ 3 ] 
(Postmenopausal) 

 1,460  1982–1990  9.9  50 Gy in 25 or 48 Gy 
in 22 to chest wall 
and regional nodes 
(including IM) 

 35 % tam 
alone 

 36 % 

 8 % tam + 
RT 

 45 % 
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 status. Caution should be used when interpreting 
results gleaned from post hoc subset analysis, as 
these factors were not controlled for in the initial 
randomization and may be subject to uncon-
trolled bias. 

 There is some controversy regarding the 
impact of postmastectomy radiation for patients 
with more limited disease. The main critique of 
the aforementioned studies is that the locore-
gional recurrence rates seen in the control groups 
were unusually high (≥ 30 %). Retrospective 
series from ECOG [ 68 ], MD Anderson [ 69 ], and 
the NSABP [ 70 ] published in response to these 
studies demonstrated comparatively lower 
locoregional recurrence rates in patients with 
one to three positive nodes treated with surgery 
and chemotherapy alone (<15 %). The variation 
in control rates has been attributed to more lim-
ited axillary nodal dissection in the randomized 
studies. However, a follow-up analysis of the 
Danish studies controlling for number of nodes 
dissected continued to fi nd high rates of local 
recurrence in the control arm [ 71 ]. As such, the 
reason for the differences in control rates remains 
unexplained and a matter of debate. 

 A SWOG study was designed to address the 
role of postmastectomy radiation therapy in 
women with one to three positive nodes. These 
women were required to have tumors less than 
5 cm, negative margins, and at least ten nodes 
removed at the time of axillary dissection. 
Unfortunately, this trial failed to accrue an ade-
quate number of patients and was closed in 
2003. There is broad consensus that patients 
with locally advanced disease (T4, T3 and node 
positive infl ammatory) require adjuvant radia-
tion therapy [ 63 – 65 ]. In patients who fall within 
an intermediate- risk group (T1–2, N1 patients 
with one to three positive nodes or T3, N0 dis-
ease), the extent of additional risk factors must 
be considered when deciding to offer adjuvant 
chest wall radiation. Risk factors associated 
with increased risk of recurrence include recep-
tor status [ 72 ,  73 ], young age [ 70 ,  74 ], lymph-
vascular space invasion [ 75 ], multicentricity 
[ 76 ], and margin status [ 77 ,  78 ]. Each of these 
risk factors have mixed data regarding the degree 
of signifi cance that they may hold regarding the 

risk of local regional relapse and therefore 
should be considered  collectively [ 79 ,  80 ] when 
estimating risk and benefi t from adjuvant radia-
tion therapy.  

   Radiation After Neoadjuvant 
Chemotherapy 
 Neoadjuvant chemotherapy can facilitate the 
conversion of a patient who may have required a 
mastectomy upfront to breast conservation and is 
considered the standard initial treatment for 
patients with infl ammatory breast cancer. There 
is randomized data that shows no improvement in 
survival compared to adjuvant chemotherapy [ 39 , 
 40 ] and does not obviate postoperative radiation 
therapy. In the setting of breast conservation, 
women who have had neoadjuvant chemotherapy 
and then a lumpectomy require breast radiation 
therapy regardless of a partial or complete 
response to therapy. Data from the neoadjuvant 
chemotherapy studies suggest that patients who 
have undergone neoadjuvant chemotherapy have 
a higher risk of local recurrence particularly 
when converted to a lumpectomy from requiring 
a mastectomy [ 39 ]. Several retrospective series 
have been performed on patients who have 
received neoadjuvant chemotherapy prior to mas-
tectomy to determine based on pathologic factors 
which patients face a higher risk of local regional 
relapse. 

 Studies at the MD Anderson Cancer Center 
compared patients who were treated adjuvantly 
and neoadjuvantly and found that patients who 
presented in clinical stage III, who had disease 
involving more than four nodes or T3 disease 
were at signifi cantly higher risk of local regional 
failure compared to their matched cohort [ 81 ]. 
Additional series specifi cally reviewing patients 
who had a complete response to chemotherapy 
demonstrated increased rates of local relapse [ 82 ] 
and general guidelines state that patients with 
stage III will likely benefi t from therapy [ 64 ]. 
Chest wall radiation has not been clearly defi ned 
in a prospective study. Given the available data, 
patients with stage III disease, T3 tumors, four or 
more nodes at presentation, and residual nodal 
disease will likely benefi t from therapy to reduce 
the likelihood of recurrence [ 83 ,  84 ].  
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   Postmastectomy Radiation Therapy 
and Breast Reconstruction 
 Patients who are interested in breast reconstruc-
tion but also require adjuvant radiation after 
their mastectomies have some challenges 
regarding sequencing. From the radiation oncol-
ogy perspective, there are issues with meeting 
the therapeutic goals and minimizing treatment 
to the adjacent normal organs. This can be dif-
fi cult in patients who have undergone immedi-
ate breast reconstruction with either tissue 
expanders or permanent implants. Several anal-
yses of these patients have found differing 
results. Two large retrospective studies per-
formed at MD Anderson [ 85 ] and Memorial 
Sloan Kettering [ 86 ] reviewed the dosimetric 
outcomes for patients treated postoperatively 
with either immediate or no reconstruction. The 
MD Anderson study found that patients treated 
with immediate reconstruction were more likely 
to have inferior coverage of the target volumes 
and greater doses to the heart and underlying 
lung tissue. The difference in immediate recon-
struction patients was largely attributed to the 
attempt to treat the internal mammary nodes 
(IMNs). 

 In Memorial’s review, they also found that 
coverage of the IMNs resulted in higher heart and 
lung doses but found that reconstruction allowed 
for improved coverage of the IMNs due to a mod-
ifi cation in the technique used for treatment. 
Fundamentally, the decision for immediate 
reconstruction changes the anatomy and as such 
a change in radiation technique is required. 
Awareness of the appropriate radiation tech-
niques and understanding of the therapeutic 
trade-offs are essential in planning the postmas-
tectomy patient. 

 The data regarding cosmetic outcome and 
complication rates for patients who undergo 
reconstruction consistently demonstrate a bal-
ance between techniques and outcomes. Patients 
who are treated with radiation therapy followed 
by reconstruction have a higher rate of early 
complications related to wound healing and 
seroma formation. Patients who receive postmas-
tectomy radiation after reconstruction have a 
higher rate of late complications such as capsular 

contraction or malposition of the implant. 
Patient- reported satisfaction with their recon-
struction is generally high but still lower than 
those who do not require radiation therapy [ 87 ]. 
Current NCCN guidelines regarding reconstruc-
tion suggest that delayed reconstruction is 
favored in patients who require autologous 
reconstructions so as to avoid radiating trans-
posed tissues [ 64 ]. Patients who require implant 
reconstruction are usually well served by a tem-
porary tissue expander placed and partially 
infl ated prior to radiation therapy as the ability to 
expand irradiated tissue is diffi cult.  

   Radiation Techniques 
 Treatment techniques are similar to those used in 
breast conservation. The simulation is the fi rst step 
in the process when the patient is setup in the treat-
ment position. This is the patient alignment that 
will be duplicated on a daily basis through the 
course of therapy and requires care and consider-
ation with regard to reproducibility. Of particular 
concern in patients who have had mastectomies is 
the change in range of motion and the increased 
likelihood of surgery-related lymphedema. 
Occasionally, patients who have been guarding 
their ipsilateral upper extremity may have devel-
oped reduced passive and active range of motion 
in the shoulder [ 88 ] and may require physical ther-
apy to help them to regain function prior to 
attempting a simulation. The most common treat-
ment position is supine at a slight incline with an 
armrest to hold either the ipsilateral or both upper 
extremities above the head. Wires are often used 
on the chest wall to mark the mastectomy scar as 
well as the inferior, superior, medial, and lateral 
aspects of the chest wall that require therapy. 

 As 3D conformal planning is now considered 
a standard approach, patients have a CT scan for 
treatment planning that is then transferred into 
the treatment planning computer for reconstruc-
tion. The normal anatomy and target tissues are 
identifi ed and beams are created in the treatment 
computer. A variety of treatment techniques have 
been described to treat the chest wall after mas-
tectomy including opposed tangents fi elds simi-
lar to those used in whole-breast radiation, 
electron fi elds, or a combination of the two [ 89 ]. 
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It is often the patient’s anatomy that dictates 
which technique will provide the best target cov-
erage. Knowledge and technical prowess in the 
use of varied techniques can allow for individual-
ized treatment optimization.  

   Regional Nodal Radiation 

 Radiation can be used to address regional disease 
in addition to improving local control within the 
breast itself. The role of radiation to control 
regional disease has evolved signifi cantly as has 
the surgical management of the axilla. Adjuvant 
radiation is considered appropriate for patients 
with four or more positive nodes after dissection. 
The role of radiation is evolving in patients with 
one to three positive nodes or who have had neo-
adjuvant chemotherapy, incomplete dissections, 
no lymph node sampling, or undissected axillae 
with positive sentinel nodes.  

   After Positive Sentinel Node 
 The role of axillary surgery after sentinel lymph 
node biopsy is an area of active investigation. The 
ACOSOG Z11 [ 90 ] study has questioned if addi-
tional surgery is required after a positive sentinel 
node. While this trial closed early after accruing 
856 of a planned 1,900 patients, an analysis of the 
available patients has been published with a median 
follow-up of 6.3 years. The results demonstrated 
no signifi cant difference in overall or disease-free 
survival at 5 years despite a median of 17 nodes vs. 
2 nodes removed. The radiation delivered on this 
study was tangent radiation therapy to the breast 
only. Radiation to the regional nodes was specifi -
cally excluded. Of note, the women included in 
this study generally were in a more favorable dis-
ease category. Most had receptor-positive T1 dis-
ease without lymph- vascular space invasion, and 
most had only one or two positive nodes. 

 Therefore, it is necessary to choose carefully the 
patients in whom further axillary intervention is 
planned. This philosophy is refl ected in the most 
current NCCN recommendations where only 
patients with T1 or T2 disease, one to two positive 
nodes who have not had neoadjuvant therapy and in 
whom adjuvant whole breast radiation therapy is 

planned can avoid further nodal treatment. For 
patients with more advanced  disease, radiation may 
serve as an alternative to nodal dissection. Recent 
release of interim fi ndings of the AMAROS study 
[ 91 ] in abstract revealed that women with positive 
sentinel nodes treated with either axillary dissection 
or regional nodal radiation had acceptably low recur-
rence rates of 0.54 and 1.03 %, respectively. This 
study allowed for women with T1–2 disease and one 
to three nodes. The risk of lymphedema was higher 
in the surgical group. These fi ndings have not been 
published in a peer review journal and as such should 
be considered preliminary particularly as the break-
down of disease characteristics has not been fully 
analyzed. However, it may represent an alternative 
to surgery or observation as in the Z-11 study.  

   One to Three Nodes After Complete 
Dissection 
 The role of regional radiation therapy for women 
with four or more nodes positive in the axilla is 
widely considered an adequate indication for 
regional nodal irradiation. However, controversy 
remains in women with one to three positive 
nodes. The ASCO 2011 release of preliminary 
data from the MA-20 [ 92 ] study demonstrated an 
improvement in local regional control and a trend 
toward improvement in survival. The study ran-
domized 1,832 women who had adverse features 
after surgery to breast only radiation therapy or 
breast and comprehensive regional nodal radia-
tion therapy. The women in this study were by 
design in a higher-risk category than the women 
in the Z-11 or AMAROS studies. Inclusion crite-
ria for this study required N1 disease or high-risk 
primary features such as T3 primary, less than ten 
nodes dissected or high-risk pathologic features 
including ER negativity, lymph-vascular space 
invasion, and grade 3 disease. This study has not 
been presented in a peer-reviewed journal and 
therefore should be considered carefully before 
adopting as standard practice.  

   After Neoadjuvant Chemotherapy 
 For women who have undergone neoadjuvant 
chemotherapy, yet who choose to pursue breast 
conservation, there are no prospective studies 
that specifi cally address nodal radiation therapy 
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in a randomized fashion. There is data from the 
NSABP B-18 and B-27 which are prospective, 
randomized studies looking at preoperative and 
postoperative chemotherapy [ 39 ] and if taxane- 
based chemotherapy added to standard chemo-
therapy improved outcomes [ 40 ]. A recent 
analysis of these two studies by Mamounas [ 93 ] 
in regard to locoregional recurrence rates after 
neoadjuvant chemotherapy found that age, tumor 
size, presenting nodal status and response to ther-
apy were the most important predictors of relapse. 
Regional relapses were highest (4.8 – 8.7 %) for 
women who failed to achieve a complete response 
in the lymph nodes. Patients on these studies 
treated with breast conservation were only 
allowed tangent radiation therapy per the proto-
col. A retrospective study of a French experience 
of 248 cN0-N2 patients who achieved pCR after 
neoadjuvant chemotherapy demonstrated equal 
outcomes for patients who did or did not receive 
lymph node irradiation [ 94 ]. However, the 
patients were not balanced as those who received 
adjuvant radiation were more likely to be young, 
have more extensive nodal disease at  presentation, 
and have a centrally or medially located primary. 
Further study is required and adjuvant nodal radi-
ation should be considered for women of younger 
age who do not achieve pathologic complete 
response [ 82 ,  83 ].  

   Internal Mammary 
 Irradiation of the internal mammary chain is a 
highly controversial issue when considering 
regional nodal therapy. The concern regarding 
internal mammary chain radiation includes a 
higher risk of long-term toxicity, particularly of 
underlying lung and cardiac tissue. However, true 
rates of these toxicities may take over 10 years to 
be fully realized. Patients with medial tumor 
location and positive axillary nodes are consid-
ered at higher risk for internal mammary involve-
ment. Several studies have been completed 
regarding this issue but have yet to be published 
in peer review journals. The MA-20 study [ 92 ] 
has been presented in abstract form with a 5-year 
median follow-up and has demonstrated a statis-
tically signifi cant improvement in local, regional, 
distant, and combined disease-free  survival with 

a trend for improvement in overall survival. This 
study took women who had breast-conserving 
therapy and level one to two axillary node dissec-
tions who were considered high risk (85 % had 
one to three positive nodes) and randomized them 
to either breast radiation or breast plus regional 
nodal irradiation including the internal mammary 
chain. 

 The EORTC 22922 [ 95 ] study randomized 
4,004 women to either breast radiation or addi-
tional medial supraclavicular and internal mam-
mary node irradiation if they had breast 
conservation (76 % of patients enrolled). Short- 
term toxicity data has been published and dem-
onstrated an increased rate of pulmonary fi brosis 
without a corresponding decrease in performance 
status. An interval analysis of disease control is 
expected. A randomized French study in the 
postmastectomy setting has also been presented 
with an 11-year median follow-up and demon-
strated no signifi cant change in disease control or 
toxicity when including the internal mammary 
chain compared to chest wall and supraclavicular 
radiation alone [ 96 ]. This study only included 
women with stage I or II disease and the lack of 
benefi t may refl ect the low risk nature of the 
group as a whole.  

   Techniques for Nodal Irradiation 
 Tangent radiation therapy, as described, can ade-
quately treat the level one axilla by raising the 
superior edge of the tangent fi eld with a technique 
referred to as “high tangents.” Alternatively, par-
ticularly if high tangents are dosimetrically unfa-
vorable or if the higher levels require treatment as 
well, a posterior axillary boost fi eld may be paired 
with a supraclavicular fi eld. A supraclavicular fi eld 
is employed to treat the level two and three lymph 
nodes of the axilla. The classic two-dimensional 
fi eld description is constructed from a direct or 15° 
offset fi eld that extends inferiorly from the cricoid 
cartilage to the clavicular head where it abuts the 
tangent fi elds and medially from the transverse 
processes of the cervical spine to the coracoid pro-
cess. It may be extended further laterally beneath 
the humeral head if the level one nodes require 
treatment and have not been included in the tan-
gents. This fi eld is conventionally prescribed to a 
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depth of 3 cm. However, with modern CT-guided 
3D conformal techniques, a more accurate fi eld 
can be constructed by contouring the appropriate 
nodal volumes and prescribing to cover this vol-
ume. An arbitrary depth of 3 cm is frequently inad-
equate, particularly in patients with greater BMIs 
[ 97 ,  98 ]. The dose prescription and fractionation 
pattern is typically the same as that prescribed to 
the tangent fi elds. 

 Irradiation of the internal mammary nodes 
may be achieved either by extending the deep 
margin of the tangent fi elds or by using a matched 
anterior electron fi eld. The depth of the internal 
mammary nodal chain and the goal to minimize 
dose to the underlying lung are typically the fac-
tors that most infl uence the chosen technique.    

    Complications of Radiation Therapy 
for Breast Cancer 

 While radiation clearly has a place in the man-
agement of breast cancer, there are associated 
risks as with any therapy. Risk of complication 
can be substantially minimized through thought-
ful application of appropriate treatment tech-
niques and patient selection. Unfortunately, 
despite best efforts, some percentage of patients 
will develop sequelae from therapy. 
Understanding these complications is the fi rst 
step in management. The incidence of lung injury 
with standard breast techniques is low. Even 
when adding comprehensive nodal radiation 
therapy, the risk remains less than 5 % [ 95 ,  96 ]. 
Rib injury or fracture is also an uncommon 
occurrence with incidences of less than 1 % with 
modern techniques [ 99 ,  100 ]. 

 Likely the most discussed complication in 
breast cancer management is lymphedema. 
Traditionally described as a complication related 
to Halstedian surgical technique [ 101 ], lymph-
edema is known to be closely associated with the 
degree of axillary dissection. This is supported 
by the data demonstrating a lower incidence of 
lymphedema associated with sentinel lymph 
node biopsy or with radiation therapy alone [ 91 , 
 102 ]. Radiation added to axillary surgery is also 
associated with an increased risk of both upper 

extremity and breast lymphedema. The etiology 
remains the same as the lymphatic channels 
draining the upper extremity and breast are inter-
rupted by both techniques, although alteration of 
the lymph node architecture by radiation has also 
been a proposed mechanism [ 103 ]. Axillary radi-
ation in combination with axillary surgery carries 
the highest risk of lymphedema. Breast only radi-
ation has a lower rate of symptomatic upper 
extremity lymphedema. 

 Apart from very selective use of axillary radi-
ation, early counseling and education of at-risk 
patients can help to reduce the incidence of 
symptomatic lymphedema [ 104 ]. Patients who 
develop lymphedema of the upper extremity and 
breast are best managed by referral to a qualifi ed 
physical therapist with specialized training in 
lymphedema management. Often treatment 
courses include manual lymphatic massage, 
instruction on precautions and risk factors for 
exacerbation, and evaluation and fi tting of com-
pression garments [ 105 ]. 

 Chronic lymphedema puts a patient at risk for 
another feared complication of radiation, which is 
the secondary malignancy. Like lymphedema, it 
was fi rst described as a complication from mas-
tectomy; Stewart-Treves syndrome is a lymphan-
giosarcoma arising in a patient affl icted with 
chronic lymphedema [ 106 ]. A rare, but frequently 
fatal complication, lymphangiosarcoma of the 
breast or chest wall is typically managed with 
defi nitive surgery [ 107 ]. Due to improved surgical 
and radiation techniques, the incidence of lymph-
edema and secondarily this disease is declining. 
The Early Breast Cancer Trialists’ Collaborative 
Group analysis in 2005 found a small but real 
incremental increase risk of secondary malignan-
cies, predominantly lung and contralateral breast 
cancers [ 29 ]. Secondary malignancies contributed 
to a reduced overall survival benefi t compared to 
the improvement seen in breast cancer mortality. 
This reduction in survival benefi t increased with 
increasing length of follow-up. It is not clear if the 
increased risk of malignancy with longer follow-
up is related to the natural history of secondary 
malignancy or that the patients with the longest 
follow-up were more likely to have been treated 
with less precise and more comprehensive 
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 radiation therapy techniques. Analysis by the NCI 
of large tumor registries found that patients who 
smoke and have radiation have an increased risk 
of both lung [ 108 ,  109 ] and esophageal cancers 
[ 110 ]. Two large SEER population analysis stud-
ies looking at the risk of contralateral breast can-
cer found fewer contralateral malignancies in 
patients treated with more contemporary tech-
niques [ 111 ,  112 ]. In general the overall risk of a 
second malignancy from radiation is statistically 
real but low enough that primary consideration 
should focus on treating the disease at hand [ 113 ] 
and no additional screening measures are required. 
Reducing lifestyle factors that may also contribute 
to second cancers is always a prudent measure. 

 Cardiac injury from radiation therapy encom-
passes a variety of clinical syndromes. Data from 
patients treated for Hodgkin’s lymphoma at a 
young age demonstrated signifi cant long-term 
risk of coronary artery disease, valvular disease, 
congestive heart failure and pericarditis, and 
fi brosis. These complications correlate strongly 
with dose and volume used to treat the mediasti-
num [ 114 ]. Breast patients rarely require such 
extensive therapy, and data regarding the clinical 
effects of radiation in these patients is largely 
related to the incidence of coronary artery disease. 
Numerous registry studies have been performed 
reviewing the impact of breast radiation therapy 
on risk of cardiac disease [ 115 ,  116 ]. Unfortunately, 
most of these registry studies span decades of 
evolving treatment techniques and limited true 
dosimetric data on heart doses. While they can 
reinforce the proof of concept that increasing 
heart doses are detrimental, the true impact and 
degree of risk presented to patients treated in a 
contemporary clinical setting is likely small. As 
with secondary malignancies, risk reduction 
through alteration of lifestyle factors associated 
with cardiac disease is as prudent a patient coun-
seling point as the impact of radiation. 

 In summary, the judicious use of radiation 
therapy in patients with breast cancer can greatly 
improve local regional disease control and mod-
estly improve long-term survival. These benefi ts 
can be further enhanced by the application of 
modern computer-based planning with appropri-
ate technique and multidisciplinary coordination.     
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            Introduction 

    Breast cancer treatment over the past 40 years 
has moved from surgically dominated, 
 one-size- fi ts-all to a multidisciplinary, targeted 
approach. Breast (local) surgical care has 
evolved from radical mastectomy to modifi ed 
radical mastectomy to lumpectomy in appropri-
ate candidates. Similarly, regional treatment of 
the draining lymph node basin has evolved 
from ultraradical axillary, internal mammary, 
and supraclavicular removal to now targeted 
removal of the fi rst (sentinel) draining lymph 
nodes. In the early 1980s, the importance of 
radical surgery was brought into question with 
the initial  publication of the    National Surgical 
Adjuvant Breast and Bowel Project (NSABP) 
B-06 and the Italian National Cancer Institute 
(Milan) trials demonstrating equivalence 
between modifi ed radical  mastectomy and 
breast  conserving surgery combined with whole 

breast radiotherapy. These results have been 
updated by the original authors [ 1 ,  2 ] and veri-
fi ed in other trials including studies from the 
Institut Gustave-Roussy Breast Cancer Group 
and the Danish Breast Cancer Cooperative 
Group [ 3 ,  4 ]. Whole breast irradiation (WBI) 
was chosen as the adjuvant radiation to mimic a 
mastectomy – treating the entire breast by 
either removing it or radiating it. This was not 
based on any prospective randomized trials but 
was considered by many as essentially the only 
available method for radiating the breast (tan-
gential fi elds). 

 As breast conservation became more wide-
spread, local recurrences in the breast began to 
occur. Data emerged demonstrating that the high-
est risk for local recurrence following lumpec-
tomy, plus WBI, lies near the original tumor bed. 
This led to the addition of a “boost dose” to WBI 
in an attempt to lower tumor bed recurrences, 
especially in women with higher-risk disease 
including younger age, close margins, and patho-
logic factors such as high-grade, estrogen 
receptor- negative, lymphovascular space inva-
sion (LVSI) or an extensive intraductal compo-
nent (EIC). This concept led to the development 
of tailored adjuvant radiation therapy to just the 
lumpectomy cavity walls with internal radia-
tion – brachytherapy (treatment at a short dis-
tance). Patient selection was very conservative in 
the early stages of use, choosing only those older 
patients with small primary breast cancers and 
with node-negative disease. Although current 
outcome data is primarily in the form of 
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 retrospective analyses, ongoing phase III clinical 
trials including the NSABP B-39/Radiation 
Therapy Oncology Group (RTOG) 0413 study 
will assist in answering the effectiveness and 
safety of limited radiotherapy to the lumpectomy 
cavity alone.  

    Effi cacy of Adjuvant Radiotherapy 

 Adjuvant radiation therapy is critically impor-
tant following breast conservation surgery. 
NSABP B-06 demonstrated this with patients 
who received breast conserving surgery followed 
by radiation having a local control rate of 86 % 
at 20 years vs. 61 % for women who received 
surgery alone [ 1 ]. It is also clear that local con-
trol after adjuvant WBI can be further improved 
by adding a “boost” to the lumpectomy bed. 
Both the EORTC and Lyon trials have shown 
that additional radiation delivered to the peri-
lumpectomy tissues will decrease absolute rates 
of local failure following traditional breast con-
serving therapy [ 5 ,  6 ]. In addition to improved 
local control, adjuvant radiation therapy has 
been shown to have a positive impact on overall 
survival. The meta-analysis by the Early Breast 
Cancer Trialists Collaborative Group (EBCTCG) 
showed improved survival at 15 years when 
local  recurrences are prevented by adjuvant 
radiotherapy [ 7 ]. 

 Although breast conservation therapy (BCT) 
has garnered widespread support, many women 
eligible for BCT receive either a mastectomy or 
lumpectomy without radiation therapy. This may 
be due in part to the lengthy course of whole 
breast radiotherapy or even their proximity to a 
radiation facility. A study by Athas et al. con-
fi rmed this by showing an increased rate of com-
plete breast conservation for patients who live 
close to a radiation center [ 8 ]. Despite strong data 
in support of adjuvant radiation therapy, approxi-
mately 20 % of patients with early-stage breast 
cancer who receive BCT forgo radiation treat-
ments [ 9 ,  10 ], which places them at a signifi -
cantly increased risk of local recurrence (and 
death) when compared to patients who receive 
proper adjuvant therapy [ 1 ,  2 ].  

    History of Accelerated Partial 
Breast Irradiation 

 Radiation was fi rst used to treat breast cancer 
2 years after Marie and Pierre Curie’s discovery 
of radium in 1898. A vial of radium salt was 
placed on the skin surface of a woman with 
breast cancer and the tumor was observed to 
decrease in size [ 11 ]. Implantation of radium 
needles into palpable breast cancers was the next 
development in the early 1900s with further 
refi nement through the 1930s until they were 
supplanted by cobalt and cesium sources of low-
voltage external X-rays. Although the current 
technique has been signifi cantly refi ned and the 
pathological basis for accelerated partial breast 
irradiation (APBI) is different, credit for initial 
percutaneous implantation of radiation within a 
limited segment of the breast belongs to some of 
the earliest radiotherapists including Geoffrey 
Keynes. 

 Radiating only part of the breast did not 
reemerge until breast conservation became more 
acceptable. In the United States, modern APBI 
was initially begun in 1991 at the Ochsner Clinic 
in New Orleans, Louisiana, and William 
Beaumont Hospital in Royal Oak, Michigan. At 
both locations, radiation treatment to a limited 
portion of the breast over a shortened course was 
designed for women who had logistical reasons 
for not receiving the traditional 5 weeks of whole 
breast irradiation (WBI). Each dose (fraction) 
was larger and given twice a day over 5 days and 
designed to be radiobiologically equivalent to 
5 weeks of WBI while maintaining minimal nor-
mal tissue toxicity.  

    Oncologic Basis for APBI 

 In addition to the obvious logistical benefi ts of 
shortening the length of treatment for patient 
convenience, there is oncologic support for con-
centrating the radiation to the breast tissue sur-
rounding the lumpectomy cavity. Vicini et al. 
found that lumpectomies that initially met 
NSABP criteria for negative microscopic mar-
gins (no tumor on ink) had residual carcinoma 

P.D. Beitsch and J.B. Wilkinson



401

almost 40 % of the time after re-excision. 
However, the residual disease was limited to the 
fi rst one centimeter beyond a lumpectomy mar-
gin in over 90 % of cases [ 12 ]. In a study of 
1,598 patients treated with BCT by Kurtz et al., 
179 had an ipsilateral breast tumor recurrence 
(IBTR), of which 86 % occurred within close 
proximity to the lumpectomy bed [ 13 ]. Many 
other reports support the fi nding of local recur-
rence being predominantly in the tumor bed and 
that recurrences elsewhere in the breast occur at 
the same rate whether the patient receives WBI or 
not [ 1 ,  14 – 16 ]. Since the vast majority of IBTR 
occur within close proximity of the tumor bed 
and radiation therapy does not appear to “pre-
vent” new elsewhere primaries, it makes sense to 
treat the area at highest risk with targeted radia-
tion. This is the oncologic basis of partial breast 
irradiation.  

    Patient Selection for APBI 

 Not all breast conservation patients are candi-
dates for APBI but obviously all APBI patients 
are having breast conservation (lumpectomy). 
Both the American Society of Breast Surgeons 
(ASBrS) and the American Brachytherapy 
Society (ABS) have issued criteria for appro-
priate patient selection for APBI (Table  27.1 ) 
[ 17 ,  18 ].

   In 2009, the American Society for Radiation 
Oncology (ASTRO) issued consensus statement 
(CS) recommendations, which identifi ed the 
amount of scientifi c data in the literature for 
groups of patients treated with APBI subdivided 
by various clinical and pathologic parameters 
[ 19 ]. Patients were grouped into three categories: 
suitable, cautionary, and unsuitable (Table  27.2 ). 
The word “unsuitable,” as it is used in the 
ASTRO guidelines, only refers to the paucity of 
scientifi c data that is presently available for 
patients with these pathologic features. This des-
ignation does not necessarily indicate that it is 
inappropriate to treat patients with these features 
as part of a clinical trial or even off-trial in a 
properly informed patient. In addition, the “cau-
tionary” designation only refers to the fact that 
limited data existed at the time the guidelines 
were published for the use of APBI in this sub-
group of patients. Since  publication, additional 
data have emerged (see below) which would 
potentially alter these guidelines for selecting 
patients for APBI.

   Several studies have retrospectively catego-
rized patients treated with APBI into the ASTRO 
groupings and analyzed for rates of local recur-
rence, axillary failure, and distant metastasis. 
These studies have demonstrated similar clinical 
outcomes following partial breast irradiation 
regardless of category, with similar rates of local 
recurrence, axillary failure, and distant metasta-
sis for patients with pure ductal carcinoma in 
situ, invasive lobular carcinoma, triple-negative 
histology, and node-positive disease [ 20 – 23 ]. In a 
review of the ASBrS MammoSite® Registry 
Trial, the only factor on multivariate analysis that 
showed an increased propensity for local recur-
rence was estrogen receptor (ER)-negative status 
( p  = 0.002), which is also true of ER-negative 
tumors treated with WBI [ 24 ]. Although there 
has been recent discussion regarding revision of 
these groups, no defi nitive plans have yet been 
made to change the current ASTRO CS guide-
lines for APBI. Results from NSABP B-39/
RTOG 0413 phase III trial are not expected until 
at least 2015, and until that time, appropriate 
patient selection will continue to be on an indi-
vidual basis.  

   Table 27.1    ASBrS and ABS patient selection criteria for 
APBI [ 17 ,  18 ]   

 ASBrS [ 17 ]  ABS [ 18 ] 

 Age ≥45 (IDC), ≥50 
(DCIS) 

 Age ≥50 

 Size ≤3 cm  ≤3 cm 
 Histology: IDC, DCIS  All invasive subtypes and 

DCIS 
 Negative microscopic 
margins 

 Negative surgical margins 

 LN negative  LN negative 
 No LVSI 
 ER positive or ER 
negative 

   LVSI  lymphovascular space invasion,  ER  estrogen 
receptor  
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    Techniques for Partial Breast 
Irradiation 

 The fi rst technique of partial breast irradiation 
and the one with the longest follow-up is the 
multi-catheter interstitial technique (Fig.  27.1 ). 
Developed as a method of boosting the lumpec-
tomy cavity, this approach was then applied to 
the treatment of the peri-lumpectomy tissues 

alone, fi rst with low-dose rate seeds (LDR 
brachytherapy) and subsequently with a high- 
dose rate iridium source (HDR brachytherapy) 
[ 25 – 28 ]. Most interstitial implants require 15–20 
catheters and are typically arranged in two to 
three planes. This technique is a very versatile 
form of APBI, with the ability to sculpt the radia-
tion dose as needed to treat the lumpectomy cav-
ity and minimize radiation to other tissues (skin, 
normal breast, chest wall/rib, heart, lung). The 
most common dose and fractionation scheme for 
interstitial HDR brachytherapy is 3.4 Gy for ten 
fractions delivered twice a day with 6 h between 
fractions.

   The MammoSite® Radiation Therapy System 
(RTS) (Hologic, Inc, Bedford, MA) was cleared 
by the United States FDA in 2002, dramatically 
changing the adoption of partial breast irradiation 
for breast cancer patients. Since 2002, the 
MammoSite® RTS (Fig.  27.2 ) has been used to 
treat over 60,000 women with early-stage breast 
cancer. Hattangadi has showed a dramatic 16-fold 
increase in the use of APBI from 2000 to the end 
of 2007 [ 29 ]. The main reason for this increase is 
the ease of insertion of the single balloon catheter 
and the simplicity of treatment planning.

   Table 27.2    ASTRO consensus statement groups for APBI [ 19 ]   

 Factor  Suitable  Cautionary  Unsuitable 

 Age  60 y/o  50–59  <50 
 BRCA 1 or 2 mutation  Not present     –  Present 
 Tumor size  ≤2 cm  >2 cm, ≤3 cm  >3 cm 
 T stage  T1  T0 or T2  T3 or T4 
 Margin status  Negative by ≥2 mm  Close (<2 mm)  Positive 
 Grade  Any  –  – 
 LVSI  No  Limited/focal  Yes 
 ER status  Positive  Negative  – 
 Multicentricity  Unicentric only  –  Present 
 Multifocality  Clinically unifocal with 

total size ≤2 cm 
 Clinically unifocal with total 
size 2.1–3.0 cm 

 Multiple foci >3 cm 
apart 

 Histology  Invasive ductal or other 
favorable subtype 

 Invasive lobular 

 Pure DCIS  Not allowed  ≤3 cm  If >3 cm 
 EIC  Not allowed  ≤3 cm  If >3 cm 
 Associated LCIS  Allowed  –  – 
 N stage  pN0 (i − ,i + )  –  pN1, pN2, pN3 
 Nodal surgery     SLN Bx or ALND  –  None performed 
 Neoadjuvant therapy  Not allowed  –  If used 

  Fig. 27.1    Patient with multiple interstitial brachytherapy 
catheters in her breast (Image appears courtesy of Dr. 
L. Cuttino)       
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   However, some patients treated with the 
   MammoSite® balloon catheter had a problem with 
cosmesis.    Decreased cosmetic outcome after sin-
gle-channel applicator-based brachytherapy was 
most notable in patients with decreased amount of 
tissue (<7 mm) from their skin to the balloon, 
resulting in an unwanted increase in the radiation 
dose to the skin. This problem was overcome by 
the development of second- generation multi-
lumen devices that allowed for a more tailored 
treatment plan which could selectively adjust and 
minimize the radiation dose to the adjacent nor-
mal structures. The fi rst multi- lumen device 
cleared by the FDA in May 2007 was the Contura® 
multi-lumen balloon (MLB) (Bard Biopsy 
Systems, Irvine, CA) (Figs  27.3a, b ). The Contura® 
MLB has a central catheter and four offset cathe-
ters that are fl exed away from the central catheter 
by 0.5 cm. These additional  catheters allow shap-
ing of the dose away from critical structures (skin, 
chest wall, lung, heart) that may be in close prox-
imity to the lumpectomy cavity [ 30 ].

   Hologic developed an improved MammoSite® 
with multi-lumens, named the MammoSite® Multi-

Lumen (ML) (Fig.  27.4 ) that is designed with three 
additional lumens offset from the central lumen by 
3 mm, which also offers improved fl exibility in 
treatment design. Prior to the introduction of multi-
lumen devices, the optimal distance between the 
skin and balloon surface was 7 mm, which made 
many women ineligible for APBI. The improved 
dosimetric fl exibility of multi-lumen balloon appli-
cators allows the treatment of patients down to 
3 mm of skin spacing (skin to balloon distance).

   The fi rst single insertion multi-lumen applica-
tor that does not use a balloon is the Strut 
Adjusted Volumetric Implant® (SAVI®) (Cianna 
Medical, Aliso Viejo, CA) which received FDA 
approval in 2006 (Fig.  27.5 ). Unlike the balloon 
applicators, the SAVI® has multiple struts that 
project outward to create a whisk-like apparatus 
with each of the exterior struts in direct contact 
with breast tissue (similar to multiple catheter 
interstitial implants) [ 31 ]. This device comes in a 
variety of sizes with the smallest, a SAVI Mini-6, 
allowing brachytherapy treatment of women with 
small breasts or with breast augmentation (very 
diffi cult with a balloon-based device) [ 32 ].

  Fig. 27.2    MammoSite® 
single-lumen balloon 
brachytherapy device 
(Image provided courtesy 
of Hologic, Inc.)       
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   Outpatient-based APBI utilizing  brachytherapy 
is most commonly delivered via a high-dose rate 
(HDR) source administered using a robotic after-
loader in a standard radiation vault (Fig.  27.6 ). 
An alternative to high-dose rate brachytherapy is 
electronic brachytherapy which is delivered with 
a miniaturized high-dose rate 50 kV X-ray source 
(Fig.  27.7 ) via the Axxent® brachytherapy 

 applicator (Xoft, a subsidiary of iCAD, Inc, San 
Jose, CA) [ 33 ] (Fig.  27.8 ). An advantage of elec-
tronic brachytherapy is the reduced shielding 
requirements for brachytherapy treatment rooms 
(can be done in physician offi ce with a lead drape 
over the patient). However, this system only has a 
single lumen and therefore minimal ability to 
shape the dose away from normal tissue, with 

b

a

4.5
–6

4–5

  Fig. 27.3    ( a ,  b ) Contura® 
multi-lumen balloon 
brachytherapy device (Image 
provided courtesy of 
Hologic, Inc.)       

  Fig. 27.4    MammoSite® ML 
multi-lumen balloon 
brachytherapy device (Image 
provided courtesy of 
Hologic, Inc.)       
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  Fig. 27.5    SAVI® multi-
lumen brachytherapy device 
(Image courtesy of Cianna 
medical)       

  Fig. 27.6    Afterloader 
connected to a multi-lumen 
applicator for high dose rate 
brachytherapy (Image 
appears courtesy of 
Dr. L. Cuttino)       
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further theoretical concerns about the radiobio-
logic effect (RBE) of low-energy X-rays. This 
will need to be closely monitored as radiation 
centers gain experience with this system. The 
Xoft Axxent balloon-based system is also used 
for another APBI technique, intraoperative radio-
therapy (IORT), as discussed in the following 
section.

     The most widely used method of accelerated 
partial breast irradiation is three-dimensional con-
formal radiotherapy or 3D-CRT. Initially intro-
duced in 2003 [ 34 ], this method uses a standard 
linear accelerator with between three and fi ve non-
coplanar external radiotherapy segments to deliver 
the accelerated course of radiotherapy to the area 
surrounding the lumpectomy cavity (Fig.  27.9 ). 
There are limitations to the 3D-CRT technique 

including the need to treat a larger volume of 
breast (and normal) tissue surrounding the lumpec-
tomy cavity due to variability with setup and respi-
ration (neither of which are an issue with internal/
HDR brachytherapy) as well as an increased dose 
to the contralateral breast, heart, and lungs. The 
treatment is delivered two times per day, similar to 
conventional brachytherapy, but with a slightly 
larger dose per fraction (3.85 Gy) to a total pre-
scription dose of 38.5 Gy to account for the lack of 
heterogeneity using this technique.

      Intraoperative APBI 

 In Europe, several centers have developed intra-
operative radiation therapy (IORT), which deliv-
ered a single dose of radiation immediately 
following lumpectomy but prior to wound clo-
sure. One technique utilizes a standard linear 
accelerator built into the operating room to deliver 
a single 21 Gy dose of electrons [ 35 ]. Intraoperative 
partial breast irradiation has the distinct advan-
tage of visualizing the tumor bed at the time of 
surgery; however, fi nal pathologic assessment of 
the margins and lymph nodes is not available at 
the time of treatment. Advocates for IORT pro-
mote the potential benefi t of treating residual 
tumor cells prior to the onset of hypoxia, which 
can occur following breast surgery. In addition to 
the Xoft® Axxent® balloon-based system, another 
form of intraoperative RT uses a high-dose rate, 

  Fig. 27.7    X-ray source for Xoft brachytherapy system 
(Courtesy of Xoft, a subsidiary of iCAD, Inc.)       

  Fig. 27.8    Axxent 
 single-lumen balloon 
catheter (Courtesy of Xoft, 
a subsidiary of iCAD, Inc.)       
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low-energy X-ray source (50 kV) placed directly 
into the lumpectomy via a collimator with a 
sphere on the end (INTRABEAM® System). 
There is a randomized, phase III clinical trial of 
targeted intraoperative radiotherapy versus whole 
breast radiotherapy (TARGIT-A trial) that has 
accrued to completion and awaits long-term fol-
low-up data on these patients. Preliminary results, 
published in 2010, showed non-inferiority of the 
IORT arm as compared with whole breast irradia-
tion; however, an update provided at the 2012 San 
Antonio Breast Cancer Symposium suggested an 
increased rate of ipsilateral recurrence for patients 
treated with IORT [ 36 ]. The most recent publica-
tion of the TARGIT data suggests that excess 
local recurrences may primarily occur when the 
single-fraction technique is used at an extended 
time from the original surgery [ 37 ]. Xoft has also 
initiated a prospective, multicenter, non-inferior-
ity study utilizing the Xoft® Axxent® System for 
IORT which will enroll 600 patients; the results of 
this study are pending at this time.  

    Other APBI Techniques 

 Novel concepts that are being studied in partial 
breast irradiation include LDR seed implantation 
into the breast [ 38 ], intraoperative pre- lumpectomy 

radiation therapy [ 39 ], stereotactic radiation 
 therapy utilizing a    CyberKnife® [ 40 ], and proton 
therapy. Proton therapy for partial breast  irradiation 
has been investigated at several centers including 
Massachusetts General Hospital, M.D. Anderson 
Cancer Center, and Loma Linda University [ 41 , 
 42 ]. An initial publication from Massachusetts 
General by Kozak et al. suggested a higher than 
expected acute skin toxicity with proton-based 
APBI; however, a separate phase II trial conducted 
at Loma Linda University did not report this same 
toxicity pattern. The unexpected toxicity produced 
within the protocol at Massachusetts General was 
likely due to the use of a single gantry angle as 
opposed to two to three tangents. Ongoing pro-
spective study of particle therapy for partial breast 
irradiation with long-term follow-up is needed.   

    Outcomes Following APBI 

 Several single-institution and collaborative series 
on APBI have been published and updated includ-
ing reports by William Beaumont Hospital, Virginia 
Commonwealth University, Tufts Medical Center, 
New York University, and others (Table  27.3 ).

   At this time, results for only two phase III tri-
als are available that compare APBI to WBI. The 
National Institute of Oncology in Hungary con-
ducted a randomized trial of 258 patients, report-
ing a 5-year interim analysis in 2007 showing 
equivalent control between the study arms with a 
local recurrence of 4.7 % in the partial breast irra-
diation arm and 3.4 % in the WBI arm ( p  = NS) 
[ 43 ]. Cosmesis was improved in the patients 
receiving HDR partial breast irradiation versus 
those who received standard WBI. The 
TARGIT-A trial, as discussed above, reported in 
2010 a non-inferiority between their single- 
fraction partial breast and standard whole breast 
treatment arms, although the median follow-up 
was less than 3 years, and new data suggest the 
potential for increased treatment failure using 
this intraoperative technique, especially at an 
increased time from the initial surgery [ 36 ,  37 ]. 
Other groups have attempted to compare APBI 
and WBI through retrospective methods. A 
12-year matched pair analysis was published by 

  Fig. 27.9    Example of four-fi eld three-dimensional con-
formal radiation therapy (3D-CRT) (Image appears cour-
tesy of Beaumont Health System)       
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Shah et al. comparing 199 patients treated with 
APBI with a similar cohort of 199 patients treated 
with WBI. This study concluded that patients 
who received a limited radiation fi eld had similar 
outcomes including local relapse ≤5.0 %, 
regional relapse ≤2.0 %, and disease-free sur-
vival >87 % at 12 years [ 49 ,  50 ]. 

 Acute toxicities include skin irritation (pruri-
tus, light erythema) and changes (more intense 
erythema and desquamation) and infection. 
Long-term complications include hypopigmenta-
tion, telangiectasia, symptomatic fat  necrosis/
fi brosis, late infection/abscess, and symptomatic 
seroma formation. The rates of each of acute and 
chronic complications vary by the APBI tech-
nique utilized; for example, for single-lumen 
MammoSite® balloon brachytherapy, the acute 
infection rate is ~9 % (all resolved with oral anti-
biotics). The overall rate of fat necrosis and tissue 
fi brosis was 2.5 %, with a symptomatic seroma 
rate was 13.4 % at any time and 0.6 % beyond 
2 years. The percentage of breasts with excellent/
good cosmetic results at 60, 72, and 84 months 
was 91.3 %, 90.5 %, and 90.6 % [ 51 ].  

    Future Directions 

 We stand ready to enter an era of personalized 
medicine where adjuvant therapy will no longer 
be offered to groups of women in particular dis-
ease categories or stages, but instead will be risk 
appropriate to an individual based upon patterns 
of genetic expression. Although radiotherapy rec-
ommendations are not presently based on tumor 
gene expression, there is emerging data on local/
regional recurrence rates and gene expression that 
may allow personalization of the type and extent 
of radiation treatment based on the risk and poten-
tial pattern for tumor recurrence [ 52 ]. 

 Another area of continued research involves 
shortening of APBI fractionation schedules to 
improve convenience of and compliance with 
adjuvant radiation therapy. At least two of the 
companies that manufacture brachytherapy 
applicators have sponsored phase II trials using 
2-day dose fractionation schedules in the United 
States. As results from these trials mature, con-
sideration of a phase III trial to compare various 
fractionation patterns should be discussed. 

   Table 27.3    Interstitial and balloon-based APBI trials [ 26 ,  31 ,  43 – 49 ]   

 Institution  # Patients  Follow-up (years)  Local recurrence  Toxicity 

 National Institute of Oncology – 
Hungary [ 43 ] 

 45  12  9.3 %  <3 % grade III 

 William Beaumont Hospital [ 49 ]  199  12  5 % 
 Ochsner Clinic [ 26 ]  71  6.25  8 %  Grade III (late) 

  LDR: 3.8 % 
  HDR: 7.7 % 

 Tufts Medical Center [ 44 ]  32  5  6 %  Fat necrosis, skin, and 
subcutaneous toxicity 
declined with 
additional follow-up 

 RTOG 95-17 [ 45 ]  99  5  3 % (HDR)  Grade III (late) 
 6 % (LDR)   LDR 18 % 

  HDR 4 % 
 ASBrS MammoSite® Registry [ 46 ]  1,449  5  3.8 % 
 William Beaumont Hospital – 
MammoSite® [ 47 ] 

 80  3.5  2.9 % 

 Multi-institutional (VCU) [ 48 ]  493  2  1.2 %  9 % infection rate (5 % 
if closed cavity 
technique used) 

 SAVI Collaborative Group [ 31 ]  100  2.1  1.0 %  First 100 patients 
treated as part of the 
SAVI registry trial 
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 Future challenges to this segment of breast 
cancer care will be defi ning the appropriate man-
agement for recurrences/new primaries following 
whole breast irradiation or APBI. Lastly, there 
will be continued refi nement of appropriate 
guidelines for APBI as additional data become 
available, including the publication of the ongo-
ing phase III trials.     
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           Introduction 

    Intraoperative radiation treatment (IORT) is the 
application of radiation directly to the residual 
tumor or tumor bed during surgery, after the surgi-
cal removal of the tumor. IORT has long been 
used to treat a variety of locally advanced and 
recurrent cancers. Studies have demonstrated that 
when used as a component of multidisciplinary 
treatment, IORT improves local control and sur-
vival for a number of tumors. IORT’s use in breast 
cancer treatment is more recent, but has shown a 
remarkable rate of adoption in the last decade, 
with more than 20,000 women receiving IORT 
treatment. For breast cancer, IORT can be used to 
provide either a precision boost to the tumor bed, 
replacing the traditional external beam radiation 
therapy (EBRT) boost, or as the only radiation 
treatment the patient will receive. This chapter 
will discuss the evolution of radiation treatment in 
breast cancer that has led to the rapid adoption of 
IORT, the rationale for its use, the various IORT 

approaches that have been employed, the clinical 
results of IORT treatment, and the future potential 
of IORT as it is applied to breast cancer.  

   Evolution of IORT in  Breast- 
Conserving Treatment 

 Multiple clinical trials have established that breast-
conserving therapy (BCT) is equivalent to mastec-
tomy in terms of overall survival [ 1 – 4 ]. While 
mastectomy patients in these early series had better 
local control than BCT patients, the radiation treat-
ments used in these studies did not employ modern 
radiotherapy technology nor utilize the postopera-
tive imaging techniques available today. More mod-
ern BCT series have demonstrated that BCT has 
equivalent local control when compared to mastec-
tomy [ 5 ,  6 ]. Even without today’s improvements in 
radiotherapy delivery, the BCT patients in these ear-
lier series had higher breast preservation with 
equivalent overall survival. BCT is recommended 
by the National Comprehensive Cancer Network 
(NCCN) in their guidelines as an excellent treat-
ment option for early-stage breast cancer. 
Furthermore, BCT is superior to breast- conserving 
surgery (BCS) alone, in terms of local control and 
breast preservation [ 7 – 9 ], and a recent study showed 
that BCT had improved disease- specifi c survival 
compared to mastectomy for early-stage breast can-
cer [ 10 ]. Since it is now established that improved 
local control at 5 years translates into a survival 
advantage at 15 years [ 11 ], BCT should be the clear 
treatment of choice for early-stage breast cancer. 
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 The “gold standard” of BCT involves surgical 
removal of the tumor and suffi cient adjacent  tissue 
to the tumor in order to achieve clear  margins, usu-
ally followed by 5–7 weeks of external beam radi-
ation therapy (EBRT) after the breast has healed. 
Studies have also validated that most women ben-
efi t from an additional fi ve to eight treatments of 
radiation, called a “boost,” directed to the tumor 
bed [ 5 ,  12 ]. Radiation treatment generally begins 
4–5 weeks after surgery – once the fi nal margins 
have been determined to be negative and after the 
breast has healed from the operation. For those 
patients who will require chemotherapy, the start 
of EBRT is delayed for up to 6 months. 

 Even though BCT is an excellent choice, many 
women in the United States who are eligible for 
BCT opt for mastectomy or undergo only BCS but 
not the additional radiation treatment that is 
needed. This may occur for several reasons. BCT 
requires daily radiation treatments for 5–7 weeks. 
Women who live far from radiation treatment cen-
ters often fi nd it diffi cult to travel long distances for 
their daily treatments; BCT compliance is inversely 
proportional to the distance of the closest radiation 
center [ 13 ]. Women who work, even if they live 
close to radiation centers, may fi nd that the require-
ment for daily BCT treatments interferes with their 
work schedules. Elderly patients, especially those 
older than 70, also show a very low compliance 
rate with BCT [ 14 ,  15 ] (see Table  28.1 ). Finally, 
some women choose mastectomy because they 
have concerns about radiation toxicity.

     Changes in BCT 

 The inconvenience of protracted BCT radiation 
schedules has led several investigators to explore 
whether it is possible to deliver the needed radia-
tion treatment over a shorter period of time. 

Whelan [ 16 ] and the Start B Trial [ 6 ] have dem-
onstrated that 3 weeks of EBRT, with or without 
a boost, is equivalent to 5 weeks of EBRT for 
women with moderate-sized breasts (<1,800 ml 
for the radiation planning volume) in terms of 
both local control and cosmesis. This 3-week 
EBRT approach is gradually replacing the stan-
dard 5-week EBRT regimen for women who 
qualify for BCT and are ≥35 years old and who 
have tumor stage ≤ T2 and nodal status ≤ N1. 

 Since 3 weeks of EBRT can still be a hardship 
for many women, researchers are investigating 
whether the radiation treatment for some women 
might be reduced even further. Based upon the 
observation that 80–85 % of breast cancer recur-
rences happen within the index quadrant in post-
menopausal women, a number of investigators 
are exploring whether partial breast irradiation 
(PBI) can further shorten the course of radiother-
apy. The concept behind PBI is that treating the 
entire breast (whole breast irradiation or WBI) 
may result in overtreating some women, thereby 
increasing toxicity. If equivalent local control in 
these women can be achieved by irradiating a 
smaller volume of tissue, the dose to the normal 
tissues, and thus the toxicities of the treatments, 
will be reduced. 

 These efforts have resulted in a variety of dif-
ferent techniques for PBI that employ different 
geometries in treatment delivery, irradiate differ-
ent volumes, and have different fractionation 
schedules. Most of the current PBI approaches are 
delivered postsurgically, as is the case with stan-
dard WBI and hypofractionated treatment, but 
reduce the overall time of the radiation treatment 
to a week or less. Due to a shorter course of treat-
ment, these PBI techniques are usually referred to 
as  accelerated  PBI or APBI. With IORT APBI, all 
of the radiation treatment is delivered in one treat-
ment during the lumpectomy.  

   Table 28.1    Effect of travel distance and age on BCT compliance       
  Travel distance data from Athas et al. [ 13 ]. Age data from Ballard-Barbash et al. [ 14 ]  
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   Non-IORT APBI in Early-Stage 
Breast Cancer 

 The oldest APBI method, and one that has the 
longest follow-up, is multi-plane high-dose-rate 
(HDR) brachytherapy, pioneered by Polgar in 
Europe [ 17 ] and several centers in the United 
States [ 18 – 21 ]. This approach involves inserting 
14–20 catheters at 1–1.5 cm spacing to cover the 
lumpectomy cavity in more than one plane. 
Patients receive between 30 and 36 Gy given over 
4–5 days in seven to ten fractions. In highly 
selected women, in small single-institutional 
studies, this APBI approach has shown compara-
ble results to WBI, with a 5-year local recurrence 
rate of 4–5 %. For example, in a single-institu-
tion, nonrandomized study of 45 consecutively 
treated patients, Polgar et al. [ 22 ] showed 5- and 
10-year local recurrence rates of 4.4 and 9.3 %, 
respectively, with an overall survival at 12 years 
of 88.9 %. Of note, all patients had T1 tumors and 
were node negative. In another randomized trial, 
Polgar et al. [ 23 ] assigned low- risk women 
(median age 59 years, T ≤ 2.0 cm, pN0, G1 or G2, 
ER/PR+, negative margins ≥2 mm, DCIS and 
lobular carcinoma excluded) to either APBI (128 
women) or conventional BCT (130 women). The 
study was stopped prematurely in 2004, before it 
accrued the necessary 570 patients to determine 
non-inferiority of this APBI approach with BCT, 
in order to participate in the larger randomized 
GEC-ESTRO study [ 24 ] of 1,170 women treated 
with either brachytherapy PBI or conventional 
BCT. Though underpowered when it was stopped, 
the difference in LR in the arms proved non-sig-
nifi cant (4.7 % for PBI vs. 3.1 % for BCT) with a 
median follow-up of over 5 years, 

 Multi-plane brachytherapy requires a high 
level of skill to deliver, and it is also uncomfort-
able for many patients. For these reasons, this 
approach to APBI has not gained as wide an 
overall acceptance as originally anticipated. A 
simpler HDR brachytherapy technique, based on 
a double-lumen balloon catheter that can be 
inserted into excision cavity, was developed by 
Mammosite ®  (Hologic, Marlborough, MA). The 
balloon catheter technique is discussed in detail 
elsewhere in this book (Beitsch, “Partial Breast 
Radiation Therapy”). The ease of use of this 

device and its relatively high reimbursement led 
to a rapid adoption of its use in the United States, 
despite limited evidence of clinical effi cacy. 
While balloon brachytherapy is technically eas-
ier, its radiation technique has signifi cantly less 
volume coverage than either multi-plane brachy-
therapy or 3D conformal APBI. Holland et al. 
[ 25 ] and Faverly et al. [ 26 ] have shown that dis-
ease extends up to 2 cm beyond the tumor in 
more than 20 % of patients. If the APBI volume 
of breast tissue irradiated is reduced too severely, 
it is arguable whether limiting the radiation cov-
erage to the excision cavity plus less than 2 cm of 
adjacent tissue will prove effective in the long 
term. 

 Smith et al. [ 27 ] analyzed Medicare billing 
claims for women ≥67 years for IDC diagnosed 
between 2000 and 2007, treated with BCS, and 
followed by either Mammosite brachytherapy or 
WBI. Subsequent mastectomy was used as a sur-
rogate for recurrence and was compared between 
the two groups. Risks of acute complications 
(hospitalization or infection within 120 days of 
treatment) and long-term toxicities (rib fractures, 
necrosis, breast pain, and pneumonitis) were also 
compared. A total of 7,291 women received APBI 
brachytherapy, vs. 123,244 who had WBI. The 
median FU was 3.84 years for the Mammosite 
group, and the median age was 75. At 5 years, the 
cumulative incidence of subsequent mastectomy 
was 4.0 % in the Mammosite group vs. 2.2 % in 
the WBI group ( p  < 0.001). In addition, 
Mammosite therapy generated more acute com-
plications and toxicities, including hospitaliza-
tions (9.6 % vs. 5.7 %,  p  < 0.001), infections 
(8.1 % vs. 4.5 %,  p  < 0.001), rib fractures (4.2 % 
vs. 3.6 %,  p  < 0.0010   ), fat necrosis (9.1 % vs. 
3.7 %,  p  < 0.001), and breast pain (14.9 vs. 11.7 %, 
 p  < 0.001). The incidence of radiation pneumoni-
tis was lower in the Mammosite group (0.1 % vs. 
0.8 %,  p  < 0.001). It is possible that the Smith 
study indicates that inadequate coverage of resid-
ual breast disease by the smaller target volume 
used in balloon brachytherapy can have conse-
quences, but it is also useful because it points out 
the pitfalls of the rapid acceptance of a breast 
technique in the absence of adequate long-term 
clinical data. This is especially true since most 
women today routinely receive adjuvant hormonal 
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therapy, which will delay recurrences rather than 
eliminate them. 

 A third nonoperative APBI approach involves 
twice daily treatment of the breast using either 3D 
conformal radiation or intensity-modulated radia-
tion therapy (IMRT). A total of 38.5 Gy is the 
usual dose prescription delivered twice a day over 
a 5-day period, though other dose formulations 
are also being tested. This schedule was deemed 
equivalent to the conventional approach because 
it used the linear-quadratic formula, which called 
for waiting 6 h between fractions. This is an 
attractive method to explore, because most radio-
therapy centers have the ability to provide this 
APBI approach.    However, two recent publica-
tions have indicated high levels of unacceptable 
moderate-to-severe late toxicity (pronounced sub-
cutaneous fi brosis, retraction, telangiectasia) with 
relatively short median follow- ups of 15 and 
30 months, respectively, Jagsi et al. [ 28 ] and 
Hepel et al. [ 29 ], but these complications have not 
been universally reported by other centers [ 30 ]. 
This discrepancy has not yet been reconciled, 
with further investigation into this approach with 
an ongoing randomized trial. 

 In 2005, the NSABP initiated a prospective, 
randomized trial in the United States to compara-
tively evaluate these three methods of APBI 
delivery against conventional WBI [ 31 ]. In addi-
tion to the NSABP B-39 trial, there is the GEC- 
ESTRO trial for APBI with multi-plane 
brachytherapy and two randomized trials in 
Europe testing 3D conformal ABPI with WBI, 
called the RAPID trial [ 32 ] and the IMPORT trial 
[ 33 ]. These began in 2006 and 2007, respectively. 
These trials are not yet closed to accrual, and it 
will be several more years before the data matures 
suffi ciently to evaluate them. Even though the 
target volumes differ in these studies, they should 
be very helpful in defi ning the role of APBI in the 
management of early-stage breast cancer, further 
identifying the most suitable patients for these 
nonsurgical APBI approaches. 

 Treatment guidelines for radiation oncologists 
in the United States and Europe have been 
 published by ASTRO [ 34 ] and ESTRO [ 35 ] in an 
attempt to identify which patients may be best 

suited to treat with APBI. However, neither 
ASTRO nor ESTRO has considered including a 
single dose of IORT when formulating their 
guidelines, as the clinical results from trials of 
IORT were immature and insuffi cient at the time 
of their respective publications.  

   Intraoperative Radiation Therapy 
Use in Breast Conservation 
Treatment 

 IORT using electron beams of radiation (IOERT) 
was fi rst utilized for breast cancer treatment in the 
early 1990s attempting to replace the traditional 
EBRT boost. EBRT boost, given in fi ve to eight 
fractions, is delivered after 5 weeks of WBI and 
several months after the lumpectomy. The EBRT 
boost needs to irradiate the excision cavity, but 
there can be some uncertainty as to exactly where 
that cavity is located. There is a potential of the 
radiation boost missing all or part of the cavity. 
The rationale for using an IOERT boost is that 
direct visualization of the tumor bed during 
IOERT best eliminates any possibility of this geo-
metric miss. Previously, boosting the tumor bed 
postsurgically was diffi cult to do well, because it 
was hard for the radiation oncologist to direct the 
radiation boost beam to the excision cavity using 
the less sophisticated imaging systems available. 
This often required the surgeon to place titanium 
clips outlining the periphery of the lumpectomy 
site to aid the radiation oncologist in viewing the 
excision cavity. In addition to better targeting of 
the excision cavity, IOERT irradiation delivers a 
very high biological dose at the time of the sur-
gery, coinciding with the time that residual tumor 
cells are more rapidly proliferating. IORT also 
reduces the skin dose (as the radiation is delivered 
subcutaneously) and saves about 1 week of frac-
tionated EBRT treatments. Finally, with an EBRT 
boost, the radiation fi elds used must be larger than 
with IOERT to account for patient motion (breath-
ing) and for positioning errors that might occur 
during the multiple patient setups needed to deliver 
the EBRT boost. The IOERT boost  volume is sig-
nifi cantly smaller than the EBRT boost volume, 
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resulting in less dose to normal tissues, and, theo-
retically, should result in less normal tissue toxic-
ity. Table  28.2  compares the advantages of an 
IOERT boost over that of an EBRT boost.

   Despite numerous advantages, IOERT boost 
for breast cancer was impractical prior to the 
development of mobile IORT technology. 
Patients had to either be transported from the 
operating room to the radiation oncology depart-
ment, adding an hour or more to the surgical 
time, or a shielded bunker had to be constructed 
within the operating room. Such cost was often 
prohibitively expensive for most hospitals. 
Mobile IORT technology, using either electron 
beams or 50 kV X-rays, has now made IOERT 

boost practical, with more than 10,000 women 
(mostly in Europe) with breast cancer already 
receiving IOERT boost. More recently, thousands 
of women each year now receive IOERT boost, 
with several more centers realizing the advan-
tages of such technology for the breast cancer 
patient. Even though improvements in EBRT 
boost technology and technique have occurred, 
IORT boost still has advantages as it is now 
widely recognized that the size and shape of the 
excision cavity changes over time [ 36 – 39 ]. In 
fact, the excision cavity imaged many weeks later 
at the time of the EBRT boost can be quite differ-
ent from the excision cavity created by the 
surgeon at the time of the tumor removal. This 

   Table 28.2    Comparison of IORT/IOERT boost vs. EBRT boost   

 Feature  IOERT/IORT boost  EBRT boost  Advantages of IOERT boost 

 Skin dose  None with IOERT; negligible 
with IORT if 1 cm spacing 
from applicator to skin 

 Substantial  Subcutaneous delivery of IORT/
IOERT eliminates skin boost 
dose 

 Size of boost volume  Typically 25 mm 3  for a 
1.5 cm tumor with IOERT a  

 Typically 50 mm 3  for a 
1.5 cm tumor 

 Smaller CTV should result in 
less toxicity 

 # of fractions  1 treatment; IOERT adds 
15–20 min to the surgical 
time. IORT adds about 
40–60 min 

 5–8 treatments; does not 
impact surgical time 

 IOERT/IORT eliminates 1+ 
week of treatment 

 Accuracy of 
radiation delivery 

 No chance for geometric 
miss of CTV b  

 Depends on imaging and 
varies center to center 

 Direct visualization of target 
makes IOERT/IORT superior 
method 

 Time of radiation 
boost 

 During surgery  9–40 weeks postsurgery c   IOERT boost provides 1–2 log 
cell kill, reducing tumor burden 
for the postoperative radiation 

 Breast size     Irrelevant with IOERT, as 
delivered directly to tumor 
bed; IORT challenging for 
small-breasted women 

 Large-breasted women 
more challenging to boost 

 If volume to boost is deep-
seated, more normal tissue must 
be irradiated, compromising 
cosmesis 

 Dose uniformity  Excellent with IOERT d , poor 
with IORT 

 Excellent  Excellent 

 Ipsilateral recurrence  IOERT: <0.5 % at 6 years; 
<1 % at 10 years 

 Typically 3–4 % at 5 years  Both IOERT and IORT have 
lower recurrence rate than 
EBRT boost  IORT: 1.73 % at 5 years  Typically 7–8 % at 

10 years 
 Cosmesis  90 % good to excellent at 

5 years+ 
 70–85 % long-term good to 
excellent cosmesis 

 30 %+ of EBRT women 
unhappy with breast appearance 
after BCT 

   a  With IORT, CTV is smaller than with EBRT boost. With IOERT, 2–3 cm of tissue adjacent to the tumor is included, 
but still has slightly smaller CTV than with EBRT. See technical discussion 

  b  Postoperative pathology administration of IORT requires reoperation and insertion of applicator into the residual 
seroma from the excision cavity 

  c WBI precedes EBRT boost 
  d See discussion in technical section, below  
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begs the question of which is the “correct” vol-
ume to boost in the fi rst place. Additionally, the 
increasing trend in oncoplastic reconstruction at 
the time of BCS compromises the ability of the 
radiation oncologist to target the lumpectomy 
cavity, even when surgical clips have been added 
to guide the boost delivery. 

 The data collected worldwide utilizing IOERT 
points to the likely most accurate method of 
boosting the tumor bed, appearing to be synergis-
tic with the modern surgical and medical oncol-
ogy approaches for the treatment of breast cancer. 
As we will see when we discuss clinical results, 
for patients eligible for BCT, IOERT boost results 
in 10-year local control rates of 99 %, a fi gure 
that is just not achievable with EBRT boost 
approaches. This higher local control rate should 
result in improved long-term survival rates [ 11 ], 
with the added advantage of higher rates of breast 
preservation. 

 While extending the principles of a radiation 
boost to IORT, APBI was conceived and initiated 
before IORT boost results were suffi ciently 
mature. If IORT APBI were proven safe and 
effective, all of the purported benefi ts of IORT 
boost could be achieved with the added bonus of 
a 1-day treatment. Results to date for IORT APBI 
have not been an unequivocal success. 
Nevertheless, IORT APBI will likely continue to 
be explored in an effort to optimize the technique 
and to fi nd the select low-risk patients for whom 
the benefi ts of a single-day treatment might be 
appropriate.   

   Technical Aspects of IORT 

 Before we discuss the clinical results of IORT, it is 
important to understand the technical differences 
in the various approaches that have been used, 
because they can infl uence the outcome. There are 
three IORT techniques that provide APBI at the 
time of surgery: A single HDR treatment using a 
specially developed HDR breast applicator (HDR-
IORT); 50 kV low-energy X-rays delivered 
through spherical plastic applicators or balloon 
catheters of varying diameters from 1 to 5 cm; and 
intraoperative electron beam treatments from lin-

ear accelerators delivered through cylindrical 
applicator tubes varying in diameter from 3 to 
10 cm and ranging in energy from 4 to 12 MeV. 
Electron IORT is often designated as IOERT to 
distinguish it from 50 kV IORT approaches. Both 
50 kV IORT and IOERT have been used to boost 
the tumor bed during surgery and also for single-
fraction APBI treatment. One 50 kV device that 
uses a double-lumen balloon applicator has also 
been used to replace the Ir 192  source used in bal-
loon APBI, delivering the radiation treatment 
postsurgically in ten fractions over 1 week. 

 It is important to understand that each IORT 
technique generates different energies and uti-
lizes a different applicator system, thus is associ-
ated with very different radiation target volumes 
and dose distributions. It is therefore not possible 
to extrapolate the results from one IORT tech-
nique to another. Required surgical techniques 
for performing a lumpectomy differ among sur-
geons with several technical restrictions, such as 
margin positivity, size of the tumor, and receptor 
analysis. It therefore may not even be appropriate 
to extrapolate the results from the same IORT 
technique and assume it still applies if the surgi-
cal approach and restrictions differ widely. 

   HDR-IORT [ 40 ] 

   Applicator:    HDR-IORT uses a modifi ed quadran-
gular Silastic breast applicator (HAM applicator, 
Mick Radio-Nuclear Instruments, Mt, Vernon, NY). 
The HAM applicator for breast IORT is a 2 cm 
thick, rectangular block of tissue- equivalent mate-
rial with catheters running the length of the block 
through its center, spaced 1 cm apart. The catheters 
accept Ir 192  sources from an HDR afterloader 
(Fig.  28.1b ). The width of the HDR applicator and 
the number of catheters can be varied depending on 
tumor size. The length of the HDR applicator block 
varies from 4 to 6 cm, which is suffi cient to provide 
radiation down to the level of the muscular fascia.

      Surgical Approach:    The radiation from this 
approach has very limited penetration beyond the 
lumpectomy cavity, so it is especially important 
to achieve negative margins upon fi nal pathologic 
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analysis. The tumor is excised with the objective 
of achieving a grossly free margin of at least 
15 mm. The surgical specimen is examined 
radiographically and then sent to the pathologist 
for further gross margin analysis. Immediate re-
excision is then performed for a margin that 
appears positive or even close. All patients 
receive a sentinel lymph node biopsy (SNLB). 
The breast parenchyma must be detached from 
the skin and the skin edges retracted to avoid 
excessive radiation exposure (Fig.  28.1a ). After 
the tumor is removed, the applicator is inserted 
into the excision cavity.   

  Radiation Treatment:    The catheters are attached 
to a remote afterloader. An Ir 192  source is sequen-
tially inserted into each catheter of the applicator 

and moved over its length under computer guid-
ance. The computer then determines the dwell 
time of the radioactive source at each point along 
the catheter in an attempt to achieve a homoge-
neous distribution of radiation. The resultant 
radiation distribution is in the form of an elliptic 
cylinder, with the maximum dose delivered at the 
surface of the cylinder. The dose rapidly decreases 
as the distance from the applicator surface 
increases. Figure  28.1c  shows the special HDR 
applicator and its placement in the lumpectomy 
cavity. It is important that the breast tissue to be 
irradiated is in direct contact with the applicator. 
This is typically not an issue, since any space 
between the  applicator and the surrounding breast 
parenchyma is fi lled with fl uid. A single fraction 
of 20 Gy was initially prescribed 1 cm from the 

Skin/lncision
points

LATERAL CROSS SECTION

Chest wall
points

Tungsten
skin shield

a b

c d

  Fig. 28.1    HDR-IORT Technique: ( a ) Skin retraction; ( b ) 
use of  blue  plastic simulation applicator to obtain best 
applicator fi t; ( c ) HAM applicator placed in the surgical 
cavity reaching the pectoralis major muscle. Note that the 
breast parenchyma is fl ush with the applicator and that a 

tungsten shield protects the skin; ( d ) cross-sectional dis-
play of dose distribution, optimized by computerization of 
dwell times of the Ir 192  source in each of the catheters 
(Photos courtesy of G. Cohen, Memorial Sloan Kettering 
Cancer Center, New York City)       
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surface of the applicator; however, after the fi rst 
18 patients had signifi cant acute toxicity, the dose 
prescription was reduced to 18 Gy to the lateral 
margin of the surgical cavity.   

  Other Factors:    A shielded operating room (OR) 
is required for the treatment. The placement of 
the applicator and the treatment planning takes 
about 10 min, and irradiation times are approxi-
mately 40 min, for a total additional operative 
time of about 1 h. All personnel must leave the 
OR during the treatment, so provisions for remote 
anesthesia monitoring and patient observation 
are required. Subsequent to the initial published 
trial, the HAM breast applicator was modifi ed to 
have a curved surface on the short side of the 
applicator to promote better conformation of the 
breast tissue to the applicator. There is also now a 
tungsten shield at the top of the applicator to pro-
vide greater protection to the skin.     

   50 kV IORT 

 There are currently two 50 kV systems being used 
for IORT breast cancer treatment: Intrabeam 
(Carl Zeiss, Saarbrucken Germany) (Fig.  28.2 ) 
and Xoft (iCad, Burlington, MA) (Fig.  28.3 ). 
Both systems use miniature X-ray generators that 
attach to X-ray tubes with diameters of approxi-
mately 3.2 mm (Zeiss) or 2.5 mm (iCad). The tar-
get of these X-ray tubes, located at the distal end 
of the tube, generates low-energy X-rays of 
approximately 25 kV energy. The X-ray tubes are 
inserted into applicators that can be sterilized and 
then used for treatment in the OR. Prior to the 
introduction of these devices, there was little clin-
ical experience with X-rays of such low energy. 
ASTRO has issued an Emerging Technology 
Committee Report on “electronic brachytherapy” 
devices [ 41 ] and the American Association of 
Physicists in Medicine (AAPM) established Task 
Group 146 to provide a standard for calibration 
and quality assurance of these low-energy devices. 
The AAPM was not charged with addressing the 
radiobiological equivalence (RBE) issues associ-
ated with these low-energy devices. This is an 
important, unresolved issue in the clinical use of 

these devices, since the effectiveness of this low-
energy radiation changes as a function of applica-
tor size and distance from the applicator surface, 
resulting in different equivalent biological doses 
delivered at a 1 cm distance from the applicator. 
Clinically, this means that because the same dose 
is applied to the applicator surface, patients with 
smaller tumors might have different clinical out-
comes than those with slightly larger tumors, 
since they are treated with different-sized applica-
tors and thus receive different biological doses.

      Applicator – Intrabeam:  The Intrabeam applica-
tor consists of different-sized plastic spheres rang-
ing in diameters from 1.5 up to 5 cm, with 5 mm 
increments in size that fi t over a rigid X-ray tube.  

   Applicator – Xoft:  The Xoft applicator is the double- 
lumen balloon used with the Mammosite system. 
Four balloons are currently available, depending on 
the tumor size and shape: 3–4 cm, 4–5 cm, 5–6 cm, 
and a 5 × 7 cm elliptical balloon. The Xoft X-ray 
tube is on a fl exible cable that can be inserted into 
the catheter of the double-lumen balloon.  

   Surgical Approach – Intrabeam:  [ 42 – 46 ]. The 
tumor is excised with an attempt to achieve nega-
tive margins of at least 10 mm. Radiographic 
examination of the tumor specimen and addi-
tional excision is recommended until the margins 
achieve this clearance. It is important to achieve 
complete hemostasis since the radiation treat-
ment time can range from 25 to 50 min, and even 
a small amount of bleeding can cause inaccurate 
dose delivery. After tumor removal, the various 
applicator sizes are positioned within the lumpec-
tomy cavity until there appears to be a snug fi t of 
surrounding tissue around the applicator. The 
breast parenchyma is sutured with a purse string 
to hold the breast tissues snugly against the appli-
cator. It is important to insure that the skin is not 
brought closer than 1 cm from the applicator sur-
face. This can be achieved by undermining the 
skin edges and retracting the skin away from the 
applicator. When this is not possible, radiopaque, 
tungsten-fi lled polyurethane protector sheets can 
be inserted under the skin surface. Alternatively, 
saline- soaked surgical gauze, 5–9 mm thick, can 
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be inserted deep to the skin to lift the dermis off 
the applicator in order to protect the surrounding 
skin. The radiopaque tungsten-fi lled polyure-
thane protector sheets can also be fi tted like a cap 
on the applicator to protect the chest wall, some-
times necessary to reduce the dose to the thoracic 
structures by 95 %. It is also possible to deliver 
the IORT radiation during a second surgical pro-
cedure, several weeks after the original operation 
once the fi nal pathology is available.  

   Surgical Approach – Xoft  [ 47 ,  48 ]:   The surgical 
approach does not differ markedly from that used 
in postoperative balloon catheter placement, except 

that with IORT, the balloon is implanted during the 
lumpectomy procedure, the radiation is delivered, 
and then the balloon is removed before closure. All 
patients undergo SLNB for node assessment, which 
must be negative for IORT to be administered. 
Margins also need to be negative, though no special 
assessments during surgery have been reported, 
other than selecting low- risk women, using preop-
erative MRI to eliminate multicentric or multifocal 
disease, and careful attention to procedure. (Note: 
If fi nal pathology reveals positive margins, the 
patients are re-excised. If the re-excision is clear, no 
further treatment is given. If the re- excision is still 
positive, the patient is referred for WBI.) 

a b

c

  Fig. 28.2    Intrabeam System 
(Carl Zeiss, Saarbrucken, 
Germany): ( a ) Intrabeam 
System; ( b ) X-ray generator 
with applicator inserted over 
X-ray tube; ( c ) applicator in 
excision cavity and being 
purse-string sutured into 
place       
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 The minimum skin spacing must be at least 
1 cm. If the skin spacing is between 7 mm and 
1 cm, the patient is not a candidate for IORT but 
can still receive 5 days of postoperative APBI. If 
the skin spacing is less than 7 mm, the patient is 
not a candidate for either technique. The breast 
tissue is dissected to the level of the superfi cial 
pectoralis fascia so that a fl exible lead shield can 
be inserted to protect the chest wall. A cavity 
evaluation device (CED) is inserted into the 
lumpectomy cavity through a small incision made 
within the lateral aspect of the breast and fi lled 
with saline solution until the correct size balloon 
for treatment is determined. The CED is replaced 
with the appropriately sized balloon for the pro-
cedure. Temporary retention sutures are used to 
hold the balloon into place and to build up subcu-
taneous tissue to increase the skin spacing from 

the balloon. Ultrasound is used to assure confor-
mance of the surgical cavity to the balloon sur-
face and to assess the balloon to skin distance.  

   Radiation Approach – Intrabeam  [ 42 – 46 ] :  A 
dose of 20 Gy to the surface of the sphere is pre-
scribed, falling to 5 Gy at 1 cm from the surface 
of the sphere. Typical irradiation times using this 
approach are 30–50 min. The advocates of 50 kV 
treatments maintain that, despite the sharp falloff 
in dose, there is an increase in RBE as a function 
of distance from the sphere as the energy 
decreases. Even if one were to accept this con-
cept, the equivalent dose at 1 cm could at most be 
only 18 Gy, with the dose at 2 cm only 6.3 Gy 
[ 49 ]. The rapid falloff in dose, even with an 
increase in RBE, may not adequately irradiate the 
microscopic disease that is known to extend at 

a b

c

  Fig. 28.3    Xoft Axxent System: ( a ) Xoft Controller; ( b ) 
balloon catheter insertion; ( c ) IORT delivery. Note the 
operator is standing behind a shielding screen (Photos 

courtesy of Xoft, Inc., an  i Cad company, Burlington, 
Massachusetts, USA)       
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least 2 cm in some cases beyond the tumor proper. 
If the IORT is delivered in a second procedure, 
the applicator is reinserted into the excision site. 
However, the diameter of the applicator used in a 
second procedure is considerably smaller than if 
the IORT was given at the time of the tumor exci-
sion, e.g., 2.5 cm vs. 4.5 cm [ 42 ]. The reduction 
in applicator size and the delay in delivery will 
irradiate a different volume to a different dose and 
at a different time with respect to the microscopic 
tumor environment, than if the IORT was deliv-
ered during the initial surgery .  This difference in 
timing of IORT delivery apparently impacts clini-
cal outcomes for APBI [ 50 ,  51 ], but has not yet 
shown to affect the outcomes for IORT kV boost.  

   Radiation Treatment – Xoft  [ 47 ,  48 ] :  While the 
surgeon is inserting and checking the placement 
of the balloon, the physicist calibrates the Xoft 
X-ray source using a modifi ed well chamber, 
similar to those used in the calibration of brachy-
therapy sources. During calibration, the X-rays 
are turned on for about 15 s and the entire calibra-
tion process takes less than 15 min. A fl exible 
lead-equivalent shield is draped over the breast to 
protect the patient, with the anesthesiologist, 
physicist, and radiation oncologist standing 
behind protective shields. The rest of the OR staff 
leaves the room for the radiation delivery, which 
lasts 22 min and varies only slightly with balloon 
diameter (20–24 min). A dose of 20 Gy is deliv-
ered to the surface of the balloon falling to about 
5 Gy at 1 cm. Due to the design of the Xoft bal-
loon applicators, it can also be used to provide 
postoperatively APBI in ten fractions over 5 days.  

   Other Factors:  Before each day’s treatment, the 
physicist must calibrate and conduct quality 
assurance (QA) testing on the Intrabeam system 
to assure proper performance. It takes about 2 h 
to perform calibration and QA [ 46 ] using the 
Intrabeam supplied equipment calibration and 
QA equipment. With the Xoft system, calibration 
is performed concurrently with the surgery and 
takes less than 15 min. During the radiation pro-
cedure, for both systems, everyone leaves the 
OR, except the radiation oncologist, physicist, 
and anesthesiologist who stay behind protective 

shields. It is recommended that patients receive 
prophylactic antibiotics to reduce the risk of 
infection. Both systems recommend that the 
patient be draped with protective radiation 
shields. Utilization of the Intrabeam adds about 
one additional hour to the surgical procedure, 
excluding the 2 h of physics calibration. Total 
time for a Xoft IORT procedure, including the 
lumpectomy, SLNB, balloon placement, radia-
tion treatment and closure, is about 2 h.     

   IOERT [ 52 – 56 ] 

 There are currently two types of electron genera-
tors that can deliver IOERT: conventional radio-
therapy accelerators operating in the electron 
mode and mobile IOERT units, Mobetron® 
(Intraop Medical, Sunnyvale, California USA), 
Liac (Sordina, Padova, Italy), and Novac (NRT, 
Aprilla, Italy). Conventional accelerators have 
higher electron energy ranges (4–20 MeV) com-
pared to the mobile units (3–12 MeV), but for 
breast IOERT, 12 MeV is suffi cient penetration. 
A conventional accelerator weighs 8–10 tons and 
requires substantial radiation shielding of 
100 tons or more in order to limit stray radiation 
to the surrounding areas. The mobile units can be 
used in unshielded ORs, though some require 
about 1 ton of mobile shielding be positioned 
around the surgical bed before treatment to 
 protect surrounding areas from excessive stray 
radiation. Figure  28.4  shows the IOERT units 
currently available.

     Applicators:  All IOERT units use cylindrical 
applicators for breast treatment. Both acrylic 
applicators and metallic applicators are in use. 
Metallic applicators can be steam sterilized 
quickly using an autoclave, while acrylic applica-
tors need to be gas sterilized or sterilized with a 
liquid process, both of which take a day or more 
to complete. The sterilization process can be an 
issue if multiple IOERT cases are planned for the 
same day or for  consecutive days. Acrylic appli-
cators have diameters that range from 3 to 10 cm 
in 1 cm increments, with a wall thickness of 
5 mm. Metallic applicators have the same range 
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of diameters, but with 5 mm increments and 
2 mm wall thickness. IOERT applicators must be 
in direct contact with the breast parenchyma sur-
face before irradiation. Acrylic applicators used 
with the Liac and Novac are 60–100 cm in length 
and are directly connected to the head of the 
accelerator for treatment. The metallic applica-
tors used with the Mobetron are held in place by 
a special clamp that attaches to the rails of the 
surgical bed. 

 Conventional accelerators use both acrylic 
and metallic applicators of varying lengths, 

depending on the attachment mechanism they 
employ. The Mobetron also provides 5 and 
10 mm acrylic bolus disks that can be used either 
to increase the surface dose or to  provide protec-
tion to deep-seated tissues. To facilitate contact 
for tumors located over the curvature of the CW, 
applicators come with bevel angles of 0°, 15°, 
30°, and 45°. The smaller the bevel angle, the 
more uniform the radiation is across the applica-
tor diameter. It is inadvisable to use 45° bevels, as 
the homogeneity across the fi eld is inadequate to 
provide for suffi cient dose coverage of the tissue 

a b

c d

  Fig. 28.4    Mobile IOERT linacs: ( a ) Novac 7; ( b ) Liac; 
( c ) Mobetron; and ( d ) conventional linac being used for 
IOERT. Conventional linacs used in IOERT require 
shielded bunker. Mobile linacs can be used in ORs with 

little or no additional shielding. Novac and Liac usually 
require about 1 ton of mobile shielding to be placed 
around and under surgical bed for radiation protection of 
surrounding areas       
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at risk, especially at the applicator perimeter. 
Typical energy and fi eld size use for a mobile 
IOERT unit used in breast cancer treatment is 
shown in Fig.  28.5 .

      Surgical Approach:  The surgical approach is 
identical, irrespective of which electron genera-
tor is used, and is similar whether boost or APBI 
is planned, with the exception that the chest wall 
(CW) protector is always used in IOERT APBI 
and is not usually employed for IOERT boost. 
The tumor is removed as usual with an attempt to 
achieve free margins. If oncoplasty is planned for 
the patient, an oncoplastic approach suitable for 
the breast in question is used to remove the tumor. 
There is no consistently reported method of mar-
gin clearance, with some centers relying only on 
good technique and wide excision surgery and 
others on the wider surgery of quandrantectomy. 
In some centers, intraoperative frozen section is 
performed of the margins in order to assess mar-
gin clearance. After the tumor is excised, in 
IOERT boost, the breast parenchyma is loosely 
approximated so that the sides of the excision 

cavity can be temporarily sutured to form a fl at 
surface for the IOERT radiation. In IOERT APBI, 
the breast parenchyma is also lifted off the CW 
and is remodeled. The remodeling of the breast 
parenchyma, together with the temporary re-
approximation, morphologically transforms the 
breast tissue at risk, irrespective of the tumor 
shape, so that it is compactly positioned directly 
beneath the electron applicator (Fig.  28.6 ). This 
surgical approach positions all of the tumor mar-
gins at the center of the radiation fi eld and irradi-
ates several centimeters of tissue from the center 
in all directions. The amount of peripheral cir-
cumferential extension of the radiation fi eld 
depends upon the size of the applicator chosen. 
The clinical treatment volume (CTV) irradiated 
with IOERT is comparable to that used in 3D 
conformal APBI, but can be slightly smaller 
while covering the same tissue at risk, since no 
additional tissue volume needs to be included to 
allow for patient motion and errors in patient 
setup. Furthermore, because more normal tissue 
can be excluded from the radiation fi eld with 
IOERT, the dose-volume histograms (a measure 
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  Fig. 28.5    Typical    energy (a) and fi eld size (b) use for 
breast IOERT. Median fi eld size used was 5.5 cm; bolus 
was used in 40 % of patients to either increase the surface 
dose or reduce the depth of penetration; beveled applica-
tors were used in 45 % of patients, and ½ cm rather than 

integral fi eld size applicators were used in 40 % of patients 
(Data from March 2011 customer survey involving 2,200 
breast IOERT boost and IOERT APBI patients, courtesy 
of Intraop Medical Corporation, Sunnyvale, California)       

 

28 The Emerging Role of Intraoperative Radiation Therapy [IORT] in Breast Cancer



426

of homogeneity of tumor coverage and normal 
tissue exposure) with IOERT APBI appears to be 
more precise compared to those generated with 
any of the EBRT APBI techniques.  

 For IOERT APBI, a shielding disk must be 
inserted between the remodeled breast paren-
chyma and the CW (Fig.  28.7c ). Shielding disks 
are usually comprised of a lead and aluminum 
sandwich of 6–9 mm in thickness, though disks 
with other shielding materials are in use, such as 
acrylic disks with and without metal inserts. It is 
important to select a CW shield with a diameter 
at least 1 cm circumferentially larger than the 

applicator for the treatment. Validation of the cor-
rect placement of the shielding disk by U/S or a 
physical probe should be made prior to radiation 
 delivery. For IOERT boost, a CW shield is gener-
ally not required, providing the dose to the rib 
from the IOERT boost will be <5 Gy. If acrylic 
applicators are used, the skin must be retracted, 
so it is not in contact with the applicator 
(Fig.  28.7a ). This is not necessary with metallic 
applicators, but provision must be made so that 
the skin cannot fall into the radiation fi eld. This is 
usually accomplished by tying sutures from the 
skin to the clamping system holding the metallic 
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  Fig. 28.6    Volumes treated and dose distributions result-
ing from the different IORT approaches. ( a ) HDR-IORT: 
The volume irradiated is an elliptic cylindrical shell 
extending down to the CW, with 18 Gy delivered at the 
inside surface of the cylinder, dropping to about 4 Gy at 
1 cm from the inside surface. ( b ) Intrabeam: The volume 
irradiated is a spherical shell, with 20 Gy at the applicator 
surface (inside shell) dropping to 5 Gy at 1 cm. ( c ) IOERT: 

The surgical approach morphologically transforms the 
breast tissue, irrespective of the tumor shape, so that sev-
eral centimeters of tissue originally adjacent to the tumor 
is compactly positioned under the applicator (see  inset ). 
Radiation is uniform across the applicator and extends to 
the CW. ( d ) Dose-volume histograms from [ 57 ] showing 
uniformity of tumor volume coverage of the various 
approaches used in IORT       
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applicator in place (Fig.  28.7b ). After the IOERT 
treatment, the temporary sutures and the protec-
tive CW plate, if used, are removed. The breast 
parenchyma is remodeled, and closure is per-
formed in the usual fashion. If an oncoplasty was 

planned, the breast remodeling needed for the 
IOERT will have already accomplished a large 
portion of that procedure.  

 If the fi nal pathology reveals positive margins, 
IOERT boost patients are re-excised and receive 

a b

d

c

  Fig. 28.7    IOERT Technical Aspects-Part I: ( a ) skin 
retraction needed with acrylic applicators; ( b ) suturing 
skin to applicator clamp to prevent from falling into radia-

tion fi eld with metal applicators; ( c ) visualizing and imag-
ing the treatment fi eld to assure proper coverage of boost 
or APBI; ( d ) inserting shielding disk to protect CW       
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EBRT after their breast has healed (typically 
3–4 weeks). If the nodes are positive, EBRT is 
delayed so that the patient can receive chemother-
apy fi rst, if necessary. For IOERT APBI patients 
with positive margins on fi nal pathology, there is 
no standard consensus for margin treatment. 
Some centers do nothing, reasoning that because 
of the re-approximation technique, all the margins 
in IOERT APBI patients have already received a 
minimum dose of at least 18 Gy (i.e., surface dose 
for 21 Gy) for APBI and that margin positivity is 
less of a factor. This may be especially true in the 
older, low-risk group of women being treated with 
IOERT APBI [ 58 ]. Other centers re-excise and 
give no further radiation treatment.  

   Radiation Treatment:  The radiation oncologist 
selects the applicator that is needed to cover the 
tissue at risk and positions and centers it on the re-
approximated tumor bed. The applicator should be 
chosen with a diameter 1.0–1.5 cm larger than the 
maximum tumor dimension for IOERT boost and 
1.5–2.0 cm larger for IOERT APBI. With IOERT 
boost, additional radiation is delivered through 
EBRT to adequately treat the microscopic  disease 
that might extend a few cm beyond the tumor. For 
APBI, it is important to choose an applicator large 
enough to adequately treat this tissue at risk, 
because there is a “cold” radiation gap at the walls 
of the applicator (Fig.  28.6c ). The 90 % radiation 
level – the usual prescription dose for IOERT – 
reaches only to within 4–5 mm of the inside wall 
of the applicator, depending on the design of the 
accelerator and applicator system. This “cold” gap 
is amplifi ed when beveled applicators have to be 
used. Fortunately, the use of IOERT applicators 
that are suffi ciently sized to adequately treat the 
tissue at risk does not appear to clinically result in 
increased fi brosis or poorer scar healing. 

 The 0° bevel applicator results in the best radi-
ation coverage for all applicator sizes. Figure  28.8a  
shows a technique that allows a 0° bevel applica-
tor to be used even when on a CW curvature, 
improving the homogeneity of the treatment. An 
acrylic bolus disk holds the remodeled breast 
parenchyma, and sterile gauze is wedged between 
the CW and the disk to present a 0° bevel angle 
for the IOERT. The depth from the surface to the 
shield plate or CW can be determined by utilizing 

intraoperative ultrasound or a mechanical probe 
(Fig.  28.8b ). The depth measurement determines 
the energy of the treatment, with the 90 % depth 
having a variation from 11.0 to 35.0 mm for ener-
gies ranging from 4 to 12 MeV.  

 The applicator, now positioned in the patient, 
and the accelerator that is used to deliver the 
IOERT, must be aligned before treatment. For 
units that require physical connection of the appli-
cator to the head of the treatment unit (“hard dock-
ing”), either the patient bed is moved under the 
treatment unit (e.g., in all conventional units) or the 
mobile accelerator is moved to the surgical bed. 
The head of the treatment unit is rotated and posi-
tioned so that the mechanical connection can be 
made. Care must be used to ensure that the appli-
cator that is being handheld in the patient by one of 
the surgeons or radiation oncologists does not shift 
position during the attachment process (Fig.  28.8c ). 

 In systems that do not directly connect the 
applicator to the treatment head (“soft docking”), 
alignment is achieved through the use of lasers to 
guide the orientation (Fig.  28.8d ). Both docking 
systems are relatively quick, once some experi-
ence is gained. For units that use “soft docking,” 
it is possible to document the tumor bed site 
using a small handheld TV camera (Fig.  28.7d ). 
If the surgical bed needs to be moved for dock-
ing, the anesthesia equipment must also be moved 
or needs hoses long enough to accommodate the 
move. For some mobile units (the Liac and 
Novac), mobile shields must be positioned 
around the table and under the treatment bed for 
radiation protection to the surrounding areas. 

 The physicist calculates the amount of radia-
tion units needed to deliver the prescription dose. 
Some centers use in vivo dosimetry to validate 
and/or monitor the IOERT dose (Fig.  28.7a ). The 
Novac and Liac generally divide the treatment 
into two parts and adjust the dose delivered in the 
second half to improve the accuracy of dose 
delivery. This is not necessary with conventional 
IOERT units or the Mobetron. For IOERT boost, 
the dose prescription is usually 10 Gy to the 90 % 
depth. For IOERT APBI, it is predominantly 
21 Gy to the 90 % depth. 

 Everyone leaves the room during the time that 
the radiation is being delivered. The patient and 
anesthesia must be monitored by video or 
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remotely. Treatment typically takes 1–5 min, 
depending on whether the treatment is a boost or 
APBI. Mobile IOERT units have treatment times 
of only 1–2 min, as the dose rate for mobile units 
is at least a factor of two higher than that of con-

ventional units. Total time added to the surgical 
procedure for breast IOERT is 15–25 min.  

   Other Factors:  The large dose of radiation deliv-
ered by IOERT in a single treatment makes the 
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  Fig. 28.8    IOERT Technical Aspects-Part II: ( a ) Flat sur-
face created by wedging sterile gauze between the CW 
and an inserted bolus plate, allowing 0° bevel applicator to 

be used on sloping CW surface; ( b ) measuring the depth 
of the gland, either with a mechanical probe or with U/S; 
( c ) soft docking; ( d ) hard docking       
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calibration and QA of each unit critically impor-
tant to assuring proper treatment. Calibration and 
QA procedures for IOERT for conventional accel-
erator units was developed by the American 
Association of Physicists in Medicine (AAPM) 
and published in their Task Group 48 report [ 59 ]. 
Similar procedures for mobile IOERT units are 
published in Task Group 72 report [ 60 ]. The latter 
report recommends daily validation before treat-
ment of both output and energy. For the Mobetron, 
these daily QA measurements can be made with 
12 Gy exposure for all energies and outputs (about 
the amount of one IOERT boost treatment). With 
the Novac and Liac units, due to their unique 
method of generating the radiation, 60–100 Gy of 
exposure is required for output measurements. 

 This high level of exposure dose generated by 
these units for QA may require that the QA be 
taken when the adjacent areas are unoccupied, 
since the ORs for mobile units are unshielded. 
Alternatively, some of their users now use online 
in vivo dosimetry to validate output during the 
treatment, dividing the treatment into two halves 
and adjusting the remaining dose based on the 
output of the fi rst [ 61 – 63 ]. Radiation QA is an 
important element for any multi-institutional 
study. The HIOB protocol (see  Future applica-
tions ) has developed QA procedures that allow 
all IOERT units to participate in multi-institu-
tional studies with a high level of confi dence.    

 The main technical difference between the 
IORT and IOERT approach is shown in 
Table  28.3 . Nairz et al. [ 57 ] has evaluated the 
dose distributions from Intrabeam, IOERT, and 
brachytherapy and devised a “dose  inhomogeneity 
index,” or “Dii,” to evaluate the mean deviation 
of the dose inside the PTV from the prescribed 

dose. A Dii of 0 indicates completely homoge-
neous irradiation. For IOERT, the Nairz 
Dii = 0.047, but rises to 0.505 for 50 kV treat-
ments (Fig.  28.6d ).

       IORT Clinical Results: IORT 
as a Boost  

 IORT kV boost (when delivered at the time of the 
tumor removal) and IOERT boost have several 
similarities, despite very different radiation dis-
tributions and volumes irradiated by the two 
approaches. In both IORT approaches, radiation 
is given under direct visualization, eliminating 
the possibility of a geometric miss that is possible 
with an EBRT boost. Both the IORT and IOERT 
boosts can be used in wide variety of BCT eligi-
ble patients, delivering the dose subcutaneously, 
which should result in lower skin toxicity. They 
both eliminate approximately 1 week of EBRT 
boost treatment and start the radiation treatment 
at the time during the surgery when residual 
tumor cells are hypothesized to be rapidly prolif-
erating. Because both IORT boosts are combined 
with several weeks of WBI to complete the BCT 
treatment, the differences in the volumes and 
dose distributions of the two approaches may be 
less important in IORT boost than in IORT APBI, 
since the WBI can partially compensate for the 
differences in the approaches. 

   Boost Clinical Results: 50 kV 

 Vaidya et al. [ 64 ] reports on long-term results of 
IORT boost with 50 kV using the Intrabeam sys-

    Table 28.3    IORT vs. IOERT   

 Method 
 Meets TV concept 
of Holland 

 Homogeneity of 
radiation distribution 

 Can treat 
asymmetric PTV 

 Treatment 
time 

 Added OR 
time 

 Shielded 
OR needed 

 IORT  No  Poor a   No b   25–50 min c   ~1 h  No 
 IOERT  Yes  Excellent  Yes  1–3 min d   15–30 min  No e  

   TV  treatment volume,  PTV  planning treatment volume,  OR  operating room 
  a 20 Gy dose at surface of applicator falls to 5 Gy at 1 cm from the applicator surface 
  b iCad Xoft has elliptical balloon available that can account for some asymmetry 
  c Treatment time is a function of applicator size 
  d Treatment time is about 1 min for boost and about 2 min for APBI. Conventional units take about twice as long 
  e  Depending on the OR, Liac and Novac often require about 1 ton of mobile shields to be positioned around and under 
the surgical bed prior to treatment. Conventional units always require a heavily shielded OR  
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tem. Three hundred cancers (299 patients) under-
went BCS and 20 Gy as a boost to the tumor bed. 
After wide excision of the breast cancer, the 
Intrabeam applicator that best fi t the excision cavity 
was inserted into the cavity, and a purse- string 
suture was made to adapt the breast tissue to the 
applicator surface. A dose of 20 Gy to the surface 
of the applicator was administered,  delivering 
5–7 Gy of radiation 1 cm from the applicator sur-
face. In this study, all tumors were unifocal on 
mammography, and none of the tumors exceeded 
4 cm in diameter. There was no restriction on tumor 
type, tumor grade, receptor status, or axillary node 
involvement. The median patient age was 57 (range 
28–83 years), 79 % of the tumors were 2 cm or less, 
and 29.9 % had Grade 3 tumors. Of the 242 patients 
in whom systemic therapy was analyzed, 94 
patients (31 %) required adjuvant chemotherapy, 
and 195 patients (81 %) received adjuvant hor-
monal therapy. Patients with positive margins on 
fi nal pathology that required re-excision either 
went on to receive a completion mastectomy or 
were excluded from the analysis. In one cohort of 
patients, IORT was delivered postoperatively in a 
second operation, after a median time of 4.9 weeks 
from the initial operative removal of the tumor. The 
additional time required for IORT setup and deliv-
ery was 30–50 min. All patients received 45–50 Gy 
of EBRT in 25 fractions over 5 weeks. If adjuvant 
chemotherapy was required, EBRT was delivered 
at its completion. With a median follow-up of 
60.5 months (range 10–122 months), eight patients 
have had an ipsilateral recurrence. The 5-year 
Kaplan-Meier estimate for recurrence is 1.73 %, 
with fi ve of eighth recurrences identifi ed within the 
tumor bed, thus reducing the true local recurrence 
(TLR) rate at 5 years to 1.04 %. 

 Wenz et al. [ 65 ] reports on his own Intrabeam 
boost experience of 155 breast cancers in 154 
women treated with Intrabeam as an anticipated 
boost. The median age was 63 years (range 
30–83 years), 65 % of the patients had T1 tumors, 
and 35 % had T2 tumors. The median applicator 
size used was 4.5 cm (range 2.5–5 cm), resulting 
in treatment times of 7.5–51.1 min (median 
36.6 min). A complete axillary lymph node dis-
section (CALND) was performed if the SNB was 
positive; 70 % of patients were N0, 22 % N1, and 
8 % N2 or N3. EBRT was initiated after either 
wound healing or completion of chemotherapy 

(median 40 days, range 13–226 days). Adjuvant 
chemotherapy was given to 46 (29.9 %) patients 
and adjuvant hormonal therapy to 129 (83.8 %) 
patients. WBI using standard tangential treat-
ment portals was delivered using a 6 MeV linear 
accelerator to a dose of 46 Gy in 23 fractions. 
The EBRT dose was increased to 50 Gy to the 
breast and to supra- or infraclavicular fossa in 26 
patients with involved nodal areas. 

 With a median follow-up of 34 months 
( maximum 80 months), there were a total of ten 
deaths – eight due to distant metastases – and two 
ipsilateral breast tumor recurrences (IBTR), 
resulting in a 5-year Kaplan-Meier OS of 87 %, 
and a relapse-free survival rate of 98.5 %. Chronic 
toxicity after 3 years was mild, with two-thirds of 
patients experiencing none or barely palpable 
fi brosis. Five patients had a marked increase in 
breast density, with one patient with Grade 3 
fi brosis requiring a mastectomy. Breast edema 
was seen in 8 % of patients, and skin toxicity was 
mild, with only 6 % experiencing telangiectasia 
and 6 % hyperpigmentation. 

 Wenz et al. [ 66 ] cautions that starting EBRT 
too soon after IORT could lead to increased toxic-
ity. The toxicity analysis involved 48 patients with 
a median follow-up of 36 months (range 
30–56 months). The median time between IORT 
delivery and the initiation of EBRT was 36 days. 
In general, the toxicity was mild, with 30/48 
(63 %) experiencing either no change or only 
minor changes. However, a statistically signifi cant 
and clinically relevant tendency for late toxicity 
occurred when the time interval between IORT 
and EBRT was too short: 8/12 higher-grade fi bro-
ses, 5/6 retractions, and 4/5 breast pains occurred 
in patients with an IORT-EBRT interval less than 
the median of 36 days. The recommended 5–6-
week interval between IORT boost and initiating 
EBRT is 1–2 weeks longer than is needed with an 
IOERT boost or standard BCT treatment. While 
Wenz cautions that the impact of this longer gap 
between IORT and EBRT on recurrences is not 
known, it may not be signifi cant, as longer time 
gaps occur with both IOERT and Intrabeam boost 
patients who have EBRT delayed due to adjuvant    
chemotherapy    [ 56 ,  64 ,  67 – 70 ]. 

 Most of the studies to date show that IORT boost 
with Intrabeam appears to provide an acceptable 
local control rate when compared with standard 
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BCT. The treatment toxicity is also considered 
acceptable, providing that attention is paid to proper 
technique and patient selection when using this 
device. For optimal cosmetic results, maintaining 
proper skin spacing and avoiding the Intrabeam’s 
use in larger T2 tumors and small-breasted women, 
as well as waiting 5–6 weeks to initiate the EBRT, 
seem to be important factors. Long-term data, 
requiring further follow-up, is still needed in order 
to adequately assess cosmetic results. There is cur-
rently no long-term data or follow-up from the iCad 
Xoft system when used as a boost.   

   Boost Clinical Results: IOERT 

 The fi rst reported use of IOERT for early-stage 
breast cancer was a combined study of the Medical 
College of Ohio and the Centre Regional de Lutte 
Contre le Cancer (Montpellier, France) [ 71 ]. In 
this study, 72 patients (Stage I – 43 %, Stage II – 
57 %), between the age of 33 and 81 years, were 
given a 10 Gy IOERT boost following segmental 
mastectomy, with temporary re-approximation of 
the breast parenchyma to bring the margins of the 
cavity together. All patients underwent an axillary 
lymph node dissection. The fi eld size was chosen 
to encompass the tumor bed with at least a 10 mm 
margin. After wound healing (typically 1–3 weeks), 
patients received an additional 45–50 Gy of radia-
tion over 5–6 weeks with external X-ray radiation 
(6 MV or cobalt therapy). With follow-up of 
2–17 years, only one patient developed a recur-
rence, and cosmesis was reported as excellent. 

 In 2006, Montpelier [ 72 ] updated results for the 
50 patients it treated. Margins were assessed during 
the operation by frozen section, and all patients 
underwent a CALND. The median dose delivered 
was 10 Gy to the 90 % line (range 9–20). After 
IOERT, the temporary retaining sutures were 
removed, and the tumor cavity was remodeled. The 
EBRT dose was 50 Gy in 25 fractions, delivered 
with cobalt radiation. Nodal irradiation was given 
as required. For the two patients who required che-
motherapy, EBRT began 3 weeks after its comple-
tion, with the others undergoing EBRT typically 
4 weeks postsurgery. With a median follow-up of 
9.1 years (range 5–15 years), they observed two 
local recurrences, one at 8 years and one at 14 years. 

Six additional patients had distant metastases, and 
45 patients are alive, 1 with disease, giving a 
10-year OS of 94 %. All patients in their series had 
good to excellent cosmesis, despite the fact that all 
had a CALND rather than SNB for nodal assess-
ment. The high level of good cosmesis reported in 
this study might be a result of the skin and normal 
tissue sparing that occurs when using the IOERT 
boost as compared with the conventional EBRT 
external beam boost, as well as to the breast remod-
eling they employed at the time of surgery. 

 The University of Salzburg treated two consec-
utive series of patients with Stages I and II breast 
cancer [ 68 ]. Group I consisted of 188 patients 
treated with breast- conserving surgery and postop-
erative irradiation to the whole breast, followed by 
a postoperative external beam boost to the tumor 
bed. Group 2 was 190 patients treated with breast-
conserving surgery, IOERT boost directly to the 
tumor bed, and postoperative irradiation to the 
whole breast. The groups were comparable in 
regard to age, menopausal status, tumor size, histo-
logical type, grading, and axillary lymph node sta-
tus. Exclusion criteria were neoadjuvant 
chemotherapy, tumors > pT2, multicentricity, and 
ductal carcinoma in situ. For the IOERT boost 
patients, if margins were not clear with a minimum 
of 3–5 mm in the intraoperative pathologic assess-
ment, re-excision was performed in the same surgi-
cal procedure prior to IORT. If margins were not 
clear in the fi nal pathological report (minimum 
3 mm), a secondary re-excision was performed 
before the patients had their EBRT. Margins were 
negative in all patients included in this study. 
Axillary surgery in Group 2 was confi ned to senti-
nel lymph node biopsy only, if sentinel lymph 
nodes were negative. Complete axillary clearance 
of levels I and II was performed, if sentinel lymph 
nodes were positive. After complete tumor resec-
tion and axillary surgery, the tissue surrounding the 
tumor bed was mobilized and temporarily approxi-
mated by sutures. Ultrasound was used to deter-
mine the depth dose, which ranged from 0.6 cm to 
3.9 cm (median 1.9 cm). Applicators with diame-
ters of 50–60 mm were used, and a dose of 9 Gy 
was delivered to the 90 % reference isodose, using 
the appropriate energy for the tumor thickness. 

 After wound healing, 51 Gy of EBRT for 
patients with IDC and 56.1 Gy for patients with 
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ILC were delivered in daily fractions of 1.7 Gy to 
the whole breast. For the IOERT boost patients, 
18.9 % received adjuvant chemotherapy, and an 
additional 4.7 % received combined chemother-
apy and endocrine therapy. For these patients, 
EBRT was sequenced after completion of che-
motherapy, with a time delay after IORT of up to 
20 weeks. After median follow-ups of 
81.0 months and 51.1 months in Group 1 and 
Group 2, respectively, no IBTR was observed in 
the IOERT boost patients, while 12 IBTRs 
(6.4 %) occurred in Group 1. The 5-year actuarial 
rates of IBTR were 4.3 and 0.0 %, respectively 
( p  = 0.0018). Distant metastases occurred in 24 
patients (12.8 %) and 8 patients (4.2 %) in Group 
1 and Group 2, respectively, for 5-year actuarial 

rates of distant recurrence of 8.6 % and 4.2 % 
( p  = 0.08). The 5-year disease-free survival in 
Group 1 was 90.9 % and was 95.8 % in Group 2 
( p  = 0.064). The only serious complications 
reported were three rib fractures that occurred 
early on in the IOERT group. This complication 
was eliminated when the IOERT dose to the ribs 
was limited to 5 Gy or less. 

 Salzburg has recently updated this “matched- 
pair” analysis [ 67 ] with a very mature median 
follow-up period of 12.6 years for the patients 
treated with conventional BCT (Group 1), and 
10.7 years for those receiving the IOERT boost 
(Group 2). Figure  28.9  shows the results of this 
study for IBTR, True Local Recurrence (TLR), 
distant metastases, and DFS at 10 years. The 
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  Fig. 28.9    Long-term results of the University of Salzburg 
matched-pair analysis comparing IOERT boost (median 
FU 10.7 years) with EBRT boost (median FU 12.6 years). 
IOERT boost has a 10-year true local recurrence ( TLR ) of 

only 0.6 %, and an IBTR of 1.6 %, both signifi cantly bet-
ter than the EBRT boost. IOERT also results in fewer dis-
tant metastases, though at the time of the analysis the 
difference was not statistically signifi cant       
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excellent results and advantage reported at 
5 years of IOERT boost when combined with 
WBI over conventional BCT with EBRT boost 
have been maintained, with an TLR of 0.5 % vs. 
4.4 % ( p  = 0.0029) and an IBTR of 1.6 % vs. 
7.2 % ( p  = 0.0023). IOERT also has more favor-
able results for distant metastases and DFS, 
though with the small numbers in the study, it did 
not achieve statistical signifi cance. It will be 
interesting to follow this study further to see if, as 
Clarke pointed out in his meta-analysis [ 11 ], the 
improved local control at 5 years translates into a 
survival advantage at 15 years.  

 A pooled analysis [ 69 ,  70 ] from seven European 
centers combined and analyzed patients who were 
treated using IOERT boost plus 5 weeks of post-
operative EBRT. There were 1,109 patients treated 
between October 1998 and October 2005, 52 % of 
whom had one or more risk factors for recurrence: 
young age (<40 years), positive nodes, high grade 
of tumor (G3), or larger tumors (T3). The patients 
in the study were all treated similarly to those in 
the Salzburg approach. With a median follow-up 
of 72.4 months, there were just 16 IBTR (1.44 %) 
and only 8 TLR (0.8 %). DFS, DSS, and OS were 
88.6, 94.0, and 91.3 %, respectively. Young age is 
clearly a risk factor (Table  28.4 ), but the 5-year 
recurrence rate of 3.8 % for the 53 women under 
the age of 40 still compares very favorably with 
historical rates of 10 % for this age group. In fact, 
IOERT boost results in lower recurrence rates in 
every age group, compared to historic controls 
(Fig.  28.10 , Table  28.5 ).

     One possible explanation for the lower recur-
rence rate with IOERT boost in younger women is 
that generally these women are considered higher 
risk and undergo many weeks of  chemotherapy 
before adjuvant radiation is initiated. An IOERT 
boost at the time of their lumpectomy provides 
one to two log cell kill rate to the microscopic 
tumor burden that may remain in the surgical 
site, reducing the tumor burden for the delayed 
adjuvant radiation. There was no increased recur-
rence risk for delaying EBRT due to chemother-
apy, providing EBRT was administered within 
140 days of the surgery. It is also important to 
note that the median time for TLR was 71 months 
(range 12.5–151 months) and 62 months for 

“elsewhere” recurrences (range 17–103 months). 
IORT patients need a long follow- up to assess 
recurrence, especially since so many women are 
now receiving adjuvant hormonal therapy. 

 There are numerous other IOERT boost stud-
ies that have produced similar results to Salzburg, 
Montpellier, and the ISIORT pooled analysis. We 
will mention only the study from San Felipe Neri 
Hospital [ 73 ], because it is the only randomized 
trial reported comparing IOERT boost with EBRT 
boost. In this study, women with T1–T2 breast 
cancer underwent conservative surgery and were 
randomly assigned to receive IOERT boost 
(10 Gy) and postoperative EBRT (50 Gy) or post-
operative EBRT (50 Gy) plus a 10 Gy external 
beam boost. Patients with DCIS, ILC, or EIC 
were excluded. IOERT was delivered using a sin-
gle dose of 10 Gy with a radial margin of 2 cm, 

   Table 28.4    Risk factors for IOERT   

 Factor  IOERT boost  IOERT APBI 

 Age  <40 years  <50 years 
 Tumor size  Any BCS 

tumor OK 
 >2.0 cm 

 Time between 
surgery and EBRT 

 >140 days  NA. No EBRT is 
given 

 Positive margins 
on fi nal pathology 

 Re-excise  Re-excise, ignore 

 Tumor grade  G3  G3 
 Hormonal status  Any OK  Negative 
 Dose to ribs  ≤5 Gy  NA. Shield plate 

protects ribs 
 Histology  No EIC  IDC and other 

low-risk histologies 
 Multicentric  No, if close 

together to 
allow BCS 

 Yes 

 Molecular subtype  Any OK  Non-Luminal A 

  Boost risk factors from the ISIORT-Europe pooled analy-
sis. APBI risk factors are from Veronesi [ 93 ], Leonardi 
[ 88 ,  95 ], and Dall’Oglio [ 98 ] 
  Comment : In IOERT boost, women with high-risk factors 
still do very well. For example, the 5-year recurrence rate in 
women <40 years was only 3.8 % with IOERT boost, more 
than a factor of 2 better than achieved with either EBRT 
boost or mastectomy. And while > 140 days to start EBRT 
is a higher risk than <140 days, the 5-year recurrence rate 
was only 1.85 % (2 of 108 patients). For IOERT APBI, 
careful attention needs to be paid to proper patient selec-
tion: age ≥ 50 years, tumor size ≤2.0 cm, ER/PgR positive. 
High tumor grade (G3) is a risk factor for recurrence but 
can be compensated by favorable biology (Luminal A)  
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  Fig. 28.10    Cumulative incidence of local recurrence by 
age after IOERT boost, showing in quadrant, out quadrant 
and total breast events. From the ISIORT-Europe pooled 

analysis of IOERT boost [ 69 ]. Note that IOERT boost 
results in reduced local recurrence in every age group (see 
also Table  28.5 )       

    Table 28.5    Local recurrences by age of patient after IOERT boost   

 LR  Age (years)  # of Pats.  Follow-up (mos and range)  LR: # of Pats.  Annual rate  Best EBRT annual rate 

 IB  <40  53 (4.8 %)  74.5 (16.5–126.0)  2 (3.7 %)  0.64 %  1.8 % 
 40–49  234 (21.1 %)  75.9 (4.8–187.9)  5 (2.1 %)  0.34 %  1.5 % 
 50–59  326 (29.4 %)  72.9 (3.8–208.5)  4 (1.2 %)  0.21 %  1.0 % 
 ≥60  496 (44.7 %)  73.0 (3.5–215.0)  5 (1.0 %)  0.16 %  0.6 % 

 IQ  <40  2 (3.7 %)  0.64 % 
 40–49  2 (0.9 %)  0.14 % 
 50–59  2 (0.6 %)  0.10 % 
 ≥60  2 (0.4 %)  0.06 % 

 OQ  <40  0 (0 %)  0 % 
 40–49  3 (1.3 %)  0.21 % 
 50–59  2 (0.6 %)  0.10 % 
 ≥60  3 (0.6 %)  0.09 % 

  From ISIORT boost pooled analysis, modifi ed from Fastner et al. [ 69 ]. Best EBRT rate is taken from data cited in 
Fastner et al. Note that IOERT boost provides lower local recurrence rates for every age group compared to EBRT  
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and, to a target depth of between 1.4 and 1.9 cm, 
using applicators with 4–8 cm diameter. Surgical 
clips were positioned at the edge of  irradiated 
areas in all patients. Following wound healing, 
patients received an additional 50 Gy EBRT to the 
whole breast, with 6–10 MeV photon energy. In 
the non-IOERT arm, a boost of 10 Gy in fi ve frac-
tions (to the 90 % reference isodose) with a 
6–12 MeV electron beam was administered. 

 From April 1999 to December 2004, 234 
patients were randomized, 126 in the IOERT arm 
(with 131 treatments due to fi ve bilateral neo-
plasms), and 118 in the non-IOERT arm. The mean 
age was 56.3 years (range, 29–75 years) in the 
IOERT arm and 56.2 years (range, 34–75 years) in 
the non-IORT arm; 88 patients in the IOERT arm 
and 79 in the non-IOERT arm were premeno-
pausal. Margins were negative in all patients. One 
local recurrence was observed in the IOERT arm 
(0.8 %) and four in the non- IOERT arm (3.4 %). 
Patients were salvaged with mastectomy. 
Beginning in 2005, all patients eligible for BCT 
received IOERT boost. Ciabattoni et al. [ 74 ] 
updated the Felipe Neri IOERT boost experience at 
the GEC-ESTRO Meeting in 2009. With a median 
follow-up of 68.8 months (range 4–124 months), 
223 patients had received IOERT boost. There was 
one local failure (0.4 %). DFS, DSS, and OS were 
87.8, 96.4, and 94.6 %, respectively. Distant metas-
tases occurred in 16 patients (7.2 %). Cosmetic 
evaluation was excellent or good in 88.3 % of 
patients. Both acute and late toxicities were low 
(6.5 % and 4.5 %,  respectively), and fi ve patients 
(2.4 %) experienced liponecrosis, two of whom 
required surgical aspiration to correct.  

   IORT Clinical Results: IORT as APBI 

 IOERT as APBI was fi rst proposed by Veronesi in 
2001 [ 52 ]. He observed that for postmenopausal 
women with small tumors, most recurrences were 
in the index quadrant. The percentage of women 
who developed ipsilateral recurrences elsewhere 
in the breast was about the same as women who 
developed contralateral breast cancer (~15 %). 
Veronesi reasoned that it made as little sense as to 
irradiate the entire breast for these women as it 

did to prophylactically irradiate the contralateral 
breast. He therefore began a randomized study, 
called ELIOT, to determine whether, for these 
postmenopausal women with small tumors, it was 
possible to deliver a single dose of radiation to a 
smaller volume of the breast, replacing the stan-
dard 6 weeks of whole breast radiation. Also in 
2001, Vaidya, Baum, and Tobias [ 43 ,  75 ] pro-
posed the use of 50 kV X-rays to treat early-stage, 
low-risk breast cancer with an APBI IORT tech-
nique called “TARGIT.” 

 When Veronesi and the TARGIT group pro-
posed their studies, neither ASTRO nor ESTRO 
had yet issued guidelines for which women were 
most suitable for APBI breast treatments. Both 
studies had less stringent inclusion criteria than is 
 generally recommended for APBI studies today. 
In the ELIOT study, only 22 % of the patients 
met the ASTRO criteria of “suitable” for APBI, 
while in the TARGIT-A Trial, over one-third of 
the patients met the ASTRO low-risk criteria and 
over one-half met the ESTRO “good” low-risk 
criteria. The difference in the percentage of low- 
risk patients in these two trials is not surprising 
even though they began at about the same time. 
The ELIOT study was completed in December 
2007, just after ASTRO or ESTRO issued their 
low-risk guidelines for APBI. The TARGIT-A 
Trial continued through 2012 and more than half 
of their patients were entered after the guidelines 
for low-risk women were issued. When evaluat-
ing the effi cacy of these trials, the suitability of 
patients to receive APBI should be considered. 

   APBI Clinical Results: HDR-IORT 

 Only one center is currently using HDR as a 
single- dose APBI treatment during surgery. 
Sacchini et al. [ 40 ] reports on 52 patients with a 
median age of 76.2 (range 60–87 years, exclud-
ing 2 off-protocol patients younger than 60) and 
with tumors <2 cm that were treated with HDR 
using the HAM applicator in a shielded OR room. 
A single fraction of 20 Gy was initially pre-
scribed one cm from the surface of the applicator. 
After the fi rst 18 patients had signifi cant acute 
toxicity, the dose prescription was reduced to 
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18 Gy to the lateral margin of the surgical cavity, 
falling to about 7 Gy at 1 cm from the applicator 
surface. The irradiation time was about 40 min. 
There were 63 complications reported in the 52 
women treated, with 4 % requiring reoperation 
for poor wound healing. There were no recur-
rences reported at 31.4 months’ median follow-
 up, but, in a recent update at the ASTRO 20l1 
Meeting, a 7.7 % recurrence rate was cited at 
68 months’ median follow-up [ 76 ]. The hospital 
has now treated a total of about 150 patients with 
this APBI approach (Cohen G, Brachytherapy 
physicist, Memorial Sloan Kettering Cancer 
Center, 2012 ,  private communication). This 
HDR-IORT APBI approach is not likely to gain 
widespread acceptance, as the OR needs to be 
shielded to deliver the radiation; exposure times 
are very long, subjecting elderly women to pro-
longed anesthesia; the toxicity and recurrence 
rates seem to be higher than reported using other 
IORT techniques; and the dose homogeneity is 
suboptimal with this brachytherapy approach.  

   APBI Clinical Results: Orthovoltage 
(50 kV X-rays), Prospective 
Randomized Results 

 The TARGIT-A Trial [ 77 ] is an intent-to-treat, 
non-inferiority trial in which 2,232 patients from 
28 centers in ten countries were randomized to 
either TARGIT or 5 weeks of EBRT with or with-
out an EBRT boost, depending on the treatment 
policy of the individual treatment center. The 
TARGIT arm allowed conversion from IORT 
APBI to IORT boost if the patient presented with 
adverse factors after randomization. They call 
this approach “risk-adapted IORT.” Each cen-
ter was empowered to determine which adverse 
factors would necessitate converting a TARGIT 
APBI patient to a TARGIT boost patient. 
Interestingly, the prescribed doses for TARGIT 
APBI and TARGIT boost were both 20 Gy at the 
surface of the applicator sphere. The predefi ned 
non-inferiority margin was an absolute difference 
of 2.5 % in recurrences. 

 The TARGIT arm randomized 1,123 women, 
excluding 117 patients (10.4 %) for various rea-

sons. Only 996 women actually received 
TARGIT, 142 (14 %) as TARGIT boost and 854 
(86 %) as TARGIT APBI. Of the 854 women 
receiving TARGIT APBI, about 31 % received 
the IORT as a second procedure, post fi nal pathol-
ogy. The EBRT arm randomized 1,119 women 
and excluded 94 patients (8.4 %). The TARGIT 
Trial profi le is shown in Fig.  28.11 . They reported 
results only 3 months after completion of accrual, 
when the median follow-up was just 25 months. 
There were six local recurrences in the TARGIT 
group and fi ve in the EBRT group, resulting in a 
Kaplan-Meier estimate at 4 years of 1.2 % recur-
rence for the TARGIT group and 0.95 % for the 
EBRT group. The authors assert that the peak 
time for ipsilateral breast recurrence is in the 
2–3-year range, so the difference in projected 
5-year recurrence in their study is well within the 
predefi ned non- inferiority margin of 2.5 %. They 
conclude that a single dose of TARGIT should be 
considered as an alternative for EBRT for select 
low-risk women. With a median follow-up of 
25 months, complications in both groups were 
modest and similar, with TARGIT patients expe-
riencing more seromas and needing three or more 
aspirations (2.1 % vs. 0.8 %,  p  = 0.012) and the 
EBRT patients experiencing more RTOG Grade 
3 or 4 toxicities (0.5 % vs. 2.1 %,  p  = 0.002).

   The authors updated the TARGIT-A Trial in a 
poster presentation at the San Antonio Breast 
Cancer Symposium (SABCS) in 2011 [ 78 ]. They 
reported a total of 23 recurrences, but did not 
identify in which arm they occurred. The median 
follow-up was less than 3 years. They concluded: 
 “The overall recurrence rate of the TARGIT-A 
trial have remained stable with a longer follow-
 up and it is therefore statistically implausible that 
one particular arm has a signifi cantly higher 
local recurrence.”  The latest TARGIT-A updates, 
presented at the 2012 SABCS [ 50 ] and published 
in Lancet [ 51 ], showed that the earlier optimism 
expressed in the 2010 Lancet publication and the 
2011 SABCS poster was likely unfounded. An 
additional 1,219 patients were added to 
TARGIT-A since the 2010 Lancet publication, 
for a study total of 3,442 patients. This trial now 
has more than a 12-year accrual of patients from 
33 centers in 11 countries. The original 2,232 

28 The Emerging Role of Intraoperative Radiation Therapy [IORT] in Breast Cancer



438

patients in the TARGIT-A study had suffi cient 
power to distinguish non-inferiority in recur-
rences, the primary end point. The additional 
patients were needed to analyze sub-protocols 
that were not identifi ed, but had the impact of 
loading the study with more women with short 
follow-up, keeping the study results immature. 
The Lancet publication had a median follow-up 
of 25 months, and the updated report has a 
median follow-up of only 29 months, even though 
more than 2 years had elapsed. Just 18 % of the 
total patients have 5 years of follow-up, and only 
29 % have even 4 years of follow-up. 

 The local failure rate in the TARGIT group was 
now reported to be 2 % higher than in the EBRT 
group, and this difference is statistically  signifi cant 
( p  = 0.042, HR = 2.05). The TARGIT group also 

did worse than the EBRT group for local-regional 
recurrence ( p  = 0.02, HR = 2.2) and showed a 
worsening trend for overall recurrences (ipsilat-
eral, contralateral, axilla, and distant). There were 
69 breast events in the TARGIT arm vs. 48 in the 
standard arm, though the difference in overall 
recurrence has not yet reached statistical signifi -
cance ( p  = 0.053, HR = 1.44). Post-pathology 
TARGIT patients had worse local recurrence than 
pre-pathology TARGIT patients, compared to 
their respective EBRT group (5.4 % vs. 1.7 % for 
post- pathology TARGIT and 2.1 % vs. 1.0 % for 
pre- pathology TARGIT). The local recurrence for 
post-pathology patients was not yet statistically 
signifi cant ( p  = 0.069) but was greater than the 
preset non-inferiority margin of 2.5 %. The results 
and authors’ conclusions from their original pub-

2232 patients enrolled and randomized

1119 assigned to EBRT1113 assigned to TARGIT
with or without EBRT

66 did not receive allocated
treatment

10 received TARGIT
4 received TARGIT and EBRT

30 had mastectomy
22 received wide local excision only

100 did not receive allocated
treatment

61 received EBRT
31 had mastectomy

8 received wide local excision only

11 withdrawn
17 unknown

4 withdrawn
13 unknown

1119 included in analysis1113 included in analysis

996 received allocated treatment
854 received TARGIT only

142 received TARGIT and EBRT

996 received allocated treatment
854 received TARGIT only

142 received TARGIT and EBRT

  Fig. 28.11    TARGIT-A Trial profi le [ 77 ]. All patients 
entered into this “intent-to-treat” study are included in the 
analysis, even if they were excluded from the treatment. In 
the Lancet publication, 10.4 % and 8.4 % of the TARGIT 
and EBRT arms, respectively, were not treated. In addi-

tion, 15 % of patients entered and treated in the TARGIT 
arm were converted to TARGIT boost and also received 
5-weeks of EBRT. Approximately 30 % of patients 
received TARGIT in a second operation after fi nal pathol-
ogy was known       
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lication [ 77 ] and three updates [ 50 ,  51 ,  78 ] are 
summarized in Table  28.6  and in Fig.  28.12 .

    Despite the fact that the post-pathology patients 
were presumably lower risk as the treatment was 
delivered in a second operation after fi nal pathol-
ogy, they had more than twice the recurrence rate 
of the pre-pathology group. The authors attribute 
this to possibly delay in wound fl uid suppression 
of tumor cells since there is a delay of TARGIT 
radiation in post-pathology patients by about 
30 days or to a geometric miss when inserting the 
applicator postsurgery. While this might partially 

explain the results, it is not the likely major cause 
of their fi nding. In the published IORT Intrabeam 
boost study of 299 patients [ 64 ], there was abso-
lutely no difference in recurrences between the 
pre- and post-pathology patients. The true 5-year 
recurrence rate for all patients was <2 %. The 
explanation for the difference in the TARGIT A 
Trial probably lies in the fact that in post-pathol-
ogy patients, there is a reduction in the size of the 
seroma, and so smaller spherical applicators are 
employed for tumors of the same size than in pre- 
pathology TARGIT patients. Thus, the volume- 

        Lancet  2010: No metastatic events reported. Seven LRR reported 
  SABCS  2011 Poster: Results kept blinded. Only total number of local recurrences reported 
  SABCS  2012 Presentation: TARGIT recurrence was 3.3 % (HR = 2.07) 
  Lancet  2013: Distant recurrences not reported separately. Total TARGIT plus EBRT metastases = 62 from 
SABCS 2012 Presentation 
  NS  not stated  

   Table 28.6    TARGIT-A Trial results as reported over time  
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irradiated post-pathology is much smaller than the 
volume irradiated when TARGIT is given concur-
rently with surgery. In boost, EBRT can 
 compensate for the smaller volume irradiated. 
One can also see this trend in the pre-pathology 
TARGIT patients since TARGIT plus EBRT has 
three times fewer local recurrences than TARGIT 
alone (Tables  28.6  and  28.7 ).

   The authors noted that the difference in ipsi-
lateral breast failure for all patients is still within 
their absolute non-inferiority margin of 2.5 %. 
However, as the Ipsilateral Recurrences in 
Fig.  28.12a  shows, the TARGIT group recur-
rences are diverging from the EBRT group with a 
slope two or three times greater than that of the 
EBRT group. There is little doubt that the 2.5 % 
criteria for non-inferiority will soon be surpassed 
for the entire cohort. The still immaturity of the 

data also makes suspect the claim of equivalent 
ipsilateral breast recurrence for their favorable 
cohort of pre-pathology TARGIT patients. This 
favorable group also shows a higher divergence 
of local recurrence for TARGIT patients com-
pared to EBRT patients (see Fig.  28.12c ). The 
difference between this favorable TARGIT cohort 
and the EBRT group is 1.0 %, with a median fol-
low-up of 29 months. The initial Lancet publica-
tion, with a median follow-up of 25 months, had 
a difference of only 0.25 % between the TARGIT 
group and the EBRT group. Therefore, there is 
simply not suffi cient follow-up to draw solid con-
clusions about possible favorable cohorts. 

 One potential problem for the TARGIT tech-
nique is overall breast recurrence (Fig.  28.12b ) 
which was presented at the SABCS but not shown 
in the Lancet publication. The nearly statistically 
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  Fig. 28.12    5-year Kaplan-Meier projections for recur-
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breast recurrences (ipsilateral, regional, contralateral, and 
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signifi cant difference in overall breast recur-
rences in the two groups ( p  = 0.053) is a reason 
for concern, especially since the breast cancer 
deaths are already, even at 29 months median 
follow-up, higher with TARGIT (20 deaths, 
2.6 %) than with EBRT (16 deaths, 1.9 %), 
though not yet statistically signifi cant ( p  = 0.56). 

 In their favorable cohort of pre-pathology 
TARGIT patients, patients that receive TARGIT 
only vs. those that receive TARGIT plus 5 weeks 
of EBRT [ 51 , Appendix] have a higher Kaplan-
Meier 5-year local recurrence rate (2.7 % vs. 
0.9 %). The authors’ state that these rates of local 
recurrence did not differ (i.e., statistically), 
despite the fact that the recurrence rate for 
TARGIT alone is three times that of TARGIT 
boost. Strangely, the authors claim that the 
TARGIT boost patients had a 5-year risk of breast 
cancer death of 8 % vs. only 1.8 % for those that 
received TARGIT alone. This result appears 
inconsistent with the IORT boost results dis-
cussed previously. 

 Several issues were raised with this trial very 
early on [ 49 ,  79 – 82 ], primarily highlighting the 
immaturity of the data and the nonhomogeneous 
nature of the patient population, together with the 
fact that 75 % of the women had adjuvant hor-
monal treatment known to delay recurrences. The 
TARGIT group consists of three different clinical 
cohorts: pre-pathology patients, post-pathology 
patients, and patients who were found at high risk 
after fi nal pathology or at the time of surgery who 
were treated with 5 weeks of WBI, in addition to 
an IORT boost of 20 Gy. These cohorts have 
potentially different clinical outcomes, and 
attempting to analyze them as one group can only 
lead to inaccurate assessments of the effi cacy of 

the treatment. Table  28.7  is a summary of local 
recurrences by treatment strata. 

 The TARGIT study had 33 centers in 11 coun-
tries and lasted more than 12 years. One-third of 
these centers contributed less than 25 patients, 
less than 50 % of the centers contributed as many 
as 50 patients, and only 8 centers contributed 
more than 100 patients. The large number of cen-
ters and the relatively few patients contributed by 
many of the centers demanded a high level of con-
trol. However,  the study did not impose standard 
inclusion/exclusion criteria . Each center was per-
mitted to treat the EBRT group according to its 
own institutional guidelines, including the deci-
sion of whether to incorporate an EBRT boost. 
Each center was also free to impose its own crite-
ria for high-risk patients who would go on to 
receive TARGIT boost rather than TARGIT 
APBI. This lack of discipline in imposing stan-
dard criteria can only throw into question the 
results of the trial. 

 The importance of standardization in selection 
criteria in a randomized trial cannot be overem-
phasized. Sperk [ 83 ] analyzes the Mannheim 
cohort of TARGIT-A patients for recurrence and 
toxicity. In their cohort of 54 TARGIT-A patients, 
a much larger percentage of patients (37 %, not 
the 15 % reported in TARGIT-A) were converted 
from TARGIT APBI to TARGIT boost because 
of the risk factors they chose for conversion, 
which included tumors > 2 cm and margins 
<10 mm. With a median follow-up of 40 months, 
they report no recurrences, but 40 months is still 
early, since 80 % of their patients received adju-
vant endocrine therapy. Despite the fact that the 
number of TARGIT APBI patients at Mannheim 
was small (34), if these good results are sustained 

        a  Number      of recurrences extrapolated from presented data in Lancet Appendix  ;  
approximately 20 % of women who receive an Intrabeam treatment will 
subsequently also require 5 weeks of EBRT [ 51 ]  

   Table 28.7    TARGIT-A local 
recurrence summary by 
treatment strata  
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over the passage of time, it is possible that there 
may yet be a small subset of women for whom 
“risk- adjusted” TARGIT treatment is a reason-
able option. However, due to the lack of disci-
pline in TARGIT-A selection and exclusion 
criteria, it is questionable whether the larger 
TARGIT-A Trial will be able to discover whether 
there is a suitable cohort of women who might 
benefi t from TARGIT-A. This makes the results 
of this study diffi cult for clinicians to interpret as 
there are likely to be no risk criteria that will be 
proven.  

   APBI Clinical Results: Orthovoltage 
(50 kV X-Rays), Nonrandomized 
Results 

 There have been a few reports of single- 
institutional studies outside of the TARGIT-A 
Trial using “risk-adjusted” Intrabeam for APBI 
IORT [ 84 ,  85 ]. These studies used the TARGIT-A 
technique, but treated a lower-risk population of 
patients than the TARGIT-A study did, and con-
verted slightly more patients from TARGIT APBI 
to TARGIT boost (17 and 19 %, respectively). 
However, they involve too few patients and still 
have too short of a follow-up to determine 
whether treating these lower-risk patients will 
lead to better results than in the TARGIT-A study. 

 There have been no randomized studies using 
the iCad Xoft system, with no ongoing trials for 
IORT breast treatments and very limited pub-
lished breast data (studies totaling less than 25 
patients) on the use of this device for APBI IORT 
[ 47 ,  48 ]. Unlike the rigid Intrabeam spherical 
applicators, newer balloon technology applica-
tors allow the Xoft balloon-based applicator to 
more accurately conform to nonspherical tumor 
volumes, theoretically providing them a technical 
advantage over Intrabeam. 

 However, without a large and mature base of 
clinical data, it is impossible to predict whether 
this theoretical advantage will lead to an improve-
ment in clinical results compared to those of 
Intrabeam or if Xoft is even an acceptable alter-
native. Most of the issues associated with 
Intrabeam in terms of skin spacing and breast 

size, uncertainty in RBE, limited target coverage, 
and inhomogeneous delivery of radiation to the 
target apply to the iCad Xoft system as well. 
Since the TARGIT-A Trial has not shown to be 
equivalent to standard BCT, Xoft will need to 
fi nd for what patient cohort its device is suited to 
treat. Xoft does have the advantage over the 
Intrabeam device in that, similar to balloon 
brachytherapy devices, it can be used postopera-
tively in APBI treatments. 

 A new Phase II trial for a low-risk group of 
women 70 years and older, TARGIT-E, is now 
recruiting patients [ 86 ]. It is based on the 
TARGIT-A Trial and allows both pre- and post-
pathology patients and conversion of pre-pathol-
ogy patients from IORT APBI to IORT boost. 
Since each participating institution has the option 
to modify the entry criteria and the criteria to 
convert patients to IORT boost, this study con-
tains the same design fl aws already pointed out in 
the TARGIT-A analysis. The study intends to 
accrue patients through 2015 and expects 10 
years of follow-up. The primary end point is local 
recurrence, and the stopping point at 5 years is 
4 % (which, interestingly, is the same recurrence 
that has been obtained in the trial of BCS + 
tamoxifen, with or without radiotherapy [ 87 ]). 
Though it is meant as a Phase II study, it is 
unclear what new information will be gained that 
could not be found from evaluating women over 
70 in the TARGIT-A Trial who have already 
received this treatment. Such an analysis might 
justify a randomized trial for women over 70 to 
determine whether APBI IORT treatment plus 
adjuvant hormonal therapy has better local con-
trol than BCS and adjuvant hormonal therapy 
without radiotherapy.  

   IOERT as APBI 

 IOERT has some technical advantages over 50 kV 
IORT (see Table  28.3 ). The surgical remodeling 
of the breast parenchyma in IOERT morphologi-
cally transforms the at-risk breast tissue so that it 
is compactly placed under the electron applicator. 
Together with the temporary re-approximation of 
the tumor bed, which also places all of the tumor 
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margins in the center of the radiation fi eld, this 
approach allows irradiation of the microscopic 
disease that may extend 2–3 cm beyond the origi-
nal tumor. This is consistent with the work of 
Holland and Faverly [ 25 ,  26 ] and assures that all 
margins receive a minimum dose of 18 Gy. This 
should be suffi cient to sterilize any microscopic 
disease that remains [ 57 ,  88 ]. IOERT adequately 
covers the tumor and tissue at risk, irrespective of 
the tumor shape. The CTV irradiated with IOERT 
is comparable to that used in 3D conformal APBI 
[ 89 ], but can be slightly smaller while covering 
the same tissue at risk, since no additional tissue 
volume need be included to allow for patient 
motion and errors in patient setup. 

 Furthermore, because more normal tissue can be 
excluded from the radiation fi eld with IOERT, the 
dose-volume histograms (a measure of homogene-
ity of tumor coverage and normal tissue exposure) 
with IOERT APBI will be superior to those gener-
ated with any of the EBRT APBI techniques. The 
high quality of electron beam radiation generates 
substantially more uniform dose distributions than 
those produced with 50 kV X-rays or brachyther-
apy. Treatment times are very short, only 1–2 min, 
compared to 30 or more minutes with 50 kV X-rays 
or brachytherapy. IOERT is independent of breast 
size and tumor location, providing the tumor loca-
tion has suffi cient breast tissue beneath it to insert a 
 protective chest wall disk. IOERT is the only APBI 
method that lends itself to immediate oncoplastic 
reconstruction, as the target volume receives all 
radiation in the one treatment. The mobilization of 
the breast tissue required to prepare the target gland 
for IOERT is a necessary step in any oncoplastic 
reconstruction procedure, so the oncoplastic recon-
struction time is signifi cantly shortened. A 1 day, 
single-dose IOERT treatment, with or without 
oncoplastic reconstruction, might convert some 
women from unnecessary mastectomies to BCS.  

   APBI Clinical Results: IOERT 
Randomized Results 

 A single dose of IOERT, called “ELIOT,” was 
fi rst proposed by Veronesi et al. [ 9 ]. After a toxic-
ity study which began in 1999 of 22 women to 

determine the safe single IOERT dose of radia-
tion to the breast, they decided that 21 Gy deliv-
ered to a 90 % depth was safe. Their randomized 
study [ 90 ] had a very simple stratifi cation: women 
over 48 with tumors <2.5 cm were randomized to 
either a single IOERT dose of 21 Gy prescribed to 
the 90 % point (ELIOT) or 5 weeks of WBI with 
a 10 Gy EBRT boost. Both IDC and lobular carci-
noma were allowed. All patients received wide 
excision (quandrantectomy) surgery. For ELIOT 
patients, a 9 mm thick protective metallic disk, 
consisting of lead and aluminum plates, was 
inserted below the gland to protect the chest wall. 
The trial closed on December 2007, with 1,305 
patients randomized: 651 to ELIOT and 654 to 
EBRT. Analysis began 5 years after the last 
patient was accrued. The median FU was 5.9 years 
for the EBRT patients and 5.5 years for the IOERT 
patients. The data was analyzed using both “intent 
to treat” and “per protocol.” The ELIOT Trial pro-
fi le is shown in Fig.  28.13 . The ELIOT and EBRT 
patients achieved 5-year recurrence rates of 4.4 
and 0.4 %, respectively,  p  < 0.0001. The ELIOT 
patients had lower  recurrences than their initial 
projections, but the conventional patients did 
exceptionally well and are one of the best reported 
in any conventionally treated BCT series.

   The ELIOT arm had less skin damage (i.e., ery-
thema, dryness, hyperpigmentation, or itching) 
than the conventional arm,  p  = 0.0002. There were 
no differences for fi brosis, retraction, pain, or 
burning, but there was a higher incidence of radio-
logical determined fat necrosis in the ELIOT 
group, 5 %, vs. 2 % for the EBRT group,  p  = 0.04. 
In addition, ELIOT showed less pulmonary toxic-
ity than the EBRT arm [ 91 ] as diagnosed by fol-
low-up spiral CT (4 in the ELIOT arm and 38 in 
the EBRT arm). These differences in skin and pul-
monary toxicity are not unexpected given the dif-
ferences in IOERT vs. EBRT radiation techniques. 
The authors point out that less skin damage through 
use of IOERT might be important in the event of a 
salvage mastectomy for recurrence. The integrity 
of the skin, they say, is important to the success of 
skin-sparing and nipple-sparing mastectomies, 
which are rapidly becoming standard procedure. 

 When analyzing for risk of relapse, the 5-year 
IBTR exceeded 10 % for patients who had tumors 
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> 2 cm (10/83 = 10.9 %), or four or more positive 
nodes (4/31 = 15.0 %), those with poorly differ-
entiated tumors, i.e., G3 (15/129 = 11.9 %), or 
with ER-tumors (8/63 = 14.9 %), or with triple- 
negative disease (7/43 = 18.9 %). Patients with a 
high proliferative index, i.e., Ki-67 > 20 %, also 
trended to a high IBTR rate (22/244 = 9.1 %) but 
was not used in their risk factor analysis since it 
did not reach their imposed 10 % threshold. The 
5-year IBTR was 11.3 % for the 199 (30.6 %) 
women with one or more of these risk factors vs. 
only 1.5 % for the remaining 452 (69.4 %) 
women who had none of these factors. 

 The per-protocol results, which analyzed just 
the 585 women who actually received ELIOT 
and the 601 who actually received EBRT, are 
reported in an Appendix to the publication. It had 
very similar results to the intent-to-treat analysis. 
The IBTR was 4.7 % for ELLIOT vs. 0.5 % for 
the EBRT arm, and the 5-year IBTR was 11.8 % 

for the 178 (30.4 %) women with one or more of 
these risk factors vs. 1.7 % for the remaining 407 
(69.6 %) women who had none of these factors. 

 There was a slightly greater regional (nodal) 
failure with ELIOT (nine patients, 1.0 %) vs. the 
EBRT arm (two patients, 0.3 %),  p  = 0.03, raising 
the concern that the lower regional recurrence in 
the EBRT arm is due in part to the axillary 1 cov-
erage by the tangential breast radiation. However, 
the recurrences were too low in either arm to 
allow statistical analysis. Patients with four or 
more nodes in either arm received additional 
EBRT of 50 Gy to the axilla, the EBRT patients 
concurrently with their WBI, and the IOERT 
patients delayed 8–12 weeks from the surgery. 
Adjuvant chemotherapy must have been adminis-
tered to these patients, but the timing of the 
administration is not specifi ed in the publication. 

 The contralateral breast cancer rate was 50 % 
higher in the EBRT group (13 patients vs. 8 

1305 enrolled and randomised

654 assigned to external radiotherapy 651 assigned to ELIOT

50 shown to be ineligible after
intervention

15 benign or in-situ tumour
10 tumour size >2.5 cm*
4 metastatic disease
17 multifocal disease
4 other reasonst

16 protocol violations

18 protocol violations

35 shown to be ineligible after
intervention

19 benign or in-situ tumour
1 tumour size >2.5 cm*
12 multifocal disease
3 other reasons

1 patient refused assigned
   treatment

16 patient refused assigned
   treatment

14 dysfunction of equipment
1 radiotherapy not done under
   local anaesthesia

1 radiotherapy not done for
   concomitant pathology

1 radical mastectomy

585 included in per-protocol analysis

651 included in intention-to-treat
analysis

654 included in intention-to-treat
analysis

601 included in per-protocol analysis

  Fig. 28.13    ELIOT    Trial profi le [ 90 ]. Both “intent-to-treat” and “per-protocol” strata are identifi ed. * At pathological 
examination        
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patients in the ELIOT group), but was not statisti-
cally signifi cant. Metastases, other primary can-
cers, breast cancer death, and other deaths were 
very similar in the two groups. Importantly, the 
OS at 5 years was identical (96.8 % for ELIOT 
and 96.9 % for the EBRT patients), and the 
 survival so far at 10 years was also the same 
(89.8 % for ELIOT and 92.0 % for EBRT patients). 

 The authors conclude that IOERT with elec-
trons should be restricted to suitable patients, 
once the characteristics for suitability have been 
defi ned. They note that the risk factors identifi ed 
in their study need further validation. They sug-
gest that one can use preoperative criteria (tumor 
size, age, and pathological and biological exami-
nation of the biopsy specimen) to identify suit-
able patients. A second option would be to treat 
all low-risk patients with IOERT and, after post-
surgical categorization, give additional WBI to 
patients at high risk for recurrence. The current 
reported guidelines used for low-risk ELIOT 
patients at the EIO are listed in Table  28.8 .

   A second randomized IOERT study, begun in 
2003, is being conducted by a consortium of seven 
Italian cancer centers [ 92 ]. At the time of their last 
report in June 2008, they had randomized 451 
patients, 229 of whom received IOERT. The study 
is enrolling postmenopausal patients between the 
ages of 48 and 75 years, who have unifocal tumors 
≤ 2.5 cm and less than four positive axillary nodes. 
The surgical and radiation approach used in the 
Italian multicenter study is identical to that used 
by the EIO. Though the study is still open, the con-
sortium reported that, with a median follow-up of 
34 months (range 7–61 months), there had been no 
recurrences in either arm, and one woman in each 
arm had progression of disease in the lymph nodes. 
Signifi cantly, 94 % of the IOERT patients were 
reported to have no late-term toxicity from the 
treatment, compared to only 38 % in the BCT arm.  

   APBI Clinical Results: IOERT 
(Electrons), Nonrandomized Results 

 In addition to the ELIOT trial, there are a number 
of single-institutional studies using IOERT APBI. 
The largest published study involves 1,822 

patients treated with IOERT at the European 
Institute of Oncology by the ELIOT technique 
[ 93 ]. The median age of these patients was 
58 years (range 33–83), and while patients were 
limited to tumors with a maximum dimension of 
2.5 cm (determined by preoperative imaging), at 
the time of surgery, 5 % had tumors larger than 
2.5 cm, and two women had tumors larger than 
5 cm. The histology was mostly IDC (1,381 
women or 78.3 %), but 202 women (11.1 %) had 
invasive lobular carcinoma (ILC). Grade 3 tumors 
were found in 459 women (25.2 %), and 146 
(8 %) had three or more positive nodes. Most 
were ER+ and PgR+ (89.2 and 77.9 %, respec-
tively). As for adjuvant treatment, 75.8 % received 
endocrine therapy, 9.6 % chemotherapy alone, 
and 10.9 % both endocrine and chemotherapy. 

 With a median follow-up of 36 months, 42 
patients (2.3 %) had a true recurrence, and another 
24 (1.2 %) patients had an elsewhere recurrence, 
for a total ipsilateral breast recurrence rate of 
3.6 %. The median time for LR was 29.2 months 
(range 10–92.5 months). All patients were sal-
vaged by either a second BCS or mastectomy, of 
which 34 are alive without evidence of disease, 
and 3 died of disease progression. The time for 
elsewhere recurrences was not reported, but all 
patients were salvaged with either BCS or mas-
tectomy, and four patients in that group have died 
of disease progression. The positive or close mar-
gin rates were low (6 positive margins and 48 
close margins). These patients had no further 
treatment, and none of them have recurred so far 

   Table 28.8    EIO criteria for low-risk ELIOT patients   

 Age ≤ 60 years 
 Tumor size ≤2.0 cm 
 Nodal status: N0–N1 
 Grade: G1/G2 
 Hormone status: ER+ 
 Biology: Luminal A preferred. No triple negative 
 Proliferation index: Ki-67 < 20 
 Lobular cancer – only after MRI evaluation 

  Modifi ed from EIO presentations at ESTRO 
 Patients found with higher risk factors post-IOERT will 
also receive eight fractions of 3.6–4.0 Gy of EBRT, 
excluding the volume treated with IOERT. Minimum fi eld 
size now used for ELIOT is 6 cm with the occasional use 
of 5 cm  
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with a follow-up of 1.2–28.1 months. Total deaths 
due to breast cancer were 28 (1.5 %), for a 10-year 
overall survival and breast cancer- specifi c sur-
vival of 89.7 and 94.6 %, respectively. In a multi-
variate analysis, age <50 years, tumor size > 2 cm, 
and unfavorable biology (non- Luminal A) were 
independent indicators of local relapse. 

 Toxicity was judged to be low, with 78.7 % 
experiencing no side effects, 16 % only one side 
effect, and 5.3 % two or more side effects. The 
greatest toxicities were fi brosis and liponecrosis. 
Two patients developed severe fi brosis, and 32 
(1.8 %) had mild fi brosis, most of whom resolved 
after 36 months. They observed 78 (4.2 %) cases of 
liponecrosis, which is a localized collection of 
brown fl uid with skin erythema appearing 
2–4 weeks postsurgery that appears to be more fre-
quent with women with fatty breasts. This resolved 
in most cases with conservative management, 
though a few patients required aspiration of the 
fl uid. Of interest, liponecrosis has not been reported 
at centers that use conventional linacs or other 
mobile IOERT units (Mobetron) to deliver IOERT. 

 Late toxicity in 119 women randomly selected 
from the 1,822 out-trial patients has been assessed 
by Leonardi et al. [ 94 ]. After a median follow-up 
of 71 months, 38 patients (31.9 %) had Grade II 
fi brosis and 7 patients (5.9 %) had Grade III. 
Grade II or greater pain was experienced by 11 
patients (9.3 %), but there was no correlation 
between pain and the grade of fi brosis. Cosmesis 
was independent of the location of the tumor in 
the breast and whether the patient experienced 
any postoperative complications. Physician- 
scored cosmesis was good or excellent in 84 % of 
the patients, compared to 74 % when patients’ 
evaluated results, but patient satisfaction with the 
procedure still exceeded 90 %. Late toxicity was 
signifi cantly correlated with tumor size > 1.5 cm 
and applicator diameter. Cosmetic evaluation 
was signifi cantly worse in patients who received 
adjuvant hormonal therapy rather than adjuvant 
chemotherapy (+/− hormonal therapy). 

 This cohort of 1,822 patients has been ana-
lyzed according to the ASTRO [ 95 ] and ESTRO 
[ 88 ] guidelines for patients “suitable” or “good” 
for APBI treatment. For the 294 patients that fell 
into the ASTRO-suitable category and the 573 

patients that were in the ESTRO-good group, the 
5-year rate of ipsilateral breast recurrence was 
1.5 and 1.9 %, respectively (Table  28.9 ). These 
APBI favorable groups also did signifi cantly bet-
ter than the less favorable APBI category patients 
in terms of distant metastases, any breast-related 
event, cause-specifi c survival, and overall sur-
vival (Figs.  28.14  and  28.15 ). There was no dif-
ference in regional lymph node failures among 
these categories of patients. Tumor grade, how-
ever, though not a selection criteria by either 
ASTRO or ESTRO, was a signifi cant factor for 
ipsilateral breast recurrence, regional node fail-
ure, and distant metastases. While neither ASTRO 
nor ESTRO considered IOERT in their criteria 
selections for suitable or good APBI patients, 
applying these guidelines to the 1,822 out-trial 
patients suggests that they might also form rea-
sonable selection criteria for IOERT APBI 
patients, too.

     For all of the 1,822 out-trial patients, the ipsi-
lateral breast recurrence rate at 5 years was 6 %. 
As the authors point out, this is higher than 
would be expected with conventional BCT, lead-
ing them to examine whether the tumor bed in 
their study was properly covered in terms of vol-
ume and dosage. IOERT is delivered to the tumor 
bed under direct visualization, so a geometric 
miss, as might occur with EBRT, is not possible. 
The linear-quadratic model used to establish 
 equivalency of different fractionation schedules 
is valid for single doses of 10 Gy and probably 
can be extended at least up to 18 Gy [ 96 ], so 
their dose of 21 Gy should have been suffi cient 
to sterilize microscopic disease surrounding the 
tumor. However, the median applicator size of 
4 cm may have been too small to adequately 
cover larger tumors. When using a 4 cm applica-
tor, even though the IOERT surgical preparation 
brings almost 2 cm of surrounding tissue within 
the applicator, only about 1.5 cm of surrounding 
 tissue is irradiated to the prescription dose of 
90 %. Tissue 4–5 mm from the walls of the 
applicator receives less radiation (see Fig.  28.6c ). 
To assure uniform coverage of the tissues at risk, 
the applicator should be chosen 1.5–2 cm larger than 
the maximum tumor dimension, as discussed in 
the technical aspects of IOERT. The authors 
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acknowledge that tissues at the periphery of 
these smaller applicators might have been inad-
equately irradiated. 

 The second-largest nonrandomized study of 
IOERT APBI is of 226 women from the 
University of Verona, which began in 2006 [ 55 ]. 
Patient selection criteria were restricted to only 
very low-risk patients. The initial patients were 
women ≥50 years with biopsy-proven IDC, who 
had low-grade G1 and G2 tumors ≤ 2 cm, and 
were N0, ER+, and PgR+. When ESTRO/
ASTRO released their guidelines for APBI-
suitable and good patients, they expanded inclu-
sion criteria to be consistent with these 

recommendations. All patients still had quan-
drantectomy and axillary node management, 
including sentinel node evaluation and comple-
tion axillary node dissection for positive sentinel 
nodes, but the radiation technique was modifi ed 
from the ELIOT approach. 

 The prescribed dose was reduced by about 
10 %, so the maximum dose to the gland was 
21 Gy with the energy selected to assure that the 
entire gland was covered to at least the 80 % dose 
line. Using the linear-quadratic model, both dose 
regimens gave an adequate dose for tumor control 
when compared to 6 weeks of EBRT. Verona used 
a 10 mm thick acrylic disk to protect the CW, rather 

       The analysis of the 1,822 patients treated with ELIOT off-trial produces very low local recur-
rence rates for ASTRO-suitable and ESTRO-good patients, and Luminal A patients do well with 
APBI irrespective of the ASTRO/ESTRO category. Age, tumor size, and biology remain indepen-
dent prognosticators for recurrence with IOERT APBI (Adapted from Leonardi et al. [ 88 ,  95 ])  

  Table 28.9    Analysis of 1,822 patients by ASTRO and ESTRO guidelines for PBI  
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than the metallic plates used with ELIOT. The use 
of the acrylic disk eliminated any dose uncertainty 
from backscatter caused by metallic disks. They 
could use acrylic in their study because they treated 
to the 80 % dose line, so most patients (95.5 %) 
were able to be treated with electron energies of 
6 MeV or less. At these energies the transmitted 
dose is, at most, only 15 % of the maximum dose, 
or 3.2 Gy, which is of no consequence clinically. 

 Of the 50 patients (22.1 %) that had a positive 
SNB and underwent a CALND, 38 had one posi-
tive lymph node, and 12 had two, with all receiv-
ing IOERT. After fi nal pathology, 16 patients 
(7.1 %) were determined to have positive margins 
and underwent re-excision. An additional 17 
patients (7.5 %) had close margins (<2 mm clear-
ance), but received no further treatment. No 
 additional radiation was given to either patients 
with positive nodes or positive margins. With a 
mean FU of 46 months, only one recurrence in a 
quadrant outside the index quadrant was 
observed. The treatment toxicity was very low, 
with only 15 patients experiencing various Grade 
1 complications (on the SOMA-Lent scale) and 1 
patient experiencing Grade 3 complications. 

 At the 2012 ASCO San Francisco Meeting [ 97 ] 
and at the SABCS Meeting [ 98 ], the results were 
updated. With a mean follow-up now of 51 months 
(33–68 months), they reported four recurrences 
(Table  28.10 ), with a median time to recurrence of 
41 months. One recurrence was a 2.8 cm tumor, 
and other recurrences were high grade (Grade 3), 
with one triple-negative breast cancer. All recur-
rences were salvaged with mastectomy. All patients 
in the study are alive and free of disease. The key 
technical factors of the Verona treatment are shown 
in Table  28.11 . In contrast to the 1,822 out-trial 
ELIOT study, the applicator size chosen was 
approximately 2 cm greater radially than the largest 
tumor dimension. The median applicator size used 
was 6 cm, assuring good coverage to the tumor bed, 
with 87 % of the fi eld sizes ≥5 cm and 31 % >6 cm.

    Publications and presentations at scientifi c 
meetings from other Italian centers that have 
used IOERT APBI on more than 1,000 patients 
combined also show excellent short-term onco-
logic, toxicity, and cosmetic results, though the 
follow-up is still early. These Italian centers have 
mostly followed the ELIOT approach, but often 
use a lower-risk patient profi le similar to that of 
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  Fig. 28.14    Cumulative incidence of breast-related events 
and survival for the ELIOT out-trial patients categorized 
by the ASTRO guidelines for APBI [ 95 ]. The 5-year local 
recurrence rate for ASTRO “suitable” patients was 1.5 %, 

vs. 4.4 % and 8.8 % for ASTRO “ cautionary” and ASTRO 
“unsuitable” patients, respectively. For patients with 
Luminal A biology, the 5-year recurrence rate is about 
2 % irrespective of the ASTRO category       
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  Fig. 28.15    Cumulative incidence of breast-related 
events and survival for the ELIOT out-trial patients cate-
gorized by the GEC-ESTRO guidelines for APBI [ 88 ]). 
The 5-year local recurrence rate for GEC-ESTRO “good” 
patients was 1.9 %, vs. 7.1 % and 7.8 % for  GEC-ESTRO 

“possible” and GEC-ESTRO “unsuitable” patients, 
respectively. For patients with Luminal A biology, the 
5-year recurrence rate is about 2.5 % irrespective of the 
GEC-ESTRO category       

 

28 The Emerging Role of Intraoperative Radiation Therapy [IORT] in Breast Cancer



450

Verona. All of these centers performed a quan-
drantectomy to remove the tumor, so the question 
remains whether lesser surgeries, such as a stan-
dard lumpectomy, can lead to similar outcomes 
when combined with IOERT APBI. 

 IOERT APBI published studies, using lesser 
surgeries, come from Montpellier [ 99 ], Brussels 
[ 100 ], Nagoya [ 101 ], and Chapel Hill [ 102 ]. 

 Lemanski et al. [ 99 ] reports on 53 patients over 
the age of 65 with T1N0M0 disease treated using 
the ELIOT dose prescription of 21 Gy to the 90 % 
isodose. The study does not indicate the use of 
protective disk, but doctors used in vivo dosimetry 
to measure the delivered dose, to confi rm that it 
was within 10 % of the planned dose. The 
researchers focused on elderly women since, in 
their experience, compliance with 6 weeks of 
BCT in this age group is poor and gets worse with 
increasing age. Nodal assessment was done intra-
operatively through SNB, and frozen section anal-
ysis was used to reduce positive margins. The 
median tumor size was 1.0 cm, 86 % had Grade 1 
or 2 tumor, and all patients were ER+. Eleven 
patients received IORT, but were excluded from 
the analysis, since fi nal pathology showed that 
they did not strictly meet the inclusion criteria: six 
had positive nodes, two had lobular carcinoma, 
one had bifocality, and two patients had margins 
<2 mm. The patients with close margins under-
went a completion mastectomy. The rest were fol-
lowed, but were not part of the protocol analysis. 
In this 11 patient subgroup, there were no local, 
regional, or distant relapses observed. In the 
remaining 42 patients, with a median follow- up of 
30 months (range 12–49 months), 2 patients 
recurred: a true recurrence at 20 months and an 
elsewhere recurrence at 24 months. These patients 

        a No CT was given due to patient’s age. Note that three of four failures did not meet ASTRO-suitable 
guidelines for APBI, while all but the triple negative met the ESTRO-good guidelines for APBI. If G3 
and tumors > 2.0 cm are excluded, there is only one recurrence in the U, of Verona cohort with a 
mean FU of 51 months 
  b Other low-risk histologies also permitted  

  Table 28.10    U. of Verona recurrences after APBI compared to ASTRO/ESTRO low-risk women  

   Table 28.11    Technical factors in the U. of Verona APBI 
Study   

 Tumor size 

 5 mm 
 ( n  = 0) 

 5–10 cm 
 ( n  = 38) 

 10–20 cm 
 ( n  = 159) 

 20–30 cm 
 ( n  = 49) 

 Field size used (cm) 
 4.0   –    –   12   –  
 4.5   –   4  18   –  
 5.0   –   7  35  13 
 5.5   –    –   25  6 
 6.0   –   4  49  21 
 >6.0   –   3  20  9 
 Energy used (80 % depth in mm) 
 4 MeV (11 mm)   –   18  48   –  
 6 MeV (20 mm)   –    –   111  39 
 9 MeV (29 mm)   –    –    –   10 
 12 MeV (39 mm)   –    –    –    –  

  As presented at the ASCO San Francisco Breast Meeting, 
September 2012 (Dall’Oglio  97 ]). Note that applicator 
size covers the tumor with suffi cient margins to ensure 
proper radiation coverage  
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had salvage mastectomies and are still alive. They 
did not observe any Grade 3 side effects, and there 
were only four cases of Grade 2 subcutaneous 
fi brosis. Cosmetic outcomes were judged to be 
good to excellent. Montpellier updated their 
results at the 2011 San Antonio Breast Conference 
[ 103 ] with a longer follow-up of 54 months, with 
still only two recurrences reported. All patients 
were alive, and the 4-year disease-free survival 
was 97 %. Cosmesis continued to be good to 
excellent. A further Montpellier update [ 104 ] with 
a median follow-up of 72 months found a total of 
four patients (9.5 %) had recurred. All patients 
that recurred underwent salvage mastectomy and 
are still alive. While this unexpectedly high local 
recurrence rate for such a low-risk population 
could just be the result of too few patients in the 
study, the radiation technique used for APBI by 
Montpellier has been criticized. Dall’Oglio [ 105 ] 
points out that the radiation approach used by 
Montpellier may not have adequately irradiated 
the tissues at risk to the proper depth and that too 
small a fi eld size might have been used. 

 The Institut Jules Bordet in Belgium has treated 
more than 200 women with single-fraction 
IOERT (Philippson C, Radiation oncologist, 
Institut Jules Bordet, 2012, private communica-
tion). All prospective patients received preopera-
tive MRI and SNB and frozen margin assessment 
during surgery. Only IDC patients with T1 tumors 
were eligible; patients with LVI and EIC were 
not. Of the fi rst 113 patients entered into the 
study, 30 were excluded after preoperative MRI 
or during surgery due to involved lymph nodes or 
tumor size. The results for the fi rst 83 patients 
who received IOERT were presented at the 
French Radiotherapy Meeting in March 2011 
[ 100 ]. Patients received 21 Gy prescribed to the 
90 % isodose using a protective metallic CW 
shield (7 mm of aluminum and lead). If the 
patient had a positive sentinel node or lobular 
carcinoma, she received a 9 Gy IOERT boost fol-
lowed by 5 weeks of WBI instead of 21 Gy APBI. 
The early cosmetic results were good or excellent 
in 87.5 % of the patients. Only two of the IOERT 
APBI patients had positive margins on fi nal 
pathology. Those patients had re-excision and no 
further treatment. 

 Sawaki et al. [ 101 ] has treated 32 patients, 
88 % with IDC, with IOERT APBI at Nagoya. 
Though the numbers are small, and the study was 
primarily designed to assess the toxicity of the 
procedure, it is the fi rst report of single-fraction 
IOERT in the Asian population, which has 
smaller, denser breasts than those of other ethnic 
groups. It is also technically interesting, as the 
breast shield they use sandwiches a copper metal-
lic plate between acrylic disks, resulting in virtu-
ally no transmission or backscatter. Patients had a 
median age of 65 years (range 55–80), and while 
the maximum allowed tumor size was 2.5 cm, 
66 % were 1 cm or smaller, and only one tumor 
was more than 2 cm. Only 12 % of the patients 
had Grade 3 disease, and 91 % of the patients 
were ER and/or PgR positive. Patients were N0 
as assessed by SNB and had free margins of at 
least 10 mm, assessed intraoperatively. A single 
dose of 21 Gy was delivered to the 90 % depth, 
following the ELIOT prescription, with an acrylic 
resin-copper disk used to protect the chest wall. 
Four patients were excluded from the analysis 
because of positive margins on fi nal pathology. 
With a median follow-up of 26 months (range 
11–39.5 months), there have been no recurrences. 
No Grade 3 or greater toxicities were reported, 
and only seven Grade 2 toxicities were seen. 

 The University of North Carolina at Chapel 
Hill (“UNC”) has used an IOERT dose of only 
15 Gy to treat the tumor in situ, prior to surgical 
removal, with a 20 mm circumferential radiation 
margin with the 90 % isodose line covering a 
depth 10 mm posterior to the tumor [ 102 ,  106 , 
 107 ]. The protocol was open to patients aged 
older than 55 with ultrasonographically defi ned 
tumors ≤ 3 cm and invasive ductal carcinoma 
confi rmed by core biopsy. Preoperative ultra-
sound was performed at the time of needle local-
ization and radiocolloid injection. IOERT 
treatment planning was performed prior to sur-
gery using ultrasound for tumor defi nition and 
selecting the applicator size and electron energy 
to optimize dose distribution. In the operating 
room, the surgeon retracted the skin over the 
tumor, positioned the applicator, and 15 Gy of 
IOERT was delivered. No chest wall shield was 
employed, in order to manipulate the tumor as 
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little as possible prior to irradiation. The dose to 
the chest wall was limited to less than 10 Gy. 
Patients with tumors close to the chest wall did 
not receive IOERT. Once the radiation phase of 
the procedure was complete, segmental resection 
(partial mastectomy) was performed in the stan-
dard fashion. Between March 2003 and July 
2007, a total of 71 patients received IOERT – 53 
patients as a single-dose treatment; 11 as a post-
operative boost (tumor larger than 3 cm, EIC 
component, lobular carcinoma, positive nodes, 
patient choice); and 7 went on to mastectomy 
based on the fi nal histological results (positive 
margins, multicentricity, patient choice). There 
were no Grade 3 or 4 toxicities, and only 6 % 
(4/71) experienced any Grade 1 or 2 toxicity. 

 With a median follow-up of 3.1 years, 83 % 
patients who received IOERT alone had good or 
excellent cosmesis, and 95 % were totally satisfi ed 
or would choose IOERT again [ 107 ]. Unfortunately, 
the recurrence rate with this approach was higher 
than expected, with four recurrences in the patients 
who received IOERT alone, and none in the 
IOERT patients who also received WBI [ 107 ]. 
Actuarial local control was 92 %. Three of the 
recurrences were true/marginal recurrences, and 
one was an elsewhere failure. Two of the recur-
rences were patients with triple-negative disease. 
The median time to recurrence was 2.7 years. The 
true recurrences were salvaged with BCT, and the 
elsewhere recurrence was salvaged with mastec-
tomy, resulting in an actuarial mastectomy-free 
survival of 98 % (52/53). No breast cancer deaths 
have been observed, though one patient died from 
other causes. Due to the unexpectedly high ipsilat-
eral breast cancer recurrence rate (8 % at 3 years), 
the study was discontinued. 

 Whether in situ IOERT would have developed 
further had the recurrence rate been more accept-
able cannot be known. Better patient selection, 
for example, only allowing smaller tumors (T1) 
and excluding high-risk triple-negative patients, 
could have improved the study’s outcome. 
However, technically, there are some problems 
with the study’s in situ technique, which Kimple 
points out [ 107 ]. The dose of 15 Gy used was 
probably too low. Using the linear-quadratic 
model and an α/β of 4, Kimple calculates that 

15 Gy of IOERT is comparable to the 2 Gy × 25 
fractions used in conventional BCT. However, 
this overlooks the additional EBRT boost dose of 
10–16 Gy that has been used by all other IOERT 
investigators in establishing 21 Gy as the BED 
equivalent IOERT dose. 

 More importantly, all other IOERT studies have 
21 Gy delivered to the CW, emulating the dose 
coverage of EBRT to the index quadrant. In the 
UNC study, the dose to the chest wall was limited 
to 10 Gy or less, since they did not use a CW pro-
tector. Thus, dose to the target tissues beneath the 
tumor was probably suboptimal. Finally, while they 
did use an applicator 2 cm larger than the tumor, 
citing the data of Holland, radiation coverage to the 
prescribed dose level does not fully extend to the 
applicator walls, so perhaps they under-radiated 
the peripheral tissues at risk. In the usual IOERT 
approach, after removing the tumor and tempo-
rarily  re-approximating the breast parenchyma, 
an applicator with a circumferential margin 2 cm 
larger than the excised tumor will irradiate a larger 
volume of tissue than in the in situ approach. 

 From all of the studies to date, there appears to 
be a group of women for whom IOERT APBI 
could be an appropriate procedure. ASTRO- 
suitable patients, perhaps with G3 tumors 
excluded, appear to have very low recurrence 
rates when treated with IOERT APBI. However, 
many questions about the technical aspects and 
patient selection remain open, and further studies 
will be required to resolve these issues.   

    Future Applications 

   IOERT Boost Combined 
with Hypofractionated EBRT 

 Just as EBRT treatment in BCT is trending towards 
standardizing to 3 weeks of treatment for eligible 
women (based on the excellent long-term results 
of Whelan et al. [ 16 ] and the Start B Trial [ 6 ]), 
IOERT boost is also being investigated with this 
accelerated EBRT schedule. Between June 2004 
and March 2007, 211 women were treated at the 
EIO with BCS, and an IOERT boost of 12 Gy 
delivered to the tumor bed at the time of surgery 
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[ 108 ]. Adjuvant EBRT consisted of 13 daily frac-
tions of 2.85 Gy to the whole breast, to a total dose 
of 37 Gy. The protocol required patients to start 
EBRT within 4 weeks of surgery. The median 
interval between surgery and the start of EBRT 
was 22 days (range 15–80 days); 88.3 % of the 
patients started their EBRT within 4 weeks, 10.6 % 
within 6 weeks, and 1 % after 6 weeks. EBRT did 
not start within the required 4 weeks, mainly due 
to delay in wound healing. Acute toxicity was 
evaluated at the end of the accelerated EBRT and 
after 1 month of follow- up. Late toxicity was 
recorded at 6 and 12 months of follow-up. Acute 
skin reactions of 7 % Grade 3 and 28.6 % Grade 2 
were observed. As for late toxicity, 1 patient had 
Grade 4 and 1 patient Grade 3 toxicity, while 
98.2 % of the patients had Grade 2 toxicity or less. 

 A multi-institutional, international trial of 
IOERT boost, combined with 3 weeks of EBRT, 
is currently being conducted by the ISIORT 
under the direction of the University of Salzburg 
for women over the age of 35 years with histo-
logically confi rmed invasive breast cancer 
(ClinicalTrials.gov Identifi er: NCT01343459). 

 The trial is called HIOB for  H ypofractionated 
Whole-Breast Irradiation preceded by 
 I ntra O perative Radiotherapy with Electrons as 
anticipated  B oost Treatment. The HIOB schedule 
consists of an IOERT boost of 11.1 Gy to Dmax 
(10 Gy to the 90 % dose level), followed by WBI 
of 15 fractions × 2.7 Gy/fraction in 3 weeks. 
Three separate age cohorts are stratifi ed: women 
≥ 50 years, women ≥ 40 years but <50 years, and 
women ≥ 35 years but <40 years. The primary 
end point is proof of superiority in terms of in- 
breast tumor control rates, by benchmarking with 
the best published results that use “gold standard” 
RT. Secondary end points are acute and late toxic-
ity, cosmetic results, DFS, and OS. Exclusion cri-
teria are tumor stage T3 or T4, nodal status > N1, 
regional irradiation of lymphatics required, neo-
adjuvant chemotherapy required, pure DCIS, sur-
gical margins <2 mm, re-excision after IOERT, 
distant metastases, multicentricity, breast size ≥ 
1,800 ml, and previous radiotherapy to the 
involved breast. Patients that require re-excision 
or have breasts too large to participate are eligible 
for IOERT boost and 5 weeks of WBI. Accrual to 

HIOB began in January of 2011, and, as of 
December 2012, 322 women have been treated, 
with an ultimate accrual goal of 1,000.  

   IOERT Boost After Neoadjuvant 
Chemotherapy 

 Mastectomy is the most frequent surgical approach 
for locally advanced breast cancer, due to the high 
probability of micrometastases remaining in the 
intact breast. Recently, studies on neoadjuvant 
chemotherapy have shown that it can shrink larger 
tumors and reduce the probability of early meta-
static spread. The University of Salzburg initiated 
a Phase II trial [ 109 ] to examine whether an 
IOERT boost after neoadjuvant chemotherapy 
could improve ipsilateral breast recurrence in 
locally advanced patients, as it has done in early 
breast cancer patients. In their study, between 
2002 and 2007, 83 patients with Stage II and III 
breast cancer were entered. The median age was 
48 years (range 24–74 years), 59 % were pre-
menopausal, and 49 % had G3 tumors. The median 
primary tumor size was 3.4 cm (range 1.6–8.6 cm), 
and the axilla was positive in 60 % of the patients. 
All patients received 6 cycles of neoadjuvant che-
motherapy, followed by surgical resection of the 
residual tumor with CALND. Pathological com-
plete response was obtained in 17 (21 %) patients, 
and partial response in 60 (76 %) patients. Six 
patients also received adjuvant chemotherapy 
postsurgery, and 52 patients (62 %) received adju-
vant hormonal therapy. IOERT was delivered at a 
dose of 10 Gy to Dmax, mostly with 6 cm diame-
ter applicators and energies of 6 MeV. Following 
breast healing, with a median time of 6 weeks 
(range 4–24 weeks), EBRT of 54 Gy was delivered 
in daily fractions of 1.8 Gy. 

 With a median follow-up of 59 months, only 2 
patients experienced a breast recurrence, 2 patients 
had regional recurrences in the axilla, and 11 
patients had distant metastases. The LC, local-
regional control (LRC), DFS, OS, and freedom 
from metastases (FFM) at 59 months were 98.5, 
94.9, 80.7, 86.4, and 86.8 %, respectively. The LC 
in this Phase II study compares favorably with 
5-year rates in other studies of BCT for LABC. 
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This has prompted consideration of starting a pro-
spective randomized trial for LABC comparing 
IOERT boost to EBRT boost after neoadjuvant che-
motherapy. The trial is expected to begin in 2014.  

   IOERT for Nipple-Sparing 
Mastectomy (NSM) 

 The EIO reports on 801 patients with 16 Gy of 
IOERT to preserve the nipple-areola complex 
(NAC) during NSM [ 110 ]. An additional 200 
patients were treated with EBRT to the NAC 
postsurgically due to poor vascularization of the 
NAC, which required several hours of observa-
tion. Tumor histology was invasive carcinoma in 
819 (82 %) of the patients and intraductal carci-
noma in 182 (18 %) patients. None of the mastec-
tomies were prophylactic. The technique requires 
that the tissue underlying the NAC be biopsied 
during the surgery. If the NAC is negative, the 
patient was given 16 Gy of IOERT through the 
NAC. The EBRT patients received the same 
16 Gy to the NAC, delayed by a few days. With a 
median follow-up of 20 months (range 
1–69 months), 14 patients (1.4 %) had local- 
regional recurrences, and 36 patients (3.6 %) had 
distant recurrences. Four patients died. Despite 
the frozen section analysis of the NAC during 
surgery, fi nal pathology revealed the presence of 
disease in 86 (8.6 %) of the patients, 61 of whom 
had in situ disease. The NAC was preserved in 79 
of these patients, none of whom developed 
recurrences. 

 The functional and aesthetic appearance of the 
breast was judged to be good in 78 % of the 
patients. Partial or global return of NAC sensitiv-
ity was present in about 20 % of patients at the 
time of the analysis. The rate of necrosis or partial 
necrosis of the NAC was 9, and 5 % of the patients 
subsequently had the NAC removed. The rate of 
NAC necrosis and recurrence is comparable to 
that reported in NSM without IOERT, typically 
90–95 % tumor control with NAC necrosis on the 
order of 8–15 % [ 111 ]. However, reported series 
without IOERT usually include a substantial 
number of prophylactic mastectomies, and usu-
ally NSM is not attempted if the disease is closer 
than 2 cm from the edge of the areola. In the EIO 

series, there were no prophylactic mastectomies, 
and 160 patients had tumor reaching the retro 
areola area close to the areola dermis. With a fol-
low-up of 23 months, none of these patients had 
recurred. These results are  encouraging, but it is 
still unclear whether IOERT has a major role to 
play in NSM as compared to surgery alone. A 
prospective randomized trial for NSM, with and 
without IOERT, could decide the question.  

   IOERT as Salvage Therapy After BCT 
Recurrence 

 After BCT failure, the usual salvage for breast 
recurrence is a completion mastectomy. However, 
if the recurrence is in a different quadrant than 
the original tumor, is it possible to use IORT 
APBI as salvage and still preserve the breast? 
This is a rational concept, but it may be diffi cult 
to obtain evidence of its effi cacy. There have 
been several anecdotal references in IORT and 
IOERT APBI studies of patients who fail and are 
salvaged with IOERT boost or IOERT or IORT 
APBI. There have been no subsequent reports on 
these salvaged patients, so it is not possible to 
draw a conclusion as to whether this really is an 
effective salvage option. Since the number of 
such patients at any one institution is likely to be 
small, the formation of an IORT registry may 
enable information on IORT salvage to be gath-
ered for evaluation.  

   IOERT in DCIS 

 Only a handful of patients have been treated with 
IORT or IOERT for DCIS. Most IORT protocols 
restrict the amount of DCIS in IORT patients and 
exclude patients who have more than a small DCIS 
component. Both ASTRO and ESTRO guidelines 
for APBI exclude DCIS for their low- risk patient 
categories. ESTRO does allow DCIS for their inter-
mediate risk patient group who are classifi ed as pos-
sible candidates for APBI, while ASTRO classifi es 
DCIS histology as unsuitable for APBI. It is possi-
ble that DCIS patients with favorable biology might 
be candidates for IORT, but, until there are more 
long-term results on the use of IORT in invasive 
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cancer, it is unlikely there will be any serious effort 
to study IORT in this higher-risk patient cohort.  

   IOERT Combined with Oncoplastic 
Reconstruction 

 While BCT preserves the woman’s breast, 
approximately 30 % of those receiving BCT are 
unhappy with the breast appearance upon com-
pletion of treatment [ 112 ]. This has led to the rise 
in the use of oncoplasty at the time of the initial 
breast surgery. Oncoplastic surgery incorporates 
plastic surgery techniques into the removal of 
breast cancer, focusing on tumor excision with 
the best possible cosmetic result. 

 Oncoplasty at the time of surgery has the 
potential advantage of improving cosmesis over 
standard operative approaches. At the same time, 
especially when the procedure leads to a reduc-
tion of breast size, as is often the case, oncoplasty 
results in a smaller breast radiation volume, 
which should provide a more homogeneous dis-
tribution of the whole breast radiation, and thus a 
lower risk of radiation toxicity. However, with 
conventional BCT, oncoplasty makes targeting 
the boost volume more uncertain, even when the 
surgeon places clips to assist with postoperative 
radiation fi eld planning. The boost volume after 
oncoplasty appears much larger than boost vol-
umes without oncoplasty, requiring the radiation 
oncologist to design much larger boost radiation 
fi elds than would otherwise be done for patients 
without oncoplasty. 

 The larger the boost volume is, the higher the 
risk of radiation toxicity. IOERT combined with 
oncoplasty solves the issue of the larger postop-
erative boost volume, since IOERT is given to the 
target volume at the time of surgery and before the 
oncoplasty, with no external beam boost required. 
If the IOERT is given as APBI, no further radia-
tion treatment at all is required. Furthermore, in 
preparing the target volume for IOERT, much of 
what one would normally do in an oncoplastic 
procedure has already been accomplished, so only 
an additional 5–10 min is typically needed to 
complete the oncoplasty after the IOERT has been 
delivered. To date, there have only been a few fea-
sibility reports of surgeons combining oncoplasty 

and IOERT [ 113 ,  114 ]. However, as more breast 
surgeons begin to offer oncoplasty to their 
patients, and as IOERT becomes more widely 
available, shortening the treatment time using 
IOERT while enhancing the breast appearance 
through oncoplasty is likely to become common.   

   Summary and Conclusions 

 IORT boost has mature and compelling clinical 
results, whether delivered with IOERT or 50 kV 
X-rays. While the electron data for boost is more 
mature (10-year data) and robust (10,000 
patients) than the 50 kV data (5-year data and 
750 patients), both would seem to provide advan-
tages over EBRT boost. The comparison of 
IOERT boost by age groups with the EORTC 
boost data is compelling. If the current HIOB 
trial proves superiority, IOERT boost could 
become the treatment of choice for the majority 
of early-stage breast cancer patients. 

 IORT APBI is on less fi rm ground. A thor-
ough analysis of the data suggests that it is 
unlikely that the Intrabeam or Xoft systems will 
fi nd a major role in APBI. The volume of tissue 
irradiated and the homogeneity of the radiation 
generated with these 50 kV devices is simply 
inadequate for the majority of APBI-suitable 
patients. The studies to date have serious fl aws, 
making it very diffi cult to assess what subset of 
women, if any, might be suitable candidates for 
APBI. It is possible that further studies might 
fi nd a group of women for whom APBI with 
50 kV is an acceptable alternative to other tech-
niques, but with the current information avail-
able, clinicians should use these devices, 
outside of well-designed clinical trials, with 
caution. 

 On the other hand, IOERT APBI  appears  to 
have a subset of low-risk women for whom 
IOERT will be effective (e.g., ASTRO suitable 
for APBI, perhaps with G3 excluded), but many 
open questions still remain.
•    Can that low-risk cohort be expanded to 

younger women or to larger tumors if the biol-
ogy is favorable?  

•   Will the lesser surgeries used outside of Italy 
produce equivalent results to quandrantectomy?  
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•   Is 21 Gy to the 90 % dose level the optimal 
dose, or can a lower dose be used?  

•   What is the best way to handle positive mar-
gins on fi nal pathology?

 –    Ignore them?  
 –   Re-excise them?  
 –   Require these patients undergo a mas-

tectomy?     
•   What is the best way to handle positive nodes? 

(Positive nodes are not allowed in other post-
 op APBI trials.) With IOERT, are one to two 
positive nodes after SNB and CALND an 
important factor in ipsilateral recurrence, 
since the radiation treatment to the tissue at 
risk for local recurrence has already been 
delivered?  

•   What is the optimal screening approach for 
IORT APBI? Should MRI be used in all 
patients to assure unicentric disease?  

•   Can IOERT APBI be safely extended to DCIS 
and/or some lobular Cancer?  

•   Can IOERT be used a salvage therapy for 
recurrences outside the index quadrant?  

•   Will IOERT APBI improve results when used 
in NSM?  

•   Will IOERT boost prove valuable in LABC?    
 IORT is a modality that is extremely promis-

ing and could have an expanding and important 
role in breast cancer management both now and 
in the future. We are just at the beginning of 
learning how best to use this technique; it will 
take many more years of study and many thou-
sands of patients willing to participate in those 
studies to bring its potential to fruition.     
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           Introduction 

    Breast cancer is the most common cancer for 
females in the United States, the second most 
common cause of cancer-related death in women, 
and the main cause of death in women ages 
45–55 years. In 2013, approximately 234,580 
women in the United States will be diagnosed 
with breast cancer, with 39,620 women predicted 
to die from the disease [ 1 ]. Breast cancer affects 
women all over the globe, accounting for 23 % of 
all cancers worldwide (excluding nonmelanoma 
skin cancers) in women [ 2 ]. 

 A search of oncology publications reveals 
that the fi rst mention of “triple-negative” breast 
cancer was in 2005, and, since then, this term 
has appeared in more than 600 publications [ 3 ]. 
Triple-negative breast cancer (TNBC) accounts 
for approximately 15 % of breast cancer cases 
[ 4 ,  5 ]. Although it has only appeared recently in 
the limelight and is now frequently discussed, 
triple- negative breast cancer is not a new type of 

breast cancer. In fact, the term has been recently 
coined to describe a subtype of breast cancer that 
is defi ned by the lack of protein expression of 
 estrogen receptor (ER) and progesterone recep-
tor (PR) and absence of HER2 overexpression. 
Triple-negative breast cancer is an important area 
of interest for both researchers and clinicians 
because of the following fi ve important facts:
    1.    Triple-negative breast cancer is a poor prog-

nostic factor for disease-free survival and 
overall survival.   

   2.    As of today, there is no effective specifi c tar-
geted therapy readily available for triple- 
negative breast cancer.   

   3.    There is clustering of triple-negative breast 
cancer cases in premenopausal women and in 
women of African descent.   

   4.    There is a signifi cant overlap of “basal-like” 
breast cancers with the triple-negative breast 
cancer phenotype.   

   5.    There is a signifi cant overlap of BRCA1- 
associated breast cancers with the triple- 
negative breast cancer phenotype.    

     Epidemiology 

 It has been estimated that one million cases of 
breast cancer are diagnosed annually worldwide 
[ 6 ]. Of these, approximately 170,000 are of the 
triple-negative (ER-/PR-/HER2-negative) pheno-
type with approximately 75 % considered basal 
like [ 7 ]. The prevalence of triple-negative breast 
cancer is highest in premenopausal African- 
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American women. It has recently been reported 
that 39 % of all African-American premeno-
pausal women diagnosed with breast cancer are 
diagnosed with triple-negative breast cancer 
[ 8 ]. The prevalence of this disease in the same 
age group in non-African-American females is 
much less, at approximately 15 %. These ethnic 
or menopausal differences are not seen in the 
ER-positive/HER2-positive breast cancer sub-
group, nor is it seen in the ER+/HER2-negative 
subgroup [ 8 ]. 

 A recent study examined the racial differ-
ences related to the prevalence of triple-negative 
invasive breast tumors, which was initially pre-
sented at the San Antonio Breast Symposium in 
2006 and later published in 2009 [ 5 ]. The group 
found that the incidence of triple-negative dis-
ease in African-American women was more than 
twice that of Caucasian women. Furthermore, 
they showed that 47 % of breast cancers in black 
women were “triple negative,” compared to only 
22 % in Caucasians. After adjusting for age and 
stage at diagnosis, black women were almost 
threefold more likely than white women to have 
triple-negative tumors [ 4 ,  5 ]. 

 Unlike hormone receptor-positive cancers that 
more commonly develop in nulliparous women, 
women who have never given birth are 39 % less 
likely to develop TNBC compared to women 
with children. In fact, women with two or more 
children are 50 % more likely to develop TNBC 
compared to women with 1 child. This suggests a 
pathophysiology that may not be dependent upon 
the menstrual cycles or lack thereof in women [ 8 ]. 

 The stark differences in incidence between 
various racial groups have led oncologists and 
researchers to further examine possible genetic or 
environmental factors that may predispose these 
women to develop TNBC breast cancer and, in 
particular, premenopausal African- American 
women. Studies have also shown that breast can-
cers in women with germline BRCA1 mutations 
are more likely to have TNBC in addition to a 
high-grade tumor [ 9 ]. Gene expression studies 
have confi rmed this phenomenon, and BRCA-
1-associated breast cancer appears to cluster in 
the basal-like subtype [ 10 ]. It is very important 
to review the differences and  similarities between 

the phenotype (triple-negative breast cancer) and 
the molecular genotype (basal-like breast cancer) 
because we cannot assume that the different sub-
types of TNBC behave similarly.  

   Molecular Features of Triple- 
Negative Breast Cancers 

 The management of breast cancer has improved 
with the advent of widespread screening pro-
grams, with striking advances in treatment due 
to the research and development of hormonal 
and targeted therapies and improved regimens 
of chemotherapy. These changes have had a 
major impact on outcome and have signifi cantly 
increased overall survival. Fortunately, despite 
an overall increased incidence of breast cancer 
in the United States, the mortality appears to be 
decreasing. Possible reasons include better ther-
apies as outlined above or a national screening 
program for breast cancer that identifi es a major-
ity of early-stage disease, such as DCIS and stage 
I tumors. Tamoxifen, a serum estrogen receptor 
modulator (SERM), has a confi rmed benefi t in 
patients with ER-positive disease; thus, tamoxi-
fen and aromatase inhibitors are excellent tar-
geted treatments for hormone receptor-positive 
breast cancers. In addition, the prognosis of 
women with HER2-positive tumors has greatly 
improved with trastuzumab and other HER2- 
targeted therapies [ 11 ]. 

 These examples, and several other lines of 
evidence, clearly show us that breast cancer rep-
resents a very  heterogeneous group of breast dis-
eases . Molecular profi ling of breast cancers using 
array technology has allowed us to examine the 
biologic and clinical heterogeneity of breast can-
cer [ 12 ]. Multiple studies have revealed that the 
differences in clinical outcome can be explained 
by differences in the genetic profi le of the pri-
mary breast cancer. 

 Perou et al. were considered the fi rst group 
to provide an in-depth analysis of the various 
molecular subtypes of breast cancer based upon 
their distinct gene profi les. They described sub-
types of breast cancer based upon cDNA microar-
rays, including a “basal-like” subtype. It was also 
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shown that most triple-negative breast cancers 
cluster in the basal-like subtype [ 12 ]. The other 
subtypes included luminal A and B subtypes, a 
normal-like subtype, as well as an HER2- enriched 
subtype. Since then, multiple studies of gene 
expression profi ling have advanced our under-
standing of the molecular diagnosis of breast can-
cer, providing the background for oncologists to 
use the triple-negative phenotype to describe the 
basal-like molecular subtype [ 10 ,  13 – 15 ].  

   Pathological Features of Triple- 
Negative Breast Cancers 

 Although the terms “triple-negative breast can-
cer” and “basal-like breast cancer” are often 
used interchangeably, they are not the same. 
Triple- negative breast cancer refers to the immu-
nophenotype of the breast cancer, which is 
immunologically negative to ER, PR, and HER2, 
as shown in immunological studies conducted 
with formalin-fi xed and paraffi n-embedded 
tumor sections. Basal-like breast cancer refers 
to the molecular phenotype [the over-and under- 
expression of the genes within the tumor cells], as 
defi ned by cDNA microarray analysis and other 
gene expression analyses. As noted above, about 
75 % of TNBC have been correlated to have a 
basal-like expression pattern (Fig.  29.1 ).

   The luminal subtypes of breast cancer express 
high amounts of luminal cytokeratins and express 
genetic markers of luminal epithelial cells and 
normal breast cells [ 16 ,  17 ]. In contrast, “basal- 
like” breast cancers are so named because they 
tend to express cytokeratins associated with 
“basal” types of cancers, as they arise from the 
outer basal layer. Basal-like breast cancers are 
typically high grade and poorly differentiated 
when examined morphologically. Whereas the 
TNBC phenotype is defi ned by immunohisto-
chemistry, there are no established diagnostic 
criteria for basal-like breast cancer on a morpho-
logical basis. In general, basal-like breast can-
cers are morphologically consistent with a high 
nuclear grade, high mitotic count, and necrosis 
(Fig.  29.2a ), such as a grade 3, invasive ductal 
carcinoma, not otherwise specifi ed. Some have 

the histomorphology of medullary carcinoma or 
metaplastic carcinoma. It has also been described 
that almost 82 % of basal-like breast cancers 
express p53, compared to only 13 % in the lumi-
nal A subgroup [ 14 ].

   There is also a subset of triple-negative breast 
cancer and basal-like breast cancer that is of low 
histological grade, such as secretory, adenoid 
cystic, acinic cell, or apocrine breast carcinoma. 
Some of the useful immunohistochemical mark-
ers for characterizing basal-like carcinomas are 
CK5/CK6 (Fig.  29.2b ), CK14, CK8/CK18, p63, 
p-cadherin, vimentin, EGFR1 (or HER1), c-kit, 
and other growth factors such as IGFR (insulin- 
like growth factor receptor) [ 7 ,  17 ,  18 ]. 

 It is also worth mentioning that not all basal- 
like carcinomas are HER2 negative. A study 
found that 23 % of basal-like tumors are HER2 
positive [ 19 ]. Therefore, HER2 immunoreactivity 
should not be used to rule out a basal-like carci-
noma. In addition, because not all triple-negative 
breast cancers and basal-like breast cancers are 
of high histological grade, the clinical manage-
ment strategies outlined for high-risk triple-
negative carcinomas are not always applicable. 
Oncologists need to be aware of this when using 
triple negative to defi ne a potentially aggressive 
group of breast cancers. Although the majority of 
triple-negative breast cancers are basal-like and 

Triple-negative breast cancer

BRCA1-
positiveBasal-like

subtype

  Fig. 29.1    This is a Venn diagram depicting the overlap 
patterns between TNBC, basal-like breast cancer, and 
BRCA-1-associated breast cancers       
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the majority of basal-like breast cancers are triple 
negative, there is a about a 25 % discordance 
between the two descriptive subgroups [ 7 ].  

   Clinical Course and Prognosis 

 Triple-negative breast carcinomas are known to 
be biologically aggressive. Although it has been 
suggested that they respond better to chemother-
apy than other types of breast cancers, prognosis 

remains very poor [ 20 ]. This can be explained by 
two clinical factors: shortened disease-free interval 
in the adjuvant and neoadjuvant setting and more 
aggressive clinical course in the metastatic setting. 

 Triple-negative tumors have a very good 
initial response to chemotherapy, particularly 
with anthracycline- and taxane-based therapies. 
Despite this initial sensitivity, they continue to 
exhibit a very short disease-free survival [ 5 ,  7 ]. 
Recent studies examining the effectiveness of 
neoadjuvant chemotherapy in TNBC reveal that 

a

b

  Fig. 29.2    ( a ) Shown is a 
high-grade breast cancer 
(invasive ductal carcinoma, 
not otherwise specifi ed, grade 
3), which is an example of a 
triple-negative breast cancer, 
basal-like carcinoma. 
Hematoxylin and eosin 
(H&E) staining, at ×400 
magnifi cation. ( b ) The above 
tumor showing CK5 
positivity, which is typical for 
a basal-like cancer. 
Immunohistochemical CK5 
staining, at ×400 magnifi ca-
tion.  Inset : CK5 stain of a 
normal control slide 
highlighting the basal cells, 
at ×200 magnifi cation       
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patients who have a good pathological outcome 
from surgery also have a good clinical response. 
However, those who have residual disease after 
completing their course of neoadjuvant chemo-
therapy have an overall worst prognosis com-
pared to all other groups [ 21 ]. 

 Carey and colleagues examined the relation-
ship between the overall response to neoadjuvant 
chemotherapy and clinical outcome among three 
breast cancer subtypes. They used immunohisto-
chemical profi les to classify each molecular sub-
type of breast cancer: group 1 was the HER2+/
hormone receptor-negative (HER2 overexpressed), 
group 2 was hormone receptor- negative, and 
group 3 was HER2- (basal-like), hormone recep-
tor-positive (luminal) subtypes. They followed a 
prospectively maintained dataset of patients with 
breast cancer treated with neoadjuvant, anthracy-
cline-based (doxorubicin plus cyclophosphamide, 
AC) chemotherapy. They analyzed each subtype 
for clinical and pathological responses to neoadju-
vant chemotherapy and examined the relationship 
of this response to distant disease-free survival and 
overall survival. After neoadjuvant AC, 75 % of 
patients received subsequent chemotherapy (phy-
sician dependent, but most revived a taxane) and 
all patients who were hormone receptor-positive 
received endocrine therapy [ 21 ]. 

 Although the chemotherapy regimen admin-
istered and pretreatment stage did not differ by 
subtype, the clinical response to AC neoadjuvant 
therapy was higher among the HER2+/ER- group 
(70 %) and basal-like (85 %) subtypes (group 
3) compared to the luminal subtypes (47 %; 
 P  < 0.0001). Pathological complete responses 
occurred in 36 % of HER2+/ER-, 27 % of basal- 
like, and 7 % of luminal subtypes ( P  = 0.01). Of 
interest, despite displaying initial chemosensi-
tivity, patients with the basal-like and HER2+/
ER- subtypes had a worse distant disease-free 
survival ( P  = 0.04) and overall survival ( P  = 0.02) 
than those with the luminal subtypes. This 
worse outcome among the basal-like and HER+/
ER- subtypes was due to higher relapse among 
those patients with residual disease after com-
pleting neoadjuvant chemotherapy ( P  = 0.003) 
(Fig.  29.3 ) [ 21 ].

   In another study, triple-negative breast cancer 
was associated with an increased risk for visceral 
metastases ( P  = 0.0005), lower risk for bone recur-
rence ( P  = 0.027), and shorter post- recurrence 
survival ( P  < 0.0001) [ 22 ]. If a pathological 
complete response rate was achieved, patients 
with triple-negative breast cancer and non-tri-
ple-negative breast cancer had a similar overall 
survival ( P  = 0.24). In contrast, patients with 

pCR = pathologic complete response (defined as no residual invasive
cancer in excised tumor or lymph nodes); RD = residual disease;
TNBC = triple negative breast cancer.
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  Fig. 29.3    This graph is taken 
from Lisa Carey’s study 
describing the impact of 
complete pathological response 
(pCR) on overall survival in 
patients receiving neoadjuvant 
chemotherapy. Patients with 
TNBC who had a complete 
pathological response did 
signifi cantly better than those 
with residual disease [ 22 ]       
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residual disease after completing neoadjuvant 
chemotherapy had a worse overall survival if they 
had triple-negative breast cancer compared with 
non-triple-negative breast cancer ( P  < 0.0001). It 
is clear that patients with triple- negative breast 
cancer have an increased pathological complete 
response rate compared with non-triple-negative 
breast cancer patients. However, although those 
with pathological complete response rate have an 
excellent overall survival, patients with residual 
disease after neoadjuvant chemotherapy have 
signifi cantly worse survival if they have TNBC 
compared with non-TNBC, particularly within 
the fi rst 3 years [ 22 ]. 

 Even for those patients with an early-stage, 
triple-negative breast cancer, relapse is still quite 
common, as high as 20 % in stage I patients over 
3–5 years posttreatment. It has been noted that 
there is a predilection for visceral metastasis, 
including lung, liver, and, notably, brain metas-
tasis. Current estimates are that approximately 
15 % of patients with triple-negative breast can-
cer develop brain metastasis. Patients with triple- 
negative breast cancer have a higher risk for 
developing cerebral metastasis than those with 
other types of breast cancer. Studies show that, 
even in patients with cerebral metastasis, TNBC 
patients have a poor prognosis, as metastasis to 
the brain occurred earlier [ 23 ]. 

 According to the current NCCN treatment 
guidelines, the appropriate management of a 
T1N0 (stage 1) breast cancer is based upon both 
tumor size and cellular characteristics. However, 
many oncologists will tend to treat the same 
group of patients who are triple negative with 
a more aggressive regimen of chemotherapy, in 
both the neoadjuvant and the adjuvant setting 
with the knowledge that the risk of recurrence 
is higher stage for stage. When the number of 
patients treated and the type of adjuvant che-
motherapy administered were both examined, 
triple- negative T1N0 patients had a greater recur-
rence risk despite this more aggressive therapy 
[ 5 ]. Unfortunately, treating more aggressively 
with chemotherapy does not seem to help. 
Researchers from the Swedish Cancer Institute 
from Seattle, Washington, report that patients 
with stage 1 [T1N0] TNBC have twice the risk of 

recurrence, despite having received much more 
aggressive treatment [ 5 ]. In addition to having a 
very short disease-free survival, triple-negative 
breast tumors are aggressive in the metastatic set-
ting, signifi cantly contributing to the shortened 
overall survival [ 6 ]. Progression-free survival is 
estimated to be 4 months at best in patients with 
triple- negative breast cancer for fi rst-line ther-
apy, even with bevacizumab-based therapy. Final 
results from the bevacizumab and paclitaxel 
study did not show an overall benefi t in overall 
survival [ 24 ]. 

 Platinum-based chemotherapy is the main-
stay of treatment for patients with metastatic 
TNBC. Multiple studies have shown the benefi t 
of carboplatin therapy in the neoadjuvant setting 
as well as the adjuvant setting. In fact, there are 
ongoing studies, such as the Hoosier study, cur-
rently being performed that are examining the 
benefi t of adjuvant platinum therapy combined 
with a PARP inhibitor in women with BRCA 
gene mutations and TNBC who were found to 
have residual disease after neoadjuvant chemo-
therapy ( clinicalTrials gov ). 

   Surgical Considerations 
in the Multidisciplinary Era 

 Several important steps need to be evaluated to 
provide a patient with TNBC optimal care. The 
fi rst step in management of TNBC patients is 
careful consideration of the timing of the oper-
able disease with respect to systemic therapy. This 
decision is of paramount importance. The lack 
of targeted therapy leaves clinicians and patients 
with very little knowledge of the effectiveness of 
the current systemic therapy regimens. Since the 
early 1990s, neoadjuvant systemic therapy for 
operable breast cancer has been effectively used 
by clinicians and basic scientists to evaluate tumor 
response. Pathological complete response (pCR) 
has been shown by multiple studies to be a use-
ful surrogate in determining overall survival in 
large trials including the B-18 and B-27. The tim-
ing of the systemic therapy in TNBC as discussed 
by the multidisciplinary team is very important 
in determining responders versus nonresponders. 
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The ability to achieve complete pathological 
response (pCR) varies in TNBC. However, due to 
high Ki-67 associated with most of these tumors, 
pCR can be achieved in about 22–45 % of patients, 
allowing for increased breast conservation rate. 

   Breast Conservation Therapy Versus 
Mastectomy in TNBC 
 Patients with TNBC who undergo breast conser-
vation therapy (lumpectomy and whole breast 
radiation) have the same overall survival and 
local and regional recurrence (LRR) rates as 
patients who have a mastectomy [ 25 – 27 ]. The 
LRR in several studies were not signifi cantly 
higher in TNBC patients than other breast can-
cer subtypes. The BCT was as effective as mas-
tectomy. In a recent retrospective paper from 
Canada in the Journal of Clinical Oncology, 
TNBC patients undergoing BCT were found to 
have  better outcome than mastectomy [ 28 ]. This 
was attributed to the use of radiation; however, 
further evaluation of this fi nding in prospective 
trials is warranted. 

 The issue of BRCA mutations in TNBC is very 
important in surgical decision making. Genetic 
counseling and testing in women (less than age 
60) with TNBC is now the standard recommen-
dation regardless of any family history. 75 % of 
BRCA1 mutation carriers diagnosed with breast 
cancer will have TNBC as opposed to 15–20 % 
(refl ective of general population) of BRCA 2 car-
riers [ 29 ,  30 ]. Although local therapy for BRCA 
mutation carriers has shown the same LRR rates 
as non-mutation carriers, the risk of new primary 
tumors in ipsilateral and contralateral breast is 
four- to fi vefold higher in BRCA mutation carri-
ers [ 31 ,  32 ]. These patients are often counseled to 
consider bilateral mastectomy. 

 The multidisciplinary discussion of patient 
treatment options and screening for clinical trials 
are very important in our understanding of this 
subtype of breast cancer in hopes of fi nding bet-
ter treatments in the future. The need for immedi-
ate surgical removal of the disease needs to be 
explained to the patient in the context of systemic 
disease processes and genetic counseling con-
sideration to provide the patients with optimal 
outcome.    

   Hope for Targeted Therapy 
and Future Directions in Research 

 Although triple-negative breast cancer is sensi-
tive to chemotherapy, early relapse is more likely 
than with other subtypes, as are visceral metasta-
ses, including the brain. Targeted agents that are 
currently being investigated include epidermal 
growth factor receptor (EGFR), vascular endo-
thelial growth factor (VEGF), and poly (ADP- 
ribose) polymerase (PARP) inhibitors [ 24 ]. 

 The anti-angiogenic agent bevacizumab 
(Avastin), a monoclonal antibody targeting 
VEGF, is active in many solid tumors including 
breast cancer. Miller et al. [ 24 ] demonstrated a 
signifi cant improvement in progression-free 
survival (11.8 versus 5.9 months, HR = 0.60, 
 P  < 0.001) when bevacizumab was added to 
paclitaxel-based combination chemotherapy ver-
sus paclitaxel alone as a fi rst-line treatment for 
metastatic disease. Examining the triple-negative 
breast cancer subset of patients in this study 
confi rmed the same improvement (HR = 0.53, 
95 % confi dence interval = 0.40–0.70) [ 24 ,  33 ]. 
Unfortunately, long-term follow-up of this trial 
was not able to demonstrate a benefi t in overall 
survival. However, there was an increase in car-
diac events within the bevacizumab group, lead-
ing the FDA to deny its use for the treatment of 
breast cancer. 

 The fact that the majority of BRCA1- 
associated breast cancers are also triple negative 
and basal like has lead researchers to examine 
the extent to which the BRCA1 pathway con-
tributes to the behavior of “sporadic” basal-like 
breast cancers. It has been shown that basal-like 
breast carcinomas frequently harbor defects in 
DNA double-strand break repair through homol-
ogous recombinations, such as BRCA1 dys-
function. The DNA-repair defects characteristic 
of BRCA1-defi cient cells confer sensitivity to 
PARP1 inhibition [ 34 ]. 

 PARP1 is a gene that encodes a chromatin- 
associated enzyme that modifi es various nuclear 
proteins. This gene is involved in the molecular 
events leading to cell recovery from DNA dam-
age. When PARP1 is inhibited, double-strand 
DNA breaks accumulate. Under normal condi-
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tions, these double-strand DNA breaks would 
be repaired via homologous recombination. 
Both BRCA1 and BRCA2 are required for the 
homologous recombination pathway to func-
tion properly. Therefore, cells defi cient in either 
BRCA1 or BRCA2 are very sensitive to PARP1 
inhibition, resulting in cell death and apopto-
sis. Intuitively, inhibition of the PARP pathway 
should be of benefi t to patients with BRCA- 
associated malignancies [ 35 ]. However, as stated 
above, not all TNBC are associated with BRCA 
mutations. 

 Several PARP1 inhibitors are currently under 
clinical investigation and hold promise in the 
treatment of basal-like and triple-negative breast 
cancers. Exciting results were presented at the 
plenary session of ASCO in 2009. Results of 
a randomized phase II study with BSI-201 (a 
PARP inhibitor) showed benefi t in patients with 
triple- negative breast cancer who had two or less 
previous lines of chemotherapy. When BSI-201 
was combined with gemcitabine and carboplatin, 
the clinical benefi t rate improved to 62 % versus 
gemcitabine and carboplatin alone (control arm 
at only 21 %) ( P  < 0002) [ 36 ]. 

 The clinical benefi t rate was defi ned as com-
plete response rate plus partial response rate plus 
percentage of patients with stable disease greater 
than or equal to 6 months. In addition, the overall 
response rate was notably improved in the BSI- 
201 arm at 48 % compared to the control arm at 
16 %. Progression-free survival was improved to 
6.9 months in the BSI-201 arm versus 3.3 months 
in the control arm [ 36 ]. This initial positive study 
was followed by disappointing results in a larger 
phase III study, which has led clinical research-
ers to examine the use of PARP inhibitors in the 
treatment of triple-negative breast cancer with 
BRCA mutations. In addition, there are many 
new agents that are being investigated that may 
potentially provide promise in this subgroup of 
breast cancer patients. 

 The epidermal growth factor receptor (EGFR) 
is expressed in the basal cluster on cDNA arrays 
and approximately half of basal-like cancers 
express EGFR by immunohistochemistry. Basal- 
like cell lines are dependent on the EGFR pathway 
for proliferation and are sensitive to EGFR inhib-

itors. The phase II randomized trial of cetuximab, 
an anti-EGFR antibody, and carboplatin was not 
a positive study. Carboplatin was given either in 
combination or after progression on cetuximab. 
Of the 73 patients, 74 % had basal- like subtype 
upon molecular evaluation. However, responses 
were low at less than 20 %. Although the EGFR 
pathway was activated in most of the TNBCs, 
cetuximab was rarely able to block the pathway 
expression. Findings showed complex heteroge-
neity within the basal-like subtype and multiple 
pathways activating proliferation in addition to 
EGFR [ 37 ]. 

 Joyce O’Shaughnessy presented very inter-
esting data at SABCS last year investigating 
whole genome and transcriptome sequencing of 
TNBCs. Initial fi ndings suggested that many of 
the tumors had co-activation of MAPK and PI3K/
AKT pathway activation. Ongoing phase I trials 
are looking at combinations to inhibit the co-
activation of these pathways after early fi ndings 
showed some excellent responses in some but 
not all patients. Mesenchymal tumors appear to 
have frequent KRAS, BRAF, and RAS pathway 
activation. Some may have JAK-2/STAT3 activa-
tion [ 38 ]. These fi ndings are being investigated 
further in ongoing trials. TNBCs are a heteroge-
neous group of tumors making treatment options 
extremely challenging. However, focusing on 
treatments geared toward the most commonly 
known activated pathways such as P53, MAPK, 
PI3K/AKT, Jak-2, and KRAS, BRAF, RAS and 
incorporating gene expression may help advance 
treatment for TNBCs. 

 Recently, The Cancer Genome Atlas (TCGA) 
Network made an interesting discovery using 
molecular profi ling techniques, identifying a link 
between triple-negative breast cancer and serous 
ovarian cancer. Basal-like breast cancers revealed 
high mRNA expression correlations with serous 
ovarian cancers. They identifi ed comparably high 
pathway activity of the HIF1-a/ARNT, MYC, 
and FOXM1 regulatory pathways in both ovar-
ian and basal-like cancers. The common fi ndings 
of TP53, RB1, and BRCA1 loss combined with 
MYC amplifi cation strongly suggested that these 
are shared driving events for both TNBC and 
serous ovarian carcinoma [ 39 ]. 
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 The fi nding of a common pathway suggests 
that similar therapeutic approaches could and 
should be considered, which is supported by 
the activity of platinum analogues and taxanes 
in basal-like breast and serous ovarian cancers. 
Given that most basal-like breast cancers are of 
the triple-negative phenotype, fi nding new drug 
targets for this group is critical. Unfortunately, 
the somatic mutation repertoire for basal-like 
breast cancers has not provided a common target 
aside from BRCA1 and BRCA2. In their study, 
The Cancer Genome Atlas Network noted that 
20 % of basal-like tumors had a germline and/or 
somatic BRCA1 or BRCA2 mutation, suggest-
ing that only one in fi ve patients with basal-like 
breast cancer may benefi t from PARP inhibitors 
and/or platinum compounds [ 39 ]. This may partly 
explain the initial positive results of the phase II 
PARP trial followed by little further evidence of 
benefi t in the later phase III study. 

 In this same study, the copy number landscape 
of basal-like cancers showed multiple amplifi ca-
tions and deletions, some of which may provide 
therapeutic targets in the future. Potential targets 
include knockout of PTEN and INPP4B, both of 
which have been shown to sensitize cell lines to 
PI3 kinase pathway inhibitors. They also found 
that many of the components of the PI3 kinase and 
RAS–RAF–MEK pathway were amplifi ed, not 
mutated, in basal-like cancers including PIK3CA 
(49 %), KRAS (32 %), BRAF (30 %), and EGFR 
(23 %). Other receptor tyrosine kinases that are 
plausible drug targets and amplifi ed in some basal-
like cancers include FGFR1, FGFR2, IGFR1, KIT, 
MET, and PDGFRA. Finally, the identifi cation of 
high HIF1-a/ARNT pathway activity suggests that 
these malignancies might be susceptible to angio-
genesis inhibitors and/or bioreductive drugs that 
become activated under hypoxic conditions [ 39 ].  

   Expanding Testing of BRCA 
Mutations Based on Triple- Negative 
Status of Breast Cancers 

 Recently, the breast cancer community has been 
advocating testing for BRCA1 and BRCA2 
mutations in women with triple-negative breast 

cancer due to the fact that this type of breast 
cancer is more often found in women who carry 
these mutations. A recent study revealed that 
testing women with triple-negative breast can-
cers who were younger than 50 years was cost 
effective, with an incremental cost-effectiveness 
ratio (ICER) of $8,027 per year of life gained 
($9,084 per quality-adjusted life-year). The 
ICER is an equation used commonly in health 
economics to provide a practical approach to 
decision making regarding health interventions. 
It is typically used in cost-effectiveness analysis. 
ICER is the ratio of the change in costs to incre-
mental benefi ts of a therapeutic intervention or 
treatment. By doing so, this could reduce the 
future incidence by effectively counseling these 
patients on their treatment options, with theoreti-
cal reductions in breast and ovarian cancer risks 
of 23 and 41 %, respectively [ 40 ]. Due to this 
rationale, many tertiary cancer centers are now 
incorporating genetic counseling and screening 
for TNBC patients through community outreach 
programs and from within their own breast can-
cer programs. It is important to educate others 
that a negative family history does not neces-
sarily exclude women with TNBC from genetic 
counseling and testing for BRCA mutations.     
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            Introduction 

    Metastatic breast cancer (MBC), or cancer that 
has spread beyond the breast and regional lymph 
nodes, is the primary cause of breast cancer mor-
tality. In developed countries, only 5–10 % of 
breast cancers present with distant metastases at 
the time of diagnosis, but approximately one- 
third of patients with early-stage breast cancer 
will eventually develop distant metastases [ 1 ]. 
The timing of recurrence is dependent on tumor 
biology, with the more aggressive, highly prolif-
erating breast cancers occurring within the fi rst 
5 years after diagnosis. In contrast, hormone 

receptor (HR)-positive breast cancers are equally 
as likely to recur with distant metastases after 
5 years, even up to 20 years after initial diagnosis 
[ 1 ]. Breast cancer mortality has been decreasing 
in recent years, primarily due to the use of effec-
tive adjuvant therapies and to a lesser extent to 
increased utilization of screening mammography 
allowing diagnosis at an earlier stage [ 1 ,  2 ]. 

    Evaluation of Suspected 
Metastatic Breast Cancer 

 After acute treatment for early-stage breast can-
cer has been completed, the American Society of 
Clinical Oncology (ASCO) recommends a regu-
lar history and physical examination in addition 
to mammographic evaluation as indicated by the 
patient’s surgery [ 3 ]. Some clinicians routinely 
evaluate serum tumor markers and radiologic 
scans to screen for early signs of MBC. Serum 
tumor markers, such as CA 15-3, CA 27.29, and 
CEA (carcinoembryonic antigen), or radio-
graphic imaging may diagnose MBC before it is 
clinically apparent [ 4 ], but prospective trials have 
failed to identify any survival benefi t from this 
approach with distant recurrence just as likely to 
be diagnosed in between testing [ 5 ,  6 ]. Used as a 
screening tool, serum markers and routine imag-
ing are costly and can result in false-positive 
results that further add to health-care expenses, 
potentially risky diagnostic evaluations, and 
 anxiety on the part of the patient. Given insuffi -
cient prospective randomized data showing a 
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 survival benefi t, the American Society of Clinical 
Oncology (ASCO) and other international guide-
lines do not support routine screening for distant 
recurrence of breast cancer using serial serum 
tumor markers or radiologic studies [ 7 ]. 

 When a breast cancer recurrence is detected, 
every effort should be made to obtain a patho-
logic diagnosis of metastatic disease. In addition 
to confi rmation of the diagnosis, the standard 
markers, estrogen receptor (ER), progesterone 
receptor (PR), and human epidermal growth 
 factor receptor 2 (HER2), must be evaluated so 
that appropriate treatment can be delivered. 
Occasionally, there is discordance in the expres-
sion of these markers between the primary tumor 
and metastatic sites, and this knowledge is criti-
cal to determining the appropriate course of treat-
ment [ 8 ]. Baseline work-up of a metastatic 
diagnosis should include radiologic evaluation of 
the chest, abdomen, and pelvis as well as evalua-
tion of the bones. An MRI of the brain should be 
obtained if there are suspicious neurologic symp-
toms. Basic blood work is necessary, such as a 
CBC, chemistries including calcium, and liver 
function tests. Serum tumor markers, such as CA 
15-3, CA 27.29, and CEA, can be useful to fol-
low response to treatment in conjunction with 
radiologic evaluation, if they are elevated at the 
time of metastatic diagnosis. 

 Although breast cancer metastases can involve 
any organ, there is tropism seen with specifi c 
subtypes. For instance, HR+ more indolent-type 
cancers tend to metastasize to the bones and soft 
tissues early in the course of disease, while the 
aggressive triple-negative and HER2+ breast 
cancers are more likely to involve visceral organs 
[ 9 ]. Brain metastases are seen more frequently 
early in the course of HER2+ and triple-negative 
breast cancers [ 9 ,  10 ].  

    Prognosis and General Approach 
to Management 

 MBC is not typically curable and most otherwise 
healthy patients diagnosed with MBC will 
 eventually die of their disease. Median survival is 
determined by tumor biology, response to 

 therapy, and patient tolerance of therapy as well 
as comorbid illnesses. The overall median 
 survival for all subgroups is about 2.5 years, with 
the goal of management primarily focused on 
disease control to palliate symptoms and extend 
overall survival. 

 Inasmuch as the goal of treatment is to help 
patients live as long as possible with the best 
quality of life, evaluating effective therapies may 
be challenging in clinical trials. Although 
improved progression-free survival (PFS) and 
response rates (RR) are clearly desirable and are 
frequent primary endpoints of therapeutic trials, 
overall survival (OS) remains the gold standard 
of patient outcome in most oncology clinical tri-
als. However, even signifi cant improvements in 
PFS have not always correlated with improved 
OS [ 11 – 14 ], which is impacted by subsequent 
therapies, as well as disease subtype. In addition, 
measures of quality of life (QOL) have not his-
torically been collected in a standardized 
fashion. 

 Although there is no recent evidence that 
systemic treatment of MBC improves overall 
survival, it is clinically evident that effective 
therapy results in longer survival. Population 
studies using time cohorts have demonstrated 
improved survival over the past two decades due 
to utilization of new therapies, namely, aromatase 
inhibitors, trastuzumab, and taxane-based che-
motherapy [ 15 – 20 ]. Median OS is almost 2 years 
according to population studies and SEER statis-
tics [ 15 ,  21 ,  22 ], but can be signifi cantly longer 
in hormone-responsive ER+ and some HER2+ 
metastatic cancers. A systematic review incorpo-
rating 36 clinical trials from 1999 to 2009 found 
the median OS, from the time of chemotherapy 
initiation, to be 21.7 months [ 21 ]. 

 Using survival curves from these studies, the 
authors created scenarios for estimating OS: 
worst-case mean OS of 6.3 months (range 4.8–
7.5 months), lower-typical mean OS of 
11.9 months (range 9.9–13.2 months), upper- 
typical mean OS of 36.2 months (range 31.1–
41.3 months), and best-case mean OS of 
55.8 months (range 47.5–60.2 months). Of note, 
these estimates are from the start of chemother-
apy initiation and therefore do not include a 
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potential signifi cant number of years of hormone 
therapy or HER2-targeted therapy prior to che-
motherapy. Poor prognostic features include 
HR-negative disease, visceral metastases, multi-
ple sites of metastases, short disease-free inter-
val, and poor performance status [ 15 ,  23 ,  24 ]. 
HER2+ breast cancer was previously associated 
with poor outcome, but this has markedly 
changed in the era of HER2-targeted therapies, 
particularly for those patients diagnosed with de 
novo MBC. Now that most patients with HER2+ 
MBC will have recurred after exposure to at least 
one if not two HER2-targeted therapies as well as 
chemotherapy and hormone therapy when appro-
priate, the prognosis for this decreasing number 
of patients may be worse over time. Longer sur-
vival can be predicted by ER+ and PR+ metasta-
ses, limited metastases, non-visceral disease, and 
overall good performance status [ 15 ,  19 ,  23 ,  25 ]. 

 As MBC is considered a systemic disease, 
systemic therapies are the mainstay of treatment, 
including chemotherapy, hormone therapy, 
HER2-targeted therapy, and emerging molecu-
larly targeted agents. Oligometastatic disease, or 
metastases limited to only a few isolated sites, 
can occasionally be managed with locally 
directed therapies, such as surgery and radiation 
techniques, in addition to systemic therapy [ 26 ]. 
These local therapies are discussed elsewhere. 
Current systemic management of MBC as well as 
the major studies that led to present recommen-
dations will be presented here. Future directions 
for improving management will also be 
discussed.   

    Hormone Receptor-Positive 
Metastatic Breast Cancer 

 Initial management of HR+ MBC that does not 
involve life-threatening visceral metastases (vis-
ceral crisis) or rapidly progressing symptomatic 
metastases is typically hormone therapy. Oral ther-
apy is well tolerated and does not require intrave-
nous access, and achieving a faster tumor response 
with chemotherapy does not impact overall sur-
vival [ 27 ,  28 ]. The majority of women with a long 
disease-free interval from adjuvant hormone ther-

apy will respond to fi rst-line  hormone therapy. 
A good response to fi rst-line  hormone therapy 
often predicts a number of years of disease control 
with the sequential use of hormonal agents. 
Despite a period of good response, virtually all 
HR+ MBC will eventually become refractory to 
hormone therapy alone. 

 For premenopausal women, selective estrogen 
receptor modulators (SERMs) are the primary 
hormone therapy unless ovarian suppression with 
luteinizing hormone-releasing hormone (LHRH) 
agonists or oophorectomy is utilized to induce a 
postmenopausal state. For postmenopausal 
women and for premenopausal women receiving 
ovarian suppression, several options for hormone 
therapy exist and the selection of agents may 
incorporate side effect profi les and logistical con-
siderations (see Fig.  30.1 ).

      Selective Estrogen Receptor 
Modulators 

 SERMs block estrogenic stimulation of breast 
tissue while having an estrogen-like effect in 
other organs. In the breast, competitive binding 
of the ER results in a cytostatic antitumor effect. 
Tamoxifen and toremifene are approved for use 
in HR+ MBC. Tamoxifen was approved for MBC 
in 1977 and was the accepted fi rst-line hormone 
therapy for HR+ MBC for the next two decades. 
In the early clinical trials, over 50 % of patients 
with ER+ MBC responded to treatment with 
tamoxifen with fewer side effects compared with 
other hormonal manipulations used at that time 
[ 29 ]. Tamoxifen given orally at 20 mg daily (or 
10 mg twice daily) is generally well tolerated, 
with the most common side effects being hot 
fl ashes, vaginal discharge, and gastrointestinal 
symptoms, with preservation of bone density. 
Rare side effects include venous thromboembo-
lism and endometrial cancer. Tamoxifen is used 
to treat premenopausal women with or without 
ovarian suppression. It is also used in postmeno-
pausal women who are diagnosed with MBC 
within 1 year of completing an adjuvant aroma-
tase inhibitor, or after progression on an aroma-
tase inhibitor for MBC. 
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 Other SERMs include toremifene and raloxi-
fene. Toremifene has been compared with tamox-
ifen in MBC and a meta-analysis revealed no 
signifi cant difference in effi cacy and toxicity 
[ 30 ]. Cross-resistance exists, with no benefi t 
from sequential treatment with different agents in 
this class. Raloxifene has demonstrated effi cacy 
preventing invasive cancer in patients at high 
risk, but is a weak SERM that is not used to treat 
established breast cancer.  

    Aromatase Inhibitors 

 Aromatase inhibitors (AIs) block the aromatase 
enzyme, which converts androgens to estrogen in 
peripheral tissues such as the adrenal glands and 
adipose tissue. The result is a decrease in circu-
lating estrogens, especially in postmenopausal 
women who have no other endogenous sources 
of estrogen. Third-generation AIs were devel-
oped to inhibit production of estrogen while spar-
ing other adrenal hormones. Currently, approved 
agents include the irreversible steroidal AI, 
exemestane (25 mg orally daily), and the revers-
ible nonsteroidal AIs, anastrozole (1 mg orally 
daily) and letrozole (2.5 mg orally daily). These 

agents are generally well tolerated with most 
common side effects being arthralgias, hot 
fl ashes, vaginal dryness, and accelerated loss of 
bone density. AIs as monotherapy are contraindi-
cated in premenopausal women as these thera-
pies do not affect ovarian production of estrogen 
and, in fact, increase gonadotropin stimulation of 
the ovary. AIs in combination with ovarian abla-
tion may be used to treat premenopausal women 
with MBC as fi rst-line therapy or after progres-
sion on tamoxifen; estradiol should be monitored 
to insure that the ovaries are suppressed. In post-
menopausal women, an AI can be given alone or 
in combination with fulvestrant as fi rst-line ther-
apy, or in subsequent lines after PD on other hor-
monal therapies. 

 Several studies have demonstrated superior or 
equivalent outcomes with AIs compared with 
tamoxifen as fi rst-line therapy in postmenopausal 
women [ 31 – 34 ]. A meta-analysis evaluating AIs 
versus tamoxifen or other hormonal therapies 
found a statistically signifi cant survival benefi t 
from third-generation AIs when used fi rst line 
(11 % relative hazard reduction, 95 % CI 1–19 %, 
 p  = 0.03) [ 35 ]. 

 There is incomplete cross-resistance between 
steroidal and nonsteroidal AIs. In one study, 
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  Fig. 30.1    Schema for initial management of HR+ meta-
static breast cancer with no visceral crisis and with at least 
12 months interval from completion of adjuvant hormone 
therapy. Many patients will receive sequential hormonal 
therapies with varying durations of response. Most 
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mones. Available clinical trials with novel agents to 
reverse hormone resistance should be considered.  HR+  
hormone receptor positive,  PD  progressive disease       

 

S. Keck et al.



477

patients with progressive MBC on one AI had a 
clinically benefi cial response with an agent from 
the other class [ 36 ]. First-line therapy with either 
a steroidal or nonsteroidal AI is supported by cur-
rent evidence. The fi rst two studies compared 
tamoxifen to nonsteroidal AIs, and these two 
agents have become standard fi rst-line therapy in 
clinical practice. The steroidal AI exemestane is 
approved for use with everolimus after progres-
sion on a nonsteroidal AI (discussed below), so 
exemestane may be reserved for this use.  

    Fulvestrant 

 In contrast to tamoxifen, fulvestrant is a pure ER 
antagonist and downregulates the receptor. It is 
given as a 500 mg intramuscular injection on 
days 0, 14, and 28 and then every 28 days. Initial 
dosing was 250 mg monthly, but this was proven 
inferior to 500 mg, which was equally well 
 tolerated. The CONFIRM trial randomized 
women who had progressed on prior hormone 
therapy to either 250 mg or 500 mg and found a 
20 % reduction in risk of progression with the 
higher dose without an increase in toxicity [ 37 ]. 
Final analysis of survival revealed a 4-month 
improvement in median OS with the higher dose 
[ 38 ]. Use of fulvestrant as fi rst-line therapy was 
evaluated in a small phase II study (the FIRST 
trial) that randomized women to receive either 
fulvestrant 500 mg or anastrozole [ 39 ,  40 ]. 
Patients treated with fulvestrant arm had a longer 
time to progression (TTP) (23 versus 13 months, 
HR 0.66; 95 % CI, 0.47–0.92) and similar clini-
cal benefi t rate (CBR) and RR, with a suggestion 
of improved OS. There were no differences 
between the two arms regarding response to sub-
sequent hormone therapy [ 40 ]. Although cer-
tainly encouraging, this trial does not provide 
defi nitive evidence of superiority of fulvestrant 
compared to AIs, and sequencing therapies is 
recommended. 

 The effi cacy of fulvestrant in subsequent lines 
of therapy has been compared with AIs, but not at 
the currently recommended dose of 500 mg 
monthly. Mechanistically, fulvestrant may be 
able to overcome resistance to tamoxifen [ 41 ]. In 

tamoxifen-resistant MBC, fulvestrant (250 mg 
monthly) was similar in effi cacy to anastrozole, 
including TTP, RR, and OS [ 42 ,  43 ]. Combined 
analysis of two phase III trials in tamoxifen- 
refractory MBC showed a longer duration of 
response with fulvestrant compared with anastro-
zole and fewer arthralgias [ 44 ]. In the EFECT, 
women with MBC that had progressed or recurred 
on treatment with a nonsteroidal AI were ran-
domized to fulvestrant (at the suboptimal 250 mg 
monthly dose) or exemestane, and the treatments 
were found to be equivalent regarding TTP and 
RR [ 45 ]. 

 The combination of fulvestrant (500 mg load-
ing dose then 250 mg monthly) and anastrozole 
was compared with anastrozole monotherapy in 
the fi rst-line setting in two different phase III 
clinical trials. In SWOG S0226, fulvestrant plus 
anastrozole resulted in an improved median OS 
of 47.7 months versus 41.3 months (HR 0.81; 
95 % CI, 0.65–1.0,  p  = 0.05), despite the majority 
of patients on anastrozole crossing over to fulves-
trant after progression [ 46 ]. Median PFS was also 
better (15 months versus 13.5 months; HR 0.80; 
95 % CI, 0.68–0.94,  p  = 0.007). In contrast, the 
similarly designed and powered FACT showed 
equivalent TTP and OS [ 47 ]. One major differ-
ence between these trials was the number of 
patients with de novo metastatic disease (no prior 
treatment for breast cancer), which was more 
than threefold higher in the SWOG study than the 
FACT. Both trials used half of the currently 
approved dose of fulvestrant, raising the question 
of whether sequential therapy with the higher 
dose of fulvestrant would be as or more effective 
than the combination. There is currently no con-
sensus regarding optimal fi rst-line hormone ther-
apy, but combination therapy could be considered 
in the specifi c setting of patients who have de 
novo metastatic disease.  

    Sex-Steroid Hormones 

 Subsequent-line therapies for patients with a low 
tumor burden and fairly asymptomatic disease 
include progestins, estrogen, and androgens. The 
progestin, megestrol acetate, has been shown to 
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be effective in patients with tamoxifen-resistant 
MBC, but has not been prospectively studied 
after use of AIs or fulvestrant [ 48 ,  49 ]. Megestrol 
acetate is given as 40 mg four times daily and 
side effects include fl uid retention, weight gain, 
vaginal bleeding, and thromboembolic events. 
After chronic estrogen deprivation with other 
hormone therapies, estrogen therapy may prove 
toxic to HR+ breast cancer cells [ 50 ]. 
Traditionally, high-dose estrogen has been used 
but a recent study compared estradiol 30 mg 
daily to 6 mg daily in patients who had pro-
gressed on an AI and found similar outcomes 
[ 51 ]. Side effects include breast tenderness, vagi-
nal bleeding, pleural effusions, nausea and vom-
iting, and thromboembolic events. Both 
progestins and estrogen therapy are contraindi-
cated in patients with signifi cant risk factors for 
thromboembolism. Androgens, such as testoster-
one, fl uoxymesterone, and danazol, have been 
used in MBC with some effi cacy, but they are 
associated with more signifi cant side effects.  

    Hormone Therapy 
in HER2-Positive MBC 

 In patients with MBC co-expressing HR and 
HER2 that is limited to non-visceral sites, hor-
mone therapy along with HER2-targeted therapy 
is an effective therapy. The combination of AIs 
with either trastuzumab or lapatinib is approved 
in HR+, HER2+, and MBC. The TAnDEM trial 
randomized patients to fi rst-line anastrozole plus 
trastuzumab versus anastrozole alone and found 
an improved median PFS with the combination. 
Similarly, the combination of trastuzumab and 
letrozole was superior to letrozole alone in terms 
of CBR [ 52 ]. Median OS was not statistically 
signifi cant which is likely due to subsequent 
treatment with chemotherapy combined with 
trastuzumab [ 53 ]. The addition of lapatinib to 
letrozole improved PFS but not OS compared 
with letrozole [ 54 ]. A small proof-of-concept 
trial showed that a majority of patient’s refractory 
to both AI monotherapy and trastuzumab mono-
therapy responded to the combination of trastu-
zumab and letrozole [ 55 ].  

    Biologic Agents in Hormone- 
Resistant MBC 

 When MBC has become refractory to one or 
more of the standard hormone therapies dis-
cussed above, treatment options include chemo-
therapy or a combination of hormone therapy 
with a targeted agent intended to reverse hor-
mone resistance. Decisions about the type of 
treatment are based on prior response to hormone 
therapy, organ function, extent of disease, and 
performance status. Although combining biolog-
ically targeted agents with hormonal agents adds 
toxicity, the hope is that improving response or 
reversing resistance to hormone therapy will 
improve outcome with acceptable side effects. 

 Activation of the phosphatidylinositol-3- 
kinase (PI3K) pathway with subsequent upregu-
lation of the mammalian target of rapamycin 
(mTOR), involved in growth and proliferation, is 
an important means of escaping responsiveness 
to hormone therapy. FDA approval of the mTOR 
inhibitor, everolimus, was granted in 2012 after 
results of the phase III randomized BOLERO-2 
trial showed a signifi cant benefi t with the addi-
tion of everolimus to exemestane [ 56 ]. In 724 
postmenopausal women with progression on a 
nonsteroidal AI, the addition of everolimus 
10 mg daily to exemestane signifi cantly improved 
PFS from 4.1 to 10.6 months compared to 
exemestane alone. An improvement in PFS was 
seen in subgroups with or without visceral metas-
tases [ 57 ]. Although survival data is still matur-
ing, preliminary analysis revealed more deaths in 
the control arm (22.6 % versus 17.3 %) [ 58 ]. 
Typical side effects from mTOR inhibitors 
include stomatitis, rash, fatigue, hematologic 
abnormalities, and hyperglycemia. Despite more 
grade 3 and 4 adverse effects, patients who 
remained on the combination treatment did not 
report a worse QOL [ 59 ]. 

 Other combinations of hormone therapies 
and biologic agents are being studied and may be 
approved in the next few years. A phase II 
 randomized trial compared 111 postmenopausal 
women with AI-resistant MBC to tamoxifen 
plus everolimus versus tamoxifen plus placebo 
[ 60 ]. Compared with tamoxifen alone, the 
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 combination improved CBR (61 % versus 42 %) 
and TTP (8.6 months versus 4.5 months). Risk of 
death was reduced by 55 % (HR 0.45; 95 % CI, 
0.24–0.81). Side effects were similar to 
BOLERO-2; patients in the combination arm 
noted less grade 3/4 pain and fatigue. 

 The cyclin-dependent kinase inhibitor 4/6 
(CDK 4/6 inhibitor) palbociclib has shown 
remarkable effi cacy in HR+ breast cancer, based 
on an interim analysis of a phase II trial enrolling 
165 women with treatment-naïve metastatic HR+ 
breast cancer, presented at the San Antonio 
Breast Cancer meeting in 2012 [ 61 ]. This agent 
prevents cellular DNA synthesis by blocking 
cell-cycle progression, and it was predicted in 
preclinical models to be of benefi t in luminal 
breast cancer subtypes. Patients were random-
ized to receive letrozole alone or letrozole with 
palbociclib; those receiving combination therapy 
had a signifi cant improvement in PFS (median 
26.1 versus 7.5 months for the control arm). The 
combination was well tolerated, with the most 
commonly reported adverse events including 
neutropenia without an increase in neutropenic 
fever. Based on this data, a large, phase III trial 
with the same design was launched in 2013, and 
palbociclib was given “breakthrough” drug status 
by the FDA. 

 Antiangiogenic inhibitors have the potential to 
reverse hormone resistance. The addition of bev-
acizumab to hormone therapy in the fi rst-line 
treatment of HR+ MBC in phase II trials showed 
tumor activity and safety, but a recent phase III 
trial showed no benefi t from the addition of beva-
cizumab to fi rst-line letrozole with increased tox-
icity [ 62 – 64 ]. Results from one additional 
cooperative group trial are pending. 

 The histone deacetylase inhibitor, entinostat, 
was evaluated in 130 heavily pretreated women 
with hormone-resistant MBC in the phase II clin-
ical trial, ENCORE 301 [ 65 ]. Patients were ran-
domized to exemestane with or without entinostat. 
The combination improved PFS from 2.3 to 
4.3 months and was associated with more fatigue 
and neutropenia [ 66 ]. As an exploratory end-
point, median OS was improved from 19.8 to 
28.1 months with the addition of entinostat (HR, 
0.59; 95 % CI, 0.36–0.97;  P  = .036). A phase III 

registration trial will open in 2014 and entinostat 
has been given breakthrough drug status by 
the FDA. 

 Other promising combinations with hormone 
therapy include the addition of an insulin-like 
growth factor-1 receptor (IGF-1R) inhibitor to an 
mTOR inhibitor, AKT inhibitors, and PI3K 
inhibitors alone or in combination with other bio-
logic agents including mTOR and CDK 4/6 
inhibitors. An international phase III trial, 
BELLE-2, is underway to evaluate the addition 
of the pan-PI3K inhibitor BKM120 to fulvestrant 
in patients with progression on an AI [ 67 ]. A 
similar trial evaluates this combination in patients 
with progression on a combination of hormone 
therapy and mTOR inhibition [ 68 ]. An alpha- 
specifi c PI3K inhibitor, BYL719, is also being 
studied in combination with hormone therapy. 
Both agents appear to be effective with different 
side effect profi les.   

    Management of HER2-Positive MBC 

 Approximately 20–25 % of breast cancers are 
HER2+ [ 69 ], defi ned as 3+ overexpression by 
IHC or gene amplifi cation by FISH, with 50 % 
also expressing hormone receptors. Unique fea-
tures of HER2+ breast cancers include more 
aggressive tumor biology and a tropism for devel-
oping visceral and CNS metastases. Trastuzumab, 
a humanized monoclonal antibody (mAb) to the 
extracellular domain of HER2, has dramatically 
changed the way in which we approach and treat 
such patients. We now are able to specifi cally tar-
get HER2 (+) disease, resulting in signifi cantly 
improved disease control and overall survival. 
Trastuzumab was approved by the US FDA for 
use in MBC in 1998, after a landmark random-
ized phase III trial as well as single-agent trials 
showed dramatic effi cacy and minimal toxicity in 
women with HER2+ metastatic disease [ 70 ,  71 ]. 
The most signifi cant side effect with trastuzumab 
is cardiotoxicity that is usually reversible with 
treatment interruption. 

 Other HER2-targeted agents have been 
developed with different mechanisms of action. 
Small molecule tyrosine kinase inhibitors that 
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target the intracellular kinase domain of HER2, 
such as lapatinib and neratinib, are effective in 
trastuzumab- refractory disease. Lapatinib is 
FDA approved in combination with capecitabine 
[ 72 ], and others, such as neratinib, are being 
studied. The combination of lapatinib and 
trastuzumab is relatively well tolerated and has 
demonstrated improved PFS and OS compared 
to lapatinib alone in trastuzumab-refractory dis-
ease [ 73 ]. Lapatinib causes diarrhea and rash 
that are usually manageable but have limited 
more widespread use of this agent. Recently, 
two agents were approved for the treatment of 
metastatic disease in 2012 and 2013, respec-
tively. The fi rst is pertuzumab, a HER2 mAb 
that prevents HER dimerization and in combina-
tion with trastuzumab causes minimal additional 
side effects. The second agent is trastuzumab 
emtansine (T-DM1), an antibody-drug conju-
gate that delivers a cytotoxic chemotherapy 
directly to HER2- overexpressing cells with tol-
erable side effects. The indications for use of 
each HER2-targeted agent, as well as ongoing 
studies of these and other agents, are discussed 
below. 

    First-Line Treatment of HER2+ MBC 

 Treatment of newly diagnosed, HER2-positive 
MBC should include either trastuzumab or lapa-
tinib, as outcomes are consistently improved with 
their use [ 74 – 76 ]. Options for treating non-life- 
threatening metastases include trastuzumab or 
lapatinib in combination with hormone therapy, 
or chemotherapy with one or more HER2- 
targeted agents. Trastuzumab monotherapy is 
usually reserved for maintenance therapy after 
response to chemotherapy and trastuzumab com-
bined. Rapidly progressing or symptomatic vis-
ceral metastases should be treated initially with a 
combination of HER2 targeting and chemother-
apy (see Fig.  30.2 ). The recent data from the 
CLEOPATRA trial (see below) has changed the 
standard of care for fi rst-line treatment of HER2+ 
breast cancer based due to the demonstrated sur-
vival advantage over the previous standard 
of care.

   Single-agent trastuzumab has been evaluated 
in newly diagnosed HER2+ MBC. In a single- 
arm study of 114 women with MBC, fi rst-line 
trastuzumab monotherapy was effective with an 

PD
PD

PD

PD

Good
response

Good
response

S
ym

pt
om

at
ic

,

  v
is

ce
ra

l m
et

as
ta

se
s,

  H
R

 n
eg

at
iv

e

Indolent disease,

  asym
ptom

atic,

  H
R

 positive

Pertuzumab + trastuzumab
+ taxane

or
Trastuzumab + taxane

chemotherapy

T-DM1
or

Lapatinib + capecitabine
or

Trastuzumab + other
non-anthracycline chemotherapy

Trastuzumab monotherapy
or

Trastuzumab + lapatinib
or

Trastuzumab/lapatinib + hormone
therapy (if HR+)

Trastuzumab monotherapy
or

Trastuzumab/lapatinib +
hormone therapy

or
Chemotherapy combination

(as above)

HER2+ MBC

  Fig. 30.2    Schema for management of HER2+ metastatic 
breast cancer. Initial treatment is chemotherapy plus a 
HER2- targeted agent for most patients, or the immuno-
toxin T-DM1. In certain situations, trastuzumab mono-
therapy or hormone therapy plus HER2 targeting may be 

used initially. Available clinical trials with novel agents 
should be considered.  HER2+  human epithelial growth 
factor receptor positive,  PD  progressive disease,  T-DM1  
trastuzumab emtansine       

 

S. Keck et al.



481

RR of 26 % and a CBR of 38 % [ 77 ]. Few studies 
have compared trastuzumab monotherapy with 
trastuzumab plus chemotherapy. One phase III 
study looked at the upfront combination of trastu-
zumab and docetaxel versus trastuzumab mono-
therapy followed by trastuzumab plus docetaxel 
at the time of progression [ 78 ]. Median PFS and 
OS (HR 2.72; 95 % CI, 1.03–7.18) were signifi -
cantly improved with the upfront combination 
therapy. Most of the 112 patients in this study had 
visceral metastases and multiple metastatic sites. 

 A similar phase II study in 101 patients com-
pared fi rst-line combination trastuzumab and 
docetaxel with fi rst-line trastuzumab followed by 
single-agent docetaxel upon progression [ 79 ]. 
The two arms had similar PFS, but there was an 
improved RR and a nonstatistically signifi cant 
improvement in OS with the combination. This 
trial design does not, however, refl ect the current 
clinical practice of continuing trastuzumab along 
with chemotherapy after progression. Most clini-
cians treat newly diagnosed HER2+ MBC with 
HER2-targeting therapy plus taxane chemother-
apy. Although there may be patients with non- 
visceral, indolent disease and perhaps with other 
comorbidities that limit chemotherapy options 
who are appropriately treated with trastuzumab 
monotherapy, single-agent trastuzumab may be 
more appropriately reserved for maintenance 
therapy after response to chemotherapy. Indolent 
MBC that is both HER2+ and HR+ can be treated 
with a combination of hormone therapy and a 
HER2-targeted agent, as discussed above. 

 Studies have consistently shown the benefi t of 
trastuzumab added to fi rst-line chemotherapy. 
The pivotal phase III study by Slamon et al. ran-
domized patients to fi rst-line treatment with stan-
dard chemotherapy, either anthracycline-based or 
paclitaxel, versus chemotherapy plus trastu-
zumab [ 70 ]. The addition of trastuzumab 
improved OS (25 versus 20 months,  p  = 0.01) as 
well as TTP and RR. Based on these results, 
trastuzumab plus paclitaxel was approved in the 
fi rst-line setting. The combination of trastuzumab 
and doxorubicin resulted in unacceptably high 
rates of cardiomyopathy, so this approach was 
largely abandoned. A subsequent randomized, 
phase II study of docetaxel with or without trastu-

zumab also demonstrated a signifi cant OS benefi t 
of 31.2 months in the combination group versus 
22.7 months for the group receiving docetaxel 
alone [ 80 ]. The majority of patients treated with 
docetaxel alone crossed over to receive trastu-
zumab, resulting in loss of a signifi cant survival 
benefi t with longer-term follow-up. The phase 
III, MA.31 trial compared trastuzumab versus 
lapatinib with fi rst-line taxane chemotherapy 
[ 81 ]. An interim analysis found a signifi cantly 
better PFS of 11.4 with trastuzumab-taxane ver-
sus 8.8 months for the lapatinib-taxane arm. The 
OS was similar in the two arms, but toxicity was 
signifi cantly greater in the lapatinib arm. 

 The combination of pertuzumab with trastu-
zumab and taxane chemotherapy in the fi rst-line 
setting was approved in 2012 based on the phase 
III, CLEOPATRA study [ 82 ], becoming the new 
standard of care in some parts of the world. In 
this study, 808 patients with newly diagnosed 
metastatic HER2+ breast cancer were random-
ized to trastuzumab and docetaxel with or with-
out pertuzumab. The primary endpoint of median 
PFS was prolonged from 12.4 to 18.5 months 
with addition of pertuzumab (HR 0.62; 95 % CI, 
0.51–0.75;  p  < 0.001). Overall survival was sig-
nifi cantly improved with the addition of pertu-
zumab as well, with a HR of 0.66 (95 % CI, 
0.52–0.84,  p  = 0.0008) [ 83 ]. Adding pertuzumab 
did not increase cardiac toxicity, but did increase 
rates of grade 3 febrile neutropenia and diarrhea. 
The combination of pertuzumab, trastuzumab, 
and docetaxel is a good, albeit expensive, option 
for untreated HER2+ MBC with the longest sur-
vival from any treatment available for this sub-
type of breast cancer. The majority of patients 
enrolled in the CLEOPATRA trial had not 
received adjuvant trastuzumab, bringing up the 
question of whether the dual targeting would be 
equally effective in patients whose disease recurs 
after exposure to adjuvant HER2-targeted ther-
apy. A subset analysis of those patients relapsing 
after trastuzumab suggested similar effi cacy. 

 Pertuzumab has also demonstrated improved 
rates of pathologic complete response in the neo-
adjuvant setting, with the same combination of 
agents. This fi nding led to the FDA-accelerated 
approval of pertuzumab as neoadjuvant therapy, 
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with fi nal approval pending the results from the 
phase III APHINITY adjuvant trial. APHINITY 
(BIG 4–11/BO25126/TOC 4939G) is a large ran-
domized phase III, double-blind, placebo-con-
trolled study that compares the effi cacy and safety 
of chemotherapy plus trastuzumab and placebo 
with that of chemotherapy plus trastuzumab and 
pertuzumab as adjuvant therapy in 4,800 patients 
with operable, HER2-positive, primary breast 
cancer. The trial completed accrual in August of 
2013, and results are eagerly anticipated. 

 For patients who develop a metastatic recur-
rence during, or within, 12 months after complet-
ing adjuvant trastuzumab, there are no rigorous 
studies to guide practice. Trastuzumab emtansine 
(T-DM1) is the most appropriate treatment based 
on current data (see below). Subsequent treat-
ment could include lapatinib and trastuzumab, 
lapatinib and capecitabine, or trastuzumab and 
chemotherapy.  

    Subsequent-Line Treatment of HER2+ 
MBC 

 When MBC becomes refractory to fi rst-line ther-
apy that includes a HER2-targeted agent, there 
are several options for further management (see 
Fig.  30.2 ). Choice of treatment is often based on 
side effect profi les, sites of metastases, and 
patient preference. There is some evidence of 
benefi t from continuing trastuzumab after disease 
progression. In a randomized, phase III study of 
156 women with MBC that had progressed on 
trastuzumab, second-line treatment with 
capecitabine and continued trastuzumab 
improved PFS compared with capecitabine alone 
(8.2 versus 5.6 months; HR 0.69; 95 % CI, 0.48–
0.97;  p  = 0.0338) [ 84 ]. Overall survival showed a 
nonstatistically signifi cant trend toward a benefi t 
with continuing trastuzumab. 

 Options for subsequent treatment after progres-
sion on trastuzumab plus chemotherapy include 
changing to a different chemotherapy including 
T-DM1, switching to lapatinib plus capecitabine, 
or using the chemotherapy-free combination of 
trastuzumab plus lapatinib. Other chemotherapy 
options for use with trastuzumab are paclitaxel 

with or without carboplatin, docetaxel, nab-
paclitaxel, vinorelbine, capecitabine, and gem-
citabine. In general, trastuzumab is not combined 
with anthracyclines due to the higher risk of car-
diomyopathy [ 70 ]. Lapatinib is approved for use 
with capecitabine after progression on a trastu-
zumab-taxane combination. 

 In the phase III EGF100151 clinical trial, 
patients with trastuzumab-refractory MBC were 
randomized to the addition of lapatinib and 
capecitabine versus capecitabine alone. At 
interim analysis, the median TTP was 8.4 months 
with the combination versus 4.4 months with 
capecitabine alone (HR 0.49; 95 % CI, 0.34–
0.71,  p  < 0.001) [ 72 ]. The addition of lapatinib 
did not increase the rates of serious adverse 
events or discontinuation of therapy due to toxic-
ity. Early termination of the study after interim 
analysis and resultant crossover to the combina-
tion limited evaluation of OS, but fi nal analysis 
failed to demonstrate a signifi cant impact on sur-
vival [ 85 ]. 

 T-DM1 was approved by the FDA in February 
2013 for second- and subsequent-line treatment 
of HER2+ MBC. The antibody-drug conjugate 
was shown in phase II trials to have single-agent 
activity in heavily pretreated HER2+ MBC with 
only minimal toxicity [ 86 ,  87 ]. The phase III 
EMILIA trial randomized 991 patients with pro-
gression on trastuzumab and taxane chemother-
apy to T-DM1 versus capecitabine plus lapatinib 
[ 88 ]. With less toxicity, T-DM1 improved median 
PFS from 6.4 months with lapatinib and 
capecitabine to 9.6 months (HR 0.65; 95 % CI, 
0.55–0.77;  p  < 0.001) and median OS from 25.1 
to 30.9 months (HR 0.68; 95 % CI, 0.55–0.85; 
 p  < 0.001). 

 Based on the OS benefi t and tolerable side 
effects, T-DM1 has become many clinicians’ 
choice for second-line treatment after progres-
sion on the combination of a taxane plus trastu-
zumab, with or without pertuzumab. The 
MARIANNE trial is a phase III trial that random-
ized 1,095 patients with treatment-naïve HER2+ 
metastatic breast cancer to receive trastuzumab 
and a taxane, T-DM1, or T-DM1 and pertuzumab. 
Accrual is completed with results expected in 
2014. There are a number of studies planned with 
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T-DM1 examining its effectiveness in treating 
early-stage breast cancer as well, including the 
KATHERINE trial for patients with residual can-
cer after neoadjuvant chemotherapy plus HER2- 
targeted therapy. 

 The combination of dual HER2 targeting with 
an antibody and tyrosine kinase inhibitor was 
studied in a phase III clinical trial that random-
ized 296 heavily trastuzumab-pretreated patients 
to receive lapatinib or lapatinib plus trastuzumab 
[ 73 ]. The primary endpoint of median PFS was 
improved from 8.1 weeks with lapatinib alone to 
11.1 weeks with the combination (HR 0.74; 95 % 
CI, 0.58–0.94;  p  = 0.011). Overall survival 
improved signifi cantly from 9.5 to 14 months 
with the combination (HR 0.74; 95 % CI, 0.57–
0.97;  p  = 0.026), despite half of the patients in the 
lapatinib arm crossing over to combination treat-
ment. Exploratory analysis revealed a more sig-
nifi cant survival benefi t for patients with less 
heavily pretreated MBC, suggesting the benefi t 
of this chemotherapy-free combination earlier in 
the course of treatment.  

    Future Directions for HER2+ MBC 

 The toolbox of effective HER2-targeted agents is 
rapidly growing, with much research underway to 
better understand and target mechanisms of resis-
tance that develop to trastuzumab. As discussed 
above, pertuzumab was approved for fi rst- line 
treatment in 2012, and results of the MARIANNE 
trial (see above) are expected to signifi cantly 
impact treatment practice for both late- and early- 
stage disease. The combination of pertuzumab 
and trastuzumab was shown to be effective and 
well tolerated in trastuzumab-refractory MBC, 
with an RR of 24 % and a CBR of 50 %. However, 
pertuzumab is not yet approved in the subsequent- 
line setting [ 89 ]. Ongoing studies are evaluating 
pertuzumab in combination with alternate che-
motherapy agents and trastuzumab in heavily 
pretreated patients. A phase II trial is evaluating 
the combination of T-DM1 and pertuzumab in 
early progressive MBC (NCT00943670). 

 Based on the results from the lapatinib and 
trastuzumab trial and encouraging responses in 

the neoadjuvant setting, this combination is being 
tested in the adjuvant setting in the ALTTO trial. 
This international phase III trial in women with 
early-stage, HER2-positive breast cancer is com-
paring chemotherapy combined with either lapa-
tinib and trastuzumab, trastuzumab alone, or a 
sequencing approach. ALTTO is expected to 
report results in 2014. 

 Neratinib, an irreversible TKI, showed intrigu-
ing single-agent activity in trastuzumab- 
refractory MBC and even greater antitumor 
activity in trastuzumab-naïve MBC [ 90 ]. It is 
being evaluated in several different clinical trials, 
including a phase III, fi rst- line comparison of 
paclitaxel with either neratinib or trastuzumab 
(NCT00915018), and a planned neoadjuvant 
trial. 

 The mTOR inhibitor, everolimus, is being 
evaluated in trastuzumab-refractory HER2+ 
MBC as the upregulation of the PI3K/mTOR 
pathway has been identifi ed as an important 
mechanism for trastuzumab resistance. There 
have been two phase I/II single-arm studies that 
have demonstrated effi cacy and tolerability with 
the combination of everolimus, trastuzumab, and 
chemotherapy in patients with heavily pretreated, 
advanced breast cancer [ 91 – 94 ]. Based on these 
intriguing results, two international, phase III, 
randomized trials were developed to further eval-
uate these combinations in HER2-overexpressing 
MBC. The BOLERO-1 (NCT00876395) trial is 
evaluating the addition of everolimus to trastu-
zumab and paclitaxel, and the BOLERO-3 
(NCT01007942) trial examined the addition of 
everolimus to trastuzumab and vinorelbine. 
Preliminary results of BOLERO-3 revealed a 
modest improvement in PFS from 5.78 months 
without everolimus to 7 months with the addition 
of everolimus (HR 0.78; 95 % CI, 0.65–0.95, 
 p  = 0.0067) [ 95 ]. Data from BOLERO-1 is 
expected in 2014.   

    Chemotherapy in MBC 

 Chemotherapy is the primary treatment for 
metastatic triple-negative breast cancer, as there 
are no identifi ed targets at this time, and this 
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subset of breast cancer does not respond to 
either HER2- or ER-targeted therapy. In addi-
tion, chemotherapy is the mainstay for the 
treatment of endocrine-refractory ER+ breast 
cancer and is given in combination with 
 HER2-targeted therapy for HER2+ disease. 
There are several different chemotherapy 
agents with effi cacy data for the treatment of 
MBC. Combinations of chemotherapy with 
molecularly targeted agents are discussed in 
other sections. 

    Combination Versus Sequential 
Single-Agent Chemotherapy 

 Chemotherapy can be given in a sequential 
single- agent fashion, moving from one to another 
at the time of disease progression, or as combina-
tion regimens. Historically, combination chemo-
therapy was the preferred strategy, as RR and 
TTP were higher with more intensive chemother-
apy regimens, and it was previously thought that 
this would translate to an improved OS. A sys-
tematic review in the taxane era of all trials that 
compared a combination regimen with a single 
agent found that chemotherapy combinations 
were superior to single-agent chemotherapy, 
regarding RR, PFS, and OS (HR for OS 0.88; 
95 % CI, 0.83–0.94,  p  < 0.0001) [ 96 ], although 
with increased toxicity. This review did not 
answer the question of whether current, effective 
agents in combination are superior to these same 
agents in sequence. Surprisingly, few random-
ized controlled trials have effectively addressed 
this question. 

 The intergroup E1193 trial used a three-arm 
design to compare sequential doxorubicin fol-
lowed by paclitaxel every 3 weeks, paclitaxel fol-
lowed by doxorubicin, and the combination in 
739 patients [ 97 ]. Despite an improved RR and 
longer time to treatment failure, the combination 
arm did not improve median OS (doxorubicin 
18.9 months, paclitaxel 22 months, combination 
22 months; p = not signifi cant) nor QOL. Three 
other smaller clinical trials comparing an 
anthracycline- taxane combination and single 
agents in sequence found no signifi cant benefi t 
from the combination therapy [ 98 – 100 ]. 

 Any potential benefi ts with combination 
 chemotherapy come at the cost of signifi cantly 
more toxicity, especially nausea, vomiting, alope-
cia, and neutropenia. The more common practice 
is to use sequential single-agent chemotherapy 
unless a rapid response is important for life-
threatening disease. As the goal of chemotherapy 
for MBC is palliation of cancer-related symptoms 
and prolonging survival with an acceptable QOL, 
frequent assessment of symptoms, side effects, 
and tumor response is performed during chemo-
therapy and the treatment adjusted accordingly.  

    Choice of Chemotherapy 

 When choosing from a number of effective che-
motherapy options, considerations may include 
previous treatment of breast cancer, side effect 
profi les, patient performance status, logistics 
regarding chemotherapy administration, and 
available targeted agents, such as trastuzumab 
(see Fig.  30.3 ). Metastatic recurrence during or 
shortly after adjuvant therapy suggests an aggres-
sive cancer that is resistant to the recent treat-
ment. Cancer that recurs beyond 12 months of 
adjuvant chemotherapy is generally considered 
chemotherapy sensitive, and re-treatment is often 
a reasonable approach. Prior exposure to anthra-
cyclines must be considered when assessing the 
risk of cardiotoxicity. A patient’s performance 
status, organ function, or comorbidities may limit 
the use of certain agents. To date, there has been 
no prospective, high-level evidence to support 
the use of the various chemotherapy sensitivity 
assays in development [ 101 ].

   The majority of patients will respond to fi rst- 
line chemotherapy treatment. There is no evi-
dence that one agent, rather than another used 
fi rst line, is associated with an improvement in 
OS. Anthracyclines and taxanes are considered to 
be the most effective classes of chemotherapy 
agents in breast cancer, and therefore, these are 
the most commonly used in the fi rst-line setting. 
A randomized, controlled trial of fi rst-line doxo-
rubicin versus paclitaxel every 3 weeks, with 
crossover allowed at progression, found a higher 
RR and PFS with fi rst-line doxorubicin, but no 
statistically signifi cant difference in OS [ 102 ]. 
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Doxorubicin resulted in more toxicity but also 
better control of cancer-related symptoms. 

 In the E1193 clinical trial, the single-agent 
arms of doxorubicin and paclitaxel every 3 weeks 
showed equivalent RR, time to treatment failure, 
OS, and QOL [ 97 ]. A meta-analysis evaluated 
919 patients in three randomized trials that com-
pared fi rst-line treatment with single-agent 
anthracycline versus a taxane given every 
3 weeks [ 103 ]. The authors found a similar RR 
for anthracyclines and taxanes (33 % and 38 %, 
respectively,  p  = 0.08) and no signifi cant differ-
ence in OS (HR 1.01; 95 % CI, 0.88–1.16; 
 p  = 0.90) but an advantage for anthracyclines 
regarding PFS (HR 1.19; 95 % CI, 1.04–1.36; 
 p  = 0.011). Of note, no fi rst-line studies have eval-
uated fi rst-line anthracyclines versus the current 
weekly dosing of paclitaxel.  

    Single-Agent Chemotherapy Options 

 First-line chemotherapy is often a taxane given 
its effi cacy and side effect profi le. There is 

 retrospective evidence that paclitaxel and 
docetaxel are not completely cross-resistant, so 
that progression on one taxane does not preclude 
use of a different taxane [ 104 ,  105 ]. In the phase 
III trial, CALGB 9840, weekly paclitaxel 80 mg/
m2 doubled the median OS from 12 to 24 months, 
compared with paclitaxel 175 mg/m2 every 
3 weeks (HR 1.28,  p  = 0.0092) [ 106 ]. 
Unfortunately, grade 3 peripheral neuropathy 
was also increased from 12 % to 24 % ( p  = 0.0003). 
Docetaxel every 3 weeks is superior to paclitaxel 
given every 3 weeks regarding PFS and OS but 
has not been compared to weekly paclitaxel 
[ 107 ]. In addition, continuing docetaxel for mul-
tiple cycles results in chronic side effects includ-
ing loss of nails, eye tearing, and permanent hair 
loss. 

 Weekly docetaxel is not better than every-3- 
week docetaxel but resulted in more toxicity 
[ 108 ]. Nanoparticle albumin-bound paclitaxel 
(nab-paclitaxel) was developed to improve effi -
cacy and decrease infusion reactions related to 
the solvent used with paclitaxel. Utilizing nab- 
paclitaxel (260 mg/m2) every 3 weeks resulted in 
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superior effi cacy outcomes when compared to 
every-3-week paclitaxel [ 109 ]. In a randomized, 
phase II study, nab-paclitaxel 150 mg/m2 given 
on days 1, 8, and 15 every 28 days improved PFS 
and was superior to every-3-week docetaxel 
[ 110 ]. Weekly nab-paclitaxel at this dose was not 
superior to paclitaxel in the fi rst-line setting, 
when given in combination with bevacizumab in 
CALGB 40503, and resulted in more toxicity. 
Rates of peripheral neuropathy due to nab- 
paclitaxel are fairly similar to paclitaxel and 
docetaxel, but rates of neutropenia are lower with 
the every-3-week dosing schedule. Higher doses 
of nab-paclitaxel given weekly are associated 
with increased bone marrow suppression. Unlike 
solvent-bound paclitaxel and docetaxel, nab- 
paclitaxel does not require premedication to pre-
vent allergic reactions, and it is signifi cantly 
more expensive. 

 Anthracycline chemotherapy is also an option 
for fi rst-line treatment. Consideration of cardiac 
risk factors and the lifetime anthracycline dose 
limit (450–500 mg/m2 for doxorubicin) are criti-
cally important to minimize the likelihood of car-
diomyopathy. Doxorubicin can be given as 
60–75 mg/m2 every 3 weeks or 20 mg/m2 
weekly. Epirubicin can be given as 75–100 mg/
m2 every 3 weeks or 20–30 mg/m2 weekly. 
Pegylated liposomal doxorubicin and liposome- 
encapsulated doxorubicin have been shown to be 
as effective as doxorubicin in the fi rst-line setting 
with signifi cantly less cardiotoxicity, alopecia, 
and nausea, but with more hand-foot syndrome 
and mucositis, as well as a higher cost 
[ 111 – 113 ]. 

 Capecitabine, an antimetabolite oral prodrug 
of fl uorouracil, is frequently used in MBC. It is 
active in the fi rst-line setting and has the benefi t 
of oral administration with generally tolerable 
side effects, including a minimal risk of alopecia 
[ 114 ,  115 ]. More often, capecitabine is utilized in 
anthracycline- and taxane-exposed patients 
where it has shown consistent effi cacy [ 116 –
 117 ]. A pooled analysis of individual patient data 
from trials of capecitabine monotherapy found a 
greater tumor response in patients with HR+ 
MBC and with a lower burden of disease [ 115 ]. 
Although the two starting doses, 2,500 mg/m2/

day and 2,000 mg/m2/day, have not been 
 compared head to head, the lower dose appears 
to be less toxic and yet remains equally effective 
as the higher dose [ 118 ,  120 ,  121 ]. It is common, 
therefore, to administer capecitabine as 2,000 mg/
m2/day for 14 days followed by a 7-day break. 
Side effects include palmar-plantar erythrodyses-
thesia, diarrhea, and mucositis. Benefi ts of 
capecitabine include oral administration, little 
risk of alopecia, and generally tolerable side 
effects. 

 Eribulin mesylate, an inhibitor of tubulin 
polymerization, is approved for patients with 
anthracycline- and taxane-exposed MBC. In the 
phase III, EMBRACE trial, which randomized 
heavily pretreated patients to eribulin (1.4 mg/
m2 days 1 and 8 every 21 days) or to chemother-
apy (investigator’s choice), eribulin improved 
median OS from 10.6 to 13.1 months (HR 0.81; 
95 % CI, 0.66–0.99;  p  = 0.041) [ 122 ]. Toxicities 
included grade 3/4 neutropenia in 45 % and 
peripheral neuropathy. There is also evidence for 
its activity earlier in the course of treatment. A 
phase III trial randomizing women, half of whom 
had received only one prior chemotherapy regi-
men, to eribulin or capecitabine found similar 
effi cacy with a suggestion of benefi t from eribu-
lin in patients with HR- and HER2-negative (tri-
ple negative) disease [ 123 ]. 

 Other effective subsequent-line chemotherapy 
options include gemcitabine, vinorelbine, ixa-
bepilone, cisplatin, irinotecan, cyclophospha-
mide, methotrexate, and oral etoposide. Many 
patients will be exposed to a number of these che-
motherapy agents over the course of their 
treatment.  

    Combination Regimen Options 

 For patients in whom combination chemotherapy 
seems indicated, either at the time of diagnosis or 
when symptomatic visceral crisis develops 
 during treatment, there are several options. 
Chemotherapy regimens approved for use in the 
adjuvant and neoadjuvant settings as well as 
other combinations have been effective: anthra-
cycline/cyclophosphamide with or without 
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 fl uorouracil, anthracycline/taxane, cyclophos-
phamide/methotrexate/fl uorouracil, gemcitabine/
paclitaxel, gemcitabine/platinum, taxane/
capecitabine, ixabepilone/capecitabine, epirubi-
cin/cisplatin, and others. In some situations, sin-
gle-agent chemotherapy can be initiated, and if 
progression occurs, then a second agent can be 
added, particularly if a response would improve a 
patient’s cancer-related symptoms. Alternatively, 
combination chemotherapy can be initiated and 
narrowed down to only one of the agents after a 
response is obtained. The goal of using a combi-
nation regimen is to obtain a tumor response that 
translates into improvement of cancer-related 
symptoms or control of a life-threatening visceral 
crisis. Combination chemotherapy is generally 
more toxic and may not be an option for patients 
with a poor performance status. 

 Two meta-analyses comparing taxane-based 
combinations with non-taxane, anthracycline- 
based combinations found an improvement in RR 
and PFS but no signifi cant improvement in OS 
with taxane combinations [ 103 ,  124 ]. In the more 
recent analysis, eight randomized trials including 
3,034 patients compared taxane-anthracycline 
combinations to anthracycline-based combina-
tions without taxanes [ 103 ]. Response rates were 
57 % with taxanes versus 46 % without taxanes 
( p  < 0.001); PFS was modestly improved with 
taxane combinations (HR 0.92; 95 % CI, 0.85–
0.99;  p  = 0.031); and OS was not signifi cantly dif-
ferent. Anthracycline-taxane combinations result 
in signifi cant toxicity including febrile neutrope-
nia, fatigue, cardiomyopathy, and neuropathy. 

 Non-anthracycline regimens are important due 
to the risk of cumulative cardiotoxicity with 
anthracyclines and frequent previous exposure 
either in the adjuvant or metastatic setting. Several 
combinations have been evaluated in phase III tri-
als. These studies are limited by lack of complete 
crossover, such that the combination cannot be 
compared with sequential single agents. 
Docetaxel plus capecitabine improved RR and 
survival outcomes compared with docetaxel alone 
[ 125 ]. Paclitaxel every 3 weeks in combination 
with gemcitabine resulted in an improvement in 
all outcomes compared with paclitaxel alone. In 
contrast, when compared with weekly paclitaxel, 

the combinations of paclitaxel every 3 weeks plus 
carboplatin and docetaxel plus gemcitabine were 
inferior regarding OS without a signifi cant differ-
ence in PFS [ 126 ]. Phase II studies of capecitabine 
(1,650 mg/m2/day) and weekly paclitaxel (80 mg/
m2 days 1 and 8 every 21 days) show this to be an 
active and tolerable combination, even in patients 
who previously received paclitaxel every 3 weeks 
[ 127 ,  128 ]. 

 For patients who relapse within 12 months of 
adjuvant anthracycline and taxane chemotherapy 
or with previous progression on these and other 
chemotherapies in the metastatic setting, there 
are still several other available chemotherapy 
options. Ixabepilone plus capecitabine improved 
RR and PFS, but not OS, when compared with 
capecitabine alone in heavily pretreated patients 
[ 129 ]. Ixabepilone use is limited by peripheral 
neuropathy and neutropenia. Gemcitabine com-
bined with a platinum agent has activity in pre-
treated MBC [ 130 ,  131 ]. Vinorelbine combined 
with gemcitabine is also effective in pretreated 
MBC [ 132 ,  133 ].  

    Chemotherapy Duration 

 When MBC progresses on one regimen, then a 
different, non-cross-reactive chemotherapy is 
chosen based on preferences of both the patient 
and physician in regard to the side effect profi le 
and logistics of treatment. The optimal duration 
of chemotherapy in the setting of a good response 
or stable disease is unclear and is a decision tai-
lored to the individual patient. A meta-analysis 
including 2,269 patients found that giving fi rst- 
line chemotherapy until progression, rather than 
for a predetermined number of cycles, resulted in 
an improved OS (HR 0.91; 95 % CI, 0.84–0.99; 
 p  = 0.046) and PFS (HR 0.64; 95 % CI, 0.55–
0.76;  p  < 0.001) [ 134 ]. Many clinicians treat 
patients until progressive disease, as long as the 
chemotherapy is tolerated with an acceptable 
QOL. In patients with HER2+ or HR+ MBC, 
after a set number of cycles of chemotherapy or 
after a good response, a chemotherapy-free inter-
val may be possible with the use of either HER2- 
targeted agents or hormone therapy. 
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 For patients who have had a trial of three 
 different sequential chemotherapy regimens and 
whose cancer has not at least stabilized with any 
of these, or for patients with an ECOG PS greater 
than 2, it is recommended to discontinue further 
attempts at chemotherapy and to discuss pallia-
tive and/or supportive care.   

    Other Molecularly Targeted 
Agents Combined 
with Chemotherapy in MBC 

    Vascular Endothelial Growth 
Factor Inhibition 

 Bevacizumab is a mAb directed against the vas-
cular endothelial growth factor (VEGF) receptor, 
thereby inhibiting tumor angiogenesis. FDA 
approval for bevacizumab in combination with 
chemotherapy as fi rst-line treatment of MBC was 
initially granted in 2008. The phase III, E2100 
trial randomized 722 patients with untreated 
MBC, mostly HER2 negative, to the combination 
of bevacizumab (10 mg/kg every 2 weeks) and 
paclitaxel or to paclitaxel plus placebo [ 135 ]. The 
combination was found to be superior regarding 
PFS (11.8 versus 5.9 months) with no signifi cant 
improvement in OS. Subsequent phase III fi rst- 
line studies found similar results but with less of 
an impact on PFS and again no signifi cant impact 
on OS. The AVADO trial showed an increase in 
PFS from 8.1 to 10 months with the addition of 
bevacizumab (15 mg/kg every 3 weeks) to 
docetaxel [ 136 ]. 

 The RIBBON-1 trial randomized patients 
with HER2-negative, advanced breast cancer to 
chemotherapy of investigator’s choice with or 
without bevacizumab (15 mg/kg every 3 weeks) 
and found a statistically signifi cant increase in 
median PFS with the addition of bevacizumab to 
capecitabine, taxane, or anthracycline-based che-
motherapy [ 137 ]. A meta-analysis of the above 
three trials in the fi rst-line setting found no statis-
tically signifi cant difference in median OS 
(26.4 months without and 26.7 months with bev-
acizumab; HR 0.97; 95 % CI, 0.86–1.08, 
 p  = 0.056) [ 138 ]. There was, however, a  signifi cant 

improvement in 1-year OS. The FDA  withdrew 
approval of bevacizumab for MBC in the fi rst-
line setting in November 2011 as there was no 
signifi cant OS benefi t with its addition. 

 When evaluating the second-line setting in the 
RIBBON-2 trial, the addition of bevacizumab to 
chemotherapy, either capecitabine, taxane, gem-
citabine, or vinorelbine, improved median PFS 
from 5.1 to 7.2 months, without a signifi cant 
impact upon OS [ 139 ]. It is likely that certain 
subsets of patients are more sensitive to angio-
genesis inhibition, but this information is not yet 
known. Based on this data, and the lack of FDA 
approval, bevacizumab is rarely used in the USA 
and used primarily in rapidly proliferative triple- 
negative disease in Europe. Use is complicated 
by lack of reimbursement of the drug, vascular- 
related side effects including hypertension and 
small vessel damage, as well as other potentially 
serious side effects. 

 Small molecule TKIs that target the VEGF 
receptor, sunitinib and motesanib, have been 
studied in MBC. In combination with chemother-
apy, and compared with either placebo or bevaci-
zumab, these TKIs have not shown clinically 
relevant activity, especially given their signifi cant 
side effects [ 140 – 142 ].  

    Other Targeted Agents 

 Poly ADP-ribose polymerase (PARP) inhibitors 
are actively being studied, namely, in patients 
whose breast cancers have BRCA gene muta-
tions. Mutated BRCA prevents repair of double- 
stranded DNA breaks by homologous repair. 
PARP inhibitors impair ability to repair single- 
stranded DNA damage, causing the accumulation 
of double-stranded DNA breaks. Without the 
ability to repair these double-stranded DNA 
breaks, BRCA-mutation breast cancers may be 
sensitive to treatment with PARP inhibitors, 
especially in combination with DNA-damaging 
chemotherapies such as platinum salts. Several 
clinical trials in selected patients are currently 
underway. 

 The epidermal growth factor receptor (EGFR) 
has been evaluated as a potential target especially 
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in triple-negative MBC, where it is frequently 
overexpressed. Cetuximab, an anti-EGFR mAb, 
with or without carboplatin, was evaluated in the 
TBCRC001 study [ 143 ]. In 102 patients with 
triple- negative MBC, the combination had only 
modest antitumor activity, but 4 patients had 
responses lasting greater than 1 year. The BALI-1 
phase II study found improved RR and PFS when 
cetuximab was added to cisplatin [ 144 ]. There 
may be biomarkers that can predict response to 
EGFR inhibition, with combinations of other tar-
geted agents found to be more effective.   

    Special Situations 

    Bone Metastases 

 The bones are the most common site of breast 
cancer metastases and a frequent cause of mor-
bidity including fractures, pain, spinal cord com-
pression, and hypercalcemia. In conjunction with 
systemic antineoplastic therapy and appropriate 
local interventions, such as radiation and surgery, 
bone-targeted agents are an important part of 
management. In MBC, zoledronic acid reduced 
the risk of a skeletal-related event (SRE), mean 
time to SRE, and annual skeletal morbidity com-
pared with both pamidronate and placebo [ 145 , 
 146 ]. In a phase III trial, denosumab signifi cantly 
delayed time to fi rst and subsequent SRE com-
pared with zoledronic acid, with no differences in 
OS, DFS, and serious adverse events [ 147 ]. 
Denosumab causes more hypocalcemia and is 
more costly but is associated with a quicker 
administration time, fewer acute-phase reactions, 
and fewer renal side effects. They appear to have 
similar rates of osteonecrosis of the jaw.  

    CNS Metastases 

 Metastases to the CNS occur in a small percent-
age of patients with MBC, but in HER2+ and 
triple-negative MBC, the incidence is approxi-
mately 30–45 % [ 9 ,  10 ,  148 ,  149 ]. There has 
been an increase in the incidence of brain metas-
tases especially in HER2+ breast cancer, likely 

due to the improvement in systemic control with 
trastuzumab, which is unable to penetrate into the 
central nervous system [ 10 ]. In the pivotal trial 
that gained approval for the combination of 
capecitabine and lapatinib in MBC refractory to 
trastuzumab, the addition of lapatinib showed a 
trend toward decreased development of CNS 
metastases as fi rst site of progression (4 versus 13 
cases) [ 150 ]. 

 Lapatinib alone, and in combination with 
capecitabine, has activity in progressive HER2+ 
brain metastases [ 151 ]. Lapatinib, neratinib, and 
other therapies targeted toward CNS metastases 
are being evaluated. Management of parenchy-
mal brain metastases often involves a coordinated 
effort between neurosurgery, radiation oncology, 
and medical oncology. Leptomeningeal carcino-
matosis is a devastating complication of MBC 
and often heralds the fi nal stages of the patient’s 
cancer. Treatment may include intrathecal che-
motherapy, radiation, and supportive care with 
the involvement of hospice.   

    Summary 

 The heterogeneity of breast tumors and the 
uniqueness of each patient combined with a rela-
tive abundance of treatment options for MBC 
create a complex treatment landscape that the cli-
nician must navigate on a case-by-case basis. 
Much progress has been made in the manage-
ment of MBC that has resulted in improved sur-
vival over the past two decades. There is 
increasing consensus as to which treatments to 
use in specifi c settings of MBC, but there con-
tinue to be many unanswered questions. 

 While chemotherapy will likely always play a 
central role in the management of MBC for many 
years to come, it will become increasingly impor-
tant to identify more specifi c targets that drive the 
metastatic process. We must also try to identify 
and block critical drivers with therapies that have 
tolerable side effects. Some of the more promis-
ing targets include PI3K inhibitors, which are 
being studied in several trials, Src TKIs such as 
dasatinib, and cyclin-dependent kinase inhibition 
of the MYC proto-oncogene signaling. There are 

30 Management of Metastatic Breast Cancer



490

exciting developments occurring in the areas of 
hormone- and trastuzumab-resistant MBC, com-
bining targeted agents to overcome resistance. 

 Unfortunately, the molecular signaling envi-
ronment within the cancer cell is quite complex, 
involving much redundancy and cross talk that 
allows for the development of resistance. Many 
of these pathways are common to nonmalignant 
cells, making some biologic therapies quite toxic 
to patients, especially when more than one tar-
geted agent is needed to combat resistance. 
Antibody-drug conjugates deliver chemotherapy 
directly to the cancer cell that expresses the target 
of the antibody. These therapies are intriguing in 
that they may be highly effective and with mini-
mal side effects. They rely on the presence of a 
cell- surface receptor, which limits their applica-
tion to only certain cancers. 

 Triple-negative MBC is particularly challeng-
ing to manage. With no known targets, as there 
are in HR+ and HER2+, these patients rely only 
upon chemotherapy. Even when these cancers 
respond well to chemotherapy, resistance often 
develops quickly due to their inherent genetic 
instability. Novel treatments and identifi cation of 
unique features that can be targeted are critically 
important. Other emerging trends include under-
standing the tumor microenvironment in an effort 
to target cells that support tumors and determin-
ing what triggers invasion and metastatic spread 
to prevent the development of late-stage disease.     
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      Abbreviations 

   BMI    Body mass index   
  COX-2    Cyclooxygenase-2   
  CPAP    Continuous positive airway pressure   
  CPET    Cardiac pulmonary exercise testing   
  ECHO    Echocardiograph   
  EKG    Electrocardiograph   
  EMLA    Eutectic mixture of local anesthetic   
  HIF    Hypoxia-inducible factor   
  NK    Natural killer   
  OSA    Obstructive sleep apnea   
  PONV    Postoperative nausea and vomiting   
  SPWC    Surgically placed wound catheters   

          Introduction 

 What makes anesthesia for breast cancer surgi-
cal patients special? In some ways, the anes-
thetic management is similar to other surgical 

cases. However, the wide range of ages of these 
patients in an anxious population with a large 
emotional component can be challenging for the 
anesthesiologist. Recently, both animal and 
human research has challenged the routine anes-
thetic care for breast cancer patients with an 
intriguing concept. The anesthetic techniques, 
anesthetic agent choices, and even the timing of 
surgery may affect the breast cancer patient’s 
recurrence rate in future years. Will the anesthe-
sia that is selected affect a surgeon’s mortality 
results? This is a controversial area open for 
discussion. 

 Newer techniques for the intraoperative care 
and postoperative pain management are expand-
ing the anesthesiologists’ role in the periop-
erative care of these oncologic patients. These 
techniques include thoracic epidurals and para-
vertebral blocks, for both intraoperative and 
postoperative care. Aggressive management 
of postoperative pain and nausea and vomit-
ing can increase patient satisfaction with their 
experience. 

 As newer genetic and cellular functions can be 
tested and anesthetic agents and techniques 
titrated to particular patients, the anesthetic man-
agement can then be individualized for the best 
outcome. This may play a vital role in the care of 
the patient as their prognosis and life may depend 
on it. By minimizing the physiologic and psycho-
logical stress of the perioperative experience, the 
patient can have an improved prognosis and long- 
term better quality of life.  
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    Preoperative Assessment 
and Concerns 

 Patients come to the operating room with their 
own unique concerns and history. For the anes-
thesiologist, a huge challenge exists with each 
patient, from the very young woman with very 
aggressive disease to the very old patient with 
multiple comorbidities. Every case requires 
much skill and thought about patient safety and 
optimal patient care. 

 A preoperative assessment must include a 
detailed history from the patient about their 
 medical problems, surgical history, and allergies. 
A focus on cardiac issues with an emphasis on 
the functional status of the patient and on pulmo-
nary and airway issues is critical. A history of 
previous anesthetic experiences including diffi -
cult airway, postoperative nausea and vomiting, 
and family history of malignant hyperthermia 
will help shape the management of the patient 
through the perioperative period. 

 The ultimate goal of preoperative cardiovas-
cular management is to safely deliver the anes-
thesia without complications during or after the 
case. It involves preoperative detection and man-
agement of cardiovascular disease and the pre-
diction of both short- and long-term cardiovascular 
risk. It affects the choice of anesthetic drugs, type 
of monitoring, and postoperative care. Major 
noncardiac surgery is associated with an inci-
dence of perioperative cardiac death of 0.5–
1.5 %, and major cardiovascular complications 
include nonfatal cardiac arrest, nonfatal cardiac 
infarction, heart failure, arrhythmias, and stroke. 
Many patients, up to 5 %, of noncardiac surgeries 
may have an asymptomatic perioperative myo-
cardial infarction [ 1 ]. As breast biopsies, mastec-
tomies, and reconstructions are usually 
considered low risk for cardiac complications, 
the patient’s actual cardiac status will dictate 
their cardiac risk and requirements for preopera-
tive cardiac testing [ 2 ]. 

 Active cardiac conditions, a high-risk surgical 
procedure, and poor exercise tolerance are the 
strongest independent predictors of adverse peri-
operative cardiac outcome. Active cardiac condi-
tions such as heart failure, unstable angina, 

signifi cant cardiac arrhythmias, symptomatic 
valvular disease, and recent myocardial infarc-
tion with residual ischemia are associated with 
poor outcome and must be evaluated and treated 
according to cardiac guidelines. The develop-
ment of risk index, referred to as the Revised 
Cardiac Risk Index, has been validated as a mea-
sure of predicting cardiac risk in patients under-
going noncardiac surgery [ 3 ]. High-risk 
operations, ischemic heart disease, and a history 
of congestive heart failure were all identifi ed as 
independent predictors of complications. Other 
predictors of cardiac risk include a history of 
stroke or transient ischemic attacks, diabetes 
mellitus treated with insulin, and renal insuffi -
ciency with creatinine values of >2 (Table  31.1 ).

   Heart failure is a major independent predictor 
of adverse perioperative outcome in noncardiac 
surgery, even greater than that of ischemic heart 
disease [ 4 ]. These patients should be treated with 
beta-blockers, angiotensin converting enzyme 
inhibitors, angiotensin II receptor blockers, 
diuretics, and aldosterone antagonists with peri-
operative continuation of required therapy. Prior 
to proceeding with an operation that requires a 
general anesthetic, clinical and echocardio-
graphic (ECHO) evaluation should be performed 
in all patients with any type of heart valve dis-
ease. For example, severe aortic stenosis, that is, 
an aortic valve area less than 1 cm 2 , carries the 
highest perioperative cardiovascular morbidity 
and mortality in noncardiac surgery. 

 Preoperative functional status is probably the 
most important predictor of perioperative 
 outcome. Low exercise tolerance is associated 
with poor perioperative outcome [ 5 ]. The main 
purpose of assessment is to predict the individu-
al’s ability to increase oxygen delivery in the 

   Table 31.1    Cardiac risk factors (Revised Cardiac Risk 
Index)   

 High-risk type of surgery 
 Ischemic heart disease 
 History of congestive heart failure 
 History of cerebrovascular disease 
 Insulin therapy for diabetes 
 Preoperative serum creatinine > 2.0 mg/dl 

  From Lee et al. [ 3 ]  
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perioperative period. Cardiac pulmonary exercise 
testing (CPET) assesses oxygen uptake and 
 carbon dioxide elimination and can assess both 
cardiac and respiratory components of the exer-
cise. This is correlated to electrocardiographic 
(EKG) changes during exercise. Testing for car-
diac pathophysiology, such as left ventricular 
dysfunction, myocardial ischemia, and valve 
dysfunction, can be primarily evaluated with a 
thorough history and physical examination. 
Based upon this, other testing may be required, 
such as a resting EKG, ECHO, myocardial imag-
ing, cardiac stress tests, and even cardiac cathe-
terization with angiography. However, despite 
the high technology of several of these studies, 
they have quite a low overall positive predictive 
value in the range of 0–33 %. 

 If coronary angiography reveals abnormalities 
that will require further intervention such as cor-
onary revascularization, the decision should be 
made to fi rst address all relevant cardiac issues 
prior to an operative intervention. Guidelines 
have been established for the use of beta-blockers 
prior to a scheduled operation, with the goal of a 
heart rate of 60–80 beats per minute and a sys-
tolic arterial pressure >100 mmHg [ 5 ]. In addi-
tion to lipid-lowering effects, statins have 
pleiotropic effects that improve endothelial mor-
phology and function and also stabilize coronary 
plaques [ 5 ]. Angiotensin II inhibitors or angio-
tensin receptor blockers are also used in these 
patients. Aspirin taken for secondary cardiac pre-
vention should not be discontinued. 
Discontinuation of aspirin may be responsible for 
up to 15 % of all recent acute coronary syndromes 
in patients with documented stable coronary 
artery disease. 

 The combination of aspirin and adenosine 
diphosphate receptor antagonist therapy (such as 
clopidogrel, prasugrel, and ticagrelor) plays a 
signifi cant role in patients with recent placement 
of coronary stents. Elective surgery should be 
postponed for at least 6 weeks after placement of 
a bare-metal stent and for at least 12 months after 
placement of a drug-eluting stent in order to 
guarantee a suffi cient and adequate endothelial-
ization   . Premature discontinuation increases 
 perioperative cardiac morbidity and mortality 

without signifi cantly reducing the risk of bleed-
ing. If a surgery cannot be delayed for such a 
long period of time, especially in those with a 
cancer, aspirin should be continued throughout 
the peri- and postoperative period. 

 Optimal preoperative cardiac management 
includes attention to several factors for a safe out-
come. First, the individual stress response, for 
example, cardiovascular and endocrine, to a 
given stressor such as a surgical procedure or 
hematocrit value, must be considered. Secondly, 
one must address the individual reactions from 
pharmacological intervention, such as antiplate-
let and cardiovascular medications. Third, intra -  
and postoperative risk factors, such as anemia, 
hypercoagulability, hypovolemia, infl ammatory 
responses, and cardiovascular depression, must 
be taken into account [ 6 ]. Recognition of such 
factors and aggressive attempts at appropriate 
intervention may reduce overall risk more than 
preoperative management alone (e.g., hemody-
namic, endocrine, metabolic, and infl ammatory 
responses, duration of surgery, hypovolemia, 
hypothermia, pulmonary dysfunction, and pain). 
Such an approach may render the high-risk 
patient a lower risk and improve overall outcome 
[ 2 ,  5 – 7 ]. 

 Airway diffi culties and pulmonary issues have 
become an increasingly important and diffi cult 
area to address. Ventilation of the patient is key, 
and therefore, a thorough assessment of the 
patient’s ability to open the mouth and move their 
head and neck and dentition is a crucial compo-
nent of the preoperative exam. The Mallampati 
score is a widely used evaluation system used 
preoperatively to predict the view of the vocal 
cords with a laryngoscope blade and the diffi -
culty of intubation [ 8 – 12 ]. 

 The burgeoning phenomenon of surgical 
patients with an increased body mass index 
(BMI) has greatly increased the diffi culty of air-
way management and operative approach for 
both the surgical and anesthetic management 
teams. Obese patients are complicated from 
many standpoints. They often have the metabolic 
syndrome with hypertension and diabetes that 
have to be medically controlled. Airway manage-
ment and ventilation are a vital component of 
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their safe care, with many obese patients often 
requiring such special equipment as fi beroptic 
bronchoscopy or video laryngoscopy in order to 
secure an airway. The increasing number of 
patients who present with sleep apnea has become 
a major concern for clinicians, with conservative 
estimates of up to a third of the United States 
population now have obstructive sleep apnea 
(OSA). Up to 24 % of males and 9 % of females 
have mild OSA, with another 11.4 % of males 
and 4.7 % of females diagnosed with moderate to 
severe OSA [ 13 – 15 ]. 

 In obese patients, the percentage of OSA 
increases up to 50 % of men and 30 % of women, 
and up to 82 % of the men and 93 % of the 
women are undiagnosed [ 16 ,  17 ]. This diagnosis, 
whether known or not in a particular patient, has 
strong implications for the anesthesiologist and 
surgeon. These patients will have airways that 
are more diffi cult to manage, both at the begin-
ning and end of surgery. In addition to often 
being overweight with a diffi cult airway, a cer-
tain subset is extremely sensitive to anesthetics 
and narcotics. Their sleep deprivation combined 
with anesthetic depressant effects can cause them 
to be sedated for an inordinately long time and 
even have a critical postoperative respiratory 
event. Their anesthetic requirements will be 
decreased and they will need postoperative mon-
itoring of their respiratory and oxygen status to 
avoid severe respiratory depression and possible 
arrest secondary to the administration of postop-
erative pain medications. These patients defi -
nitely have a higher rate of postoperative 
complications and an overall increased morbid-
ity and mortality [ 18 ]. 

 The Stop-Bang Questionnaire was developed to 
help clinicians determine which patients are at a 
higher risk of sleep apnea [ 19 ]. The following table 
includes the simple eight questions that can be used 
preoperatively to assess each patient’s risk of sleep 
apnea (Table  31.2 ). A high-risk patient may need to 
be tested preoperatively and taught to use the con-
tinuous positive airway pressure (CPAP) machine. 
They may further require a prolonged course of 
postoperative monitoring, especially with narcotic 
use. Many patients do not understand all of the 
adverse implications that sleep apnea has upon 

their operative risk and future health. A few such 
side effects include hypertension, pulmonary 
hypertension, daytime fatigue, depression, weight 
gain, diabetes, a compromised immune system, 
and disruption of circadian rhythms.

       Methods 

 Classically, general anesthesia is the most com-
mon method used to care for breast surgical 
patients. Patients with breast cancer usually come 
to the operating room for biopsies, mastectomies, 
axillary node dissections with staging, and possi-
ble reconstructions. Whatever their operation, the 
patients can have many emotional issues that 
include concerns about the surgery and anesthesia, 
body image, and prognosis. Anxiety runs high and 
the anesthesiologist can play a vital role to mini-
mize the psychological stress of the experience. 

 Anxiolytics given preoperatively, even orally, 
can help patients feel more comfortable with 
improved self-control over their situation. If 
patients have to go to the radiology department 
for needle localization before surgery, the patient 
can be given oral sedation for relaxation during 
the localization procedure. Oral hypnotics that 
are commonly used include benzodiazepines, 
such as alprazolam. 

 A short operative case that is often <1 h in 
total duration, such as a breast biopsy or lumpec-
tomy, can often be accomplished with local anes-
thesia and intravenous sedation. Eutectic mixture 
of local anesthetic (EMLA) with lidocaine and 
prilocaine can also be used in minor breast sur-
gery without any additional sedation [ 20 ]. 
Intraoperative sedation is often accomplished 
with a continuous infusion of propofol, an agent 
that has a short half-life and faster recovery for 
patients with few side effects, including a low 
incidence of postoperative nausea and vomiting 
(PONV) [ 21 ]. 

 The anesthetic management has to take many 
factors into account for the breast surgery patient. 
General anesthesia is effective and safe, with 
newer anesthetic agents having a shorter half-life 
with faster recovery times. When the surgeon is 
performing a sentinel node biopsy or an axillary 
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   Table 31.2    STOP-Bang Scoring Model Questionnaire       

  Adapted from Chung et al. [ 19 ]  

node dissection, paralytics should be avoided so 
that the surgeon is able to identify the functional-
ity and prevent injury to the nerves in this area, 
particularly the thoracodorsal and long thoracic 
nerves. General anesthesia with a laryngeal mask 

airway (LMA) avoids the need for muscle relax-
ants in these cases, and patients often have less 
postoperative nausea and vomiting, sore throats, 
and pain as compared to the use of an endotra-
cheal tube [ 22 ]. 
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 Thoracic epidural and paravertebral blocks with 
sedation are becoming more popular in the last 
several years as their benefi ts have been increas-
ingly recognized. These include improved postop-
erative pain relief, decreased narcotic requirements, 
and a decreased incidence of PONV [ 23 ,  24 ]. 
Increased patient satisfaction is also a benefi t with 
a trend toward shorter hospital stays [ 25 ]. 

 The thoracic paravertebral block is a technique 
where local anesthetic is injected into the paraver-
tebral space, resulting in an ipsilateral somatic and 
sympathetic nerve blockade. This block will lead 
to a unilateral, band-like segmental distribution at 
the desired levels. It is indicated for the anesthesia 
and analgesia in patients having a mastectomy, 
cosmetic breast surgery, and thoracic surgery or in 
patients with rib fractures [ 26 ]. This technique can 
be done as a single needle injection or as a con-
tinuous block by placement of a catheter. The tho-
racic paravertebral space is a wedge-shaped area 
that lies on either side of the vertebral column 
(Fig.  31.1 ). The anterolateral wall is formed of 
parietal pleura and the posterior wall is the supe-
rior costotransverse ligament. The medial wall is 
formed from the vertebral body, intervertebral 
disk, and foramen. This space is continuous with 
the intercostal space laterally and epidural space 
medially. A local anesthetic agent can spread 

 longitudinally along this space and even into the 
intercostal and epidural spaces.

   The spinous processes are the main landmarks 
for the thoracic paravertebral block, with the C7 
spinous process being the most prominent verte-
bra. Another landmark is the thoracic vertebra, 
T7, which is at the level of the tip of the scapula. 
The needle is inserted 2.5 cm lateral to the spi-
nous process, often identifying these landmarks 
with the guidance of ultrasound (Fig.  31.2 ) 
 [ 27 – 29 ]. Blockade of T2 through T6 will often be 
more than adequate for the successful anesthesia 
of this anatomic distribution. Local anesthetics 
work directly on the lateral extension of the spi-
nal nerve along with the intercostal nerves and 
also a medial extension into the epidural space 
through the intervertebral foramina. This results 
in the ipsilateral anesthesia that correlates to the 
desired thoracic dermatome level.

   The patient can be placed in a sitting, prone, or 
lateral decubitus position, with the site to be 
blocked at the uppermost location (Table  31.3 ) 
[ 29 ]. For a single paravertebral injection, 5–8 ml 
of local anesthetic can be used at each segmental 
level to be blocked, or 15–20 ml can be used as a 
single injection at one level. We utilize ropiva-
caine 0.5 %, which will provide analgesia for 
about 8–12 h. Another option is bupivacaine 
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  Fig. 31.1    A schematic 
representation of the thoracic 
paravertebral space and its 
structures of relevance to 
paravertebral block       
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  Fig. 31.2    Longitudinal out-of-plane approach to tho-
racic paravertebral block. The transducer is fi rst placed 
5–6 cm lateral to the spinous processes to identify the ribs, 
parietal pleura, and intercostal spaces ( A1  –  A3 ). The trans-
ducer is then moved progressively medially to identify 
transverse processes ( B1  –  B3 ). The transverse processes 
(TP) appear square and deeper than the ribs (round, super-

fi cial). The block needle is    inserted out of plane to contact 
the TP ( C1–C2  and  C3 ,  line 1 ) and then walked off the TP 
( C3 ,  line 2 ) inferior or superior to TP to enter the paraver-
tebral space and for injection of local anesthetic ( blue ). 
Proper injection displaces the pleura ( blue arrows ).  PVM  
paravertebral muscles       

   Table 31.3    Technique of paravertebral block   

 1. Adequate sedation and monitoring 
 2. Sterile technique 
 3. Local anesthetic infi ltration of subcutaneous tissue and paravertebral muscles 
 4.  The needle is inserted at 2.5 cm lateral to the spinous process with the intention to contact the transverse process 

(usually at a depth of 3–6 cm from the skin) 
 5. The needle is then withdrawn and redirected superiorly or inferiorly to walk off the transverse process 
 6. The needle is then advanced to a depth of 1–1.5 cm past the transverse process 
 7. The local anesthetic is then injected after negative aspiration 
 8.  Ultrasound guidance can be used to help identify the paravertebral space, needle placement, and the spread of 

local anesthetic [ 27 ,  28 ] 
   (a)  Visualization of the needle tip and the control of its path and depth at all times are essential to avoid 

inadvertent pleural puncture or entry into the intervertebral foramen with epidural spread 
   (b) Either a transverse in-line or longitudinal out-of-plane technique can be performed 

  Adapted from Hadzic and Vloka [ 29 ]  
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0.5 % with epinephrine, providing analgesia for 
up to 18 h. For a continuous block, a bolus injec-
tion of local anesthetic, e.g., 8 ml, can be placed 
and a continuous infusion of ropivacaine 0.2 % or 
bupivacaine 0.25 % at 10 ml/h started. If a 
patient-controlled regional analgesia (PCA) sys-
tem is used, then the continuous infusion can run 
at 5 ml/h with an as needed bolus of 5 ml every 
hour. Paravertebral blocks do not result in an 
extremity motor block and do not impair the 
patient’s ability to ambulate. This is very helpful 
in the postoperative setting and overall manage-
ment of patients. Infection, hematoma, local 
anesthetic toxicity, nerve injury, total spinal anes-
thesia, and paravertebral muscle pain are possible 
complications, albeit quite uncommon.

   A continuous epidural thoracic catheter tech-
nique is another alternative for pain control in 
breast surgery patients, especially for bilateral 
mastectomies and reconstruction. The major risk 
factor is a high total spinal level and associated 
respiratory depression. These patients may need 
postoperative monitoring to watch for hemody-
namic changes, such as hypotension or respira-
tory complications. There is a risk of possible 
dural puncture and inadvertent total spinal anes-
thesia at this high thoracic level. Patients with 
thoracic epidurals, however, are discharged ear-
lier and have less PONV than patients without 
them [ 24 ].  

    Postoperative Pain Control 

 Postoperative pain control can be quite complex 
in breast surgical patients, often with the need for 
a combination of different therapeutic approaches 
in order to maximize the benefi t. Regional tech-
niques that include paravertebral blocks and tho-
racic epidurals are now used to spare narcotic 
usage and provide for improved postoperative 
pain control. 

 For patients with breast lumps or any breast 
incision, local anesthetic such as bupivacaine 
0.25–0.5 % with epinephrine 1:200,000 can be 
infi ltrated into the wound to provide approxi-
mately 8–20 h of pain relief. The bupivacaine can 
be infi ltrated preemptively into the area of the 

surgical incision. In one study, it was shown to 
decrease intraoperative and postoperative nar-
cotic use and lower postoperative pain scores 
[ 30 ]. This, combined with oral or intravenous 
ketorolac in appropriate patients, can markedly 
decrease and often avoid completely the use of 
narcotics and the risk of PONV [ 31 ]. Ketorolac is 
a nonsteroidal anti-infl ammatory agent that pro-
vides 4–9 h of pain relief. Its use may be contra-
indicated in patients with a history of renal 
insuffi ciency and gastric bleeding or in geriatric 
patients. Additionally, there is at least one study 
that has shown a decrease in the local recurrence 
rate in breast cancer patients when ketorolac is 
administered preoperatively [ 32 ]. 

 Narcotics are often used for postoperative 
pain therapy. Patients can be given oral, intrave-
nous, or intramuscular narcotics. Intravenous 
therapy is most commonly used in the periopera-
tive period and inpatient care. To promote com-
fort, often a patient-controlled intravenous pump 
of morphine, hydromorphone, or fentanyl is used. 
The major drawback is the high incidence of 
postoperative nausea, vomiting, and drowsiness, 
and some patients are at an increased risk for 
respiratory depression. 

 An On-Q TM  pain pump is a device that infuses 
pain medication directly into the wound site and 
can remain in place for several days postopera-
tively. A mixture of bupivacaine 0.5 % and ketor-
olac can be delivered directly to the wound via 
catheters to provide continuous pain relief. One 
meta-analysis of surgically placed wound cathe-
ters (SPWC) with local anesthetic infusion 
showed a trend toward improved pain relief and 
decreased opioid requirements [ 33 ]. 

 Intercostal nerve blocks have also been used 
in patients for minor breast surgeries or for 
patients with signifi cant comorbidities such as 
metastatic disease to the lungs [ 34 – 36 ]. The 
intercostal nerve blocks can be supplemented 
with an infraclavicular nerve block of the superfi -
cial cervical plexus branches that innervate the 
upper part of the breast and a subcutaneous infi l-
tration of the midline to block the intercostal 
nerves that cross from the contralateral side [ 30 ]. 
Good outcomes have been reported for both, with 
decreased postoperative nausea and vomiting 
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with a concomitant decrease in postoperative 
pain requirements [ 37 ]. 

 When a patient has a unilateral or bilateral 
mastectomy, with or without breast reconstruc-
tion, the patient may experience a persistent 
chronic pain syndrome postoperatively [ 38 ]. 
Postmastectomy pain syndrome is neuropathic 
pain that persists beyond the normal 3-month 
healing period. The incidence has been shown to 
be as high as 52 % [ 39 ]. It is seen more com-
monly in younger patients, up to 65 % of patients 
[ 40 ], and in those who had an axillary lymph 
node dissection [ 41 ] and/or adjuvant radiother-
apy [ 42 ]. In a recent study, local anesthetic wound 
infi ltration decreased immediate postoperative 
pain for 90 min in patients undergoing breast 
cancer surgery. However, this wound infi ltration 
did not appear to reduce the incidence or severity 
of chronic postoperative pain over the next year 
in these patients [ 37 ]. 

 Regional anesthesia, such as paravertebral 
blocks or thoracic epidurals, is another method of 
decreasing the risk of chronic postoperative pain. 
In one meta-analysis of studies which looked at 
local anesthetics or regional anesthesia for the 
prevention of continued pain, the authors con-
cluded that paravertebral blocks may decrease 
chronic pain after breast cancer surgery in 
approximately one of every fi ve patients treated 
[ 43 ]. The paravertebral lamina technique per-
formed with continuous catheters can spare opi-
oid use both intraoperatively and postoperatively 
[ 23 ,  44 ]. Use of local and paravertebral blocks for 
surgery decreased PONV to 10 % of patients 
[ 45 ].  

    Postoperative Nausea and Vomiting 

 Postoperative nausea and vomiting (PONV) is a 
common and diffi cult problem to treat. It typi-
cally occurs in one third of postoperative patients 
but can be seen in as many as 80 % of patients. 
Many breast cancer patients are found to be 
within the highest risk categories to develop post-
operative vomiting. These include the female 
gender, younger patients, patients with a history 
of PONV or motion and seasickness, and 

 nonsmokers. Breast surgery itself is a risk factor 
for increased PONV [ 46 – 48 ]. 

 Hormonal status may also affect the risk of 
PONV. Estrogen use has been implicated as a risk 
factor, with one study showing that older patients 
with estrogen receptor-positive breast cancer had 
a higher incidence of PONV, possibly due to an 
altered hormonal milieu [ 46 ]. 

 Intraoperatively, both the duration of the oper-
ation and the length of the general anesthesia 
with the use of volatile agents and nitrous oxide 
were associated with anesthesia-related predic-
tors of PONV [ 47 ,  48 ]. Other predictors include 
intraoperative and postoperative opioid use, 
longer- acting narcotics, and larger doses of nar-
cotics [ 47 ]. These factors have paved the way for 
use of regional anesthesia or nonnarcotic alterna-
tives for adequate pain relief. 

 Different approaches to the problem of PONV 
are prevention with prophylaxis medications 
given before or during surgery and the addi-
tion of rescue therapy as the symptoms occur. 
Intravenous treatment options for PONV include 
serotonin receptor 5HT3 antagonists like ondan-
setron and granisetron, glucocorticoids such as 
dexamethasone [ 49 ], benzamides such as meto-
clopramide, butyrophenones (droperidol), and 
phenothiazines (promethazine). The 5HT3 antag-
onists are very effective and seem to be somewhat 
superior to other pharmacological interventions 
to prevent PONV [ 50 ]. 

 The scopolamine transdermal patch is also a 
great antiemetic agent for narcotic-induced 
PONV, whether due to intravenous or epidural 
narcotics. It is often used prophylactically in 
patients with a history of motion or seasickness 
that present to the operating room. This patch is 
effective for up to 3 days and has been shown to 
be additive to ondansetron in the prevention of 
PONV [ 51 ]. 

 Anesthetic management also has an effect on 
the risk of PONV. Use of total intravenous anesthe-
sia versus balanced anesthesia with a volatile agent 
can help prevent PONV [ 47 ]. Avoidance of a large 
dose of neostigmine to reverse muscle relaxation 
and limitation of narcotic use whether by infi ltra-
tion of local anesthesia, a regional  technique, or 
use of non-opioid pain medications can also be 
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helpful. A small dose of the hypnotic, propofol, 
can be used as an antiemetic agent in itself [ 52 ]. 

 A multimodal approach to the prevention and 
treatment of PONV helps to decrease the inci-
dence of complications and increases patient 
overall satisfaction. Prophylaxis includes assess-
ment of high-risk patients, avoidance of higher- 
risk agents, and then aggressive use of antiemetic 
agents. These agents can be given prophylacti-
cally or later for treatment as a rescue agent. 
Routine prophylaxis with ondansetron has been 
shown to increase patient satisfaction in breast 
surgery patients [ 53 ].  

    Anesthesia Effects on Outcomes 
of Breast Cancer Patients 

 Anesthetic technique and choice of anesthetic 
agents have been implicated in breast cancer 
recurrence rates, the development of metastatic 
disease, and long-term outcome and prognosis 
[ 54 ,  55 ]. This is a controversial area at present, 
with some clinicians asking whether the anes-
thetic management during primary cancer resec-
tion can cause, or correlate with, long-term 
patient outcome. Both the actual surgery and the 
inhalational anesthetic agents and narcotics can 
cause immunosuppression after the primary 
tumor resection. A regional anesthesia technique 
with decreased use of narcotics and anesthetic 
agents or use of intravenous agents instead of 
inhalational agents has been shown in some ani-
mal and human studies to decrease the recurrent 
cancer and metastases rates in oncologic patients 
[ 56 – 58 ]. 

 A reduction of the surgical stress response and 
prevention of the decrease in perioperative 
immune activity could potentially attenuate 
tumor growth and spread at the time of primary 
resection of the tumor [ 59 – 62 ]. Surprisingly, this 
idea that certain anesthetic agents could affect 
recurrence rates and growth of primary breast 
cancer was considered more than 30 years ago 
[ 63 ]. At that time, in a study of breast can-
cer patients, survival rates of patients when 
 halothane was used as the primary anesthetic 
agent were higher than when ether was used. This 

was explained by infl uences of the anesthetic 
agents both on the pituitary-adrenal cortical 
 system with effects on carcinemia and on the 
immune system with effects on tumor implanta-
tion and metastatic growth. In a more recent 
study, the type of anesthetic agent used during 
the surgical procedure was correlated with a 
decreased risk of recurrence or metastases by 
fourfold, within the 2.5–4 years of patient 
 follow-up [ 54 ]. At present, a clinical multicenter 
prospective trial has been generated to follow the 
outcome of patients receiving general versus 
regional anesthesia [ 64 ]. 

 There are several human retrospective and 
prospective studies that have linked some of 
these fi ndings to the immune response and even 
to specifi c immune regulators. Anesthetic drugs 
affect neutrophil and natural killer cell function 
(Table  31.4 ). In one study, ketamine, thiopental, 
and halothane, but not propofol, signifi cantly 
reduced the natural killer cell activity and 
increased metastasis in rats. Natural killer cell 
activity helps prevent cancer dissemination and 
establishment [ 65 ]. Especially in the postopera-
tive period, suppression of cell-mediated immu-
nity can allow preexisting and new metastases to 
take hold [ 66 ]. As interferon can stimulate natu-
ral killer cell function, it may decrease the 
 immunosuppression during the perioperative 
period.

   The postoperative immune suppression that 
occurs can last for several days and is not well 
understood. However, the neuroendocrine and 
infl ammatory systems, in addition to the 
hypothalamic- pituitary-adrenal axis, all play a 
role in the mechanism [ 67 ]. The neuroendocrine 
system takes into account the stress response and 
the release of catecholamines that can affect the 
beta-adrenergic receptors and tumor progression. 
The catecholamines can also infl uence cell 
migration and angiogenesis and decrease cell- 
mediated immunity. During the infl ammatory 
response to surgery, cytokines, chemokines, 
prostaglandins, and cyclooxygenase (COX) all 
have the capacity to infl uence tumor progression, 
where tumor cells may proliferate and metastases 
take hold. Besides immunosuppression, a resis-
tance to apoptosis and promotion of angiogenesis 
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increase tumor recurrence [ 68 ]. Pain stimulates 
the hypothalamic-pituitary-adrenal axis and the 
sympathetic nervous system that will lead to 
immunosuppression that includes suppression of 
natural killer cell activity [ 60 ]. Postoperative pain 
control, therefore, is very important in the man-
agement of breast cancer patients. 

 Specifi c anesthetics have also been shown 
to affect the production of angiogenic factors. 
Angiogenesis is a necessary process for a tumor 
or metastasis to grow beyond a certain size. 
Angiogenic mediators include vascular endo-
thelial growth factor C and transforming growth 
factor  b.  The serum levels of these two factors dif-
fered in patients that received general  anesthesia 
versus those having paravertebral block with 

propofol, suggesting a protective effect of the 
regional technique [ 69 ]. 

 A variety of agents can affect angiogenesis 
and anesthetics. COX-2 antagonists, specifi cally 
ketorolac, given preoperatively or during the 
perioperative period, have been shown to decrease 
cancer recurrence rates. These agents have been 
shown to have both antitumor and anti- angiogenic 
activity [ 32 ,  57 ]. 

 Besides the actual surgery itself and the con-
comitant use of anesthetic agents, other factors may 
also infl uence the recurrence rate of breast cancer 
and long-term outcome. These include the adminis-
tration of blood transfusions, control of periopera-
tive temperature, and the use of statins, 
beta-blockers, and COX-2 medications [ 54 ,  57 ,  60 ]. 
Anxiety and the psychological stress associated 
with surgery also contribute to perioperative immu-
nosuppression [ 57 ]. 

 During surgery, cancer cells can be released 
and disseminated into the circulation. It is 
hypothesized that the operation, general anes-
thesia, and the stress response can increase the 
ability of the cancer cells to implant and prolif-
erate. Some have suggested that the choice of 
anesthetic agents and techniques like regional 
blocks can actually infl uence and decrease the 
effects on the cancer cells. Overall, regional 
anesthesia, by decreasing the noxious neural 
input from surgery, can decrease the surgical 
stress response, therefore resulting in decreased 
immunosuppression that may infl uence the pos-
sibility of a recurrence [ 54 ]. A study of patients 
that had paravertebral blocks and intravenous 
propofol for sedation during breast cancer sur-
gery showed a decrease in several cytokines that 
promoted the growth of tumors and an increase 
of an antitumor cytokine IL-10 [ 57 ]. Another 
study showed that the anesthetic agent, propo-
fol, has been examined as a potential treatment 
for breast cancer, through its ability to inhibit 
cellular adhesion, migration, and apoptosis in 
breast cancer cells [ 70 ]. 

 Recently, anesthetic inhalational agents have 
been found to have an impact on tumor cell sig-
naling pathways that can lead to an upregulation 
of hypoxia-inducible factor-1α (   ΗΙΦ1- α) , 
a  transcription factor that is ubiquitous and has 

   Table 31.4    Anesthetic drugs and host defenses   

 Drug  Potential effect on antitumor host defenses 

 Ketamine  Reduced NK cell activity and number in 
animal models 

 Thiopental  Reduced NK cell activity and number in 
animal models 

 Propofol  Reduced NK cell number in animal 
models 

 Volatile 
agents 

 Inhibits interferon stimulation of NK cell 
cytotoxicity in animal models 
 Reduces NK cell number in humans; 
associated with worse outcome when 
compared with local anesthesia for 
melanoma excision 

 Nitrous 
oxide 

 Associated with acceleration in 
development of lung and liver metastases 
in animal model 0073 
 No effect on cancer outcome after surgery 
for colorectal carcinoma in humans 
 Inhibits formation of hematopoietic cells 
that may be important for tumor cells 

 Local 
anesthetic 
drugs 

 Lidocaine inhibits EGF receptor and 
tumor cell proliferation in vitro; 
ropivacaine inhibits growth of cancer cells 

 Morphine  Inhibits cellular immunity including NK 
cell activity in animal models 
 Inhibits NK cell activity in humans 

 Fentanyl  Inhibits NK cell activity in humans 
 Tramadol  Stimulates NK cell activity in animal 

models 
 Simulates NK cell activity in humans 

 COX-2 
inhibitors 

 Display anti-angiogenesis and antitumor 
effects in animal models 

  From Snyder and Greenberg [ 57 ]  
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many effects upon cancer cells [ 71 ]. This factor 
has pro-tumor effects on cancer cells and may 
allow residual cancer cells at the time of surgery 
to disseminate and develop into metastases. 
Again, certain anesthetic agents, such as propo-
fol, may decrease the level of this factor and be 
more suitable for use during tumor resection. 

 Opioids are routinely used for management of 
postoperative pain, but morphine has been shown 
to be proangiogenic and promote breast tumor 
growth [ 57 ,  72 ]. Acute pain itself can affect the 
stress response and suppress natural killer cell 
activity [ 54 ,  57 ,  65 ]. 

 Although the data is very limited, the use 
of ketorolac prior to surgery has resulted 
in a decrease in cancer recurrence rates. 
Prostaglandins have a large effect on immunity 
and infl ammation in breast cancer, both capable 
of stimulating angiogenesis, epithelial cell pro-
liferation, inhibition of apoptosis, immune sup-
pression, and increased mutagen production [ 32 ]. 
When the prostaglandins are removed, their sup-
pression of natural killer cell activity dissipates 
very quickly. COX-2 inhibitors have been shown 
to attenuate surgery’s immunosuppression and 
prevent metastatic spread. Using ketorolac seems 
to prevent the early recurrence rates by up to fi ve-
fold [ 32 ,  73 ]. Adding a beta-blocker to decrease 
adrenergic activation with a COX-2 inhibitor can 
also be helpful in the prevention of developing 
metastatic disease [ 59 ,  74 ]. 

 Timing of a primary tumor resection during 
certain phases of the menstrual cycle may affect 
breast cancer metastatic rate and overall outcome 
and cure rate of patients [ 75 ]. If an operation is 
performed during the diestrus phase of the men-
strual cycle, rats have increased breast cancer 
growth, increased metastases, and lowered cure 
rates. Tumor angiogenesis and capillary permea-
bility are affected by the cyclical change in sex 
hormones [ 76 ]. A recent study suggests that per-
forming surgery during the luteal phase of the 
menstrual cycle might be benefi cial for a patient’s 
overall survival [ 77 ]. Premenopausal women 
may have increased survival rates if the surgical 
tumor resection is done in the luteal, rather than 
follicular, phase [ 78 ]. Certain candidate genes 
and pathways in mouse breast tumors have been 

discovered to have signifi cant expression changes 
during various phases of the menstrual cycle and 
are associated with post resection breast cancer 
outcome [ 78 ]. 

 The circadian clock also regulates cellular 
proliferation and the expression of cell cycle reg-
ulators. Breast cancer growth rate in mice has 
been shown to have two daily tumor growth 
peaks and is regulated by circadian clock- 
controlled genes [ 79 ]. The expressions of the 
genes can either enhance the circadian amplitude 
of the two daily growth peaks or suppress the 
tumor growth at those specifi c times during the 
day. Some have suggested to better time the oper-
ation to coincide with the circadian rhythms of 
the body during its peak ability to suppress tumor 
growth. 

 If the circadian clock is disrupted, cell prolif-
eration may be deregulated and tumor growth 
rates increase [ 79 ,  80 ]. This has implications for 
cancer patients in that it may be better for them to 
maintain intact circadian rhythms. Patients that 
have circadian rhythms disrupted include the 
untreated sleep apnea patients, patients with poor 
night sleep quality, and patients exposed to light 
at night with decreased melatonin production. 
These patients may need circadian-based life-
style interventions and therapies to improve their 
circadian rhythms, quality of life, and possibly 
overall prognosis [ 80 ]. 

 In summary, avoidance of certain anesthetic 
and postoperative pain medications and an 
increased use of regional anesthesia techniques 
may decrease the perioperative stress response 
and immune depression. Many other periopera-
tive factors may also affect the stress response, 
such as the operation itself, acute and chronic 
pain, hypothermia, blood transfusions, adrener-
gic activation, beta-blocker, and statin therapy. 
Eventually, further research into these areas may 
help to discern the effects of each anesthetic 
agent and technique on the physiology of stress, 
neuroendocrine, and immune responses of cancer 
patients. This may help us to elucidate the effects 
of certain anesthetics upon tumor cells and the 
patients overall outcome as it relates to the dis-
ease process.  
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    Summary 

 For the breast surgical patient, the anesthetic man-
agement can be quite smooth throughout the oper-
ation and in the postoperative setting. Regional 
anesthesia and certain intravenous agents may 
improve a patient’s immediate postoperative out-
come without pain or nausea and also long-term 
prognosis without recurrence or metastasis. Basic 
studies in both animals and humans have linked 
these fi ndings to the immune response and now 
even to specifi c immune regulators. In the future, 
each anesthetic agent used perioperatively may be 
specifi cally tailored to each individual patient 
using genetic and oncologic testing.     
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         My initial meeting with Cheryl, a 54-year-old 
newly diagnosed breast cancer patient, was held 
in our multidisciplinary oncology breast clinic. 
After meeting all the team members, her treat-
ment plan was to begin with neoadjuvant chemo-
therapy. This plan was based on the size and 
biology of her tumor and her having a “positive” 
metastatic lymph node at diagnosis. She was sin-
gle and had great family support, but she initially 
did express that she was overwhelmed with her 
treatment plan. Surgery would take place after 
her chemotherapy was completed, but what 
exactly that would entail would be discussed later 
based on her response to chemotherapy. 

 As her navigator, my fi rst priority was to pro-
vide emotional support and discuss her treatment 
plan while providing education and informational 
resources. We talked about her fears and con-
cerns, and I assured her that I would be there for 
her during her treatment. She tolerated her che-
motherapy fairly well and completed her treat-
ment without incident. Surgery was then planned 
and she underwent bilateral mastectomies. Once 
again, being there for her prior to surgery and 
after, while providing resources and support, was 
my major focus in the role as navigator. This con-
cept of patient navigation was founded and pio-
neered by Dr. Harold Freeman in 1990, for the 

purpose of eliminating barriers to timely cancer 
screening, diagnosis, treatment, and supportive 
care. He established the nation’s fi rst navigation 
program at Harlem Hospital Center in New York 
City [ 1 ]. 

 Patient navigation in cancer care refers to the 
assistance offered to healthcare consumers 
(patients, survivors, families, and caregivers) to 
help them access resources, chart a course 
through the healthcare system, and overcome 
barriers that they may encounter during their can-
cer treatment [ 2 ]. The patient navigation concept 
initially was used to describe a program aimed at 
reducing the healthcare disparities experienced 
by people in marginalized communities [ 3 ]. 
There have been several defi nitions of patient 
navigation, generally described as a barrier- 
focused intervention that has the following 
characteristics:
•    Provided to individual patients for a defi ned 

episode of cancer-related care (e.g., evaluating 
an abnormal screening test)  

•   A defi nite endpoint when the services are 
complete (e.g., the patient achieves diagnostic 
resolution after a screening abnormality), with 
tracking patients over the course of their can-
cer care  

•   Targets a defi ned set of health services that are 
required to complete an episode of cancer- 
related care  

•   Focus upon the identifi cation of individual 
patient-level barriers to accessing cancer care  

•   To reduce delays in accessing the continuum 
of cancer care services, with an emphasis on 
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timeliness of diagnosis and treatment, and a 
reduction in the number of patients lost to 
follow-up [ 1 ,  4 – 7 ]    
 The scope and importance of patient naviga-

tion continues to evolve over time, but several 
core principles remain at the heart of each pro-
gram. The momentum that patient navigation has 
received as a community-based intervention 
(which has expanded and been transformed into a 
nationally recognized model) stimulated the need 
to defi ne principles and standards for patient nav-
igation. Dr. Harold Freeman developed and prac-
ticed the following principles over the last 
20 years:
•    A patient-centric healthcare service delivery 

model.  
•   Serves to integrate a fragmented healthcare 

system for the individual patient.  
•   The elimination of barriers to timely care 

across all segments of the healthcare system.  
•   Defi ned with a clear scope that distinguishes 

the role and responsibilities of the navigator 
from those of all other providers.  

•   Delivery of services should be cost-effective 
and commensurate with the training and skills 
necessary to navigate an individual through a 
particular phase of the care continuum.  

•   Who should navigate should be determined by 
the level of the skills required at a given phase 
of navigation.  

•   Within a system, there are defi ned points at 
which navigation begins and ends.  

•   There is a need to navigate patients across dis-
connected systems of care.  

•   Patient navigation systems require coordina-
tion [ 8 ].    
 Each healthcare system brings fragmented 

pieces of care, whether it is in the physical lay-
out, internal design, political cultures, or other 
complexities. Patient navigation provides person-
alized assistance for patients to journey through 
their care and allows a virtual integration that 
appears seamless to the traveler [ 9 ]. 

 The term patient navigator    (PN) has become a 
healthcare buzzword for many organizations 
which strive to reduce systematic burdens gener-
ated by program ineffi ciencies. What constitutes 
a PN? Is it an individual who may periodically 

assist with the coordination of care, or is it an 
individual who is educated to provide continuous 
support to patients along the entire illness trajec-
tory? A review of literature revealed that both 
defi nitions are being used to describe the PN role. 
Characteristics of this role that appeared fre-
quently in the reviewed literature were facilitat-
ing access to care, providing information and 
education, and providing links to resources 
[ 3 ,  10 – 17 ]. 

 When a patient is in the treatment phase of the 
cancer care continuum, they are in a world of 
staging radiologists, medical oncologists, sur-
geons, plastic surgeons, radiation oncologists, 
and genetic consultants—each in their own phys-
ical part of a healthcare system. It is important 
that the navigator is the consistent face and voice 
throughout the maze of appointments, proce-
dures, tests, and treatments. I fi nd this very true 
for our specifi c institution as well. As discussed 
earlier, our patient Cheryl continued to keep in 
touch with me throughout her treatment. As con-
cerns or questions arose, we would talk and 
address these issues. When she was admitted for 
her surgery, she found my presence prior to and 
during pre-procedures very supportive. She ver-
balized that my visit with her post surgery was 
very important to her. 

 There remains today the question about the 
role of the PN, oncology nurse navigators (ONN), 
or cancer nurse navigator (CNN), depending on 
whom you are speaking with at the moment. 
First, we see the title alone varies, depending on 
what institution you may be working at, and the 
role varies even to a greater extent. Our institu-
tion originally identifi ed and called this role 
“breast health specialist” back in 1999, as it was 
a very popular title at that time. We have recently 
adopted the more common terminology of breast 
nurse navigator. We have seen the title PN, as 
identifi ed earlier in this chapter, utilized in other 
institutions locally as well. Other sources, as you 
will see later, utilize cancer nurse navigator, or 
CNN. Whatever the title may be, the function and 
role of the nurse performing in this capacity vary 
greatly. 

 In discussing patient/nurse navigation, it is 
important to note that there are different models 
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of navigation identifi ed by the AONN (Academy 
of Oncology Nurse Navigators) [ 18 ]. These mod-
els may include lay navigators, ACS (American 
Cancer Society) navigators, social worker navi-
gators, nurse navigators, and APN (advanced 
practice nurse) navigators. There are strengths 
and weaknesses with each of these different mod-
els. Lay navigators are often in a volunteer capac-
ity and may need supervision as well as training 
in carrying out their tasks. These tasks may entail 
connecting patients to educational information 
resources and community resources or perform-
ing clerical functions. 

 The American Cancer Society (ACS) naviga-
tor is trained by their organization and the hospi-
tal or breast center where an individual may be 
working and serves in specifi c roles. This includes 
providing some standard information including 
resources available through the ACS network. 
The cost of supporting this type of role is usually 
relatively low as the ACS is providing this indi-
vidual through a grant. When social workers 
serve in the navigator role, their background does 
allow them to assess the patient for barriers and 
address her psychosocial needs. They are famil-
iar with community resources, but are restricted 
in their level of medical knowledge. The nurse 
navigator is seen as the most common model, as 
the registered nurse can provide patients with 
medically knowledgeable resources and can per-
form a nursing assessment. This model is more 
costly than a social worker or nonclinical naviga-
tor, but is a very popular model for many institu-
tions [ 19 ]. 

 The model of choice for oncology navigators 
at our institution at the outset was the APN navi-
gator model, and it still is our model today. We 
also chose a tumor site-specifi c model, as it is a 
more clinically oriented approach. A major 
strength of this model is that the APN’s back-
ground tends to bring more credibility to the nav-
igator role from both a physician’s and patient’s 
perspective. APNs deliver high-value care to 
patients and they can effectively support physi-
cians and, therefore, the best interests of the can-
cer patients. Program development skills are 
extremely useful and survivorship clinics may be 
supported by the APN. The success of our 

 program supports the continued use of this 
model. The collaboration and collegiality among 
the team members, especially the breast surgeon, 
radiologist, medical oncologist, and radiation 
oncologist, have demonstrated support and the 
need for this model. The team has found the APN 
navigator model to be successful. The weak-
nesses may be the additional cost of employing 
an APN and that most institutions do not bill for 
their services. This factor has not been a deterrent 
at our institution. There are recent reports in the 
literature discussing the value of the nurse navi-
gator model. 

 One is a fi rst-hand report by a breast cancer 
nurse navigator at a small community hospital. 
McDonald explains how the nurse has been an 
integral part of the navigation team since its 
inception. The description of the program at her 
hospital closely resembles our program and the 
nurse’s role. The role of their navigators is pri-
marily a resource role, serving both as providers 
of care and facilitators of the coordination pro-
cess, which they refer to as navigation. Initial 
contact with their patients is similar to our pro-
gram, as well. Once the plan of care is initiated 
and developed, the primary focus is support of 
the patient/family and their decision-making and 
support in clarifi cation of the information pro-
vided by the physician to the patient/family. She 
summarizes that the nurse navigator makes a sig-
nifi cant contribution by providing supportive 
care to patients facing breast health concerns and 
facilitating the navigation process. From her per-
spective, the nurse’s hands-on role/care has led to 
better preparedness and decreased anxiety in 
their patients [ 20 ]. 

 In 2012, the Oncology Nursing Society 
(ONS) and Oncology Nursing Certifi cation 
Corporation (ONCC) conducted a role delinea-
tion study to understand the function and role of 
the ONN [ 21 ]. The purpose was to examine the 
job- function activities of the ONN, thus provid-
ing a foundation for future ONS-related activi-
ties. In an attempt to understand the specifi c 
cancer diagnoses of patients with which the 
nurse navigators worked, respondents were 
asked which specifi c cancer sites they provide 
navigation. Breast- specifi c navigation was the 
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most prevalent area reported, followed secondly 
by navigation for a comprehensive lung cancer 
program. This is similar at our institution, as we 
have employed a breast-specifi c nurse navigator 
for approximately 8 years, prior to expanding to 
other cancer programs, specifi cally lung and 
eventually gastrointestinal and hepatobiliary 
malignancies. 

 As was demonstrated by the ONS (2012), the 
responsibilities and functions of our disease- 
specifi c nurse navigators vary greatly within a 
single institution. The breast navigator spends the 
majority of time with her patients in the surgery 
department. She initially meets most new patients 

in the multidisciplinary oncology breast clinic. 
The lung navigator meets most patients in the 
thoracic surgeon’s offi ce, in addition to spending 
time rounding on lung cancer patients with the 
physicians as well. We have also seen other 
smaller hospitals within our own healthcare sys-
tem utilize an ONN to work with all cancer 
patients diagnosed at their institutions. Some 
have nurse navigators working with patients 
going through the diagnostic phase prior to a can-
cer diagnosis as well. 

 Respondents were also asked to indicate 
which areas of the patient care process that they 
participated in. Figure  32.1  shows all of the top 

• Provide emotional and educational support for patients.

• Practice according to professional and legal standards.

• Advocate on behalf of the patient.

• Demonstrate ethical principles in practice.

• Orient patients to the cancer care system.

• Receive and respond to new patient referrals.

• Pursue continuing education opportunities related to oncology
 and navigation.

• Collaborate with physicians and other healthcare providers.

• Empower patients to self-advocate.

• Assist patients to make informed decisions.

• Provide education or referrals for coping with the diagnosis.

• Identify patients with a new diagnosis of cancer.

Knowledge Areas Skills

• Confidentiality and informed consent

• Advocacy

• Symptom management

• Ethical principles

• Quality of life

• Goal of treatment

• Therapeutic options

• Evidence-based practice guidelines

• Professional scope of practice

• Legal and professional guidelines

• Communication

• Problem solving

• Critical thinking

• Multitasking

• Collaboration

• Time management

• Advocacy

Tasks
  Fig. 32.1    The top tasks, 
knowledge areas, and skills as 
rated by respondents 
(Reprinted with permission 
from Brown et al. [ 21 ]. 
Copyright 2012 by Oncology 
Nursing Society)       
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tasks, knowledge areas, and skills as rated by the 
respondents. This list is important because it 
identifi es those tasks, knowledge areas, and skills 
that the respondents most identifi ed with their 
role as an ONN. The ONS and ONCC Board of 
Directors are currently exploring the need for 
additional initiatives to help further defi ne the 
role and competencies of the ONN [ 21 ].

   A breast cancer patient navigator fulfi lls a 
critical role for many patients who are just learn-
ing that they have been diagnosed with breast 
cancer. It is not unusual for a patient, in retro-
spect, to say that she felt like her navigator was 
her “lifeline,” her “go-to person,” “her support,” 
or “the one with the answers.” By navigating a 
patient, what is usually meant is that someone 
helps the patient move smoothly through the 
system, insuring that certain levels and expecta-
tions of their care are achieved in an effi cient 
and effective manner [ 19 ]. The role of breast 
nurse navigator is considered crucial at our 
 institution and has been fully supported for 
over 13 years. 

 Korber and colleagues [ 22 ] completed a study 
in 2011 examining the effectiveness of navigator 
programs. They utilized focus groups and a tele-
phone interview with breast cancer patients, fi nd-
ing that all patients identifi ed the critical role of 
navigators possessing information and education 
about the entire breast cancer process. We feel 
this is critical whether it is another specifi c type 
of cancer (thoracic, gastrointestinal) or any other 
cancer nurse navigation program. 

 This study further showed that the participants 
discussed the overwhelming nature of the treat-
ment experience, which often made learning dif-
fi cult. In their study, the navigator was seen as 
able to repeat, clarify, reinforce, and validate 
information the patient was receiving from mul-
tiple sources. Participants also noted the emo-
tional support provided by the care team, 
particularly the nurse navigator, and signifi cant 
others was key to their successful treatment 
completion. 

 Having this emotional support, the perception 
that “just being there” for them was seen as 
invaluable. In regard to teamwork, the impor-
tance of meeting the entire treatment team prior 

to starting therapy was identifi ed. The 
 multidisciplinary clinic approach was seen as 
helpful in clarifying roles, reinforcing support of 
caregivers, and instilling confi dence that the col-
laborative team had a common understanding 
and acknowledgement of the plan of care. Formal 
introduction of team members, including a bro-
chure describing each discipline and role, is 
extremely helpful. For the nurse navigator, a 
clear list of services, hours of availability, and 
contact numbers was extremely important to the 
patient and family members. The navigator was 
seen as playing a key role in obtaining and coor-
dinating a vast array of medical and social ser-
vices. Overall, Korber and colleagues felt that as 
breast navigator programs continue to grow, their 
impact and effectiveness on clinical outcomes 
must be examined [ 22 ]. 

 One integrative review by Case in 2011 
explored the presence of the oncology nurse as 
navigators on measurable patient outcomes. She 
identifi ed 18 primary nursing research studies 
in her exploration, using a combination of key-
words. These studies identify nursing-sensitive 
patient outcomes related to the time to diagno-
sis and appropriate treatment, effect on mood 
status, satisfaction, support, continuity of care, 
and cost outcomes. Of the study patient popula-
tions, patients with breast cancer were the pre-
dominant populations encountered. In her 
review, Case discusses how nursing researchers 
have clearly identifi ed important outcomes that 
result from the presence of the oncology nurse 
navigator [ 23 ]. 

 One of the studies Case cited was a study that 
we conducted in 2007, utilizing a telephone inter-
view as part of a follow-up phone call. We identi-
fi ed the many needs and concerns of the newly 
diagnosed breast cancer patient. Emotional, 
social, and physical limitations were identifi ed as 
most important in dealing with a breast cancer 
diagnosis. Our study indicated that fear of recur-
rence and anxiety regarding postoperative treat-
ments accounted for more than 65 % of the 
responses to the question “What concerns you 
most about your new diagnosis?” These data 
reinforce the need for early postoperative follow-
 up and to provide printed materials that patients 
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can use as a resource for their long-term 
 information needs [ 24 ]. 

 The provision of both educational materials 
and emotional support plays a major role at our 
institution. At the initial meeting among the 
patient, family members, and the breast nurse nav-
igator, the navigator describes her role and ensures 
them that she will be with them throughout their 
cancer journey. The breast nurse navigator works 
with patients who have been diagnosed with breast 
cancer and provides up-to-date educational books 
and many resources to help them understand their 
diagnosis and treatment plan. The nurse navigator 
introduces the Multidisciplinary clinic approach 
for treatment and the importance of all the team 
members. The nurse navigator’s priority is to be 
accessible and present with the patient and family/
caregivers and provide never-ending emotional 
support. 

 Navigation has a “ripple effect,” or as Webster 
Dictionary defi nes it, “a spreading, pervasive, 
and usually unintentional effect or infl uence.” As 
patient navigation evolves as a strategy to 
improve outcomes in cancer patients by remov-
ing barriers to diagnosis and treatment, the pro-
cess and the navigators will have a ripple effect 
upon patient care. Healthcare systems often bring 
fragmented pieces of care, whether in physical 
layout, internal design, political cultures, or other 
complexities. Gentry reported that the goal of 
patient navigation is not to compete among 
healthcare systems but to meet the needs of the 
patient with personal and accessible healthcare 
services. Thus, the PN can be the consistent face 
and voice throughout the maze of appointments, 
procedures, tests, and treatments. As confi dence 
is gained to access care and patients are empow-
ered to move through the healthcare system, the 
effects are seen as positive [ 8 ,  9 ,  25 ]. 

 McDonald and Abella [ 26 ] provide an excel-
lent view of the importance of the role of the 
nurse navigator in their article entitled “The 
impact of nurse navigation on the patient experi-
ence.” They recognize and acknowledge that a 
diagnosis of cancer can be a life-changing event, 
with the journey from diagnosis to survivorship, 
and perhaps to end-of-life care, fi lled with fear, 
challenges, and uncertainties. They discuss the 

value of patient navigation provided by a highly 
experienced, knowledgeable, and compassionate 
oncology nurse. This may be described best by 
the patients who share their comments and sto-
ries with others members of the healthcare team. 
They felt fortunate to have been connected with a 
CNN as their journey began. By being connected 
to, and supported by, a CNN when newly diag-
nosed with cancer, this helped the patient and 
families develop a profound sense of security and 
safety. 

 It also helps to decrease fears and anxiety, thus 
allowing patients to effectively hear and process 
the tremendous amount of information that is 
often presented to them about their cancer treat-
ment. Informed and personalized decision- 
making becomes a much more comfortable 
process as the CNN begins to outline what 
patients may experience as well as serve as their 
guide to support their unique journey. The 
authors state that having a CNN shepherding a 
patient’s care across the continuum using the 
clinical expertise embedded in an evidence-based 
nursing practice is paramount to assure excel-
lence in service and to optimize a patient-
centered experience. 

 They acknowledge that we all know that long 
after their treatment is completed, patients 
remember how their nurse navigator treated 
them, how they made them feel, and how they 
treated their family and/or loved ones. One can 
imagine the sense of comfort that patients trea-
sure, knowing that they are personally connected 
to a CNN who, as their comments illustrate, 
made their experience so memorable and an 
experience that will not be forgotten. This expe-
rience and connection is often so powerful that 
one can reasonably assume that patients realized 
a deeper and more meaningful sense of hope and 
healing, enabling them to move forward with 
 living beyond cancer, always mindful that 
the connection with the CNN would continue. 
The    bond they have developed and the assurance 
that the CNN is readily available and will, at 
defi ned intervals, follow-up to address the 
patients’ needs and concerns and provide encour-
agement to optimize the sense of well-being are 
powerful. 
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 Thus, a nurse navigation program has the 
potential to be recognized as the hallmark model 
for patient-centered care. To ensure this model is 
consistently provided to every patient regardless 
of where the navigation begins, the authors feel it 
is imperative to standardize the role of the 
CNN. This involves developing a consistent job 
description, standards, competencies, and educa-
tional preparation. The principles of patient- 
centered care, which were outlined by Gertels and 
colleagues in 1993 and in 2001 by the Institute of 
Medicine, are embodied in a nurse navigator pro-
gram. The intent of standardizing the CNN role is 
to defi ne an evidence-based model with the most 
important dimensions of care outlined in the 
framework to ensure that patients are evaluated 
consistently for care needs that the evidence has 
identifi ed as making a difference. Key dimen-
sions of care, including patient education, advo-
cacy, identifying and removing barriers, 
psychosocial management, and navigating and 
coordinating care across the continuum, have an 
impact on patient outcomes [ 26 – 28 ]. 

 It is important to be able to draw on an inti-
mate teamwork between the nurse navigator and 
the physicians in order to effectively and effi -
ciently coordinate, guide, and navigate patients 
through the entire duration of treatment and sur-
vivorship. I believe this is the most important fac-
tor in our institution’s success regarding nurse 
navigation. As the breast nurse navigator, the 
relationship between our team of physicians and 
I ensures a consistent high level of patient satis-
faction. The respect and camaraderie we have 
developed over the 12-plus years working 
together among the team of physicians and 
myself as the breast nurse navigator has become 
a hallmark model at our institution. Our goal is to 
provide that sense of comfort that a patient trea-
sures, knowing that a personal connection with 
their team will always exist. 

 As their navigator, I want them to feel there is 
a personal connection and make the experience 
memorable, powerful, and one they would not 
forget, as stated earlier by McDonald and Abella. 
I also want to help them move forward with  living 
beyond cancer, developing a more meaningful 
sense of hope and healing, and a bond that will 

continue between us into the future. Our monthly 
breast cancer support group is one additional 
avenue that this connection can be sustained, and 
all patients are encouraged to come and partici-
pate. Survivorship will be discussed next and is 
extremely important in providing that very 
important follow-up to address the patients’ 
needs and concerns and provide encouragement 
to optimize whole-person well-being. It is clear 
that a diagnosis of cancer can be a time of trans-
formation for a patient and their family. 
Supporting this challenging transformation, a 
cancer nurse navigation program will balance the 
art and science of patient-centered care to ensure 
a sense of hope, healing, and security regardless 
of the outcome [ 26 ].    
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           Overview 

 Survivorship is a very important step in the 
breast cancer patient’s care continuum. The con-
cept of survivorship should be introduced to 
your patients at diagnosis, so that they are pre-
pared to make the transition into survivorship 
care when the time comes. The most accepted 
defi nition of survivorship from the National 
Cancer Institute’s Offi ce of Cancer Survivorship 
states: “ An individual is considered a cancer 
survivor from the time of diagnosis, through the 
balance of his or her life. Family members, 
friends, and caregivers are also impacted by the 
survivorship experience and are, therefore, 
included in this defi nition ” [ 1 ]. 

 According to McCabe et al., there are over 13 
million cancer survivors in the United States 
today. By the year 2022, this number is expected 
to increase to over 18 million [ 2 ]. Breast cancer 
survivors make up 25 % of that number [ 3 ]. 
These numbers have increased due to early detec-
tion, improvements in treatment, and our aging 
population. As the population ages, the diagnosis 
of cancer is also increasing. Due to this fact, can-
cer survivors will also carry with them the comor-
bidities of age, which can be exacerbated by the 
treatment the cancer patient receives. Currently, 

about 66 % of survivors are living 5 years beyond 
their original date of their diagnosis. Couple this 
information with the fact that fewer physicians 
are specializing in oncology, and we will see the 
need to change how survivorship is addressed in 
the future. Oncologists will not be able to provide 
lifelong care to their cancer patients. It will 
become increasingly diffi cult for the oncologist 
to devote the time needed to his newly diagnosed 
patients, for those going through treatment and 
those having completed their treatment. Thus, 
there is an increasing need to coordinate care 
between the specialists treating the cancer patient 
and the primary care physician (PCP). Survivors 
need surveillance, preventative care, and normal 
medical care after their cancer diagnosis. Many 
many of these needs can be addressed and met by 
adding survivorship to the cancer patient care 
continuum. 

 Cancer survivors certainly share many of the 
same fears at the end of their treatment. They 
have been carefully monitored and counseled 
from diagnosis throughout treatment, only to 
realize that there will now be longer gaps between 
their visits to their specialists, with limited test-
ing. There is much confusion among the survi-
vors as to who will be there for them if they 
develop any sort of illness, such as a cold, or 
something of concern to them. They often will 
wonder if their cancer has returned and whom 
should they see in this instance. To address this 
issue, we have conducted two focus groups com-
prised of 29 patients who were breast cancer sur-
vivors ranging from 7 months to 28 years. The 
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majority of the patients reported having mixed 
feelings about the completion of treatment. They 
were happy that their diagnosis and treatment 
were behind them, yet apprehensive that it might 
return. The majority spoke in terms of “what if” 
it returns, with a few saying, “When it returns.” 
Every one of the patients asked, “What’s next? 
Who watches me now? How will I know if the 
cancer came back?” In the beginning, patients 
stated they felt “dropped like a hot potato; aban-
doned.” The emotions patients expressed changed 
depending on how far out they were from com-
pleting treatment. The feelings our patients 
expressed were no different than those reported 
by patients in other survivorship programs around 
the country. 

 In 1985, Dr. Fitzhugh Mullan identifi ed three 
“seasons” of survivorship, based on his personal 
experience as a cancer survivor [ 4 ].  Acute 
Survivorship , according to Mullan, deals with 
diagnosis and treatment. In this phase, emotions 
and distress are usually very high. Patients regu-
larly are seen by their surgeons, medical oncolo-
gists, and radiation oncologists and occasionally 
their primary care physician (PCP).  Extended 
Survivorship , as described by Mullan, extends 
through the 5-year period after diagnosis. Patients 
have mixed emotions, they are excited that treat-
ment is fi nished, yet there is a fear of possible 
return of the disease. This is the time when 
patients are trying to fi nd their “new normal.” 
They are no longer being seen weekly or monthly, 
but have advanced to being followed yearly, cre-
ating a feeling of abandonment. Finally, Mullan 
described  Permanent Survivorship  as a time 
when the patient can begin to see a future without 
cancer. Patients begin to feel at ease with their 
new normal, and many no longer have the feeling 
of abandonment by their healthcare team. Since 
this chapter, survivorship itself has begun to 
emerge as part of the cancer care continuum. 

 Miller et al. redefi ned the “seasons of the sur-
vival paradigm” for cancer survivorship. In 
Miller’s seasons [ 5 ], the A cute Phase  remains the 
same, helping the patient through the emotions of 
a cancer diagnosis. Miller et al. broke the next 
phase into two phases: Transition and Extended 
Cancer Survivorship. In  Transition , the patient is 

working their way back to normal or fi nding a 
“new normal.” In this phase patients are dealing 
with many emotions. They are happy and 
 celebrating their treatment is over, yet they are 
worried by the perceived lack of observation by 
their team.  Extended Cancer Survivorship  is 
described as “a period of watchful waiting 
and uncertainty about the future.”  Chronic 
Survivorship  addresses the needs of patients 
 living with cancer as a chronic disease as in 
those with CML or patients living with metastatic 
disease.  Permanent Survivorship  is broken down 
into three subgroups:  Cancer Free and Free of 
Cancer  – these patients are considered cured 
with minimal treatment and may live for many 
decades with few or no late or long-term medical 
or emotional effects.  Cancer Free but Not Free of 
Cancer  includes patients who are experiencing 
long-term or late effects of their cancer treat-
ment. The third subgroup consists of patients 
with  Recurrent Cancers or Secondary Cancers . 
The fi nal season is  End of Life . A patient can 
enter this season at any time, even during Acute 
Survivorship if the patient is not responding to 
treatment. The mixed emotions the patient goes 
through in Miller’s seasons are exactly the same 
as those described in Mullan’s seasons. 

 In 2004, the Centers for Disease Control 
(CDC) and over 100 experts in cancer survivor-
ship and public health came together to develop 
“A National Action for Cancer Survivorship: 
Advancing Public Health Strategies.” The recom-
mendations of this report are as follows [ 6 ]:
•     Develop an infrastructure for comprehensive 

survivorship care.   
•    Develop patient navigation systems to facili-

tate care .  
•    Establish clinical practice guidelines for each 

stage of survivorship.   
•    Empower survivors to make informed deci-

sions through education.   
•    Develop quality measures to determine impact 

of interventions.   
•    Conduct research on preventative interventions.   
•    Educate policy makers on the value of long - 

term   follow - up ,  economic and insurance bar-
riers ,  and education for survivors on long-term 
psychosocial issues.   
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•    Educate survivors regarding advocacy .  
•    Educate providers regarding survivorship and 

the survivor ’ s needs.   
•    Establish timely ,  high-quality service to 

survivors.     
 In 2005, the National Institute of Medicine 

(IOM) took the information gained from the 
above report and recommended that cancer survi-
vors and their PCP receive a comprehensive 
treatment summary, which is a record of care 
received, and a care plan for follow-up care. The 
care plan should include preventive recommen-
dations such as exercise, diet, limited alcohol 
intake, and smoking cessation, as well as a sur-
veillance schedule. The surveillance recommen-
dations should be specifi c to include what tests 
should be ordered, when, and by whom (Hewett 
et al.), and they should follow evidence-based 
standards such as those described by the National 
Comprehensive Cancer Network (NCCN). All 
recommendations should be evidence based, fol-
lowing the recommendations of organizations 
like the American Society of Clinical Oncology 
(ASCO) or the NCCN. This report, called “ From 
Cancer Patient to Cancer Survivor :  Lost in 
Transition ,” also outlines quality care for the can-
cer survivor and suggestions on how to achieve it 
[ 7 ]. It has become the “bible” and gold standard 
of survivorship care.  

   Program Development 

 To begin the development of a Cancer 
Survivorship Program, conduct a gap analysis of 
the programs you have in place for your patients 
throughout care and at end of treatment. Look for 
resources in your community to fi ll the gaps. List 
what you provide, what you refer out, and what 
your patients do not have access to. For example, 
does your program offer physical therapy, fi nan-
cial counseling, psychosocial support, counsel-
ing on nutrition, sexuality, etc., or possibly refer 
your patients elsewhere for these services?. 

 Create a list of all available resources you pro-
vide your patients, both online and in person. 
This list should include support groups as well as 
resources on fi nancial aid, legal rights, talking 

with and caring for your child while in treatment, 
sources for wigs, exercise, smoking cessation, 
and weight control to name a few. There are 
many reputable online resources to help fi ll in the 
gaps you may have in your program. Work with 
marketing to develop a booklet of resources to be 
given to your physicians, staff, and, of course, 
your patients. Look to your community for pro-
grams that will provide resources to your patients, 
for instance, American Cancer Society [ 8 ], 
Cancer Support Community [ 9 ], LiveSTRONG 
[ 10 ], and Susan G. Komen Foundation [ 11 ]. 

 Perhaps there are other departments within 
your hospital that would be willing to partner 
with you to develop programs such as rehabilita-
tion services, dietary assistance, and psychoso-
cial support. At our facility, we reached out to our 
rehabilitation department in order to develop a 
comprehensive oncology rehabilitation program. 
After our presentation to their department leader-
ship, they were eager to develop a program with 
us. They decided to start their program with 
breast cancer patients. All breast cancer patients 
that will undergo a sentinel lymph node biopsy 
and/or mastectomy are preoperatively evaluated 
in our weekly Multidisciplinary Breast Oncology 
Clinic (MBOC). A physical therapist performs 
baseline range of motion and circumferential 
measurements used as post-op reference for 
functional limitations or lymphedema. These 
patients are followed up postoperatively by an 
occupational therapist in the acute care setting. 
We shared the cost of an outpatient dietician with 
our dietary department until they could build the 
position into their budget. We reached out to our 
psychiatry department for a counselor for our 
patients and now share a counselor with our 
transplant team. These are just a few examples of 
how to develop your program. 

 Conducting a focus group or survey for your 
breast cancer survivors is also very helpful. Ask 
leading questions to fi nd out how they felt at the 
end of treatment, what may have been missing 
for them, and how you can improve their care or 
emotional wellness. A focus group and survey of 
your physicians should also be conducted. It may 
be easier to have the physicians fi ll out a survey 
rather than devote time to a focus group. Be sure 
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to send the surveys to all physicians that touch 
cancer patients. You want to include your sur-
geons, medical oncologists, radiation oncolo-
gists, and primary care physicians as well as 
specialists such as the plastic/reconstructive sur-
geons, physiatrists, psychologist, and gynecolo-
gists, to name a few. Again, ask leading questions 
to fi nd out what they feel is missing, what is 
working well, and what they would like to see 
added to aid them to better care for their cancer 
patients. Use this survey to fi nd out if any of your 
physicians are interested in working on a survi-
vorship advisory committee. 

 Examine the current available programs in 
existence, models of care, and statistics on the 
services that your patients may benefi t from. 
   Review the Essential Elements of Survivorship 
Care Delivery (as described by the LiveSTRONG 
Foundation) [ 12 ], Commission on Cancer 
Standards on Survivorship [ 13 ], and NCCN 
Guidelines for Survivorship [ 14 ]. It is important 
to present the above information to your senior 
leadership when requesting personnel, space, or 
supplies for your survivorship program. Present 
the information attained from your surveys and 
focus groups to administration, describing to 
them what the patients and physicians feel would 
improve your program. For example, our patients 
requested loud and clear an educational series 
that would provide them information that would 
help them to increase their quality of life. We 
developed a monthly class that addresses the 
issues the patients request information on. There 
are also many helpful statistics to assist with 
your request for additional personnel and space. 
This information may help you gain an addi-
tional therapist. Our patient’s request for more 
information has allowed us to create a full-time 
survivorship coordinator position. This person 
facilitates our lecture series and creates treatment 
summaries and care plans for our cancer 
survivors. 

 It is important to identify a physician cham-
pion, which can really be any physician who has 
an interest in survivorship, such as a medical 
oncologist, surgical oncologist, radiation oncolo-
gist, or PCP. Your physician champion will help 
with communication of your program to your 

physicians. It is very important that your medical 
staff be well educated on issues of survivorship. 
Many PCPs are unaware of the late and long-term 
effects of cancer treatment. They need to receive 
education on survivorship, what the goal of the 
treatment summary and care plan is, and tests 
required for surveillance, as well as how to watch 
for recurrence and secondary cancers. Many pro-
grams struggle with this aspect of development. 
How do you reach your PCPs and specialists? 
What is the best time and best way to address this 
education? A physician champion can help to 
educate your physicians and answer any ques-
tions or concerns they may have. 

 Develop a survivorship advisory committee, 
which is a team to guide your program and to set 
and monitor the quality measures and metrics for 
the survivorship program. This committee should 
be made up of a representation of those that will 
be working with your cancer survivors. The com-
mittee should have a representative from the spe-
cialties: medical oncology, radiation oncology, 
surgeons, rehabilitation, dietary, PCPs, nursing, 
psychology, and social work. Be sure to include 
ad hoc members, such as fi nancial counselors, 
pharmacy, support organizations in the commu-
nity, and, of course, cancer survivors. Develop 
goals within this committee to guide your survi-
vorship program. This committee should set 
quality measures and those measures should be 
reported up to this committee yearly. Be sure to 
make this committee a subgroup of your cancer 
committee. Your advisory committee should 
review models of survivorship care and decide 
what is best for your facility.  

   Models of Care 

 You will need to investigate models of care and 
choose the one that best fi ts your program. 
According to Hewitt et al. [ 6 ], there are basically 
three models of survivorship care:
    Shared - Care Model  – In this model the responsi-

bility of care is shared between individuals; 
there is a sharing of knowledge between spe-
cialists, primary care providers, and the 
patient. The responsibility can shift back and 
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forth throughout the patient’s life, for exam-
ple, in the instance of recurrence, palliative 
care, and/or hospice care. In this model, the 
primary care provider is responsible for meet-
ing all of the patient’s physical and emotional 
needs once treatment is complete. The PCP is 
responsible for referring the patient to special-
ists as needed and for caring for the patient’s 
chronic health needs. The specialist’s role is to 
guide the PCP, providing a treatment plan and 
referring the patient back to the PCP to pro-
vide long-term care after treatment and to 
address other healthcare needs. It is very 
important to explain to the patient very early 
on the point at which this transition might 
occur. The patient may be anxious about 
returning to their PCP; therefore the specialist 
must reassure the patient that the PCP is more 
than competent to attend to their long-term 
needs.  

   Nurse - Led Model of Care  – In this model, a reg-
istered nurse (RN) or an advanced practice 
nurse (APN) would prepare the treatment 
summary and care plan for the patient at the 
end of treatment. The nurse would then meet 
with the patient to go over the plan in detail. In 
this model, a nurse acts as the navigator for the 
patient. The nurse provides the much needed 
emotional support. At the time of the care plan 
visit, the nurse stresses routine health screen-
ing, lifestyle changes, surveillance for recur-
rence or secondary cancers, and late and 
long-term effects of the cancer treatment to 
the patient. The nurse will go over what tests 
are needed, how often they should be per-
formed, and who will be ordering them. A 
copy of the treatment summary and care plan 
is given to the patient, specialist, and PCP, as 
well as any other providers the patient requests 
to receive it. The nurse works with the special-
ist and PCP to obtain any needed orders or 
referrals the patient may need. This is usually 
a one-time visit and the service cannot be 
billed. It is up to the PCP to see that the patient 
follows through with the recommendations. 
Our facility decided to start our program with 
this model and build up to a Survivorship 
Follow-Up Program.  

   Survivorship Follow - up Clinics  – This model of 
care can be led by a nurse practitioner or a 
physician. The goal of the survivorship clinic 
is to offer ongoing multidisciplinary care to 
the patient. Patients are referred to the clinic at 
the end of treatment. The clinics are usually 
disease site specifi c with the needed special-
ists on hand to see the patient in one visit. The 
team in the clinic may consist of physical ther-
apist, dietician, pharmacist, social worker, 
psychologist or counselor, fi nancial services, 
and other disease site-specifi c specialists. The 
information gained is presented to the PCP, 
who will follow routine health needs of the 
patient. The team gathers together to create 
the treatment summary and care plan that is 
presented to the patient on a subsequent visit. 
Again, as in all models, the PCP, patient, and 
any specialists the patient requests receive a 
copy of the treatment summary and care plan. 
The patient is eventually transitioned back to 
the PCP, or in some institutions, the patient is 
seen in the clinic for life. Although this would 
be the ideal follow-up care, it is labor and 
resource intensive and quite costly. It is diffi -
cult to start a program at this level, but is cer-
tainly one to strive to attain. Some services in 
this model are billable.    
 Each model has barriers and advantages. You 

will need to decide which model best fi ts what 
your program is able to provide. Is there clinic 
space? Is staff available? Choose the model that 
best fi ts the design of your program. As the pro-
gram expands, the model may change to fi t your 
needs. Once you decide on the model you will 
follow, it is time to decide on the treatment sum-
mary and care plan you will use.  

   Treatment Summary and Care Plans 

 The treatment summary and care plan are meant 
to act as a seamless transition from the specialist 
to the PCP and between healthcare settings. 
There are many free treatment summary and care 
plan templates online, for instance, LiveSTRONG 
[ 15 ], JourneyForward [ 16 ], National Coalition 
for Cancer Survivorship [ 17 ], or ASCO [ 18 ], to 
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name a few. Many programs develop their own 
care plan utilizing the best of the templates. The 
Institute of Medicine has clear guidelines of what 
should be included in the treatment summary and 
care plans [ 19 ]. The CoC will look to see that the 
following are met in your survivorship treatment 
summary and care plan. 

 The Institute of Medicine [ 19 ] recommends 
that the treatment summary include, at a mini-
mum, the following:
•     All diagnostic tests performed and results.   
•    Tumor characteristics  –  stage ,  grade ,  hor-

mone, and marker status.   
•    Summary of all treatment given  –  surgery , 

 radiation ,  chemotherapy ,  and total dose 
should be included as well as all toxicities 
patient experienced.   

•    Supportive services provided  –  such as nutri-
tional ,  rehab ,  psychosocial.   

•    Contact information for all providers.   
•    Contact information for coordinator of care.     

 The IOM recommends [ 19 ] the care plan 
should include, at a minimum, the following:
•     Course of recovery from treatment.   
•    Ongoing health maintenance.   
•    Necessary cancer screening.   
•    Schedule of testing and examinations and who 

orders them.   
•    Information on long - term and late effects of 

treatment.   
•    Information on signs and symptoms of recur-

rence and second tumors.   
•    If needed ,  information on effects of treatment 

on relationships ,  sexuality ,  employment ,  par-
enting, and potential for future psychosocial 
support.   

•    If needed ,  information on legal ,  insurance, 
and fi nancial consequences of treatment.   

•    Recommendations for healthy living :  diet , 
 exercise ,  smoking cessation ,  sunscreen ,  osteo-
porosis ,  and immunizations.   

•    As appropriate ,  information on genetic coun-
seling. This should include discussing the 
need for conversations with fi rst - degree 
 relatives when appropriate .  

•    Information on chemoprevention ,  for example, 
tamoxifen, and the importance of compliance.   

•    Referrals to specialists as needed.   
•    Information on support groups and online 

resources and information.     
 The American College of Surgeons, 

Commission on Cancer (ACS-CoC) has added 
Standard 3.3, Survivorship Care Plan, to be 
phased in by 2015 [ 15 ]. The standard states: “ The 
cancer committee develops and implements a 
process to disseminate a comprehensive care 
summary and follow - up plan to patients with 
cancer who are completing cancer treatment. 
The process is monitored ,  evaluated ,  and pre-
sented annually to the cancer committee and 
documented in the minutes .” The CoC recom-
mends the patient receive the treatment summary 
and care plan at the completion of the fi rst course 
of treatment. The goal of this standard is to moni-
tor the implementation of survivorship into the 
patient’s continuum of care.    The requirements, in 
addition to assuring the above are covered, neces-
sary to fulfi ll the standard are as follows [ 8 ]:
•     Survivorship care plan is prepared by the pro-

vider that coordinated treatment for the patient .  
•    Care plan is given to patient at end of 

treatment .  
•    The care plan contains a record of the care 

received ,  disease characteristics ,  and a fol-
low - up   care plan incorporating recognized 
evidence - based standards of care .    
 The CoC has left the type of care plan and its 

implementation open-ended to avoid being pre-
scriptive. They understand that there are many 
different models that require different resources. 
By leaving the decision on how to implement the 
treatment summary, care plan, and the discussion 
of the recommendations with the patient to the 
discretion of the hospital, even small hospitals 
with restricted resources will be able to meet the 
standard. There are minimum requirements as 
described by the IOM that will need to be met, 
but the way the hospital meets the standard will 
be decided by the hospital cancer committee. 

 In addition to following the IOM recommen-
dations as described above and listed in the 
resources at the end of this chapter, another 
guide to developing your survivorship program 
is the  Essential Elements of Survivorship Care 
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Delivery  [ 7 ]. In 2011, LiveSTRONG held a 
meeting in Washington, DC, with over 150 lead-
ers in cancer care from across the country. A full 
list of participants and materials from the meet-
ing can be found at   www.LIVESTRONG.org/
Essential      Elements . The team came to the con-
sensus that the following elements are necessary 
for a survivorship program to meet the needs of 
the patients that it serves. Survivorship program 
elements were divided into three tiers [ 7 ]:

  TIER 1: Consensus Elements (Must Provide) 
•    Survivor care plan ,  psychosocial care plan, 

and treatment summary   
•    Screening for secondary cancers and surveil-

lance for recurrence   
•    Care coordination between specialists and 

primary care physicians   
•    Education on healthy living   
•    Symptom management ,  palliative care ,  and 

hospice  ( when needed )   

  TIER 2: High-Need Elements (Should Provide) 
•    Education on long-term and late effects   
•    Psychosocial and distress assessment ,  medi-

cal assessment, and care   
•    Nutritional ,  exercise ,  rehabilitation ,  and 

weight management programs   
•    Transitional visit from cancer to wellness   
•    Support for family and other care givers   
•    Patient navigation throughout continuum of 

care   
•    Educational series and resources on survivor-

ship issues    

  TIER 3: Strive Elements 
•    Advocacy training   
•    Counseling   
•    Quality improvement monitoring   
•    Specialty care referrals   
•    Education for physician and staff on survivor-

ship issues     
 Each institution should use the above as an 

outline in developing their program. Even though 
quality improvement appears in the fi nal tier, it is 
extremely important to build quality measures 
into your program at its inception.  

   Survivorship Education 

 It is important to educate physicians and staff not 
only on the program itself, but on late and long- 
term effects of treatment and surveillance as well. 
Grand rounds should be held to include the late 
and long-term effects of cancer such as cardiac 
issues, rehab needs, and psychosocial needs to 
name a few. Be sure to educate primary care phy-
sicians on acceptable surveillance for the differ-
ent disease sites. Follow-up care for a breast 
cancer patient is much different than that for a 
colon cancer patient. Algorithms are extremely 
helpful for this. Develop algorithms as a team to 
help the PCP with follow-up care. Educate your 
physicians on the treatment summary and care 
plan, insuring to clarify what it includes, who 
receives a copy, what they should do with it, and 
how to use it for guidance. Introduce copies of 
the care plan and ask for input as to what works 
well and what could be improved in the docu-
ment. Although the treatment summary and care 
plan are important for your patients to receive, it 
is equally important that you provide your 
patients with the tools they need to live life to the 
fullest. 

 It is extremely important to begin to educate 
your patient at diagnosis regarding survivorship. 
At diagnosis, you should defi ne when your 
patient is considered a survivor as described in 
the beginning of this chapter. Develop an educa-
tional series at your facility that your patient can 
begin attending at diagnosis. Educate them on 
issues that many survivors face: How to talk with 
your doctor, exercise back to health, sexuality 
after cancer, nutrition, and returning to the work 
force are just a few examples of topics our 
patients have requested. Let the patients decide 
what topics they would like to learn about. 
Explain the importance of education and provide 
information on any programs your community 
has available to help improve your patient’s long- 
term quality of life. Encourage your patients to 
attend these programs. You should begin discus-
sions about the receipt of a care plan and treat-
ment summary as early as possible. The more 
your patient hears about survivorship, the more 
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inclined they will be to empower themselves to 
be able to live life to the fullest. 

 In conclusion, the goal of a survivorship care 
plan and treatment summary is coordination of 
care between the specialist and the primary care 
physician. The care plan was developed to aid in 
a seamless transition from cancer care to survi-
vorship. It is a short, yet complete summary of 
the care the patient received and should include 
any adverse reactions and the expected late and 
long-term effects of the patient’s treatment. The 
care plan is an outline for the future. It is designed 
to help the patients and PCP know what tests the 
patient should have, when they should have them, 
and who is responsible for ordering them. As 
fewer physicians go into oncology as a specialty 
and more patients are surviving cancer, it becomes 
more important to integrate survivorship care into 
your patient’s care continuum and to involve 
PCPs in the long-term care of the patient. 

 It is essential that in addition to a treatment 
summary and care plan, your institution include 
education in your patients’ care. We need to pro-
vide our patients with the tools and resources 
they need to live life to the fullest in their “new 
normal.” Education needs to include healthy liv-
ing: smoking cessation, healthy eating, and 
importance of exercise, psychosocial distress 
management, as well as many other topics to 
empower our patients to survive. It is important 
the patient know that they are not the only one 
experiencing fatigue, relationship issues, and 
weight control, for example. 

 There is still much research that is needed to 
enhance what we can offer in terms of survivor-
ship care. We know that participation in survivor-
ship programs increases patient satisfaction, yet 
we do not know if the changes we suggest and 
implement are maintained long term. Do survivor-
ship programs make a difference in  compliance? 
Do patients implement suggested changes into 
their lives? Are we able to hardwire our suggested 
changes into their lives? Survivorship is a new and 
important step in the patient care continuum. 
There are many ways to implement survivorship 
into your program in a personalized way. Research 
is needed to improve care and to give us evidence-
based benchmarks for  survivorship care to strive 
for in the future.     
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            Reactive, Infl ammatory, 
and Infectious Lesions 

 Infl ammation of the breast can have different 
 etiologies such as infectious, systemic autoim-
mune, or unknown, also classifi ed as idiopathic 
(Tables     34.1  and  34.2 ) [ 1 ]. One important aspect 
to keep in mind when dealing with an infl amed 
breast is to be aware of infl ammatory breast 
 carcinoma. In the latter, the entire breast may be 
 erythematous and warm to the touch, with areas 
of skin thickening and the classic “peau d’orange” 
often associated with infl ammatory breast cancer. 

Infl ammation of the breast can present in a similar 
fashion [ 2 ]. Failure to respond to antibiotic or anti-
infl ammatory treatment should raise the  suspicion 
for an underlying malignancy, and biopsies should 
be performed of the skin and subcutaneous tissue 
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  34      Benign Breast Pathology 
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   Table 34.2    Clinical classifi cation of benign breast 
diseases   

 Physiologic swelling and tenderness 
 Nodularity 
 Breast pain 
 Palpable lumps 
 Nipple discharge 
 Breast infections and infl ammation 

  Based on Love et al. [ 1 ]  

   Table 34.1    Pathological classifi cation of benign breast 
diseases   

 Nonproliferative lesions 
  Cysts 
  Mild hyperplasia of the usual type 
  Epithelial-related calcifi cations 
  Fibroadenoma 
  Papillary apocrine change 
 Proliferative lesions without atypia 
  Sclerosing adenosis 
  Radial and complex sclerosing lesions 
  Moderate and fl orid hyperplasia of the usual type 
  Intraductal papillomas 
 Atypical proliferative lesions 
  Atypical ductal hyperplasia 
  Atypical lobular hyperplasia 

  Based on Love et al. [ 1 ]  
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(punch biopsy) or possibly a core of any suspicious 
underlying mass lesion. Similarly, pure squamous 
cell carcinoma (SCC) of the breast, although a 
rare entity, can also present with signs and symp-
toms of mastitis, as it can undergo central cystic 
changes (in approximately 50 % of cases) that is 
fi lled with keratin and necrotic debris eliciting an 
infl ammatory response [ 3 ]. In such cases the clini-
cal and radiologic fi ndings might not discriminate 
benign from malignant lesions; therefore failure 
to respond to antibiotic therapy and identifi ca-
tion of an underlying mass should prompt a core 
biopsy to clarify the diagnosis.

    Most commonly encountered lesions in this 
segment are (a) lactation-related infl ammation 
(acute mastitis), (b) non-puerperal periareolar 
infl ammatory entities (periductal mastitis, 
Zuska’s disease, and mammary duct ectasia), (c) 
fat necrosis, (d) sclerosing lymphocytic lobulitis, 
and (e) granulomatous mastitis. Those entities 
will be discussed below. 

    Lactation-Related Infl ammation 
(Acute Mastitis) 

    Lactation-related infl ammation is frequently 
seen during the fi rst few months of breastfeed-
ing. This is in contrast with infl ammatory breast 

carcinoma, which is usually not associated with 
pregnancy [ 2 ]. The abscess appears as a red 
mass fi lled with pus and sometimes can mimic 
cancer. Biopsy procedures are rarely performed 
for this disorder, since it is usually managed by 
nonoperative means [ 4 ]. Synonyms are puer-
peral or acute mastitis, most usually present-
ing with the classical signs and symptoms of 
infl ammation, such as localized pain, erythema, 
and associated fevers (Fig.  34.1 ). This is an 
infl ammation of the breast stroma usually com-
posed of neutrophils and plasma cells, which 
can lead to abscess  formation and septicemia if 
left untreated [ 5 ].  Staphylococcus aureus  is the 
most commonly identifi ed infectious agent fol-
lowed by  Staphylococcus epidermidis  and strep-
tococci. Special stains can sometimes highlight 
the offending microorganism. It is thought that 
sleep deprivation, stress, and improper nursing 
techniques result in milk stasis and cracks of the 
nipple that lead to infl ammation and infection 
[ 6 ]. Early diagnosis and treatment with antibiot-
ics can lower the incidence of abscess formation. 
One should show due diligence in avoiding the 
use of antibiotics such as tetracycline that pass 
into breast milk and have harmful effects on the 
infant. Once an abscess is formed, aspiration 
or incision and drainage should be performed. 
Despite antibiotic therapy and drainage, if there 

  Fig. 34.1    Acute mastitis. 
Hematoxylin and eosin stain 
at 200× magnifi cation       
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is no response or if solid areas are identifi ed, a 
tissue biopsy should be obtained to rule out the 
possibility of carcinoma.

       Non-puerperal Periareolar 
Infl ammatory Entities (Periductal 
Mastitis, Zuska’s Disease, 
and Mammary Duct Ectasia) 

    The main difference between periductal mastitis 
and Zuska’s disease or recurring subareolar 
abscess is that the latter occurs due to squamous 
metaplasia of the lactiferous ducts of the nipple, 
with secondary keratin plug formation that 
obstructs the proximal duct causing dilation and 
infection [ 5 ] (Figs.  34.2  and  34.3 ). This leads to 
abscess and fi stula formation that drains at the 
margin of the areola [ 7 ].    Therefore Zuska’s dis-
ease is also called SMOLDering (squamous 
metaplasia of lactiferous ducts) and can present 
with an infl amed and indurated nipple, nipple 
retraction, and painful nodules thus potentially 
mimicking cancer. Abscess drainage and exci-
sion of the affected ducts and fi stula is the pre-
ferred treatment. In one series of 67 cases, half of 
the patients were successfully managed medi-
cally and the other half required surgical inter-
vention [ 8 ]. In the same study, it was shown that 

radial elliptical incision with primary closure 
gave excellent long-term results. However, 
another study that looked at 24 women with a 
subareolar abscess suggests that the abscess 
together with the plugged duct has to be excised 
in order to prevent a recurrence [ 9 ]. The micro-
biologic studies performed on the material 
obtained from the lesions usually identify staphy-
lococcus as the main infectious agent. Recurrent 
abscesses usually yield a mixed fl ora.   

    In a series of 60 patients suffering from recur-
rent subareolar breast abscess, heavy smoking was 
found at an unusually high frequency compared 
to a control group. The authors of the study pos-
tulated that cigarette smoking could have either a 
direct toxic effect on the retroareolar lactiferous 
ducts or an indirect effect via hormonal stimula-
tion of the breast secretion [ 10 ]. Periductal mastitis 
on the other hand does not show  squamous meta-
plasia, and the ducts are not dilated. It can occur 
centrally (periareolar) or peripherally. Periductal 
mastitis affects younger patients and should not 
be confused with mammary duct ectasia, which is 
a condition of the perimenopausal and postmeno-
pausal women. Mammary duct ectasia character-
istically shows dilation of the major ducts of the 
nipple with periductal fi brosis and infl ammation 
(Fig.  34.4 ). The ducts may contain eosinophilic, 
granular, or inspissated material and sometimes 

  Fig. 34.2    Recurring 
subareolar abscess: 
squamous metaplasia. 
Hematoxylin and eosin stain 
at 400× magnifi cation       
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may become calcifi ed. On gross examination, the 
inspissated material may mimic comedo necro-
sis that is associated with ductal carcinoma in 
situ. Some suggest that it is also related to smok-
ing [ 11 ]. The disease usually affects the middle 
aged to older women and is usually asymptom-
atic. Occasionally, patients may present with 
nipple inversion, retraction, discharge, or a sub-
areolar mass that may mimic a breast cancer [ 4 ]. 
Therefore, some patients with duct ectasia are 
biopsied to exclude malignancy; otherwise, most 

can be safely managed with mainly conservative 
measures [ 5 ]. Recurrence is uncommon.

       Fat Necrosis 

 This is another entity that can be clinically con-
fused with cancer, as it may present as an ill- 
defi ned, spiculated mass with associated skin 
retraction. Small areas of fat necrosis are prob-
ably not uncommon, but clinically signifi cant 

  Fig. 34.4    Duct ectasia. 
Hematoxylin and eosin stain 
at 200× magnifi cation       

  Fig. 34.3    Recurring 
subareolar abscess: keratin 
plug with secondary 
infection. Hematoxylin and 
eosin stain at 100× 
magnifi cation       
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lesions are likely due to some sort of trauma, 
surgical procedure, biopsy, and radiation pres-
ent in up to 50 % of patients; however the exact 
etiology is not always identifi ed [ 12 ]. The lesion 
can also be associated with an adjacent malig-
nancy [ 5 ]. Grossly, it may appear as a fi rm, ill-
defi ned mass. Microscopically, the diagnosis is 
usually straightforward and is characterized 
by cystic spaces surrounded by lipid-laden 
 histiocytes and foreign body-type giant cells 
(Fig.  34.5 ). Hemorrhage, a variable infl amma-
tory infi ltrate, and fi brosis can also be identifi ed. 
When the lesion is fully evolved, it may have the 
appearance of a cystic cavity with calcifi ed 
walls sometimes referred to as membranous fat 
necrosis [ 13 ].

       Sclerosing Lymphocytic Lobulitis 

 This is a disorder usually occurring in patients 
with type 1, insulin-dependent diabetes mellitus. 
It can also be seen in nondiabetic patients that are 
affected by other autoimmune disorders such as 
Hashimoto’s thyroiditis [ 14 ]. It is characterized 
by painless, immobile, discrete masses that are 
clinically suspicious for carcinoma. The lesions 
are usually bilateral but might also occur as a 
single mass. Radiologic fi ndings can also be sus-
picious and usually require a biopsy to rule out a 

malignant proliferation. The majority of diabetic 
mastopathy lesions occur in the upper outer 
quadrant and are irregularly demarcated from the 
surrounding breast tissue. 

    Histologically, one usually fi nds a keloid-like 
fi brotic stroma; periductal, lobular, or perivascu-
lar lymphocytic infi ltration by B cells; lobular 
atrophy; and fi broblasts embedded in fi brous 
stroma. Some point out that those fi ndings are not 
specifi c as they may also be identifi ed in patients 
with diabetes mellitus type 2 and nondiabetic 
patients [ 15 ]. It is postulated that this represents 
an immune reaction to hyperglycemia on connec-
tive tissue. Others suggest vascular changes as 
possible factors in the pathogenesis of diabetic 
mastopathy [ 16 ]. Microscopically sclerosing 
lymphocytic lobulitis shows small lymphocytes 
extending into epithelial cells, thus potentially 
mimicking a primary low-grade B cell lymphoma 
of the breast. Follow-up of patients with diabetic 
mastopathy is generally recommended.  

    Granulomatous Mastitis 

 As in other parts of the body, granulomatous 
infl ammation (Fig.  34.6 ) of the breast can be 
infectious, idiopathic, due to foreign material 
or secondary to a systemic autoimmune disease 
such as sarcoidosis. The latter rarely involves 

  Fig. 34.5    Fat necrosis. 
Hematoxylin and eosin stain 
at 200× magnifi cation       
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the breast, but it can simulate a neoplasm [ 17 ]. 
It is a diagnosis of exclusion and characterized 
by non- necrotizing granulomatous infl ammation. 
Idiopathic granulomatous mastitis is an entity 
without an identifi able cause, thus also a diagno-
sis of exclusion. It may present as a mass simu-
lating carcinoma, and it usually occurs in young 
women, often related to a recent pregnancy [ 18 ]. 
The management of this entity requires surgical 
excision, but sometimes it responds to cortico-
steroid therapy [ 4 ]. Management can be prob-
lematic, and despite treatment, recurrence and 
complications such as abscess and fi stula for-
mation are frequent [ 19 ]. The treatment some-
times spans over several years. Microscopically 
there are three neoplastic conditions in the dif-
ferential diagnosis: histiocytic subtype of lobu-
lar carcinoma, carcinoma with osteoclastic giant 
cells, and granular cell tumor. In cases with 
abundant histiocytic cells, the infl ammation 
can be  confused with a rare variant of invasive 
lobular carcinoma called histiocytic type, where 
the neoplastic cells have ample cytoplasm and 
are disguised as histiocytes. In diffi cult cases 
immunohistochemical stains for keratin would 
confi rm the diagnosis of carcinoma. The second 
tumor is invasive carcinoma with osteoclastic 
giant cells. In this condition malignant cells are 
accompanied by numerous reactive giant cells 

that are CD68 positive pointing to their histio-
cytic nature. Careful analysis of the surrounding 
carcinomatous cells should help in arriving at 
correct diagnosis. Granular cell tumor is another 
entity that might mimic an infl ammatory condi-
tion composed of histiocytes. It is a rare neo-
plasm that usually occurs in other parts of the 
body, such as the head and neck, oral cavity, 
and digestive system [ 20 ]. It can also involve the 
breast in approximately 5 % of cases. This is a 
benign tumor that clinically may show fi xation 
to the pectoral fascia, skin retraction, and ulcer-
ation, thus mimicking an invasive carcinoma. It 
may also occur in the male breast [ 21 ]. They are 
usually small lesions, measuring less than 3 cm, 
composed of polygonal cells with granular cyto-
plasm mimicking histiocytes (Fig.  34.7 ). They 
express the S100 protein and this is very useful in 
the confi rmation of the diagnosis (Fig.  34.8 ). The 
tumor is believed to arise from peripheral nerve 
sheet cells, i.e., Schwann cells. Rarely, the tumors 
can be malignant, with the most useful charac-
teristics of malignancy being large size (>5 cm), 
pleomorphic cells, prominent nucleoli, increased 
mitotic activity, necrosis, and local recurrence. 
Both benign and malignant tumors are treated 
with wide surgical excision. Incomplete excision 
may result in recurrence. Adjuvant treatment is 
only reserved for malignant tumors.

  Fig. 34.6    Non-necrotizing 
granulomatous mastitis. 
Hematoxylin and eosin stain 
at 200× magnifi cation       
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          Fibrocystic Changes (FCC) 
and Columnar Cell Changes (CCC)  

 Previously referred to as fi brocystic “disease” of 
the breast, the term “disease” has been dropped 
in favor of “changes.” This is due to its very 
high prevalence and because it caused confu-
sion between normal, physiologic changes and 
pathological ones [ 22 ]. Histologically, fi brocys-
tic change can be identifi ed in up to 90 % of 

all breast tissue examined in women. The most 
 common presenting symptoms are breast pain 
and palpable nodules or lumps in the breast. 
It has been noted in a retrospective cohort 
study that only 6 % of patients between 40 and 
70 years of age presenting with breast symptoms 
had  cancer [ 23 ]. Cysts are the main component 
of fi brocystic changes and are characterized 
by fl uid-fi lled structures that are mostly small 
and non- palpable, but  approximately 20–25 % 

  Fig. 34.7    Granular cell 
tumor. Hematoxylin and 
eosin stain at 40× 
magnifi cation       

  Fig. 34.8    Granular cell 
tumor: S100 stain at 400× 
magnifi cation       
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of them are large enough to present as masses 
[ 5 ,  24 ]. Mammography and physical examina-
tion are not reliable and cannot truly distinguish 
cysts from solid masses [ 25 ]. The utility of 
ultrasound can help to further defi ne an abnor-
mality identifi ed on mammogram. Simple 
cysts are usually devoid of a lining or have a 
fl at epithelium that sometimes may show apo-
crine metaplasia. Complex cysts have internal 
thin septations, thickened or irregular wall, and 
absent posterior acoustic enhancement on ultra-
sound. The malignancy rate in patients with 
complex cysts is very low, 0.3 % in one study, 
lower than that of lesions classifi ed as probably 
benign [ 26 ]. If there is concern that the cyst is 
other than a simple cyst, possibly with internal 
wall thickening or complex septations, consid-
eration should be given to further evaluation 
and possible biopsy of these areas in order to 
exclude a malignancy. 

 Besides cysts, FCC also comprises other 
lesions such as apocrine metaplasia (Fig.  34.9 ), 
epithelial hyperplasia both atypical and non- 
atypical, adenosis, radial scar, and papilloma. 
The most useful way to classify FCC is to 
divide it into three groups according to their 
risk of developing breast cancer: nonprolifera-
tive lesions (cysts, apocrine metaplasia, mild 

epithelial hyperplasia, non-sclerosing adeno-
sis), proliferative lesions without atypia (mod-
erate to fl orid epithelial hyperplasia, sclerosing 
adenosis, radial scar, papilloma, and papilloma-
tosis), and proliferative lesions with atypia 
(atypical ductal hyperplasia and atypical lobu-
lar hyperplasia) [ 5 ] (Table  34.3 ). Relative to 
general population, women with nonprolifera-
tive lesions have no increased risk for develop-
ing breast cancer. On the other hand patients 
with non-atypical proliferative and atypical 
proliferative lesions have relative risks ranging 
from 1.3 to 1.9 and 3.9 to 13, respectively 
[ 27 – 30 ].

  Fig. 34.9    Fibrocystic 
changes. Hematoxylin and 
eosin stain at 100× 
magnifi cation       

   Table 34.3    Classifi cation of fi brocystic changes   

 Nonproliferative 
lesions 

 Proliferative 
lesions without 
atypia 

 Proliferative 
lesions with atypia 

 Cysts     Moderate to 
fl orid epithelial 
hyperplasia 

 Atypical ductal 
hyperplasia 

 Apocrine 
metaplasia 

 Sclerosing 
adenosis 

 Atypical lobular 
hyperplasia 

 Mild epithelial 
hyperplasia 

 Radial scar 

 Non-sclerosing 
adenosis 

 Papilloma and 
papillomatosis 
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       Adenosis and Microglandular 
Adenosis 

 Adenosis is defi ned as a glandular proliferation 
of the lobular units, with two subtypes that merit 
mentioning: sclerosing adenosis and microglan-
dular adenosis. Sclerosing adenosis is a disor-
dered proliferation of acini, myoepithelial cells 
and stromal elements that can be confused for 
invasive carcinoma both microscopically and 
grossly [ 5 ]. It can present as a mass or a  radiologic 
abnormality such as an asymmetric opacity, clus-
ter of microcalcifi cations, mass-like lesion, and 
architectural distortion [ 31 ]. In diffi cult lesions 
posing a diagnostic challenge, myoepithelial 
markers can be performed to rule out carcinoma. 

 On the other hand, microglandular adenosis 
is characterized by a proliferation of uniform 
small round glands haphazardly distributed 
within the breast parenchyma. The most impor-
tant aspect of this lesion is that it lacks a myoepi-
thelial layer; thus it can be easily confused with 
carcinoma. The presence of basal lamina encir-
cling glandular structures, which can be con-
fi rmed by  immunohistochemical stains, and 
overall round, rather than angulated, morphol-
ogy of the glands are features that can be used in 
ruling out a  malignant process. There is some 

evidence that  microglandular adenosis can 
potentially progress to carcinoma, and it can 
recur if incompletely excised. Occasionally, 
microglandular adenosis presents as a palpable 
mass and may be associated with both in situ and 
invasive carcinoma [ 32 ].  

    Radial Scar and Complex 
Sclerosing Lesion 

 Radial scar is characterized by a fi broelastotic 
core with entrapped glandular structures, radiat-
ing ducts that become larger at the periphery of 
the lesion, and associated epithelial hyperplasia 
(Fig.  34.10 ). When larger than 1 cm, some refer 
to them as a “complex sclerosing lesion,” while 
others require a less organized architecture to 
classify those as complex sclerosing lesions [ 4 ]. 
Mammographically, they may appear as a spicu-
lated mass mimicking carcinoma [ 33 ]. Atypical 
epithelial proliferations as well as in situ and 
invasive carcinomas can be associated with radial 
scars. In general, a radial scar has an increased 
incidence of malignancy, whereas others found 
that radial scars are mainly associated with 
benign breast lesions. Based on its size, radial 
scars can be either excised or biopsied. Some but 

  Fig. 34.10    Radial scar. 
Hematoxylin and eosin stain 
at 40× magnifi cation       
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not all believe that radial scars identifi ed on core 
needle biopsies should be excised due to their 
association with premalignant and malignant 
conditions [ 34 ]. Radial scars identifi ed on exci-
sional specimens need no further therapy [ 4 ].

       Papillomas and Papillomatosis 

 Papillomas are frond-like intraductal prolifera-
tions of benign epithelial and myoepithelial cells 
(Fig.  34.11 ). They are usually encountered in two 
types: central and peripheral. Central ones are 
usually solitary and larger, whereas the periph-
eral ones tend to be smaller and multiple. Unless 
associated with atypical epithelial proliferations, 
central papillomas are not considered premalig-
nant lesions. Certain studies confi rm an increased 
incidence of in situ and invasive carcinoma on 
excisional specimens in patients with atypical 
ductal proliferation inside papillomas. On exci-
sional biopsy samples, if the atypical epithelium 
is confi ned to the papilloma and the surrounding 
tissue is non-atypical, then the fi nding has no 
prognostic signifi cance. In one study, 29 % of 
patients diagnosed with intraductal papilloma on 
core needle biopsy were upstaged to papilloma 
with atypia on excisional specimens, and 10 % 
were upstaged to carcinoma [ 35 ]. The authors 
concluded that surgical excision is recommended 

for benign papillary lesions diagnosed on core 
needle biopsies (   Fig.  34.11 ).

   However, other studies found an upstage rate 
of only 8.9 % to atypia or malignancy on the 
excision specimens [ 36 ]. Others report that only 
3 % of cases diagnosed as benign papilloma on 
core biopsy are associated with malignancy and 
recommend follow-up instead of excision [ 37 ]. 
Furthermore, they show a high association with 
malignancy (67 %) when the diagnosis on biopsy 
was atypical papilloma and suggest prompt exci-
sion for defi nitive diagnosis. Papillomatosis or 
multiple papillomas, usually defi ned as having 
fi ve or more peripheral papillomas, indicate a 
slightly elevated risk for subsequent carcinoma. 
Specimens containing multiple papillomas 
should be sampled extensively to rule out malig-
nancy. Juvenile papillomatosis is another variant 
occurring in young patients younger than 30 years 
old. This is associated with a higher incidence of 
breast cancer and higher incidence of a family 
history of breast cancer. Therefore, those patients 
and their families require long-term follow-up.  

    Columnar Cell Changes 

 Columnar cell lesions are encountered with 
increasing frequency on breast biopsies due 
to associated microcalcifi cations detected on 

  Fig. 34.11    Papilloma. 
Hematoxylin and eosin stain 
at 100× magnifi cation       
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screening mammograms [ 38 ]. When atypical, it 
is called “fl at epithelial atypia” (FEA) with total 
excision of the area generally recommended, as 
there may be a more signifi cant lesion in the sur-
rounding breast tissue [ 39 ] (Fig.  34.12 ). Overall, 
its progression rate to invasive carcinoma is 
exceedingly low. However some suggest FEA 
should just be followed up and not surgically 
excised. It appears that more studies are needed 
to determine the signifi cance of atypia in colum-
nar cell alternations.

   When fl at epithelial atypia is diagnosed on 
core needle biopsy, the rate in upstaging to carci-
noma on subsequent excision is 14 % [ 40 ]. The 
same study shows that the differences in upstag-
ing in subsequent excisions in fl at epithelial 
atypia and atypical ductal hyperplasia group 
were not statistically different. When FEA micro-
scopically develops architectural changes such as 
micropapillary and cribriform patterns, the lesion 
is designated as atypical ductal hyperplasia. 
Some noted genetic alterations shared with low- 
grade ductal carcinoma in situ and tubular carci-
noma suggesting that fl at epithelial atypia might 
be a precursor of these lesions [ 41 ]. One interest-
ing aspect of both atypical and non-atypical 
columnar cell changes is the diffuse and strong 
nuclear estrogen and progesterone receptor 
expression [ 41 ]. This is in contrast with normal 
breast epithelium that is usually only sparsely 

positive for the same receptors. Nevertheless, 
when columnar cell changes without atypia are 
encountered on breast biopsies, patient follow-up 
is considered suffi cient.   

    Neoplasms 

    Fibroadenoma and Adenoma 

 As the most common mass lesion of the breast, 
fi broadenoma can be identifi ed in up to 25 % of 
asymptomatic women [ 42 ]. This is a hormone- 
dependent lesion that occurs in young women, 
during lactational phases of pregnancy, and invo-
lutes at menopause. Oral contraceptive use before 
20 years of age appears to increase the risk of 
developing fi broadenoma. It is usually unilateral, 
but in 20 % of cases, the tumors are multiple and 
can be bilateral [ 42 ]. It develops from the special-
ized stroma of the lobules. Grossly, the lesions 
are well-circumscribed, resilient lesions, show-
ing a bulging cut surface and usually measuring 
less than 3 cm. Tumors reaching more than 10 cm 
in greatest dimension are often seen in younger 
patients and are called “giant fi broadenoma.” 
Histologically, fi broadenomas are biphasic 
tumors that have both stromal and epithelial 
 elements. Some studies suggest that both 
 elements are neoplastic. Based on microscopic 

  Fig. 34.12    Flat epithelial 
atypia. Hematoxylin and 
eosin stain at 200× 
magnifi cation       
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appearance, the lesions can be divided into 
 pericanalicular and intracanalicular types. The 
former is characterized by stromal growth around 
the glandular structures, whereas the latter shows 
compressed, cleft-like ducts. It is not uncommon 
that the two patterns occur together in the same 
tumor. 

 Histologically the main differential diagnosis 
for fi broadenomas is the phyllodes tumor, which 
is also a biphasic tumor. Benign phyllodes tumor 
can be diffi cult to distinguish from a fi broade-
noma. Features such as stromal atypia, infi ltrative 
margins, increased mitotic activity, and stromal 
cellularity favor a diagnosis of phyllodes tumor. 
The importance of distinguishing between the 
two lesions is that a phyllodes tumor needs to be 
excised with clear margins. Approximately 50 % 
of fi broadenomas contain epithelial prolifera-
tions such as sclerosing adenosis and epithelial 
hyperplasia. Those are classifi ed as “complex 
fi broadenoma.” While regular fi broadenoma is 
not associated with increased risk of developing 
cancer, patients with complex fi broadenoma have 
a slightly higher risk of developing breast cancer. 
Likewise, fi broadenomas in older women or in 
patients with a family history of breast cancer 
have a higher incidence of breast cancer. 

 Management of patients with fi broadenoma 
varies depending on the treating physicians. 
Some prefer to excise the tumors, while others 
will conservatively manage patients without 

operative removal. One study showed that an 
expectant management policy of fi broadenomas 
has not resulted in misdiagnosis of carcinomas. 
The same study claims that since a signifi cant 
proportion of fi broadenomas remain static or 
reduce in size over a 5-year period, many women 
can avoid excision [ 43 ]. In general, there are 
three reasons to remove a fi broadenoma: persis-
tent pain, rapid growth over a short period of time 
and cosmetic deformity related to a fi broadenoma 
just underneath the skin of the breast. A thorough 
conversation is important in determining the opti-
mal approach to management, discussing both 
the risks and benefi ts of operative removal. 
However, it should be made clear that there is 
little, if any, risk of malignant degeneration or 
transformational risk to carcinoma associated 
with a fi broadenoma. 

 Some phyllodes tumors show areas compati-
ble with a fi broadenoma on histologic evaluation. 
In such cases, undersampling of the lesion might 
result in underestimation of the lesion, i.e., 
a phyllodes tumor can be misdiagnosed as fi bro-
adenoma on a core needle biopsy. Juvenile fi bro-
adenoma is a rare variant that occurs in patients 
between the ages of 10 and 18. It is usually a 
larger mass, with an alarming rapid growth and 
gross disfi gurement, measuring more than 5 cm, 
and is usually unilateral and painless (Fig.  34.13 ). 
Although it is a benign lesion, excision is usually 
recommended [ 44 ].   

  Fig. 34.13    Juvenile 
fi broadenoma. Hematoxylin 
and eosin stain at 40× 
magnifi cation       
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   Unlike biphasic fi broadenoma, adenoma is a 
pure benign epithelial lesion. Several variants 
exist such as tubular, lactating, apocrine, ductal, 
and pleomorphic (a lesion similar to a mixed 
tumor of the salivary glands). Except tubular and 
lactating adenomas, the remaining lesions are 
exceedingly rare; therefore, only those two 
lesions will be discussed. Lactating adenoma is a 
benign lesion with no malignant potential 
(Fig.  34.14 ). It is composed of hyperplastic lob-
ules showing active secretion. It is thought to 
represent a variant of preexisting tubular ade-
noma or fi broadenoma [ 45 ]. It is usually a small 
lesion, less than 3 cm in overall diameter, and 
sometimes involutes post-pregnancy. In certain 
situations, it is resected due to the mass effect it 
produces. The lesion does not tend to recur. 
Tubular adenoma is also characterized by packed 
tubular and acinar structures with very scant 
stroma. Clinically and radiographically, such 
lesions can easily be confused with a fi broade-
noma, sometimes showing calcifi cations. It is a 
benign lesion usually occurring in patients 
younger than 35 years old [ 46 ].

       Nipple Adenoma and Syringomatous 
Adenoma 

 Nipple adenoma is an infrequent type of benign 
breast neoplasm that can show various histologic 

pictures. Those lesions usually present with 
 nipple discharge and erosion, sometimes mim-
icking Paget’s disease [ 47 ]. Histologically, it 
shows proliferating epithelial structures that 
might be confused with carcinoma (Fig.  34.15 ). 
Identifying a myoepithelial layer usually con-
fi rms the diagnosis. The lesions are treated with 
excision and they may recur if incompletely 
excised. Nipple adenoma is a benign tumor; how-
ever, some describe malignant changes within or 
adjacent to the lesions [ 48 ]. Syringomatous ade-
noma of the skin can also involve the nipple and 
is in the differential diagnosis. This is a more 
infi ltrative lesion that requires excision and can 
recur but does not metastasize. It is characterized 
by bland infi ltrative glands, some showing kera-
tin cyst formation. It resembles the peripherally 
located low-grade adenosquamous carcinoma of 
the breast.

       Hamartoma 

 Hamartoma, also known as a fi broadenolipoma, 
lipofi broadenoma, or adenolipoma, is composed 
of a mixture of glandular, adipose, and fi brous tis-
sue (Fig.  34.16 ). Clinically, hamartomas present 
as a painless mass. It is considered to be a develop-
mental abnormality, rather than a true neoplastic 
process. Some cases are associated with Cowden’s 
syndrome [ 49 ], an autosomal dominant disorder 

  Fig. 34.14    Lactating 
adenoma. Hematoxylin and 
eosin stain at 200× 
magnifi cation       
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that is characterized by  macrocephaly, hamar-
tomatous intestinal polyps, benign skin tumors, 
and dysplastic gangliocytoma of the cerebellum. 
Patients with this syndrome have a predisposi-
tion to develop breast, thyroid, and endometrial 
carcinoma. Macroscopically, those lesions are 

well- circumscribed tumors. Microscopically one 
sees normal breast and  adipose tissue distributed 
in a nodular fashion. These lesions may go unrec-
ognized by the pathologists because they show 
all the constituents of normal breast tissue and 
maybe reported as “no pathological diagnosis” 

  Fig. 34.15    Nipple adenoma. 
Hematoxylin and eosin stain 
at 20× magnifi cation       

  Fig. 34.16    Hamartoma. 
Hematoxylin and eosin stain 
at 20× magnifi cation       
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or “normal breast tissue” [ 50 ]. The treatment of 
hamartoma is surgical excision.

       Pseudoangiomatous Stromal 
Hyperplasia (PASH) 
and Myofi broblastoma 

 Although not considered a true neoplasm, this 
benign proliferation of myofi broblasts in the 
breast stroma can present as a clinically pal-
pable mass. It is however mostly an incidental 
fi nding on biopsies and excisions performed 
for other conditions. It may be identifi ed in up 
to 23 % of breast specimens [ 51 ]. Its etiology is 
unknown; however hormonal stimulation, espe-
cially progesterone, is stipulated as a factor for 
the development of PASH lesions. PASH cells 
show expression of progesterone receptor and 
are positive for vimentin and CD34. Smooth 
muscle actin and desmin are variably expressed 
[ 4 ]. In rare cases where PASH forms a mass, it is 
usually well circumscribed and mimics a fi bro-
adenoma or a phyllodes tumor. Microscopically, 
the lesions show anastomosing slit-like spaces 
within a  collagenous stroma (Fig.  34.17 ). Due 

to this  histologic appearance, one can easily 
mistake those benign lesions for angiosarcomas 
(Fig.  34.18 ). In diffi cult cases, immunohisto-
chemical stains can be used to confi rm the diagno-
sis. PASH can recur when treated with excision. 
However, so far malignant transformation has not 
been described [ 5 ].

    Myofi broblastoma is a benign tumor that is 
well circumscribed, slow growing, and mobile. It 
is frequently mistaken for a fi broadenoma both 
on physical examination and radiologically [ 4 ]. 
The cells are bland and admixed with a 
 collagenized stroma. Some have abundant stro-
mal collagen and some are more cellular. The 
cells sometimes appear epithelioid and can form 
aggregates, thus microscopically mimicking car-
cinoma. As the lesional cells are also estrogen 
and progesterone positive, this may further com-
plicate the diagnosis. In diffi cult cases, a lack of 
staining with keratin immunohistochemical 
stains and positivity with CD34 and desmin 
stains confi rm the diagnosis. Some cases of 
PASH may show areas resembling myofi broblas-
toma, suggesting that the two entities are related. 
The treatment of myofi broblastoma is excision, 
which is considered curative.      

  Fig. 34.17    Pseudoangioma-
tous stromal hyperplasia. 
Hematoxylin and eosin 
stain at 400× magnifi cation       
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will. Thus, we must treat all patients with the 
diagnosis of ADH. 

 From a pathological perspective, ADH can be 
considered a lesion with histological characteris-
tics of usual epithelial hyperplasia and those of 
DCIS. Most areas of ADH are usually smaller 
than 2 mm in diameter, have a uniform cell popu-
lation (at least focally), and exhibit architectural 
features of low-grade DCIS (Fig.  35.1 ). The 
quantitative criteria required to diagnose a lesion 
as ADH or DCIS remain somewhat controversial. 
Page et al. proposed that low-grade DCIS should 
be present in at least two separate spaces; there-
fore, lesions that involve less than two spaces 
should be considered as ADH [ 2 ]. On the other 
hand, Tavassoli and Norris believe that lesions 
smaller than 2 mm, with features of low-grade 
DCIS, should be classifi ed as ADH [ 1 ]. Due to 
such differences in opinion, even the best experts 
in the fi eld do not always agree on the diagnosis 
of all proliferative ductal lesions [ 3 ].

   Molecular studies on ADH have also identi-
fi ed some genetic abnormalities that are similar 
to low-grade DCIS [ 4 ], which supports the view 
that these lesions are closely related. It is not 
 surprising that immunohistochemical markers, 
such as cytokeratin 5/6 (CK 5/6), are being 
used in diagnosing atypical proliferations of 
the breast. Such markers can be useful in order 

to  differentiate usual non-atypical epithelial 
 hyperplasia from ADH and low-grade DCIS [ 5 ]. 
Most breast pathologists combine qualitative and 
quantitative criteria for diagnosing atypical pro-
liferations. When in doubt, they favor a diagnosis 
of ADH over low-grade DCIS and evaluate the 
lesion further upon complete removal of the area. 
ADH is frequently present at the periphery of 
DCIS lesions [ 6 ], and due to the reasons men-
tioned above, biopsy specimens usually underes-
timate the presence of higher-grade lesions. It has 
been reported that at least 30–87 % of patients 
diagnosed with ADH based on a core biopsy will 
have an occult carcinoma [ 7 – 12 ]. Therefore, 
complete removal of the lesion with lumpectomy 
is currently recommended if the core needle 
biopsy reveals ADH on fi nal pathology [ 12 ].  

   Atypical Lobular Hyperplasia 

 Atypical lobular hyperplasia (ALH) is always an 
incidental fi nding in breast specimens removed 
for other reasons. It has no grossly identifi able 
features and usually lacks microcalcifi cations. 
ALH is loosely defi ned as a hyperplasia that has 
only some features of lobular carcinoma in situ 
(LCIS); however, this defi nition is still controver-
sial. Molecularly, ALH can be confi rmed with the 

  Fig. 35.1    Atypical ductal 
hyperplasia ( ADH ). The 
proliferation on the lower 
side of this lesion has some 
features of low-grade ductal 
carcinoma in situ ( DCIS ); 
however, the upper part of 
the lesion has features more 
characteristic of 
ADH. Overall, a diagnosis of 
ADH is favored       
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absence of E-cadherin expression in tumor cells. 
Most pathologists use both qualitative and quan-
titative criteria when making an ALH diagnosis. 
According to Page et al., less than one half of the 
spaces in a lobule should be fi lled with, and dis-
tended by, lobular cells in order to make the diag-
nosis of ALH (Fig.  35.2 ). Anything more than 
that should be diagnosed as LCIS [ 2 ]. The subse-
quent risk of developing invasive breast carci-
noma once diagnosed with ALH is considered to 
be four to fi ve times higher than the general pop-
ulation [ 2 ]. Previously, lobular neoplasia was 
considered a risk factor for developing invasive 
breast cancer in both breasts, which warranted a 
conservative approach [ 13 ]. However, recent 
studies have shown that invasive carcinoma is 
more likely to arise in the breast diagnosed with 
ALH, suggesting that ALH acts more like a pre-
malignant lesion [ 14 ]. However, the risk of devel-
oping invasive cancer approaches the level of 
LCIS, with ductal involvement by cells of atypi-
cal lobular hyperplasia (DIALH) [ 15 ].

   The guidelines for the treatment of patients 
diagnosed with ALH are not clear due to confl ict-
ing results in the literature. For instance, the risk 
of progression to ductal carcinoma in situ and 
invasive cancer after a core biopsy showing ALH 
ranges anywhere from 3.1 % to 25 % [ 16 ,  17 ]. 
The discrepancies in the frequency of worsening 

diagnoses in different studies may be due to 
selection criteria in these studies, such as the con-
sideration of various other risk factors within the 
patient population [ 17 ]. The clinical management 
of ALH is similar to that with ADH, with the cur-
rent recommendations to completely remove the 
area with a lumpectomy in most, if not all, cases.  

   Flat Epithelial Atypia (Columnar Cell 
Change with Atypia or Columnar 
Cell Hyperplasia with Atypia) 

 Flat epithelial atypia (FEA) is characterized by 
enlarged terminal duct lobular units (TDLU), in 
which luminal cells are replaced by up to several 
layers of monomorphic low-grade epithelial cells 
(Fig.  35.3 ) [ 18 ]. These lesions are  fl at  and do not 
have the same architectural patterns of ADH or 
DCIS. Cytologically, the epithelial cells are 
monomorphic, round, and perpendicular to the 
basement membrane similar to low-grade DCIS 
[ 19 ,  20 ]. Additionally, columnar cell lesions have 
been associated with tubular carcinoma and LCIS 
[ 21 ,  22 ].

   Due to its apparent clinical benign nature, 
FEA was ignored by pathologists for a long time. 
However, it has gained renewed interest based 
upon recent observations suggesting that some 

  Fig. 35.2    Atypical lobular 
hyperplasia ( ALH ). ALH 
shares similar cytologic 
features with lobular 
carcinoma in situ and is 
distinguished by the degree 
of involvement of lobular 
structures       
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cases of FEA may progress to invasive breast 
cancer [ 23 ,  24 ]. For example, one study has 
shown that there is an approximately twofold 
increase in breast cancer risk for patients diag-
nosed with FEA compared to the general popula-
tion [ 25 ]. However, the risk of progression to 
breast cancer is lower than that of ADH and 
ALH. Given the limited nature of the data, it is 
unclear whether the current recommendation for 
surgical excision following a biopsy diagnosis of 
FEA is warranted. As a result, radiological- 
pathological correlation is still recommended in 
each case [ 18 ]. However, many surgeons still rec-
ommend complete removal of such areas of FEA, 
discussing the risks and benefi ts with each 
patient.   

   In Situ Carcinomas 

   Ductal Carcinoma In Situ 

 DCIS is a precursor lesion to invasive breast can-
cer and is defi ned as a neoplastic proliferation of 
epithelial cells confi ned to the ductal lobular unit 
[ 18 ]. Invasive carcinoma, in particular microinva-
sive carcinoma, ADH, and usual ductal hyperpla-
sia have to be ruled out prior to making the 

defi nitive diagnosis of DCIS. Annually, about 
14 % of all breast cancers diagnosed in the United 
States are DCIS, with the risk of death from 
developing invasive breast cancer after a diagno-
sis of DCIS very low at about 1–2 % after 
10 years [ 18 ]. 

 The classifi cation of DCIS can be complex 
and sometimes problematic [ 18 ]. Architecturally, 
there are fi ve major types of DCIS: cribriform, 
micropapillary, papillary, solid, and comedo 
(Fig.  35.4a–c ). However, with the newer classifi -
cation systems, DCIS is divided into only three 
groups: low grade or grade I (well differentiated 
or non-high grade without necrosis), intermedi-
ate grade or grade II (intermediately differenti-
ated or non-high grade with necrosis), and high 
grade or grade III (poorly differentiated) [ 18 , 
 26 – 28 ]. Grade I nuclei are defi ned as large as 
1–1.5 red blood cells in diameter with inapparent 
nucleoli, grade II or intermediate nuclei are 1–2 
red blood cells in diameter with coarse chromatin 
and infrequent nucleoli, and grade III nuclei have 
>2 red blood cells in diameter with vesicular 
chromatin and one or two nucleoli [ 28 ,  29 ].

   According to the Consensus Conference on 
the Classifi cation of DCIS, the following features 
are recommended to be included in the fi nal 
pathology report: architectural pattern(s), nuclear 

  Fig. 35.3    Flat epithelial 
atypia ( FEA ). A high-power 
view shows dilated acini with 
low-grade monomorphic 
cytologic atypia characteris-
tic of FEA       
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grade, type of necrosis (punctate or comedo), and 
cell polarization [ 30 ]. Additionally, the size of 
DCIS, location of calcifi cations, and margin 
 status should be reported. Reproducibility of 
DCIS diagnosis is well known; however, using 
 standardized criteria minimizes discrepancies 
[ 3 ]. As mentioned above, in borderline ADH and 
DCIS cases, ADH diagnosis is usually favored by 
pathologists based on biopsy specimens. 
Importantly, 10–15 % of patients with only a 
DCIS diagnosis have lymph node metastasis, 
probably due to an unrecognized component of 
invasive carcinoma. Therefore, analysis of the 
draining nodal basin with sentinel lymph node 
biopsy may be considered and discussed with 
such patients, particularly for patients with exten-
sive high-grade DCIS [ 31 ]. 

 Although the clinical validation of biomarkers 
is not as comprehensive as in invasive breast 

 carcinomas, testing for estrogen receptor (ER) 
and progesterone receptor (PR) is recommended 
in DCIS [ 32 ,  33 ]. According to the American 
Society of Clinical Oncology/College of 
American Pathologists guideline recommenda-
tions, positive result of ER and PR is defi ned as 
≥1 % of cells showing nuclear staining by 
 immunohistochemistry [ 33 ] (Fig.  35.5 ).

      Ductal Carcinoma In Situ 
with Microinvasion 

 Microinvasive carcinoma is described as invasive 
carcinoma measuring less than or equal to 1 mm, 
which is most commonly seen in a background of 
high-grade DCIS (Fig.  35.6 ). Rarely, it is associ-
ated with LCIS, and it can also be present alone 
[ 18 ]. Microinvasive carcinomas are more likely 

a

c

b

  Fig. 35.4    Ductal carcinoma in situ ( DCIS ). DCIS shows different architectural patterns: ( a ) solid type, ( b ) cribriform 
type, and ( c ) comedo type with necrosis       
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to be multifocal [ 34 ]. If there are more than one 
focus of microinvasive carcinoma, the foci should 
not be added together to determine the stage of 
the disease [ 35 ]. Microinvasive carcinoma needs 
to be confi rmed by demonstrating the absence of 
the myoepithelial layer by immunohistochemical 
staining for p63 and smooth muscle myosin 
heavy chain, since overdiagnosis is a common 
problem in classifying these lesions [ 18 ].

   Biomarkers including ER, PR, and HER2 
(ERBB2) can be used for microinvasive carcino-
mas; however, due to small tumor size, detection 
of these biomarkers may not be possible for 
each case. In those instances, biomarkers for 
DCIS should be reported. If no defi nitive evi-
dence of invasion is found, a diagnosis of in situ 
lesion is recommended [ 18 ]. Sentinel lymph 
node biopsy should be performed in patients 

  Fig. 35.5    ER (estrogen 
receptor) staining in ductal 
carcinoma in situ. Nuclear 
staining pattern of ER in 
DCIS       

  Fig. 35.6    Microinvasive 
carcinoma. Microinvasive 
carcinoma is defi ned by the 
presence of invasive focus 
measuring 1 mm or less and 
is seen next to comedo-type 
DCIS in the picture       
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with microinvasion, since 10–14 % of these 
patients exhibit lymph node involvement [ 18 , 
 36 – 38 ]. The prognosis of DCIS with microinva-
sion is the same with DCIS of equivalent size 
and grade [ 18 ].  

   Lobular Carcinoma In Situ 

 Although atypical lobular hyperplasia (ALH) 
and lobular carcinoma in situ (LCIS) are collec-
tively designated lobular neoplasia [ 18 ], the risk 
of developing invasive breast cancer is nine 
times higher after LCIS (Fig.  35.7 ) diagnosis, 
whereas it is four to fi ve times higher after the 
diagnosis of ALH [ 18 ]. Therefore, we believe 
that the two entities should remain separate 
classifi cations, even though the distinction may 
be arbitrary as described in Section I.B. The dis-
tinction between LCIS and ALH is based on 
quantitative criteria. According to Page et al., 
LCIS exhibits that at least half of the acini of a 
lobular unit are distended by atypical epithelial 
cells that are E-cadherin negative [ 2 ]. According 
to Rosen, at least 75 % of one lobule should be 
involved to establish an LCIS diagnosis [18]. 
Rosen holds that lobular enlargement is not an 
absolute diagnostic criterion for LCIS, due to 

lobular atrophy observed in postmenopausal 
women.

   Classic LCIS has monomorphic proliferation 
of dyscohesive epithelial cells with round nuclei, 
scant cytoplasm, uniform chromatin, and incon-
spicuous nucleoli [ 18 ]. Particularly, two other 
variants of LCIS are worthy of mention, as they 
are being diagnosed more frequently due to 
screening mammograms, although appropriate 
management for these LCIS variants is uncer-
tain: (1) classic LCIS with comedo necrosis 
(Fig.  35.8 ) and (2) pleomorphic LCIS (Fig.  35.9 ) 
with high- grade nuclei, sometimes with apocrine 
features and comedo necrosis [ 18 ]. In fact, there 
is no consensus regarding the management of 
patients diagnosed with LCIS via biopsy speci-
mens. In some studies, follow-up surgical exci-
sions revealed infi ltrating ductal and/or lobular 
carcinomas in up to 31 % of cases [ 16 ]. The larg-
est retrospective study recently showed that 
8.1 % of cases with LCIS diagnosis in biopsy 
specimens received a higher-stage diagnosis 
upon follow-up excision [ 17 ]. Authors of the lat-
ter study stress that excision should be consid-
ered on an individual basis, taking into account 
other parameters including age, previous history 
of breast carcinoma, and the presence of other 
high-risk lesions.

  Fig. 35.7    Lobular carci-
noma in situ ( LCIS ). The 
small uniform nuclei fi ll and 
distend terminal duct lobular 
units       
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        Histological Classifi cation 
of Breast Tumors 

 The WHO classifi cation of the tumors of the 
breast provides the entire list of breast tumors, 
including rare types [ 18 ]. However, it is beyond 
the scope of this chapter to cover exceptionally 
rare types and variants of breast cancer. Instead, 
we will discuss the most common breast tumors 
in this chapter. Readers are, therefore, encour-
aged to refer to classical pathology textbooks for 

more detailed information about the types of 
tumors not discussed herein. 

   Invasive Ductal Carcinoma (Invasive 
Carcinoma of No Special Type, Ductal 
Carcinoma NST) 

 Invasive ductal carcinoma is a default category for 
the heterogeneous group of tumors that do not 
show characteristics of a specifi c histological type, 

  Fig. 35.9    Pleomorphic 
lobular carcinoma in situ 
( PLCIS ). PLCIS is character-
ized by large cells with 
marked pleomorphism, 
abundant cytoplasm, and 
occasional intracytoplasmic 
vacuoles. Nuclei are 
eccentrically located and 
display conspicuous nucleoli       

  Fig. 35.8    LCIS with 
comedo-type necrosis mimics 
ductal carcinoma in situ 
(DCIS)       
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such as mucinous, tubular, or lobular carcinomas 
[ 18 ], and it is the largest group of invasive breast 
carcinoma (Fig.  35.10 ), comprising of approxi-
mately 40–80 % of all breast tumors [ 18 ,  39 – 41 ]. 
Due to tumor cell heterogeneity and  differences in 
grade, microscopic features of invasive ductal car-
cinomas may vary from case to case. The epithelial 
component of these tumors may have a glandular 
architecture, nests, trabecular structures, or solid 
sheets of tumor tissue in high-grade cancers.

   Tissue with clear DCIS features may be entirely 
separate from the invasive tumor, be incorporated 
in it, or even dominate it, as up to 80 % of invasive 
carcinoma cases exhibit a DCIS component [ 18 ]. 
These tumors also can have necrotic foci, minimal 
to extensive stromal desmoplasia, and lymphoplas-
macytic infi ltration. Overall, prognosis of invasive 
carcinoma is infl uenced by tumor-related factors 
like histological grade, tumor size, lymph node sta-
tus, lymphovascular invasion, as well as ER, PR, 
and HER2 status [ 18 ]. Approximately 15–20 % of 
cases are HER2 positive by gene amplifi cation 
and/or protein expression [ 42 ,  43 ] and approxi-
mately 70–80 % of cases are ER positive [ 44 ].  

   Invasive Lobular Carcinoma 

 Invasive lobular carcinoma (ILC) represents 
approximately 5–15 % of all breast cancers 

(Fig.  35.11 ) [ 39 ,  45 – 48 ]. The  classic  variant of 
invasive lobular carcinoma is a tumor with non- 
cohesive small cells of low nuclear grade in a 
single-fi le pattern with less desmoplastic reaction 
compared to invasive ductal carcinoma [ 49 ]. In 
addition to this classic variant, there are  trabecu-
lar ,  alveolar , and  solid  variants [ 50 ,  51 ]. Another 
variant mentioned in the WHO classifi cation is 
tubulolobular carcinoma [ 18 ]; however, recent 
studies suggest that most of these are a variant of 
ductal/tubular carcinoma [ 52 – 54 ]. Another sub-
type, pleomorphic lobular carcinoma (PLC; 
Fig.  35.12 ), is an aggressive ILC with higher- 
grade nuclear morphology, mitotic rate, and apo-
crine differentiation and is associated with 
pleomorphic lobular carcinoma in situ (PLCIS) 
in 45 % of cases [ 55 ,  56 ]. The hallmark of ILC is 
the loss of the cell-cell adhesion molecule and 
E-cadherin as well as the loss of alpha-, beta-, 
and gamma-catenin expression [ 57 – 59 ] and the 
mislocalization of p120 catenin to the cytoplasm 
[ 60 – 62 ]. A great majority of ILCs are positive for 
ER and PR and negative for HER2 [ 18 ,  63 ,  64 ].

       Carcinoma of Mixed Type 

 If more than 50 % of the tumor is a recognized 
special type, such as lobular, tubular, or muci-
nous type, and the remainder is a nonspecialized 

  Fig. 35.10    Invasive ductal 
carcinoma ( IDC ). Low-grade 
IDC demonstrates tumor 
cells arranged in trabeculae 
and cords with diffusely 
infi ltrative pattern       
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tumor, the tumor is then classifi ed as mixed 
 invasive special type/no special type [ 18 ].  

   Invasive Tubular Carcinoma 

 Tubular carcinoma (TC) is a special type of 
 invasive breast carcinoma with an excellent 
 prognosis [ 18 ,  65 ]. TC is composed of angu-
lated tubular structures with apical snouts and a 
cellular desmoplastic stroma (Fig.  35.13 ). TC 
may be associated with FEA, low-grade DCIS, 

and  lobular intraepithelial neoplasia [ 65 – 67 ]. 
TC is almost always positive for ER and PR and 
negative for HER2 [ 65 ,  68 ].

      Mucinous Carcinoma (Colloid 
Carcinoma) 

 Mucinous carcinoma (MC) consists of low-grade 
tumor cells fl oating in extracellular mucin [ 18 ]. 
Pure MC is associated with a favorable prognosis 
[ 69 ] (Fig.  35.14 ) and is defi ned as tumors 

  Fig. 35.11    Invasive lobular 
carcinoma. Tumor cells are 
small, have relatively 
uniform nuclei, and invade 
the stroma in linear strands       

  Fig. 35.12    Invasive lobular 
carcinoma, pleomorphic type 
with a solid growth pattern       
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 composed of more than 90 % (even close to 
100 %, according to some studies) of tumor 
 tissue with characteristic histology [ 70 ]. 
Typically, MCs are positive for ER and PR [ 69 ] 
and negative for HER2 [ 71 ].

      Carcinomas with Medullary Features 

 Carcinomas with medullary features (CMF) are a 
group of breast tumors (Fig.  35.15 ) includ-
ing medullary carcinoma, atypical medullary 

 carcinoma, and invasive carcinomas of no special 
type with similar histological features, such as 
prominent lymphoid infi ltrates pushing borders 
and high nuclear grade with a syncytial growth 
pattern [ 18 ]. These cancers are grouped together 
in the latest WHO classifi cation [ 18 ] due to poor 
interobserver reproducibility. The prognosis of 
medullary carcinoma is unclear, with some 
 studies showing no survival advantage over 
other types of carcinomas with no special type 
[ 39 ] and others showing favorable long-term 
prognosis [ 72 ]. Similar to basal-like triple- 

  Fig. 35.13    Tubular 
carcinoma is an extremely 
well-differentiated carcinoma 
characterized by well-formed 
tubules in over 90 % of the 
lesion       

  Fig. 35.14    Mucinous 
carcinoma. Mucinous 
carcinoma is a well-differen-
tiated carcinoma character-
ized by the presence of 
extracellular mucin around 
the tumor cells in at least 
90 % of the tumor       
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negative  carcinomas, CMFs are mostly negative 
for ER, PR, and HER2 (i.e., triple negative) and 
positive for keratins 5/6 and 14 and EGFR [ 18 ].

      Intraductal Papillary Lesions 
and Invasive Papillary Carcinoma 

 Terminology and accurate diagnosis of papillary 
lesions of the breast are diffi cult due to heteroge-

neous group of lesions. These lesions encompass 
benign, in situ, and invasive cancers [ 18 ] 
(Table  35.1 , Figs.  35.16 ,  35.17 , and  35.18 ).

         Invasive Micropapillary Carcinoma 

 Invasive micropapillary carcinoma (IMPC) is an 
aggressive variant of invasive ductal carcinoma 
(Fig.  35.19 ) with very frequent lymphovascular 

  Fig. 35.15    Carcinomas with 
medullary features are 
well-circumscribed tumors 
with high nuclear grade, 
syncytial growth pattern, and 
prominent lymphocytic 
infi ltrate       

   Table 35.1    Characteristics of benign, in situ, and invasive papillary tumors   

 Tumor type 

 Myoepithelial cell 
layer at periphery 
of involved ducts  Histological characteristics  ER and PR status 

 Intraductal 
papilloma 

 Benign  Present  Benign fi brovascular cores 
covered by an epithelial and 
myoepithelial cell layer 

 Patchy positive 

 Intraductal 
papilloma with 
ADH/DCIS 

 In situ 
lesion 

 Present  Part of the papilloma has 
features of ADH/DCIS 

 ADH/DCIS component: 
diffusely and strongly 
positive 

 Intraductal papillary 
carcinoma 

 In situ 
lesion 

 Present  Papillary DCIS  Diffusely and strongly 
positive 

 Encapsulated 
papillary carcinoma 

 In situ/
low-
grade 
invasive 

 Usually not 
present 

 Fibrovascular cores covered by 
neoplastic cells. Absence of 
myoepithelial cells in the lesion 
or periphery of the lesion 

 Diffusely and strongly 
positive 

 Solid papillary 
carcinoma 

 Invasive  Not present  Expansile, solid growth of tumor 
with delicate fi brovascular cores 
and neuroendocrine features 

 Diffusely and strongly 
positive for ER/PR and 
negative for HER2 

 Invasive papillary 
carcinoma 

 Invasive  Not present  Invasive adenocarcinoma with 
papillary morphology 

 Not well characterized 
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invasion and lymph node metastasis [ 73 ]. The 
micropapillary clusters lack fi brovascular cores 
and have an “inside-out” growth pattern, in 
which apical cells face the empty stromal spaces 
rather than the luminal surface [ 74 ]. The major-
ity of both pure and mixed micropapillary carci-
nomas show similar phenotypes, including 
ER- and PR-positive status and HER2-negative 
status [ 75 ].

      Metaplastic Carcinoma 

 Metaplastic carcinomas (MCs; Fig.  35.20 ) are a 
heterogeneous group of tumors with cells 
 differentiated into squamous- and/or mesenchy-
mal-like elements (e.g., spindle,  chondroid, 
 osseous, and rhabdomyoid cells) [ 18 ,  76 – 78 ]. 
The tumor may be composed of carcinomatous 
and metaplastic regions or, in some cases, only of 

  Fig. 35.16    Benign 
intraductal papilloma. 
Intraductal papilloma shows 
well-defi ned thin fi brovascu-
lar cores originating from 
duct walls lined by myoepi-
thelial and ductal cells. 
Cytologic atypia is rare       

  Fig. 35.17    Encapsulated 
papillary carcinoma. 
Low-power view shows 
well-circumscribed lesion 
with papillary proliferation 
of uniform neoplastic cells. 
Myoepithelial cells are 
absent both in the lesion and 
periphery of the tumor       
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metaplastic areas. Variants of this group include 
low-grade adenosquamous carcinoma, squamous 
cell carcinoma, spindle cell carcinoma, meta-
plastic carcinoma with mesenchymal differentia-
tion, and mixed metaplastic carcinomas [ 18 ]. 
Characteristically, metaplastic tumors are ER, 
PR, and HER2 negative [ 79 ]. Overall survival 
in the metaplastic carcinoma group is worse 

 compared to the poorly differentiated carcinoma 
group [ 80 ].

      Phyllodes Tumors 

 Phyllodes tumors (PT; Fig.  35.21a, b ) are 
included in the general category of fi broepithelial 

  Fig. 35.18    Solid variant of 
papillary carcinoma. The 
tumor is composed almost 
entirely of solid pattern with 
intermingled fi brovascular 
network and no apparent 
papillary structures. The cells 
are monotonous with a low 
to intermediate nuclear grade 
in most of cases       

  Fig. 35.19    Invasive 
micropapillary carcinoma. 
The micropapillary clusters 
lack fi brovascular cores and 
apical cells face the empty 
stromal spaces       
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tumors along with fi broadenomas consisting of 
both epithelial and stromal components [ 18 ]. 
Based on the WHO criteria, PTs are classifi ed 
into three groups [ 18 ] (Table  35.2 ).

    In a recent study, multivariate analysis 
revealed stromal atypia, stromal overgrowth, and 
surgical margins to be independently predictive 
of recurrence [ 82 ]. Mitotic activity was also 

  Fig. 35.20    Metaplastic 
carcinoma. The tumor shows 
high-grade carcinoma with 
cartilaginous differentiation       

a b

  Fig. 35.21    ( a ) Benign phyllodes tumor. This lesion exhibits cleft-like spaces and leafl ike projections with a cellular 
stroma. ( b ) Malignant phyllodes tumor (gross picture)       

   Table 35.2    WHO classifi cation of phyllodes tumors (PTs)   

 Histological criteria  Benign PTs  Borderline PTs  Malignant PTs 

 Tumor borders  Well circumscribed  Generally well circumscribed; may 
be focally infi ltrative 

 Infi ltrative borders 

 Mitotic activity [ 81 ]  <5/10 high-power fi eld (HPF)  5–9/10 HPF  ≥10 HPF 
 Stromal atypia  Not present  Mild to moderate  Severe 
 Stromal overgrowth  Not present  Focally present  Present 
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 considered important; however, the correlation 
between recurrence and mitotic activity did not 
reach statistical signifi cance [ 82 ].  

   Paget’s Disease of the Nipple 

 Paget’s disease (PD; Fig.  35.22 ) is a rare manifes-
tation of breast cancer with Paget cells infi ltrating 
the epidermis of nipple and almost always associ-
ated with underlying high-grade invasive ductal 
carcinoma or ductal carcinoma in situ [ 18 ]. Paget 
cells are malignant cells, which extend from DCIS 
or invasive cancer into nipple skin. It may be the 
only manifestation of the disease. Rare cases of PD 
may not have an underlying invasive or in situ car-
cinoma [ 83 ]. Extensive sampling is recommended 
to fi nd the underlying disease, since PD prognosis 
depends on the underlying carcinoma [ 18 ].

      Mesenchymal Tumors of the Breast 

 Mesenchymal tumors of the breast are rare and 
composed of benign, malignant, and tumor-
like lesions including nodular fasciitis, benign 
vascular lesions, pseudoangiomatous stromal 
hyperplasia, myofibroblastoma, fibromatosis, 
inflammatory myofibroblastic tumor, lipoma, 

granular cell tumor and benign peripheral nerve- 
sheath tumor, angiosarcoma (Fig.  35.23 ), lipo-
sarcoma, rhabdomyosarcoma, osteosarcoma, 
leiomyoma, and leiomyosarcoma [ 18 ].

      Lymphoid and Hematopoietic Tumors 
of the Breast 

 Lymphoma may arise in the breast as a primary 
tumor and include diffuse large B-cell, Burkitt, 

  Fig. 35.22    Paget’s disease 
of the nipple. Malignant 
tumor cells infi ltrate 
epidermis of the nipple in the 
forms of small nests and 
single cells       

  Fig. 35.23    Angiosarcoma, gross appearance. Nipple and 
surrounding tissue are seen with discoloration refl ecting 
hemorrhage and vascularity of the tumor       
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T-cell, and follicular lymphomas as well as extrano-
dal marginal zone lymphomas of  mucosa- associated 
lymphoid tissue (MALT  lymphoma) [ 18 ].  

   Extramammary Malignancies 
Metastatic to the Breast 

 Although metastasis to the breast is rare, it must 
be considered particularly for rare tumor types. 
Pathologist should be notifi ed regarding the 
patient’s previous cancer history. The most com-
mon type of tumor that metastasizes to the breast 
is melanoma [ 84 ]. Some of other types of tumors 
that spread to the breast include hematological 
malignancies, lung carcinomas, and ovary, kid-
ney, stomach, and carcinoid tumors, as well as 
prostate and adrenal cortical carcinomas [ 84 – 87 ]. 
The prognosis depends on the underlying dis-
ease, although it is usually poor [ 84 ].  

   Male Breast Carcinoma 

 Histological types and prognosis stage by stage 
of male breast cancers are identical to female 
breast cancers [ 18 ]. Men can present with both in 
situ and invasive carcinomas.   

   Molecular Classifi cation 
of Breast Tumors 

 Molecular approaches and biomarkers are 
becoming popular tools to better characterize 
breast cancers. Perou et al. pioneered the initial 

molecular taxonomy of breast cancers [ 88 ]. 
Numerous studies have used various molecular 
techniques, particularly gene expression profi l-
ing, to defi ne the molecular classifi cation of 
breast cancers [ 89 – 91 ]. So far, the molecular 
subtypes of breast cancers include luminal A, 
luminal B, HER2-positive, and basal-like types 
[ 91 ]. With the identifi cation of the molecular 
signature of each individual tumor, researchers 
hope to shift treatment strategies from a 
 conventional approach to a customized or 
 individualized one, tailored to the specifi c 
molecular characteristics of each particular 
tumor. Immunohistochemistry (IHC) is a reli-
able surrogate tool for classifying breast cancers 
according to their gene expression profi le clas-
sifi cations (Table  35.3 ) [ 92 ].

      Gross Examination of the Breast 
and Sentinel Lymph Nodes 

 Gross examination and optimal handling of 
breast specimens are crucial not only for evaluat-
ing tumor size and margins of excision but also 
for reporting accurate tumor markers such as ER, 
PR, and HER2 status. According to the American 
Society of Clinical Oncology/College of 
American Pathologists (ASCO/CAP) guidelines, 
specimens should be transported to the pathology 
laboratory as soon as possible. Specifi cally, the 
cold ischemia time (the time from tumor removal 
to fi xation) should be no more than 1 h. In addi-
tion, specimens should be fi xed in neutral buff-
ered formalin for at least 6 h and no longer than 
72 h [ 93 ,  94 ]. 

   Table 35.3    Molecular classifi cation of breast tumors based on immunohistochemistry (IHC)   

 Characteristic IHC pattern  Histological grade  Clinical behavior 

 Luminal A  ER + (strong), HER2−  Often low grade  Overall good prognosis; sensitive to 
endocrine therapy 

 Luminal B  ER + (weak/moderate), HER2−  Often higher grade 
than luminal A 

 Prognosis poorer than luminal A; tend to 
respond to endocrine therapy 

 Basal-like  ER−, PR−, and HER2− (triple 
negative), CK5+, EGFR+ 

 Often high grade  Poor prognosis; not responsive to 
endocrine therapy; varying responsiveness 
to chemotherapy 

 HER2 positive  ER−, HER2+  Often high grade  Poor prognosis; responsive to anti-HER2 
therapy, varying responsiveness to 
chemotherapy 
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 In fact, for good practice and optimal results, 
the entire process should be standardized. The 
excision specimens must be oriented by the sur-
geon, using a short suture for the superior mar-
gin and a long suture identifying the lateral 
margin. Lumpectomy specimens are usually 
inked on six surfaces using six different colors 
of ink, whereas mastectomy specimens are 
inked only on their posterior/deep margin. 
Although there is general agreement to try and 
achieve negative surgical margins (no tumor at 
ink), it is not clear what the optimal margin 
width should be [ 95 ,  96 ]. This defi nition varies 
from “tumor not touching the ink” to “1, 2, 5, or 
even 10 mm of cancer-free margin” [ 97 ,  98 ]. 
Pathologists may sometimes be consulted on 
gross evaluation of surgical margins during sur-
gery; however, microscopic evaluation is not 
encouraged. 

 Intraoperative evaluation of sentinel lymph 
nodes has become routine practice. Sentinel 
lymph node biopsy can be used to detect metas-
tasis via frozen section and/or touch imprint 
cytology, in which positive results may lead to 
axillary dissection. The presence of a metastatic 
tumor and its size should be reported to the sur-
geon. False-negative rates for frozen section 
analysis of sentinel lymph nodes for metastatic 
tumors range from 13 % to 17 % in the literature 
[95, 96].  

   Final Surgical Pathology Report 

 An accurate pathology report is important for 
patient management. Every pathology report 
with invasive cancer should include at least the 
specimen size, cold ischemia time, duration of 
fi xation, tumor size (both invasive and DCIS), 
histological type and grade, presence of any in 
situ component, presence or absence of lympho-
vascular invasion, margin status for any invasive 
tumor and DCIS, as well as ancillary studies (ER, 
PR, HER2, and other biomarkers) and cancer 
staging by the American Joint Committee on 
Cancer. CAP has published guidelines for report-
ing common cancers including breast cancer 
(  www.cap.org    ).     
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management , 499  
 LMA , 502, 503  
 OSA , 501–502  
 PONV , 507–508  
 preoperative 

 assessment , 500  
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   Anxiolytics , 502  
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   APN.    See  Advanced practice nurse (APN) 
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 description , 94  
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 management , 96  
 molecular studies , 552  
 natural progression , 94  
 premenopausal women , 95  
 risk factors , 94  

   Atypical lobular hyperplasia (ALH) 
 breast cancer , 167  
 clinical management , 553  
 diagnosis , 553  
 and LCIS 

 acini involvement , 96, 97  
 characteristics, LN , 96  
 core needle biopsy , 98  
 description , 96  
 diagnosis , 96  
 invasive cancer , 98  
 lobular breast changes , 96  
 management , 97–98  
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 causes , 51  
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 hypoplasia and management , 52  
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 total duct excision , 62  
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 conditions , 52  
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 hormones circulation , 52  
 operative technique , 54–56  
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 biopsy procedures , 534  
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 pathological classifi cation , 533  
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   Bevacizumab 
 angiogenesis inhibitors , 271  
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 VEGF , 488  

   Bilateral prophylactic mastectomy (BPM) 
 BRCA gene mutations , 130, 131  
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 indications , 129  
 major operation , 131  
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 patient education , 131  
 psychosocial response and satisfaction , 130  
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 surgical options , 130  
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   Body mass index (BMI) , 204, 225, 359, 501  
   Bone metastases , 489  
   BPM.    See  Bilateral prophylactic mastectomy 
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 APBI   ( see  Accelerated partial breast 
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 breast augmentation , 403  
 breast-conserving therapy , 415  
 lumpectomy , 204, 205  
 MammoSite ®  balloon , 408  
 partial breast irradiation , 402  
 Xoft X-ray source , 423  

   Brain metastasis 
 breast cancer , 248  
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 microsurgical and radiosurgical 

resection , 250  
 radiation therapy , 250  
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 surgery and radiation , 249  

   Breast anatomy 
 adult , 6–8  
 areola , 4  
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 congenital and acquired deformity 

 accessory nipple , 4  
 asymmetry breast , 5, 6  
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 “breast ironing”, teens , 6  
 hematoma , 5  
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 iatrogenic injury , 5  
 Poland syndrome , 5, 6  
 right breast , 4, 5  
 thermal burns , 5, 6  
 variations , 4–5  
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 Breast anatomy ( cont .) 
 development and physiology, parenchyma , 6  
 embryology 

 canalization, mammary bud , 3  
 dermis and epidermis , 2  
 development , 3, 4  
 ectoderm , 3  
 mammary ectoderm and ridge , 3  
 mesodermal proliferation , 3  
 milk line, axilla to groin , 2–3  
 sebaceous, eccrine and mammary 

glands , 2–3  
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 endocrine system , 1  
 evolution and comparative anatomy 

 anamniota and eggs , 1  
 eutherians , 2  
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 marsupials , 2  
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 nipple , 1–2  
 and physiology , 1  
 progression , 2  
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 excisional biopsy , 20  
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 glandular dissection , 20  
 gynecomastia , 8–9  
 incisions , 20  
 innervation , 13, 14  
 lumpectomy incisions , 20  
 lymphatic drainage 

 groups , 13  
 location , 11, 12  
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 muscles 
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 description , 13  
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 papillary ducts , 20  
 vascular 

 blood supply , 11  
 mesentery , 11  
 nipple-areola complex , 11, 12  
 venous outfl ow and drainage , 11  

   Breast-conserving therapy (BCT) 
 adjuvant radiation therapy , 400  
 collagen vascular diseases , 379  
 contraindications , 378  
 data supporting 

 ABPI , 383  
 after neoadjuvant chemotherapy , 381–382  
 boost techniques , 382, 385–386  
 DCIS , 379–380  

 fractionation schemes , 384–385  
 invasive disease , 380–381  
 radiation planning and techniques , 383–384  
 surgical margins , 382–383  
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 EBRT , 414  
 eliminate microscopic residual disease , 378  
 EORTC , 201  
 IMRT , 416  
 The Institute Gustave-Roussy Trial , 202  
 IOERT , 416–417, 431  
 IORT , 431  
 keystone trials , 200  
 large tumors , 211  
 local control rate , 418  
 lumpectomy   ( see  Lumpectomy) 
 margin assessment 
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 2D Faxitron imaging , 206  
 frozen section , 207  
 intraoperative specimen mammography , 206  
 portable radiography systems , 206  
 positive and negative margin , 204–206  
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 SEER , 206  
 ultrasound-/mammography-guided needle 

localization , 206, 207  
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 mastectomy , 378, 469  
 mediastinal , 378  
 Milan National Tumor Institute trial , 201–202  
 multicentric disease , 379  
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 NCCN , 413  
 NSABP B-06 , 200–201  
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 advantages , 210  
 bilateral reduction mammoplasty , 209  
 breast parenchyma , 209  
 CED , 210  
 principles , 209  
 radiation therapy , 209  
 Wise pattern, “keyhole” 

approach , 209–210  
 PBI , 414  
 pregnancy , 379  
 radiotherapy , 413  
 repeat radiation , 378  
 travel distance and age , 414  
 treatment guidelines , 416  
 tumor size , 378  
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 adjuvant radiation therapy , 400  
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   Breast reconstruction 
 expanders/implants   ( see  Expanders/implants, 

breast reconstruction) 
 mastectomy   ( see  Mastectomy, breast 

reconstruction) 
 postmastectomy radiation therapy , 388  
 revision , 313–319  

   Breast tumors 
 CMF , 561–564  
 IDC , 558–559  
 ILC , 559–560  
 IMPC , 562–564  
 lymphoid and hematopoietic tumors , 566–567  
 male breast carcinoma , 567  
 MC , 560, 561  
 mesenchymal tumors , 566  
 metastasis , 567  
 molecular classifi cation , 567  
 papillary lesions and carcinoma , 562  
 pathology report , 568  
 PD , 566  
 PT , 564–566  
 and sentinel lymph nodes , 567–568  
 TC , 560, 561  

   BSCTs.    See  Benign spindle cell tumors (BSCTs) 

    C 
  CAL.    See  Cryoprobe-assisted location (CAL) 
   Cancer nurse navigator (CNN) , 516, 520, 521  
   Cancer survivorship 

 acute , 524  
 advisory committee , 526  
 CDC , 524–525  
 concept , 523  
 consensus elements , 529  
 education , 529–530  
 extended , 524  
 guidelines , 528  
 high-need elements , 529  
 NCCN , 525  
 nurse-led model of care , 527  
 PCP , 523, 524  
 permanent , 524  
 physician champion , 526  
 shared-care model , 526–527  
 strive elements , 529  
 transition and extended , 524  
 treatment summary and care plan , 527–528  

   Carcinomas with medullary features (CMF) 
 benign, in situ, and invasive papillary 

tumors , 561–562  
 benign intraductal papilloma , 562–563  
 description , 561  
 encapsulated papillary carcinoma , 562, 563  
 papillary carcinoma , 562, 564  

   Cavity evaluation device (CED) , 210, 422  
   CCC.    See  Columnar cell changes (CCC) 
   CCLs.    See  Columnar cell lesions (CCLs) 

   CED.    See  Cavity evaluation device (CED) 
   Cellulitis , 65, 71, 221, 269, 275, 294, 317, 318  
   Centers for Disease Control (CDC) , 524–525  
   Central nervous system (CNS) 

 blood-brain barrier , 248  
 breast cancer , 248  
 metastases , 489  

   Chemotherapy 
 anthracycline , 486  
 description , 483–484  
 docetaxel , 485  
 eribulin , 486  
 mesylate , 486  
 metastatic breast cancer , 485  
 non-anthracycline regimens , 487  
 sequential single-agent , 484  

   Chest wall reconstruction , 307  
   Clinical treatment volume (CTV) , 426  
   CM.    See  Cyclic mastalgia (CM) 
   CMF.    See  Carcinomas with medullary 

features (CMF) 
   CNN.    See  Cancer nurse navigator (CNN) 
   CNS.    See  Central nervous system (CNS) 
   Cohesive silicone gel implants , 267  
   Columnar cell changes (CCC) , 539  
   Columnar cell lesions (CCLs) 

 and ADH , 98  
 benign breast pathology , 542–543  
 cytology , 98  
 description , 98  
 elongated nuclei and intraluminal secretion , 98  
 FEA , 98  
 grading system , 98  
 histology , 98  
 hyperplasia with atypia , 98–99  
 shape , 98, 99  

   Completion axillary lymph node dissection 
(CALND) 

 AJCC 7 breast cancer staging , 191–192  
 axillary lymph nodes , 190, 191  
 complications , 191  
 lymphedema , 191  
 palpation , 191  
 transverse axillary skin , 191  

   Complex sclerosing lesions , 541–542  
   Contralateral prophylactic mastectomy (CPM) 

 aromatase inhibitors , 134–135  
 BRCA mutation and testing , 132  
 breast-conserving surgery , 135  
 DCIS , 131, 135  
 decision-making processes , 135  
 description , 131  
 genetic breast cancer , 132  
 multifactorial , 132  
 nonoperative options , 134  
 obesity , 133  
 ovarian ablation and cytotoxic 

chemotherapy , 135  
 overestimation , 133  
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 Contralateral prophylactic mastectomy (CPM) ( cont .) 
 preoperative breast MRI , 132–133  
 prevention , 135  
 randomized trials , 134  
 rates , 131–132  
 risks and benefi ts , 135  
 SEER database , 131  
 surgical consultation , 133  
 surveillance and clinical examination , 134  
 symmetric reconstruction , 132  
 tamoxifen , 133  
 ultrasound , 132  

   Conturar multi-lumen balloon brachytherapy 
device , 403–404  

   Coronary angiography , 501  
   CPM.    See  Contralateral prophylactic 

mastectomy (CPM) 
   Cryoprobe-assisted location (CAL) , 207  
   CTV.    See  Clinical treatment volume (CTV) 
   Cyclic mastalgia (CM) 

 defi nition , 79–80  
 dull/aching sensation , 80  
 etiology , 80  
 impact, quality of life , 81–82  
 and NCM , 80–81  
 non-pharmacologic therapies , 84  
 palpable mass , 83  
 physical measures , 85  
 premenstrual , 80  
 relaxation training , 85  
 symptoms , 80  
 tamoxifen , 87, 88  
 vitamin E , 86  

   Cyclin-dependent kinase inhibitor 4/6 
(CDK 4/6) , 479  

    D 
  Danazol , 86–87  
   Danish Breast Cancer Cooperative Group 

(DBCG) , 201  
   DCIS.    See  Ductal carcinoma in situ (DCIS) 
   Deep inferior epigastric artery (DIEA) , 256, 257  
   Deep inferior epigastric artery perforator 

(DIEP) fl ap 
 breast reconstruction , 302  
 chest wall resection , 310, 311  
 drawbacks , 310  
 fascia , 258  
 fat necrosis , 310  
 operative procedure 

 mastectomy , 288, 290  
 perforators , 289  
 and recipient vessels , 290  
 SIEV and SIEA , 288  
 superior skin incision , 289  
 umbilicus , 289  

 preoperative planning , 287–288  
 subfascial plane , 296  
 zones, perfusion , 282  

   DIEA.    See  Deep inferior epigastric artery (DIEA) 
   DIEP fl ap.    See  Deep inferior epigastric artery 

perforator (DIEP) fl ap 
   Distant disease , 125  
   Dopamine , 87  
   Ductal carcinoma in situ (DCIS) 

 adjuvant therapy 
 BCS , 180  
 breast MRI usages , 182  
 invasive breast cancer , 181–182  
 overdiagnose and overtreat , 180–181  
 positive surgical margins , 182–183  
 radiation therapy , 180  

 architectural pattern(s) , 554–555  
 biologic factors , 177  
 biomarkers , 556  
 characteristics , 177  
 classifi cation , 554  
 demographic risk factors , 177  
 description , 175  
 diagnosis , 554  
 estrogen receptor (ER) , 555  
 IBC , 175  
 initial assessment 

 AHRQ , 178  
 MRI , 178  
 popcorn calcifi cations , 177–178  

 low and high-grade , 175, 176  
 mastectomy , 194  
 microinvasive carcinoma , 555–556  
 nuclear pattern(s) , 554, 555  
 progesterone receptor (PR) , 555  
 prognosis , 557  
 reproductive factors , 177  
 SEER , 176  
 surgical management 

 lumpectomy specimen , 179  
 mammogram and ultrasound , 178  
 SLNB , 179–180  

 tamoxifen and raloxifene , 177  
 tumor grade and patient outcomes , 177  

   Duct ectasia , 58, 535, 536  
   Duct papillomas , 58–59  

    E 
  EBRT.    See  External beam radiation therapy (EBRT) 
   E-cadherin , 96, 97, 146, 162, 169, 172, 226, 

227, 553, 557, 559  
   Epidermal growth factor receptor (EGFR) 

 cetuximab , 470  
 chemotherapy, MBC , 488–489  
 immunohistochemical staining , 226  
 lapatinib , 369  
 triple-negative breast cancer , 469  

   European Organization for Research and Treatment 
of Cancer (EORTC) , 193, 201, 379, 
380, 390, 400, 456  

   Expanders/implants, breast 
reconstruction 
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 aesthetic outcome , 276  
 capsular contraction , 272, 275  
 chest wall radiation , 272  
 delayed 

 immediate , 272  
 reconstruction , 270, 271  

 description , 267  
 direct-to-implant technique , 270, 272  
 immediate breast reconstruction 

 ADM , 269  
 anatomic tissue expanders , 268  
 augmentation mammoplasty , 267  
 Cohesive silicone gel implants , 267  
 “direct-to-implant” reconstruction , 268  
 mastectomy fl aps , 267–268  
 oncologic and plastic surgeons , 268  
 serratus muscle , 269  
 skin fl ap necrosis , 268–269  

 LD , 272  
 mastectomy fl ap necrosis , 273, 275  
 Memorial Sloan Kettering Cancer Center , 273  
 nipple-sparing mastectomy , 273, 274  
 postmastectomy radiation , 272  
 postoperative 

 course , 269–270  
 seroma , 273, 275  

 second stage reconstruction , 270  
 TRAM , 275–276  
 two-stage, ADM , 273  

   External beam radiation therapy (EBRT) 
 BCT , 414  
 breast conservation   ( see  Breast-conserving 

therapy (BCT)) 
 complications , 391–392  
 DNA damage and repair mechanics , 378  
 high-energy photon beams (X-rays) , 377  
 instrumental , 377  
 IOERT , 448, 453–454  
 literature , 377  
 postmastectomy , 386–389  
 regional nodal   ( see  Regional nodal radiation) 

    F 
  Fat necrosis , 73, 536–537  
   FEA.    See  Flat epithelial atypia (FEA) 
   Fibroadenoma 

 aberration, normal breast development , 52  
 and adenoma 

 diagnosis , 544  
 juvenile , 543–544  
 lactating , 545  
 management , 544  
 phyllodes , 544  
 tubular , 545  

 circumareolar incision , 55  
 classifi cation , 53  
 common , 53  
 cosmetic approach , 54  
 enucleation , 56  

 hormonal control , 52–53  
 hydrodissection , 55–56  
 juvenile gaint , 53  
 lesions , 54  
 open capsule with blunt dissection , 55  

   Fibrocystic changes (FCC) 
 apocrine metaplasia , 540  
 classifi cation , 540  
 cysts , 539  
 hematoxylin and eosin stain , 540  
 malignancy rate , 540  
 mammography and physical examination , 540  
 symptoms , 539  

   Fibroepithelial tumors 
 benign breast tumor , 101  
 components , 101  
 elements , 101  
 hamartomas and sclerosing lobular 

hyperplasia , 104  
 identifi cation , 101–102  
 juvenile giant fi broadenomas , 102–103  
 phyllodes tumor , 103–104  

   Fine-needle aspiration biopsy (FNA) , 33–34  
   Flaps 

 DIEP   ( see  Deep inferior epigastric artery 
perforator (DIEP) fl ap) 

 gluteal artery perforator , 295  
 ischemia/necrosis , 221  
 LABC , 307–310  
 LD , 307–309  
 local , 307  
 mastectomy , 218, 267–269, 273, 275  
 microanastomosis , 291, 292  
 microvascular breast reconstruction , 285  
 myocutaneous , 17  
 nipple areolar   ( see  Nipple areolar reconstruction) 
 pedicle , 279–281  
 rectus abdominis , 308, 310  
 regional , 307  
 TRAM , 256  

   Flat epithelial atypia (FEA) 
 CCH , 98  
 diagnosis , 554  
 TC , 560  
 TDLU , 553  

   5-Fluorouracyl, epirubicin, and cyclophosphamide 
(FEC) , 231, 232, 336, 368, 370  

    G 
  Galactorrhea , 73  
   Genetically based breast cancer 

 age , 138  
 alcohol , 143  
 benign breast disease , 140  
  BRCA1  and  BRCA2  genes , 143–145  
 cancer-related mutations , 143  
 Cowden syndrome , 145  
 description , 137  
 epidemiology , 137–138  
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 Genetically based breast cancer ( cont .) 
 HDGC , 146  
 inherited breast cancer syndromes , 143, 144  
 LFS , 145  
 low and high-risk countries , 139, 141  
 lower-penetrance genes , 146  
 mammographic density , 141–142  
 obesity , 143  
 ovarian 

  BRCA  mutation pedigree , 148  
 communication , 149–150  
 counseling , 153  
 counseling team and process , 146, 147  
 Cowden syndrome , 149  
 genetic testing   ( see  Genetic testing) 
 HBOC syndrome , 148  
 hereditary cancers , 148, 149  
 management strategies , 153–154  
 maternal and paternal history , 147, 148  
 NSGC , 146  
 patient’s personal medical history , 148  
 population , 146–147  
 posttest counseling , 152–153  
 risk assessment , 147  

 physical activity , 143  
 PJS , 145  
 race/ethnicity , 138–140  
 radiation exposure , 143  
 reproductive risk factors , 142  

   Genetic testing 
 deletion/duplication analysis , 150  
 ethnic groups , 150  
 hereditary breast cancer , 150  
 LFS , 150  
 PGD , 151  
 true-negative patients , 151  
 types , 150–151  
 uninformative negative , 151  
 VUS , 151–152  

   Gluteal artery perforator fl aps , 295  
   Gonadotropin-releasing hormone agonists , 87  
   Granular cell tumours , 75  
   Granulomatous mastitis 

 FCC   ( see  Fibrocystic changes (FCC)) 
 hematoxylin and eosin stain , 538–539  
 lobular 

 characteristics , 72  
 hyperprolactinemia and corynebacterium , 73  
 management , 73  
 skin changes, swelling and distortion , 72  
 skin ulceration , 72  

 non-necrotizing , 537–538  
 S100 stain , 538, 539  

   Gynecomastia, men , 62–63  

    H 
  Hamartomas , 74, 101, 105, 545, 546  
   HDACs.    See  Histone deacetylase (HDACs) 
   Hematomas , 29, 32, 73, 203, 293, 294, 316, 317  

   Hereditary breast ovarian cancer (HBOC) 
syndrome , 144, 148, 151  

   Hereditary diffuse gastric cancer (HDGC) , 146  
   High-dose rate intraoperative radiation therapy 

(HDR-IORT) 
 applicator , 418–419  
 operating room (OR) , 420  
 radiation treatment , 419–420  
 surgical approach , 419  

   High-risk breast lesion management 
 ADH   ( see  Atypical ductal hyperplasia (ADH)) 
 CCLs , 98–99  
 description , 93–94  
 evaluation , 93  
 fi broepithelial tumors , 101–105  
 lobular neoplasia , 96–98  
 mucocele-like tumors , 105–106  
 patient counseling , 94  
 PBLs , 99–101  
 percutaneous core needle biopsy , 93  
 RSLs , 101  
 spindle cell , 106–108  
 upgrade rate to DCIS , 94  

   Histone deacetylase (HDACs) , 227, 479  
   Hormone receptor-positive metastatic breast 

cancer (HR+ MBC) 
 AIs , 476–477  
 CDK 4/6 inhibitor , 479  
 fulvestrant , 477  
 lapatinib , 478  
 letrozole , 478  
 oral therapy , 475  
 PI3K , 478  
 SERMs , 475–476  
 sex-steroid hormones , 477–478  

   Hormone replacement therapy 
(HRT) , 96, 124, 142, 177  

   Hypoxia-inducible factor-1α , 509–510  

    I 
  IBTR.    See  Ipsilateral breast tumor 

recurrence (IBTR) 
   IDC.    See  Invasive ductal carcinoma (IDC) 
   ILC.    See  Invasive lobular carcinoma (ILC) 
   Image-guided minimally invasive biopsy devices 

 accurate histology , 34  
 ADH and DCIS , 34  
 automated needles , 34  
 benign cancer 

 diagnosis , 34  
 lesion , 37  
 masses , 37  

 core needle , 34  
 diagnostic accuracy , 37  
 EnCor 360T, EnCor 360T and VacoraT , 36  
 FlashT , 36  
 FNA , 33–34  
 “low”-to “intermediate”-risk 

lesions , 36–37  
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 procedure , 33  
 VAB , 34–35  
 vacuum-assisted and rotational core 

technology , 33  
   IMPC.    See  Invasive micropapillary carcinoma (IMPC) 
   IMT.    See  Infl ammatory myofi broblastic tumor (IMT) 
   Infl ammatory breast cancer (IBC) 

 and ALK gene , 227  
 angiogenesis , 232  
 anti-HER2-based primary systemic 

chemotherapy , 231  
 bevacizumab , 232  
 and BMI , 225  
 chemokine receptors , 226  
 clinical characteristics , 227–228  
 defi nition , 223, 224  
 demographic and tumor characteristics , 224–225  
 E-cadherin , 226–227  
 and EGFR , 226  
 estrogen receptor (ER) , 225  
 and HDACs , 227  
 high-dose chemotherapy , 232–233  
 and LABC , 223  
 lapatinib , 231  
 lymphatic vessels , 226  
 mammography , 228  
 and MMTV , 225–226  
 pathology characteristics , 224  
 and PET/CT , 228  
 primary systemic chemotherapy , 229–230  
 Ras superfamily, GTPases , 232  
 RhoC GTPase , 226  
 and SEER , 223  
 S-glutathione-related protein , 226  
 surgical management , 229  
 trastuzumab , 230–231  
 treatment , 228–229  
 ultrasonography , 228  
 vasculogenic mimicry , 227  

   Infl ammatory myofi broblastic tumor (IMT) , 108  
   Initial consultation, malignant disease 

 accurate and complete history , 121, 124  
 breast clinic’s intake form , 121–123  
 components , 121  
 evaluation 

 distant disease , 125  
 local disease extent , 124–125  

 fertility , 125–126  
 male breast cancer , 126  
 offi ce visit , 121  
 optimal quality and effi ciency, individual 

treatment , 126  
 pregnancy , 126  
 pretreatment up-to-date clinical stage , 121, 122  
 review system , 124  

   Internal mammary recipient vessels , 290, 291  
   Intraoperative electron beam radiotherapy (IOERT) 

 APBI , 436  
 applicators , 424  
 ASTRO/ESTRO low-risk women , 449–450  

 boost clinical results , 431  
 chest wall (CW) protector , 425  
 clinical treatment volume (CTV) , 426  
 EBRT , 448, 453–454  
 ELIOT trial profi le , 444–445  
  vs.  IORT , 430  
 local recurrence , 435–436  
 “matched-pair” analysis , 433–434  
 median tumor size , 451–452  
 neoadjuvant chemotherapy , 454  
 nonrandomized outcomes , 446–447  
 NSM , 454–455  
 oncoplastic reconstruction , 455–456  
 outcomes , 431  
 risk factors , 435  
 shielding disk , 427  
 “soft docking” , 429–430  
 surgical approach , 425  

   Intraoperative radiation treatment (IORT) 
 acrylic and metallic applicators , 424  
 BCT   ( see  Breast-conserving therapy (BCT)) 
 CTV , 426  
 dose distributions , 426  
 electron beam radiation , 443–444  
  vs.  IOERT , 430  
 Kaplan-Meier projections , 441  
 50 kV systems , 418–423  
 radiation treatment , 428  
 TARGIT-A trial profi le , 438–440  
 technical aspects , 418  
 treatment , 413  

   Invasive breast cancer, axilla 
 ACOSOG , 193  
 American Society of Breast Surgeons 

(ASBS) , 193  
 anatomy, lymphatic fl ow , 187, 188  
 axillary evaluation , 188, 190  
 CALND   ( see  Completion axillary lymph 

node dissection (CALND)) 
 clinical examination , 188  
 DCIS   ( see  Ductal carcinoma in situ (DCIS)) 
 elderly patients , 195  
 Halstedian and Fischerian model , 193  
 International Breast Cancer Study Group 

(IBCSG) trial , 193  
 ipsilateral surgery , 194–195  
 ITC , 194  
 lymphatic drainage, primary tumor , 187, 189  
 lymph node metastases , 187  
 male breast cancer , 195  
 mastectomy , 195  
 micrometastases , 194  
 pregnant women , 195–196  
 sarcoma, lymphoma and malignant 

phyllodes , 194  
 SLNB   ( see  Sentinel lymph node 

biopsy (SLNB)) 
 ultrasound , 188, 190  

   Invasive ductal carcinoma (IDC) , 558–559  
   Invasive lobular carcinoma (ILC) , 559–560  
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   Invasive micropapillary carcinoma (IMPC) , 562–564  
   Ipsilateral breast tumor recurrence 

(IBTR) , 401, 402, 432–434, 444, 445  
   Isolated tumor cells (ITC) , 179, 194  

    L 
  LABC.    See  Locally advanced breast cancer (LABC) 
   Lactating adenoma , 545  
   Lactational infection 

 cracked nipple/skin abrasion , 65  
 fl uctuant mass and enlarged lymph nodes , 65  
 management 

 antibiotics , 65  
 breast abscesses , 67  
 management 
 mimicking cellulitis , 65  
 small stab incision , 67–68  
 ultrasound , 66–67  

 oedema , 65  
 pregnancy , 65  
  S. aureus  and  S. epidermidis  , 65  
 symptoms , 65  

   Lapatinib 
 capecitabine , 480  
 EGFR , 369  
 HR+ MBC , 478  
 IBC , 231  
 pazopanib , 231  
 trastuzumab , 231  

   Laryngeal mask airway (LMA) , 502, 503  
   Laser ablation , 46  
   Latissimus dorsi (LD) 

 alloplastic reconstruction , 281  
 anatomy , 279–280  
 complications , 281, 282  
 fl aps , 279, 307–309  
 postmastectomy radiation , 272  
 postoperative course , 281  
 preoperative evaluation , 280  
 procedure , 280–281  
 thoracolumbar fascia , 279  

   LCIS.    See  Lobular carcinoma in situ (LCIS) 
   LD.    See  Latissimus dorsi (LD) 
   LD fl ap.    See  Latissimus dorsi (LD) 
   Letrozole , 323, 324, 357–359, 476, 478, 479  
   Li-Fraumeni syndrome (LFS) , 145  
   LIN.    See  Lobular intraepithelial neoplasia (LIN) 
   Lipomas , 73  
   Liver metastasis 

 chemotherapy/endocrine therapy , 244  
 ER and PR , 246  
 hepatectomy , 244  
 primary breast tumor , 245  
 retrospective study , 245  

   LMA.    See  Laryngeal mask airway (LMA) 
   Lobular carcinoma in situ (LCIS) 

 and ADH , 171  
 and ALH   ( see  Atypical lobular 

hyperplasia (ALH)) 

 comedo necrosis , 557–558  
 diagnosis , 557  
 dyscohesive epithelial cells , 557  
 fi broadenoma , 169  
 genetic content , 169–170  
 LN , 161  
 pleomorphic , 170  

   Lobular intraepithelial neoplasia 
(LIN) , 162, 163  

   Lobular neoplasia (LN) 
 ALH   ( see  Atypical lobular hyperplasia (ALH)) 
 biopsy size , 171  
 chemoprevention , 167–168  
 core-needle biopsy , 163, 164  
 E-cadherin , 162  
 epidemiology , 161–162  
 histopathologic appearance , 162–163  
 LCIS , 161  
 LIN , 162, 163  
 malignancy development , 161, 162  
 pathology , 170  
 preoperative needle biopsy , 164  
 prophylactic mastectomy , 168  
 surgical pathology , 171  

   Locally advanced breast cancer (LABC) 
 advanced regional nodal disease 

includes , 305  
 bevacizumab , 232  
 chest wall reconstruction , 307  
 epidemiology , 305–306  
 fl aps , 307–310  
 full-thickness defect , 310  
 infl ammatory breast cancer , 305, 306  
 negative pressure therapy , 310  
 reconstructive surgeons , 305  
 and SEER , 225  
 skin grafting , 307  
 timing, breast reconstruction , 310–312  
 treatment , 306–307  

   Lumpectomy 
 APBI and IORT , 202–203  
 brachytherapy , 204, 205, 399  
 breast conservation surgery , 29  
 CED , 422  
 contraindications, pregnancy , 202  
 cryoablation , 204  
 description , 199–200  
 electron beam , 385  
 hematoma ultrasound-guided , 203  
 image-guided biopsy diagnosis , 34  
 intraoperative radiation therapy , 204  
 mammography , 202  
 multicentric disease , 379  
 needle localization , 203  
 neoadjuvant therapy , 211  
 oncoplastic surgery , 202  
 palpable mass excision , 203  
 radiation therapy , 180  
 radioisotope localization , 203  
 recurrence , 208–209  
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   Lung metastasis 
 factors , 248  
 metastasectomy , 246, 247  
 preoperative/postoperative systemic therapy , 246  
 pulmonary nodule , 246  
 residual microscopic and macroscopic disease , 248  
 retrospective study , 247  

   Lymphoid and hematopoietic tumors , 566–567  
   Lymphovascular space invasion (LVSI) , 399  

    M 
  Male breast cancer , 126  
   MammoSite ®  , 402–404  
   Mastectomy 

 anterior lamella , 9  
 axilla , 220–221  
 BRCA gene mutation , 217  
 breast conservation therapy , 210  
 breast reconstruction 

 acellular dermal matrix , 255  
 advantages and disadvantages , 258  
 ASPS , 254  
 autologous , 258, 259  
 bilateral , 178  
 chemotherapy , 260  
 description , 253  
 diagnosis , 253  
 DIEP fl ap , 257–258  
 genetic factors , 259  
 immediate  vs.  delayed breast 

reconstruction , 259–260  
 implant/expander procedures , 258  
 lack of awareness , 254  
 latissimus fl ap and muscle , 254, 256  
 nipple/areola reconstruction , 253  
 oncoplastic   ( see  Oncoplastic surgery) 
 pectoralis muscle , 255  
 perforator fl aps , 258  
 physical and emotional impact , 253  
 radiation therapy, lumpectomy , 254–255  
 radical mastectomy defect , 254  
 silicone breast implant , 255  
 skin-sparing mastectomy , 253, 255  
 superior gluteal artery , 258  
 treatment , 254  
 Women’s Health and Cancer Rights 

Act , 253–254  
 chest wall radiation , 216  
 collagen vascular disease , 216  
 complications , 221  
 DCIS , 194  
 dissection, axillary lymph node , 215  
 infl ammatory breast cancer , 217  
 lumpectomy , 200  
 multicentric breast cancer , 216  
 NAC   ( see  Nipple-areola-complex 

(NAC)-sparing mastectomy) 
 neurologic defi cits , 215  
 NSABP B-06 trial , 208  

 oblique elliptical incision , 217–218  
 parenchyma and subcutaneous tissue , 218  
 pectoral muscles , 215  
 plastic surgeon , 221  
 radiation therapy, pregnancy , 216–217  
 randomized controlled trials , 215–216  
 skin fl aps , 218, 219  
 SLN biopsy , 195  
 techniques , 217  

   MBC.    See  Metastatic breast cancer (MBC) 
   MC.    See  Mucinous carcinoma (MC) 
   Mesenchymal tumors , 470, 566  
   Mesylate , 486  
   Metaplastic carcinomas (MCs) , 563  
   Metastatic breast cancer (MBC) 

 adjuvant therapy , 482  
 AJCC , 237  
 ASCO , 473–474  
 brain metastasis , 248–250  
 chemotherapy   ( see  Chemotherapy) 
 description , 237  
 development , 238  
 hematopoietic stem cells , 238  
 HER2-targeted therapy , 475  
 hormone receptor (HR) , 473  
 metastasis 

 liver , 244–246  
 lung , 246–248  

 mTOR inhibitor , 483  
 primary breast tumor 

 basallike cancers , 241  
 characteristics , 242  
 clinical database , 241  
 ER/PR , 241  
 heterogeneity , 240  
 locoregional therapy , 242, 243  
 lumpectomy , 243  
 mastectomy , 239, 243  
 SEER , 239  
 treatment plan , 238  

 principles , 238  
 progression-free survival (PFS) , 474  
 solid organ metastases , 237  
 surgical treatment , 250  
 survival curves , 474–475  
 trastuzumab , 364  

   Microanastomosis 
 bilateral fl ap harvest, closure , 292  
 handheld Doppler , 292  
 hemoclips , 291  
 internal mammary, DIEP fl ap , 291, 292  
 momentary clamping , 291  
 MS-TRAM , 292  

   Microvascular breast reconstruction 
 anatomy , 285  
 ASIS , 286  
 free fl aps harvest, abdominal donor site , 285  
 F-TRAM , 286, 287  
 microsurgical transfer , 285  
 MS-TRAM , 286, 287  
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 Microvascular breast reconstruction ( cont .) 
 positioning , 286  
 preoperative evaluation , 285–286  
 SIEA and SIEV , 286  
 vigorous blood supply , 285  

   MMTV.    See  Mouse mammary tumor virus (MMTV) 
   Molecular medicine and personalized therapy 

 BRCA mutations , 325  
 diethylstilbestrol (DES) , 321  
 estrogen and progesterone receptors , 322–323  
 gene expression profi ling 

 basal-like tumors , 326  
 biomarkers , 325  
 cDNA expression microarrays , 325  
 HER2 , 326  
 luminal A tumors , 325  
 luminal B tumors , 325–326  
 multigene signature assays , 326–329  

 HER2 , 321–322, 324  
 high doses, estrogens , 321  
 individual predictive and prognostic 

biomarkers , 322  
 Ki-67 , 323–324  
 non-estrogen-selective surgical 

interventions , 321  
 PI3kinase, mTOR and PARP , 325  
 selection , 322  
 SERMs and SERDs , 321  
 tamoxifen , 321  
 VEGF and VEGFR , 325  

   Mondor’s disease , 73–74  
   Montgomery’s tubercles , 74  
   Morphoea , 75  
   Mouse mammary tumor virus (MMTV) , 225–226  
   Mucinous carcinoma (MC) , 560, 561  
   Mucocele-like lesions , 105–106  
   Myofi broblastoma , 106, 107, 547, 566  

    N 
  NAC-sparing mastectomy.    See  Nipple-areola-complex 

(NAC)-sparing mastectomy 
   National Comprehensive Cancer Network (NCCN) 

 and ACR , 386  
 breast-conserving therapy , 413  
 guidelines , 388  
 recommendations , 389  

   National Health Service Breast Screening 
Programme (NHSBSP) , 180  

   National Surgical Adjuvant Breast and Bowel 
Project (NSABP) Protocol 
B-06 , 200–201  

   NCCN.    See  National Comprehensive 
Cancer Network (NCCN) 

   NCM.    See  Noncyclic mastalgia (NCM) 
   Negative pressure therapy , 310  
   Neoplasms 

 fi broadenoma and adenoma , 543–545  
 hamartoma , 545, 546  
 nipple and syringomatous adenoma , 545  

   NHSBSP.    See  National Health Service Breast 
Screening Programme (NHSBSP) 

   Nipple and syringomatous adenoma , 73, 74, 545  
   Nipple-areola-complex (NAC)-sparing mastectomy 

 description , 218  
 ductal tissue , 219, 220  
 incision , 218, 220  
 inframammary incision , 220  
 ptosis breast , 218, 219  

   Nipple areolar reconstruction 
 dermal graft/ADM , 314, 316  
 interposed rotational fl aps , 314  
 mastectomy , 314  
 ptosis and left breast cancer , 314  
 with right DIEPfl ap and left mastopexy , 314, 317  
 “skate” fl ap , 314, 315  

   Nipple discharge 
 age , 61–62  
 benign breast disease , 113  
 cancer , 116, 117  
 carcinoma risk , 113–114, 116  
 categories , 113  
 characteristics , 114  
 cytologic analysis , 114  
 decision-making , 117–118  
 duct excision , 113  
 ductography , 116  
 evaluation and management , 114, 115  
 galactorrhea , 113–115  
 hemoccult testing , 114  
 history and physical examination , 114  
 hyperprolactinemia , 114  
 lactation , 113, 114  
 low-and high-risk groups , 118  
 malignancy , 61  
 mammography , 62  
 management , 61–62  
 MRI , 116–117  
 pathology , 61, 113  
 physical examination , 61  
 symptom , 60–61  
 ultrasound , 62, 116  

   Nipple piercing , 71–72  
   Nipple retraction , 59, 60  
   Nipple-sparing mastectomy (NSM) , 454–455  
   Noncyclic mastalgia (NCM) 

 clinical features , 80–81  
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